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MULTIDISCIPLINARY CHARACTER OF PHYSICAL
CHEMISTRY: FROM MATERIAL SCIENCE TO
QUANTUM CHEMISTRY AND BACK
M. Perić
Faculty of Physical Chemistry, University of Belgrade, Studentski trg 12–
16, 11000 Belgrade, Serbia
ABSTRACT
During plasma electrolytic oxidation of aluminum two broad emission peaks
with clearly pronounced structure, extending from 18200 to 18800 and from
19000 to 19700 cm–1, were detected. Based on comparison with the results
of high-resolution spectroscopic measurements the spectra were assigned to
v’–v” = –1 and –2 band sequences of the B2Σ+→X2Σ+ electronic transition of
AlO. Employing tools of quantum mechanics/chemistry the measured
intensity distributions were utilized to estimate the plasma temperature.
INTRODUCTION

In the present study we illustrate on a concrete example the multidisciplinary
character of contemporary physicochemical investigations. We focus attention to
the process of plasma electrolytic oxidation (PEO) of aluminium, serving to obtain
a material of favourable physical and chemical properties.

Aluminium is a relatively soft, durable, lightweight, ductile, malleable and
conductive metal, not soluble in water. Due to its favourable physical
properties and its ability to resist corrosion Al is the most widely used nonferrous metal. It is usually alloyed (with Cu, Zn, Mg, Mn, and Si), which
markedly improves its mechanical properties. Al and its alloys are vital to
the aerospace industry and are important in other areas of transportation, as
well as in construction, production of household items, in electronics etc.
Corrosion resistance of aluminium is based on forming of a thin surface
layer of aluminium oxide when the metal is exposed to air, effectively
preventing further oxidation. This corrosion resistance can be improved by
increasing the thickness of Al2O3 layer by means of various procedures. One
of the most important is that one considered in the present study.
PEO is a process based on anodizing of lightweight metals (aluminum,
titanium, magnesium, zirconium, etc.) or metallic alloys above the dielectric
breakdown voltage of the anodic oxide films. During the PEO process,
numerous transient short-lived discharges are generated over the coating
surface, accompanied by light emission and gas evolution. Due to increased
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local temperature and pressure, at the discharge sites are induced plasmachemical, thermal, and anodic oxidation processes, which modify the
structure, composition, and morphology of such oxide coatings. Thick,
highly crystalline oxide coatings formed by the PEO process have excellent
wear, friction, corrosion, electrical and thermal properties. The morphology
and composition of obtained oxide coatings, and particularly of their change
in course of the PEO process, can be characterized by means of scanning
electron microscopy and X-ray diffractometry. The most efficient tool for
studying micro-discharge phenomena has become optical emission
spectroscopy. Measuring intensities of atomic and ionic spectral lines as
well as of molecular bands, one can extract information on important
parameters like local plasma temperature and electron density.
EXPERIMENTAL
The experimental set-up was described in one of our previous studies [1].
We repeat here only the key points. High purity cold-rolled Al samples of
dimensions 25 mm × 10 mm × 0.25 mm were used as starting material. The
oxidation process was carried out in an electrolytic cell with flat glass
windows. Platinum wires were used as cathodes. The anodization was
conducted under a constant current density in 0.01 M citric acid. Spectral
characterization of PEO was performed utilizing a spectrograph system
based on the Intensified Charge Coupled Device (ICCD) camera intended
for time-resolved measuring of very weak light intensity in a wide range of
wavelengths. The optical detection system consisted of a large–aperture
achromatic lens, a Hilger spectrograph with diffraction grating 1200
grooves/mm and a very sensitive PI–MAX ICCD cooled camera with high
quantum efficiency. The optical-detection system was calibrated using a
standard tungsten strip lamp (OSRAM Wi-17G). The obtained spectra were
adjusted to the spectral response of the measuring system.
RESULTS AND DISCUSSION

In our recent study on Al [1] we recorded an emission spectrum dominated by two
broad peaks with clearly pronounced structure, extending from roughly 18200 to
18800 cm–1 and 19000 to 19700 cm–1, i.e. in the region where the appearance of the
bands of the B 2Σ+ → X 2Σ+ transition of AlO was expected [2,3] (Fig. 1).

The three lowest-lying doublet electronic states of AlO are X 2Σ+, A2П, and
B 2Σ+ ([2–4]. The green B 2Σ+ – X 2Σ+ system, appearing in the wavelength
range 541–433 nm, is described in detail by Pearse and Gaydon [2].
Molecular parameters for the electronic states in question are collected by
Huber and Herzberg [3]. The third comprehensive source of newer literature

4

PHYSICAL CHEMISTRY 2014

PL-1

data on the AlO spectra is the benchmark ab initio theoretical study by
Zenouda et al [4].

Figure. 1. Emission spectrum recorded during PEO of Al. The peaks are
assigned to v'−v" = −1,−2 sequences of the B 2Σ+ → X 2Σ+ system of AlО.

Measured electronic-vibration terms are usually represented by
2
3
E v 'v " ~ v 'v "
1 ⎞~ ⎛
1⎞
1⎞
⎛
⎛
≡ν
= Te + ⎜ v'+ ⎟ν '−⎜ v'+ ⎟ (ω e xe )'+⎜ v'+ ⎟ (ω e y e )'+...
2⎠ ⎝
2⎠
2⎠
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⎝
⎝
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⎛
⎛
− ⎜ v"+ ⎟ν "+⎜ v"+ ⎟ (ω e xe )"−⎜ v"+ ⎟ (ω e y e )"+..
2⎠
2⎠
2⎠
⎝
⎝
⎝
where Te is the electronic term value and ν~ is the vibrational wave number.
(ωe xe ) and (ω e ye ) are experimentally determined anharmonicity parameters
expressed in cm–1.
The rotational levels of both X 2Σ+ and B 2Σ+ electronic states consist of
pairs of close-lying sub-levels characterized by the same value of the
quantum number N and by J = N ± 1 / 2 [Hund’s case (b)]. The splitting is
caused by the spin–rotation coupling, and it cannot be observed in our
experiments. The selection rule for rotational transitions when both
electronic states are of Σ symmetry is J' = J'' + 1 („R branch“) and J' = J'' –
1 („P branch“). When B' < B'', as in the present case, the band heads appear
at a wave number higher than that of the band origin, ν~0 , i.e. at the „violet
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side“ with respect to ν~0 . The band is „shaded“ („degraded“) towards the red
The term difference between the bad head and origin in the R branch is
2
(
3B'− B")
~
~
−
=
2
B
'
+
νh ν0
.
(2)
4(B'− B")
In order to assign the observed spectral features in the spectrum shown in
Fig. 1, we constructed a Deslandres table for the B 2Σ+ – X 2Σ+ system of
AlO. We used for that the band origins published by Saksena et al. [5].
Using the rotational constants from that reference, B"= 0.64165 and
B'= 0.60897 , and Eq. (2), we estimated that the position of the band head
with respect to the band origin is about 12 cm–1 blue-shifted. The results of
our study match very reasonably the v’–v” = −1 and −2 sequences of the B
2 +
Σ – X 2Σ+ system.
The intensity of the spectral band appearing as a consequence of the
transition between the vibrational level v’ of the electronic state e’ and the
vibrational level v” of the electronic state e” is determined by the formula
E −E
G
2 − v ' e ' e "v "
4
(3)
I e 'v ',e"v" ∝ N v ' (E v 'e ' − E e"v" ) R e 'v ',e"v" e kT

where E v 'e ' and E e"v" are the energies of these two states, N 'v is the number
of molecules in the upper state, k Boltzmann constant, and T the
G
temperature. The quantity R e 'v ',e"v" is the vibrational transition moment
VTM). Its g-component, where g = x, y or z (molecular axis), is defined as
Rg

e 'v ',e"v "

≡ (VTM )g

e ' v ' , e "v "

(

= R ge ',e"

)

r = r0

⎛ dR ge ',e" ⎞
⎟
v' v" + ⎜
v' (r − r0 ) v" + ... ; (4)
⎜ dr ⎟
⎝
⎠ r = r0

e' µˆ g e" ≡ R ge ',e"

(5)

is the electric transition moment; In Eq. (5) µ̂ g is the g -component of the

electric dipole operator, and the integration is only carried out over
electronic variables. The electric transition moment is a function of the bond
length, r, and Eq. (4) represents this quantity as a Taylor expansion in the
vibrational coordinate (r − re ) , where re is the equilibrium bond length. The
square of the scalar product v' v" from Eq. (4),

(FCF )e'v ', e"v" =

[

]

2

v' v" = ∫ψ v*ψ
' v "dτ v ,
2

(6)

is the Franck–Condon factor (FCF). In the Franck–Condon (F–C)
approximation we neglect the second term on the right-hand side of Eq. (4),
i.e. we assume the electric transition moment to be constant. The magnitude
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2

of VTM or (sometimes significantly less reliably) FCF determines the
intensity distribution within a (rotationally unresolved) band system.
Since the wave number differences between all bands we used in the present
study for determination of temperature, namely the members of the band
sequences v'−v" = −1,−2 , are negligibly small compared to the energy of the
electronic transition, the quantity E v 'e ' − E e"v" can in Eq. (3) be assumed
constant and then the number of the molecules in the upper state is
I
N v ' ∝ G e ' v ' , e "v " 2 .
(7)
R e ' v ' , e"v "
Assuming a partial local thermal equilibrium of the system, the ratio of the
number of molecules Ne’v’ in the vibrational state v’ and in the lowest
vibrational state v’ = 0 of the same electronic species, Ne’0 is determined by
E −E
− e 'v ' e ' 0
N e 'v '
= e kT .
(8)
N e '0
Combining the formulae (3) and (8), we obtain for the sequence v'−v" = − ∆v
⎛ I e 'v ',e"v '+ ∆v ⎞
⎜ G
⎟
2
⎜ R e 'v ',e"v '+ ∆v ⎟
⎟ = −⎛⎜ E e 'v ' − E e '0 ⎞⎟ 1 .
(9)
ln⎜
⎜ I e '0,e"∆v ⎟
k
⎝
⎠T
⎜ G e '0,e"∆v 2 ⎟
⎜ R
⎟
⎝
⎠
2
In the F–C approximation, on the left hand side of Eq. (9) VTM are
replaced by FCF. We use Eq. (9) to determine the plasma temperature.
Thus, for determination of the plasma temperature we need the FCFs and/or
VTMs. In order to calculate these quantities we have to solve the vibrational
Schrödinger equation for two electron states in question and to use the so
obtained wave functions to compute the required quantities. If one wishes to
avoid ab initio calculations of the potential energy curves for the electronic
states in question, one has first to find a way how to extract the potential
energy function that, combined with the corresponding kinetic energy
operator, gives the energy eigenvalues as close as possible to those
presented by Eq. (1). We have solved this problem combing the quantummechanical perturbative and variational approaches.
We assume the potential energy curve for vibrations in the form
1
V ' = k 3 x 2 + k 3 x 3 + k 4 x 4 + ... ;
(10)
2
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where x ≡ (r − re ) . Applying the perturbation theory we can relate the force
constants k, k3, k4 ... to the coefficients in the expansion (1) [6]. E.g.,
2 µ 3 / 2ω 2
(ω e xe )hc ,
(11)
k = µω 2 = 4 µπ 2 c 2ν~ 2 , k 3x =
=
15
where µ is the reduced mass. In variational calculations of FCFs and VTMs
the following procedure is applied: The potential energy curves are fitted to
a polynomial of the type (10). An electronic state (typically ground state) is
chosen as the referent one. The basis functions (being the eigenfunctions of
a suitably chosen harmonic oscillator) are centered with respect to its
equilibrium bond length, re . Then the potential energy curve of the other
state as well as the bond-length dependence of the electric transition
moment (if it is taken into account) are transformed into the polynomial
series in the same variable as for the reference state. This enables very
simple calculation of the FCFs and VTMs.
Table 1. v’–v” = −1 and −2 sequences of the B 2Σ+→X 2Σ+ system of AlO.
T: Band positions measured in our study [1]. FCF: Franck–Condon factors
computed in the present study by employing molecular parameters from
Ref. 5. Vibrational transition moments (squared) computed using molecular
parameters from Ref. 5 and ab initio computed electric transition moment
function [4]. I: Measured band intensities (in arbitrary units).
v’,v“
0,1
1,2
2,3
3,4
4,5
5,6
0,2
1,3
2,4
3,5
4,6
5,7

T
19680
19590
19510
19435
19365
19305
18730
18660
18590
18530
18475
18430

FCF
.235
.3315
.357
.352
.340
.332
.0354
.0806
.124
.160
.189
.208

VTM2
.112
.1545
.162
.155
.1445
.1355
.0151
.0334
.0496
.0618
.0695
.0725

I
74
81
86
63
56
47
11
20
30
30
30
31

I/FCF
315→1.00
244→.77
241→.76
179→.57
165→.52
141→.45
311→1.00
248→.80
242→.78
187→.60
159→.51
149→.48

I/VTM2
660→1.00
524→.79
530→.80
406→.62
388→.59
347→.53
728→1.00
599→.82
605→.83
485→.67
432→.59
427→.59

We calculated the FCFs and VTMs for the B 2Σ+ – X 2Σ+ using a set of
experimentally derived molecular parameters [5] and the ab initio computed
electronic transition function [4]. The computed FCFs and squared VTMs
(in atomic units) are presented in Table 1 and Fig. 2(a). In the last two
columns in Table 1 are given the ratios of the measured intensity of bands
and the computed FCFs and squared VTMs. These numbers should be
proportional to the population of the vibrational levels of the B 2Σ+ state. If
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our approach is correct, they should be equal for the transitions v’–v” = −1
and v’–v” = −2 with the same quantum number v’. We find the agreement
between both sets of results satisfactory. In Table 1 are also presented the
2
values for I/FCF and I/ VTM normalized to one for the v’,v” = 0,1 and 0,2
transitions. These numbers should correspond to relative population of the
excited vibrational v’ levels with respect to the v’ = 0 one, N e 'v ' / N e '0 .

Figure 2. (a) Computed relative population of v' = 0–5 vibrational levels
(from left to right) of the B2Σ+ electronic state of AlO. Measured intensity
distributions within recorded band progressions are combined with the
FCFs (F–C) and VTMs (TM) calculated in our study, as well as with the
FCFs (FCFexp) published in Ref. 7. (b) Logarithm of the relative population
of v' = 1–5 vibrational levels as function of the corresponding term values.

From these results we can extract the value for the mean temperature of our
plasma. In Fig. 2b are displayed the values for ln(N e 'v ' / N e '0 ) as functions of
the vibrational term values (G) of the B 2Σ+ state. A third set of results
(FCFexp), obtained by using the F–C factors published by Londhe et al. [7],
is also presented. In spite of some deviations of the points from the straight
lines, one can extract quite unambiguously three temperature values: T ≈
8000 K (FCF data), T ≈ 6800 K (FCFexp data), and T ≈ 9400 (VTM data).
Note that the neglect of variation of the electric TM on the bond length
causes a decrease of estimated temperature of almost 1500 K. We found it
correct to conclude that the temperature of our plasma is T = 8000 ± 2000
K. In Fig. 1 we present the intensity distribution simulated by employing the
temperature value of 8000 K and the FCFs computed in the present study
(circles), i.e. combining T = 9400 K with the the VTMs.
Let us no that the above vibrational temperatures are very similar to the
temperature we obtained very recently (unpublished results) employing
several atomic lines of Al. This is an indication that the concept of “partial
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local thermal equilibrium” can be extended such that we can speak about
“local thermal equilibrium” that involves different excitation modes.
CONCLUSION
The present study started in the field of material science. The main goal was
protecting of valve metals (concretely aluminium) from corrosion by means
of oxide films, through the process of PEO. The morphology of the material
was investigated using special electronics, optics, microscopy and
crystallography. In order to obtain information about the processes that took
place, emission spectra were recorded. Their assignment was carried out by
tolls of atomic and molecular spectroscopy. The methods of quantum
mechanics and the results of ab initio quantum chemical calculations were
used for estimation of plasma parameters like temperature. Plasma
composition was calculated in order to understand the appearance of the
spectra measured and the characteristics of the system they originate from. It
turned out that the systems we are dealing with can serve as a source of new
spectroscopic information, and that the results of combined spectroscopic,
quantum chemical, and statistical mechanical investigations can be used for
monitoring the processes of material protecting.
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COMPLEX MACROMOLECULAR ARCHITECTURES:
CHALLENGES, STRATEGIES, APPLICATIONS
Bogdan C. Simionescu 1,2
1

2

"Petru Poni" Institute of Macromolecular Chemistry, Iasi, Romania
Department of Natural and Synthetic Polymers, "Gh. Asachi" Technical
University of Iasi, Romania

ABSTRACT

Nowadays, the increased demand for a high life quality requires the development
of materials and devices with high performances. The control of polymer
functionality, polymer composition and polymer topology provides an opportunity
to prepare polymeric materials for a large variety of applications in advanced
domains. Fortunately, the design and even fabrication of tailor-made complex,
multifunctional materials became a reality due to the last achievements in
controlled polymer synthesis, chemistry, physics, biology, characterization and
simulation/predicting tools improvement. To design and control the nanoscale
organization of macromolecular materials to achieve novel functionality is no more
a far goal, but remains a scientific challenge. Specific, efficient strategies for the
generation of complex macromolecular architectures were developed in the last
years, based on the use of functional organic compounds, including
macromolecules, and architectural polymers as bricks in combination with old and
new “building” alternatives.
The presentation will review the evolutions in polymer science, as exemplified by
some literature and original data. The main included subjects refer to:
- controlled synthesis of block copolymers, considering the structure-propertiesapplication relation
- combination of common polymer synthesis/modification techniques and selfassembling or complexation processes to develop multifunctional
nanomaterials (i.e. nanovesicles, nanoparticles, cyclodextrines-based
supramolecular architectures) with application in advanced domains (mainly
biomedicine, electronics)
- preparation and application of hyperbranched polymers
- formation of programmable, complex assemblies intermediated by DNA
control of material architecture and functions through stable, specific, and
reversible molecular recognition.
All are pointing on the facilities offered by the new synthesis strategies in
macromolecular chemistry to achieve the increased beneficiary requirements for
high quality and multifunctionality of polymer-based products, conditioned by a
rational design of the intermediates, product (no matter the macromolecular
architecture complexity) and preparative protocols included therein.
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SOME UNRESOLVED PROBLEMS AND VARIATIONS
WITH THE BRIGGS-RAUSCHER OSCILLATING
REACTION
S. Furrow

Chemistry Department emeritus, Pennsylvania State University, Berks
College, Tulpehocken Rd., P.O. Box 7009, Reading, PA, 19610, USA
ABSTRACT
The Briggs-Rauscher oscillating reaction has been known for over forty
years, yet the underlying mechanism has not been fully resolved. The
original skeleton mechanism drew heavily on the accepted mechanism for
the Belousov-Zhabotinsky oscillator with pertinent H2O2-iodine species
reactions added, but good agreement between experimental and simulated
reactions has been lacking. The Bray-Liebhafsky oscillator can be
considered a subset of the Briggs-Rauscher. Mechanisms for those two
reactions have been developed more or less independently and some
reactions are not shared between the two simulated systems. A different
approach to modeling the Briggs-Rauscher reaction depends on adapting
recent Bray-Liebhafsky steps. If the Briggs-Rauscher simulation was
robust, it would open the way for explanation of some complex behavior
including sudden transitions after oscillations cease, consecutive
oscillations, and strong effects of very small amounts of additives.
INTRODUCTION
The Briggs-Rauscher (BR) chemical oscillator [1], consisting of acidic
iodate, potassium iodate, manganous sulfate, malonic acid, and hydrogen
peroxide has been known for over forty years, yet a robust mechanism
remains elusive.

The BR oscillator is related to two other oscillating reactions: the BrayLiebhafsky (BL) oscillating reaction, which typically runs at elevated
temperature (50 – 70 oC) [2, 3], and consists of acidic iodate and hydrogen
peroxide; and the Belousov-Zhabotinsky oscillating reaction (BZ) [4, 5]
nominally containing sulfuric acid, potassium bromate, cerium (IV) sulfate
catalyst, and malonic acid. Many substitutions are possible for the catalyst
and the organic substrate.
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The BL reaction [2, 3] (1921, 1931) was the first reported homogeneous
oscillator. It attracted little attention, partly because of the suspicion that the
phenomena was caused by some physical process, such as iodine or oxygen
escape. It was widely believed that chemical oscillations were impossible.
Only about a half dozen papers were published on the topic in the next 40
years.
The BZ reaction [4](1958) had an inauspicious beginning as attempts by
Boris Belousovto publish were initially rejected. Several years later, Anton
Zhabotinski [5] carried out numerous investigations, and made some
changes in the recipe. He published his work in 1964 (in a physics journal)
and had no problem with the reviewers.
The recipe eventually made its way to the University of Oregon, where
Field, Korosand Noyestook up the interpretation challenge, and published
the FKN mechanism for the reaction in 1972 [6]. That mechanism remains
the basis for extended versions. The BZ system now refers to a whole series
of related oscillators. Several thousand papers have been published on
various aspects of the reaction.
The mechanism involves overall reduction of bromate, oxidation of malonic
acid, and periodic oxidation and reduction of cerium and bromine
intermediates. A key feature is the autocatalytic increase in HOBrO when
[Br-] is low.
In 1973, Briggs and Rauscher [1] combined components from the BL
reaction and the BZ reaction, using HClO4 or H2SO4, KIO3, MnSO4 or
Ce2(SO4)3, MA, and H2O2. In 1982 two groups published very similar
skeleton mechanisms to explain the reaction [7, 8]. The steps were
essentially the same, although several of the assumed rate constants were
different. See Table 1.
The starred reactions are analogous to the bromine reactions in the BZ
mechanism.
At low Ι:
At high Ι2:

5Η2Ο2 + 2Η+ +2ΙΟ3- → Ι2 + 6Η2Ο +5Ο2
5ΜΑ + 2Ι2 + Η+ +ΙΟ3 → 5ΙΜΑ + 3Η2Ο

The mechanism produced oscillations, but several problems soon surfaced.
If the unknown rate constants were adjusted to give the correct frequency,
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the [I2] amplitude was incorrect. The value for low [I2] was much lower in
the simulation than in the experiment.
Table 1. Briggs-Rauscher skeleton model reactions

Reaction
* H+ + IO3- + I- → HOIO + HOI
* HOIO + H+ + I- → 2HOI
* HOI + H+ + I- ↔ I2 + H2O
* 2 HOIO → H+ + IO3- + HOI
* MA ↔ enol
* enol + I2 → IMA + H+ + IHOI + H2O2 → H+ + I- + H2O + O2
* H+ + IO3- + HOIO ↔ 2IO2• + H2O
* 2IO2• + 2Mn(II) → 2HOIO + 2Mn(III)
Mn(III) + H2O2 → Mn(II) + H+ + HOO•
2 HOO• → H2O2 + O2

Rate const. [7]
1.4×103
2×109
3.1×1012; 2.2
45.3
3.9×10-3; 91
9.1×105
37
1.516×104
1.0×104
3.2×104
7.5×105

Rate const. [8]
1.4×103
2×1010
3.1×1012; 2.2
6×105
40; 1.0
1.0×104
37
7.3×103
1.0×104
3.2×104
7.5×105

The experimental reaction rate for 2 HOIO → H+ + IO3- + HOI is much
slower than assumed in the model [9, 10, 11]. The subsystems, H2O2 – IO3– Mn2+ - acid and H2O2 – IO3- - acidare incorrectly modeled. Furthermore,
there is no independent evidence for the reaction
H+ + IO3 - + HOIO → 2IO2• + H2O.
There is also no independent evidence for the following reaction.
2 H+ + 2IO2• + 2Mn(II) → 2HOIO + 2Mn(III).
To bypass the latter two difficulties, the following composite reaction was
introduced [12]:
HOIO + Mn(II) + 2H2O2 → HOI + Mn(II) + 2HOO• + H2O
This allowed reduction of iodate by HOO•:
H+ + IO3- + HOO• → IO2• + H2O + O2;
H+ + IO3 - + HOIO → 2IO2• + H2O was omitted as a radical source.
The mechanism for radical production remains unsolved. The reaction
H+ + Mn(II) + H2O2 → Mn(III) + HOO• is much too slow.
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The mechanism can be simplified because the BR can run without a metal
catalyst[1]. See Figure 1. The iodine production mode seems to involve
radicals from an unknown source.

Figure 1. BR oscillations with no catalyst.[HClO4] 0.10M, [KIO3]
0.0033M, [H2O2] 2.0M, [MA] 0.0035M [13].

Bypassing for now the role of the metal catalyst, one can compare the BR
system (no catalyst) with the BL system. It is possible to run the BL system
at room temperature with very long periods [2, 14].
Table 2. Comparison of BR and BL systems.
[HClO4]
[KIO3]
[H2O2]
[MA]

BR no catalyst [13]
25oC
0.10M
0.0060M
1.5M
0.0050M

BL 60 oC [15]

BL 25 oC [14]

0.063M
0.10M
0.05M
0

0.030M
0.030M
0.16M
0

Schmitz [16] has published a non-radical mechanism for BL which agrees
rather well with experiment. Values of rate constants are also given for
25oC.
The steps are the same as in Table 1, omitting the reactions of MA and
Mn(II), and including the following non-radical iodine oxidation steps.
H+ + I2O ↔ 2HOI + H+
I2O + H2O2 → HOIO + HOI
HOIO + H2O2 → IO3 - + H+ + H2O
In this mechanism, HOI plays a key role. At low [HOI]:
HOI + H2O2 → H+ + I + H2O + O2; HOI is reduced.
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At high [HOI]: 2HOI + H+ ↔ H+ + I2O
I2O + H2O2 → HOIO + HOI; HOI is oxidized.
It was recently shown [17] that reduction of iodate by hydrogen peroxide
follows very different pathways at low [H2O2] (BL conditions) compared to
high [H2O2] (BR conditions). A more complete account of application of
this pathway to the BR will be given by Schmitz at this conference[18].
COMPLEX BEHAVIOR
The ending mode of the BR system depends on the initial conditions, but
especially on the ratio of [MA] to [IO3-] [19]. When that ratio is high (>
2:1), the oscillations (state O) end in a state of low [I2] and low [I-] (state I).
Eventually, there is a sharp transition to high [I2] and [I-] (state II). When
the ratio is low, there is an immediate transition from oscillations to state II.
See Figure 2 [20].

Figure 2.Transitions to state II, depending on concentration.[HClO4]
0.10M, [KIO3] 0.020M, [MnSO4] 0.0050M, [H2O2] 1.2M.

It is believed that the I → II transition is due to autocatalytic decomposition
of diiodomalonic acid (I2MA) [19, 21]. Radicals generated by H2O2 + I
[22] may be a factor in the autocatalysis.Under certain conditions (very low
[IO3-]0), the I → II transition may repeat, with diminishing sharpness and
amplitude. See Figure 3.
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Figure 3.Consecutive oscillations at low [iodate]. [HClO4] 0.015M,
[KIO3] 0.0033M, [MnSO4] 0.0020M, [MA] 0.0066M, [H2O2] 1.5M.

Near the critical ratio which defines whether state I or state II prevails, the
system is very sensitive to stirring. For otherwise identical conditions, fast
stirring leads to state O → II; slow stirring leads to O → I → II.
Certain additives in millimolar concentrations stop oscillations for times
dependent on additive concentrations. Cervellati et. al. [23] have used this
effect to classify the antioxidant effectiveness of various diphenols and
natural products.
More than one organic substrate may lead to consecutive oscillations.
Under certain conditions, each substrate may oscillate in turn. Many pairs,
such as acetone – MA, [24], MA – MeMA, iodomalonic acid (IMA) – MA,
IMA – MeMA, etc. [13] , demonstrate this phenomenon. Under limited
conditions, three sets of oscillations occur. See Figure 4.

Figure 4.Consecutive oscillations with three substrates.[HClO4] 0.10M,
[KIO3] 0.020M, [MnSO4] 0.010M, [H2O2] 1.5M, [phenylmalonic acid]
0.0018M, [MeMA] 0.0058M, [acetone] 0.69M.

The gap between successive oscillations is probably due to relatively high
[I-] from decomposition of one of the iodoproducts.
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Phenol as an additive leads to complex behavior both in batch systems and
in flow systems [13, 25]. See Figures 5 and 6. This phenomenon remains
unexplained.

Figure 5.Emf (iodide electrode) vs. time. Bursting phenomena – BR with
phenol; [HClO4] = 0.10 M; [KIO3] = 0.020 M; [MnSO4] = 0.0020 M;
[MeMA] = 0.032 M; [H2O2] = 1.20 M; [phenol] = 3.0 x 10-5 M.
CONCLUSIONS

The BR mechanism
based
on
the
BZ
mechanismis inadequate
to describe the basic BR
oscillations. Basing the
mechanism on the BL
mechanism
(without
catalyst) is promising.
With the basic BR
mechanism in place, it
should be feasible to
explain other phenomena
such as the sudden
transition to high [iodide], consecutive oscillations with several
substrates, and bursting phenomema with phenol.
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ABSTRACT
This paper presents stability analysis of the reaction network corresponding
to the mechanism of simultaneous oxidation of carbon monoxide CO,
unburned hydrocarbons represented by acetylene C2H2 and reduction of
nitrogen oxides NOx , taking place in the three-way catalytic converter used
in cars to remove noxious components from exhaust gases. We use
stoichiometric network analysis as a method for decomposing the entire
mechanism into irreducible subnetworks (extreme currents) and examining
stability of corresponding steady states. This methods allows for indication
of those subnetworks, which may within a range of control parameters
display instabilities leading to oscillations. Within those subnetworks the
major positive and negative feedbacks are used to explain the oscillatory
dynamics in chemical terms.
INTRODUCTION
Nonlinear dynamical effects in catalytic reactors including spatiotemporal
patterns have been a subject of considerable research activity within past
two decades, see, e.g. [1]. Multiple steady states and waves have been
examined both theoretically and experimentally in a number of studies, most
notably dynamics observed on the surface of a single Pt crystal [2].
Oscillations and patterns in heterogeneous reactors with supported catalyst
are of great practical interest and have been also extensively studied [3].
This work focuses on exploring oscillatory instabilities in a three-way
catalytic converter (TWC). This is the most common reactor for
detoxification of automobile exhaust gases [4]. In the TWC, carbon
monoxide, hydrocarbons and nitrogen oxides are converted into carbon
dioxide, nitrogen and water vapor, respectively. The detailed TWC
mechanism involving adsorption, desorption, surface reaction and gassurface reaction steps in the Pt/Rh/CeO2/γ-Al2O3 converter [5-7] was partly
analyzed with the use of the reaction network approach [8]. It is well known
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that the catalytic oxidation of CO alone shows a broad variety of complex
nonlinear dynamics including oscillations on a supported Pt catalyst,
oscillations on CuO/Al2O3 and periodic and chaotic behavior on Pt/Al2O3
pellets. Adding two more catalytic processes raises a question to what extent
their interaction gives rise to new instabilities and pattern formation.
Generally, chemistry of catalytic converters is complex, heterogeneous
reaction mechanisms include many positive and negative feedback loops
and consequently reaction network theories may be conveniently applied. In
this work, methods of stoichiometric network analysis (SNA) [9] are
employed. The SNA provides a natural way of decomposing the entire
chemical network into elementary subnetworks and identify those among
them that are potentially a source of dynamical instabilities [10]. The TWC
reaction mechanism [5-7] examined in this work can be intuitively
decomposed into three subsystems -- CO oxidation, C2H2 oxidation (a
prototypical hydrocarbon), and NOx reduction. However, such a
decomposition is not useful in finding whether there are dynamical
instabilities. Based on a systematic analysis employing the SNA, Marek et
al. [8] identified possible sources of oscillatory behavior in the CO
oxidation subsystem of the TWC mechanism while Hadac et al. [11]
examined dominant subnetworks inducing instabilities occurring due to
synergy between the pairs of the three intuitive subsystems, as well as those
accounting for instabilities in the entire TWC network. Below these
dominant subnetworks are used to elucidate bifurcation diagrams for a
lumped TWC model.
STOICHIOMETRIC NETWORK ANALYSIS
A chemical network is a set of n chemical species and m chemical reactions
with known kinetics. The time evolution in a spatially homogeneous system
at constant temperature is based on mass balance equations that may be
written in a compact form as

dc
= Nr (c)
dt

(1)

where c is the n-vector of concentrations of the species, r(c) is the m-vector of the
rate laws and N is the stoichiometric matrix. The Eq. (1) may be readily
accommodated to represent a flow system provided that N and r involve
pseudoreactions corresponding to inflows and outflows (zero and first order terms,
respectively). According to the stoichiometric network analysis, stability of steady
states of Eq. (1) can be conveniently analyzed by determining the structure of the
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null space of N using convex analysis and examining the Jacobi matrix upon
reformulating the system in terms of convex parameters [9].

Table 1. Detailed reaction mechanism of the TWC; * represents a noble
shifts
oscillations
ofsdifferent
concentrations,
and from
indicatesproduct
an oxygen
storing (Ce) site).
metalbetween
(Pt) catalytic
site and
visual observations of surface spatiotemporal behaviorcite{Slinko2010}.
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In the first step the set of steady state reaction rate vectors corresponding to
extreme (or elementary) subnetworks is found. Any steady state reaction
rate vector in the chemical network can be obtained as a linear combination
of the rate vectors of the extreme subnetworks, which in geometrical terms
are edges of an open convex cone in the nonnegative orthant of the null
space. Certain k-tuples of the edges span faces of the cone constituting thus
a natural hierarchy of increasingly complex subnetworks.
In the second step linear stability analysis is applied to edges/faces to reveal
mechanistic sources of multiple steady states or oscillatory behavior. The
stability of a subnetwork is indicated by principal subdeterminants of a
matrix closely related to the Jacobi matrix. Of particular interest are
oscillatory instabilities occurring via Hopf bifurcation. Namely, the
subnetworks accounting for oscillations can be used to classify the chemical
mechanism according to the arrangement of positive and negative feedback
loops and to determine the role of species in the oscillations [12].
Specifically, at the Hopf bifurcation, various methods can be applied to
determine the role, for example, by calculating mutual phase shifts of
chemical species [10], which can be calculated from the eigenvectors
associated with the pair of pure imaginary eigenvalues of the Jacobi matrix.
Of interest here are three types of species playing an essential role in the
oscillations: type X is the autocatalytic species that appears in the
autocatalytic loop; type Z provides negative feedback controlling the
oscillations and type Y that removes the type X species from the
autocatalytic cycle.
LUMPED MODEL OF TWC
The model conforming with Eq. (1) is describing a simplified situation
where the catalytic converter is treated as an ideally mixed isothermal
system. Thus spatial distribution along the converter is neglected (transport
phenomena in longitudinal direction are assumed fast). On the other hand,
mass transfer from the gas phase onto the catalytic surface is included in the
model. Input parameters of this lumped model are: inflow rate, inflow
concentrations of reactants, inflow temperature, the loading of the catalyst
with noble metal LNM and the loading with oxygen storing cerium LOSC
The inflow concentration of oxygen and inflow temperature are chosen as
bifurcation parameters and continuation techniques [13] are used to
construct a bifurcation diagram showing parameter regions where
oscillations, multiple steady states and excitable steady states occur.
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RESULTS AND DISCUSSION
The overall TWC mechanism can be intuitively decomposed into two
subsystems: the mechanism combining oxidations of CO and C2H2, and
mechanism of simultaneous CO oxidation and NOx reduction. These
simplified cases result from assuming that either NOx or hydrocarbons are
absent from the inlet gas stream, respectively. Our primary goal is to
examine to what extent the instabilities in these major subsystems differ and
how is this difference reflected in the dynamics under the CFR conditions.
Both subsystems are examined in detail using the SNA elsewhere [11], here
we focus on the relation between bifurcation behavior of the model and the
oscillatory subnetworks found by the SNA for the case of oxidation of CO
and C2H2.
Fig. 1 shows the bifurcation diagram in the parameter plane of the inlet
molar fraction of oxygen y oin2 and the inlet temperature Tin for the lumped
system. We use LNM = 40 mol m-3, LOSC = 20 mol m-3. The closed bowshaped curve of the saddle-node bifurcations encloses a region of multiple
steady states.
Figure 1. Bifurcation diagram for CO and C2H2 oxidation in the
parameter plane y oin2 – Tin ; full-line -- curve of saddle-node
bifurcation, dashed line -- curve of Hopf bifurcation.
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The stoichiometric amount of oxygen required for complete removal of
CO2 and C2H2 corresponds to y oin2 = 0.78 mol %, which is dividing the region into sub- and superstoichiometric domains. In addition, the Hopf
bifurcation curves terminating at the saddle-node bifurcation mark two
regions of stable oscillatory dynamics outside the multiple steady state
region and two subregions of a unique stable steady state within the multiple
steady state region. The dynamics within these two subregions is excitable,
i.e., a small but finite perturbation of the steady state causes a large
excursion before returning to the steady state. There is bistability elsewhere
in the region of the multiple steady states. Remarkably, the two regions of
stable oscillations are distinguished by occurring in the sub- and
superstoichiometric regions. The same observation holds for the excitability,
whereas the region of bistability falls within the substoichiometric domain.
These observations can be explained by using the SNA. The CO & C2H2
network with the two embedded oscillatory subnetworks can be
conveniently represented by the network diagram shown in Fig. 2. Here
each reaction along with stoichiometry and reaction orders is displayed as a
multi-tail/multi-head arrow with the number of feathers/barbs indicating
stoichiometric coefficients of reactants/products and, additionally, the
number of left feathers indicate the reaction order of the corresponding
reactant. In the substoichiometric region the dominant process is as follows:
upon adsorption of oxygen on Pt sites the gaseous C2H2 reacts with O* and
the intermediate species C2H2* is successively oxidized to CO* and CO2 via
steps 11 and 13 that involve oxygen adsorbed both on Pt and Ce sites. The
hydrocarbon in the gas interacts with the adsorbed oxygen - a process
known as Eley-Rideal mechanism. A detailed analysis of the role of species
[11] further reveals that the autocatalytic cycle is formed by linking three
type X species: *, O* and CO*, while the negative feedback is provided by
the flow-controlled availability of oxygen (type Z species) and C2H2 plays
the role of the exit species (type Y). In the superstoichiometric region there
is a different source of the oscillatory instability. Here the dominant process
involves adsorption of both O2 and C2H2 on Pt sites prior their interaction.
More specifically, the autocatalytic loop includes the species *, C2H2* and
CO* via the steps 6, 8 and 13. As in the previous case, this necessitates the
involvement of Ce site used in step 13. This type of interaction is known as
Langmuir-Hishelwood mechanism. When compared, the roles of the
negative feedback species and the exit species in the two subnetworks are
exchanged, here C2H2 (type Z) is controlling the oscillations via step 6 and
O2 (type Y) removes * from the autocatalytic cycle via the exit reaction 2.
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Figure 2. Stoichiometric network of CO & C2H2 oxidation
subsystem. Blue line - dominant substoichiometric oscillatory
subnetwork, red line - dominant superstoichiometric oscillatory
subnetwork.
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CONCLUSIONS
A systematic approach combining stability analysis of complex reaction
networks and reactor dynamics was applied to a cross-flow catalytic
tubular reactor for removal of noxious components from exhaust gases
with the use of a detailed kinetic scheme of simultaneous oxidations of
carbon monoxide and acetylene (a representative hydrocarbon) and
reduction of nitrogen oxides. To demonstrate various possibilities for
oscillatory instabilities, the system was simplified to a lumped model by
neglecting longitudinal transport. The mechanism was split into CO &
C2H2 and CO & NOx subsystems. Only the former is analyzed here using
the stoichiometric network analysis to identify positive and negative
feedbacks that cause oscillations of reaction components in the lumped
model. These results were used to explain the structure of the bifurcation
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diagrams obtained by numerical continuation. In particular, regions of
oscillatory dynamics are understood in terms specific subnetworks
involving certain species that play crucial role in the alternating
dominance of positive and negative feedback during oscillations. The
occurrence of bistability/excitability of steady states is also readily
explained by permanent/transient dominance of the corresponding
positive or negative feedback loops.
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ABSTRACT
It is not known why living organisms on the Earth contain (almost
exclusively) L-amino acids and D-sugars, and why not D-amino acids and
L-sugars, i.e., why biomolecules are homochiral. This puzzle, in an obvious
manner related to the origin of life, attracts the attention of scientists since
the times of Pasteur (1860s). Recent experimental and theoretical findings,
relevant for this matter will be outlined. As a kind of surprise, earlier
attempts to rationalize homochirality by parity non-conservation in weak
interactions combined with amplification by convenient kinetic models,
appear to be a dead-end. Another, simple, logical, and experiment-based
explanation is envisaged.
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ABSTRACT
The role of (physical) chemistry in understanding the living things was
recognized long time ago [1] and many physicochemical methods play
crucial role in medical practice and research today. One such method, is
nuclear magnetic resonance (NMR),which became indispensable tool in
medical practice mostly through magnetic resonance imaging (MRI).
However, the versatility and its noninvasive character make the application
of NMR much broader. Many diseases and disorders could be identified at
the molecular level, therefore in vivo measurement of diffusion, perfusion,
pH, oxygenation level, metabolite concentration etc., is of a great value for
medical diagnostics and research. In this presentation the application of
NMR in biomedical research is illustrated through various examples from
MRI of rodent organs [2] via MRS (NMR spectroscopy) of mouse brain [3],
MRM (NMR microscopy) of pathology specimens [4] to NMR
metabolomics of tissue extracts and body fluids [5].
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Neurotherapeutics. 2011 Jan; 8(1):3-18.
[3] 19. Lee MR, Denic A, Hinton DJ, Mishra PK, Choi DS, Pirko I,
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NUCLEATION RATE SURFACES AS A NEW TOOL FOR
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anisimovmp@mail.ru), 41 Russkaya Street, 630058, Novosibirsk, Russia.
ABSTRACT
One can find in scientific literature a pretty fresh idea of the nucleation rate
surfaces design over the diagrams of phase equilibria. That idea looks like
profitable for the nucleation theory development and for various practical
applications where predictions of theory have no high enough accuracy for
today. The common thermodynamics has no real ability to predict
parameters of the first order phase transition. Kinetics of that transition is
complicate problem as well. It is known widely that many-body problem
has no exact solution. The usual way of any theory is to reduce the manybody problem to one body in some field. The features of one body and the
field are adjusted usually to get the reasonable compliance to the empirical
results. Relation of the theoretical and empirical results is not good enough
in case of the Nucleation Theory.
Nucleation experiment can be provided in very local nucleation conditions
even the nucleation takes place from the critical conditions down to the
absolute zero temperature limit and from zero nucleation rates at phase
equilibria up to the spinodal conditions. Theory predictions have low
reliability as a rule. It is well known that any phase diagram has several
lines of phase equilibria. It is easy to show that each line of phase equilibria
generates the nucleation rate surface in space of nucleation process
parameters. It means that one has multi sheet nucleation rate surfaces in the
common case. Each nucleation rate surface is related to one phase state
generation, or it is related to a single channel of nucleation. Semiempirical
design of the nucleation rate surfaces over diagrams of phase equilibria have
a potential ability to provide a reasonable quality information on nucleation
rate for each channel of nucleation. Consideration and using of the
nucleation rate surface topologies to optimize synthesis of a given phase of
the target material can be available when data base on nucleation rates over
diagrams of phase equilibria will be created.
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INTRODUCTION
One reason for nucleation theory problem is the application of inconsistent
assumptions that are used to interpret the experimental results. The most
experimental data on vapor nucleation are interpreted as a one-surface (one
nucleation channel) approximation of a nucleation theory. However, two or
more nucleation channels are really present in most systems as it was
recently reported by Anisimov et al [1].
We need to admit now that agreement between experimentally measured
vapor nucleation rates and current theoretical predictions exists for only a
limited number of systems. It was found long ago that the lines of phase
equilibria are continued by line of unstable equilibria for metastable
systems. Vortisch et al. concluded [2] retrospectively that “the temperatures
and compositions leading to a given nucleation rate roughly follow the
melting curve.” That kind of empirical result initiated the two-sheet vapor
nucleation rate surface design (Figure 1) twenty years ago in the vicinity of
the triple point [3].
EXPERIMENTAL
To empirically detect a single nucleation channel one needs to have the
appropriate measuring system, but these kinds of systems are not currently
under active development.
The
semiempirical approach permits the
prediction of a realistic topology for
the nucleation rate surface. That
topology can be designed over the
phase equilibria diagrams [1]. One
needs at least several experimental
points on the nucleation rate surface
and the phase diagram to effectively
develop these surfaces [4].
A short history of semiempirical
Figure 1. Nucleation rate, J, surface
design of the nucleation rate
topology for triple point vicinity.
surfaces over phase equilibrium
Vapor-solid (light grey) and vapordiagrams will be presented. This liquid (dark grey) nucleation separately.
approach involves a simple idea
T is temperature; P is pressure; kta is
line of vapour-solid and rtc is vapourdeveloped by Anisimov et al. [1],
liquid equlibria; t is triple point; c is
that nucleation rate surfaces arise up
critical one
from the phase equilibria lines. It
means that each line of the real and metastable phase equilibria produces
two nucleation rate surfaces (for two areas of the adjacent metastable states).
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Both surfaces reflect the nucleation kinetics for each of two metastable
phases that can be jointed by an equilibrium line.

Figure. 2. Sulfur hexafluoride – 1,3- propanediol nucleation at pressure of 0.30 MPa.

Experimental detection of nucleation rate for each of two individual vapor
nucleation rate channels, which are generating two single nucleation rate
surfaces for vicinity of the triple point, one can see in article [5]. That result
is unique to the present time. However, the most experimental data are
interpreted in the one-surface (one channel) approximation. The theory not
yet adequately developed to accurately predict two-channel nucleation
unfortunately.
RESULTS AND DISCUSSION
Empirical studies of vapor nucleation are of significant interest as this is a
fundamentally important problem of the first-order phase formation kinetics
description. The current technical level of research for the study of aerosol
formation is of fairly high quality, but there is no theory that is suitable for
quantitative prediction of the experimental vapor nucleation rates. In the
common case, the theory of phase transitions cannot predict the phase
transition parameters such as pressure and temperature for nowadays.
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Theory involves a number of assumptions to describe small clusters [6].
Further, when the size dependencies of the surface tension and density of
nuclei were taken into account [7] and the inherent degrees of freedom were
used to calculate the statistical sum for a nascent cluster [8], agreement
between theoretical and experimental results get worse. Semiempirical
design over diagram of phase equilibria is applied for metastable volume
construction [1]. That way has a considerable potential in the nucleation rate
description.
A Laminar Flow Diffusion Chamber [9] is widely used for nucleation rate
measurements of vapor-gas systems. A simple relation [10] can be used as
criterion, A, to detect a nucleation rate surface singularity which is initiated
by phase transitions of the first order for the surface section at J(T,S) =
constant:
⎛ ∂ lnJ ⎞
⎛ ∂ lnJ ⎞
⎛ ∂ ln S ⎞
+ ⎜
= A.
⎜
⎟
⎟
⎜
⎟
⎝ ∂ T ⎠ S , P1 ...Pn
⎝ ∂ ln S ⎠T , P1 ...Pn ⎝ ∂ T ⎠ J , P1 ...Pn
The criterion value, A, is equal to zero if the vapor nucleation rate surface J
= J(T,S) has no singularities. Here S and Pi are vapor supersaturation and
partial pressure of component i at temperature T of system respectively.
Singularity in the nucleation rate surface breaks the local condition for
surface continuity and monotony. Criterion, A, is deviating from zero value
in that case. The A-criterion provides a sensitive tool for the detection of
singularities in nucleation rate surfaces.
Clear singularities presence was found for data in Figures 2&3. These
singularities can be attributed to unknown earlier phase transitions of the
first order in the vicinity of critical line of binary (vapor-gas) systems. The
phase transition temperature clearly decreases with a rise in sulfur
hexafluoride pressure (P). Presumably the sulfur hexafluoride concentration
in a condensed solutions increases proportionally to the total pressure. Mole
fraction of sulfur hexafluoride grows up in a critical embryo composition.
Naturally for that trend that phase transitions in subcritical conditions,
which are higher a sulfur hexafluoride critical temperature, are shifting
down to critical point temperature. New phase transitions of the first order
probably produce surface. It needs to get more data to reveal the real
topology of the phase transition surface.
That surface involves critical points of gas and vapor, jointed by critical line
for sulfur hexafluoride and propanediol system in the present case. A
vapor-gas as binary system has a three dimensional volume of metastable
states, which is bounded by surfaces of phase equilibria and
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Figure 3. Sulfur hexafluoride – 1,2- propanediol nucleation rates at total
pressures of 0.10 and 0.20 MPa.
spinodal conditions. These surfaces are jointed along the critical line of
binary system which can be calculated using one of the correlations [11].
The glycerine vapor activities (a) on nucleation temperatures (T) for two
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levels of the nucleation rates (J) are presented in article [9] for a total
pressure 0.10 MPa. The same shapes are appeared for total pressure of 0.20
MPa. The clear discontinuities, which are produced by melting points, can
be seen for all cases.
Let look the reasons for these discontinuities. In our experiments we have
transition from a nucleation rate surface of one phase to other. In common
case nucleation rates can be expressed such as J = B exp(-∆G/kT). In that
equation ∆G = n*(µcond -µvapor) + f; where n* is number of molecules in the
critical embryos;µcond -µvapor is a chemical potential difference for the
condensed phases and vapor for the macro-scale samples; f is an excess
energy of a critical embryo comparing with n* molecules in a bulk
condensed phase (presumably
has a discontinuity at conditions of the
phase transition);

Figure 4. Schematic presentation of a chemical potentials, , on
vapor actovoty (a) for the condensed phases of 1 and 2
(left). Pressure (P) -Temperature (T) - partial volume
(v) diagram for a single component system with a line
(s’a) of the triple points. Lines mac1 and sac2 are the
vapour-liquid and vapour-solid binodals. c1 and c2 are
critical points (right).
Partial derivative

is broken at conditions for a phase transition of the

first order; µvapor is a continuous and monotonous function of temperature.
The partial derivatives
and
are negative and positive quantities. In
some cases their difference (

) as well as A-criterion can be equal

36

PHYSICAL CHEMISTRY 2014

PL-7

to zero. It means that a nucleation rate surface has a local continuity and
monotony in that case. Figures 2&3 illustrate an impact of a critical embryo
phase change on the nucleation rate surface topology.
It may be that there is a sufficient experimental variation in the nucleation
rate measurements which is preventing the detection of this kind
of nucleation event. A major problem in detection of the nucleation rate
surface singularities is the random error inherent in any experimental data.
This problem exists even one has experimental results of relatively high
accuracy as it is shown by Anisimov [7]. A conceptual problem in vaporgas to liquid (or solid phase) nucleation is its treatment of the nucleation as
a single component problem instead as a two component system. Results of
the present research illustrate clearly that gases can generate a phase
transitions in a condensed state of matter. It has led conclusion that gas can
be involved in the critical embryos and any vapor-gas system nucleation
should be considered in an approximation of binary solution. A direct mass
spectrometric measurements show the presence of the carrier gas in the
critical cluster under some nucleation conditions for example in a
monosilane-argon system [12].

CONCLUSION
It can be concluded that a conceptual problem in vapor-gas to liquid (or
solid phase) nucleation is its treatment of the nucleation as a single
component problem instead of a two component approximation. Results of
the present research illustrate clearly that gases can generate a phase
transitions in a condensed state of matter in the critical line vicinity. Gas
can be involved in the critical embryos and any vapor-gas system nucleation
should be considered in an approximation of binary solutions. A direct mass
spectrometric measurements show the presence of the carrier gas in the
critical cluster under some nucleation conditions, for example, in a
monosilane - argon system [12]. Several contemporary achievements are
collected in the present review. It is clear that idea of a semiempirical design
of the nucleation rate surfaces is promising tool for the advanced material
synthesis. One can easily see that idea of semiempirical design of the
nucleation rate surfaces will get development in the nearest future. The data
base file of the algorithms of that kind of activities, the digital information
on nucleation rates, equations of states, phase equilibria diagrams, binodal
and spinodal conditions, etc will be intensively collected without doubt.
Time when soft to the nucleation rate surface design will be available for
each scientist and engineer is approaching. It means that knowledge on
nucleation will get position of powerful tool which is effective in scientific
research and industrial applications.
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ABSTRACT
Recent advances in nanotechnology raise the prospect for the development
of a new generation of highly adaptive materials that can simultaneously
assume a variety of functions. While nature has set the bar too high by
optimizing a large number of self-sustained nanostructures, it remains an
open challenge for the scientific community to identify and accomplish
realistic targets in that direction. To that end, engineering principles and
mature scientific concepts adopted by related disciplines can safe-guide our
efforts to gain control over the nanoworld in a socially and environmentally
responsible manner.
INTRODUCTION
A remarkably diverse range of naturally and biologically occurring
nanostructures has reached multi-level functionality, optimised structural
organization and artistic perfection. Living organisms rely on strictly
prescribed biosynthetic pathways to generate nanostructures that are able to
rapidly and errorless store, encode, and decode information [1]. Moreover,
finely tuned molecular and supramolecular assembly mechanisms allow
self-replication, protein folding, formation of phospholipid bilayers cells,
ligand-receptor binding, etc. [2].
In the manufactured world however, nanotechnology still faces major
challenges. This is not surprising given that nanotechnology relies on
material engineering at a scale many orders of magnitude smaller than a
human eye can discern. First, one needs to create reliable tools able to
handle nanosized objects. Second, one needs to develop techniques to
monitor the processing in the nanoscale. But even if both requirements are
to be fulfilled, the ultimate challenge is to identify the environmentally
conscious shortcut that leads to nanostructured materials with optimum
performance. But, what is their optimum performance? What are the risks
and the ethical concerns associated to nanotechnology?
As the early overdose of enthusiasm around nanotechnology slowly and
steadily gives its place to a mature understanding about its realistic
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potential, we become to witness significant advances in the field. And as a
breath of new physical phenomena is revealed in the limit of nano
confinement, important applications are now realized for the first time.
Below we highlight certain aspects that are central for the progression of
nanotechnology towards a field of continuous innovation and scientific
advancement.

DISCUSSION
Copolymer self-assembly
By design, block copolymers and peptide/polymer conjugates are formed
when two chemically dissimilar chains are covalently attached to each other
and are, therefore, forced to coexist in the same macromolecule. It is exactly
this internal incompatibility that actually provides a platform for structuring
nanomaterials with tuneable morphologies. In selective solvents, block
copolymers spontaneously generate well-defined spherical, cylindrical or
vesicular micelles, in a manner that critically depends upon the chemical
nature of the repeating units, the chain length of the blocks and the
macromolecular architecture [3].
In melt, the thermodynamic incompatibility of the two blocks gives rise to
phase separation on a molecular level. The nanostructure morphology, thus
obtained, reflects the interplay between the minimization of the interfacial
energy between the two blocks (that causes deviations from an ideal coiled
conformation) and the entropic penalty associated with substantial chain
stretching. By increasing the volume fraction of one phase we successively
obtain spheres, cylinders, gyroid, lamella and, ultimately, inverse gyroid,
cylinders and spheres. Suffice to say that incorporation of nanoparticles
significantly modifies and further enriches the phase diagrams of block
copolymers [4].
Polymer nanocomposites
Polymer nanocomposites combine the processibility and flexibility of
polymer matrices with desired properties endowed by the dispersed
nanoparticles (silica, titania, clay, carbon nanotube-CNT, graphene, etc). For
example, incorporation of clay platelets improve the barrier properties in
polymers used for food packaging or bottling, hydroscopic particles enhance
the water retention in membranes, silver nanoparticles afford antimicrobial
activity, CNTs impart electrical conductivity in, otherwise insulating,
materials. Oftentimes, those desired improvements are supplemented by
substantial mechanical reinforcement.
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a)

b)

Figure 1. PVDF-HFP copolymer (blue) and corresponding nanocomposites
based on different types of clays (clay content 5 wt%); a) Uniaxial
deformation at room temperature. b) Real part of dielectric permittivity at
1Hz. Reprinted with permission from Reference 7, Copyright 2010, Elsevier
Ltd., Oxford, U.K.
The main difference between nanocomposites and conventional composites
(microcomposites) is that dispersion in the nanoscale can only be achieved
in the presence of favorable particle-matrix interactions that are able to
overcome the strong particle-particle attractions. To that end, covalent or
non-covalent functionalization of the nanoparticles is oftentimes necessary
to promote dispersion in polymeric matrices [5].
Local dynamics in the vicinity of the organic/inorganic interface can be
understood in terms of confinement of the polymer chains. Oftentimes, the
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hybrid morphology depends on the processing conditions and the
nanoparticles might be kinetically locked in a system that is far from a
thermodynamic equilibrium. Moreover, nanofillers might disturb polymer
crystallization [6] or, oppositely, they can act as nucleating agents. In
certain hybrids, nanoparticles are known to preferentially stabilize one phase
at the expense of another. For example, clay, CNT, graphene, etc tend to
promote the evolution of the piezoelectric vita phase of poly(vinylidene
fluoride) instead of the commonly encountered, albeit inert, alpha phase [7].
Within this framework, addition of organically modified clays to
poly(vinylidene
fluoride-co-hexafluoropropylene),
gives
rise
to
nanocomposites that exhibit significant increases in elongation to failure
compared to the neat copolymer (Figure 1a). In addition, their dielectric
permittivity is substantial higher over a wide temperature range (Figure 1b).
In case of immiscible polymer blends, selective localization of nanoparticles
to the organic/inorganic interphase or preferential enrichment of one
component results in a significant emulsifying effect. The underlying
mechanism might be kinetic (by preventing the coalescence of the
suspended droplets) or thermodynamic (by lowering the free energy of
mixing for the two phases) in origin [8].

Nanostructured coatings
Coating strategies (such as spraying, dip and spin coating, sol-gel, chemical
vapor deposition, inject printing, etc.) are widely explored to generate
aesthetic finishes and smart surfaces [9]. It is instructive to note that
nanostructured coatings do not necessarily contain functional nanoparticles.
For example, topographical features resolved in the nanoscale can be
induced simply by coating a surface with a phase separated polymer. The
surface topography mirrors the complex nature of the polymer, so that the
roughness might be adjusted by regulating the chemical composition of the
deposited layer (Figure 2).
Layer by layer assembly is a popular strategy for advanced coating that
relies on the successive deposition of opposing charged nanomaterilas.
Strong electrostatic and hydrophobic interactions allow the build-up of
stable coatings that resist detachment even under harsh conditions.
Systematic investigations focus on the incorporation of nanoparticles to
ultrathin formulations to afford mechanical, scratch and crack resistance,
protection against corrosion and photodegradation, antimicrobial and
biocatalytic properties, stimuli responsive wetting behavior, improved
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color retention, self-cleaning, antireflection and antifogging performance
and fire retardancy.

+polyurea

PD

+ fluorinated

+cla

+PO

Figure 2. 3-D profilometer images of solvent cast samples based on
polydimethylsiloxane (PDMS). Reprinted with permission from Reference
10, Copyright 2010, Elsevier Ltd., Oxford, U.K.
Biomimetic approaches-Hierarchical organization
Engineering approaches inspired and extracted by the anatomical
characteristics of natural organisms are common to nanotechnology.
Particular emphasis is given to artificial photosynthesis, tissue engineering
and controlled mineralization. Those approaches underscore the prominent
role of hierarchical organization across various length scales as a key factor
for the development of high performance materials. The lotus leave is a
classic example of a super-hydrophobic surface, exhibiting remarkable
characteristics stemming directly from its multilevel surface roughness.
Capitalizing on this concept, a wide spectrum of materials with advanced
wetting performance has been fabricated (Figure 3). Likewise, by
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reformulating the iridescent butterfly wings, scientists create synthetic
replicas with impressive light-reflective patterns and color displays.

Figure 3. Water wetting behavior of fluorosilane-treated epoxy-POSS
diamond structures; (a-d) smooth surfaces and (e-h) rough surfaces.
Reprinted with permission from reference 11, Copyright 2012 John Wiley &
Sons, Inc.
The bone is a vital nanostructured material that shows seven distinct levels
of hierarchy starting from a very specific amino acid sequence, to form
peptides that are coiled to produce tropocolagen, and then assembled to give
collagen fibrils that, in turn, are organized and packed to larger assemblies.
Remarkably, the mechanical properties of the bone are several orders of
magnitude stronger compared to its constituents, by virtue of its hierarchical
architecture. The intrinsic toughness of the bone involves energy dissipation
mechanism at all scales including molecular uncoiling, interfibrillar sliding,
microcracking and collapse of sacrificial bond [12].
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Material properties in the nanoscale limit
It is now well established that many types of materials behave in a
fundamentally different manner when they approach their nanoscale limit.
For example, gold is typically considered as inert metal but its nanoparticles
actually exhibit remarkable catalytic performance for challenging reactions.
This behavior is directly related to the presence of exposed atoms at the
corners of gold nanocrystals. Moreover, the optical properties of colloidal
gold largely vary with the size of the suspended nanoparticles, an effect that
allows the development of advanced sensors.

Figure 4. a) Typical sized graphene dots optical images illuminated under
white (left; daylight lamp) and UV light (right; 365 nm), b) PL spectra of
typical sized dots: the red, black, green, and blue lines are the PL spectra for
blue-, green-, yellow-, and red-emission gC-dots, respectively, c)
relationship between the dot's size and the PL properties, d) HOMO–LUMO
gap dependence on the size of the fragment. Reprinted with permission from
reference 13, Copyright 2010 John Wiley & Sons, Inc.
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Graphite is a common brittle material, but a single layer of graphene is
highly flexible. Although an ideally π-conjugated manolayer of graphene
has zero band gap and is not photoactive, its nanofragments (otherwise
known as graphene dots) exhibit characteristic, excitation wavelength
dependent, photoluminescence properties (Figure 4) [13]. Likewise,
semiconductor nanocrystals, commonly referred as quantum dots, show
electronic properties (such as bad gap) that are determined by their size and
shape. Those novel nanomaterials are actively explored for applications
such as diagnostics, therapeutics, bioimaging, photocatalysts, multicolour
printing, etc.

CONCLUSION
Nanotechnology is a rapidly emerging field of continuous innovation that
has already contributed significant scientific advances and cutting-edge
applications in electronics, medicine, energy production, etc.
Nanotechnology should not be considered as a mere adaptation of
conventional engineering at a lower scale, given that materials in their
nanolimit oftentimes exhibit unexpected behavior, thoroughly inaccessible
at higher scales.
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ABSTRACT
Novel technique of phase diagram (PD) assembling and the appropriate
software make possible to obtain the space models of T-x-y or T-x-y-z
diagrams of different topology. They help to understand a sophisticated
geometrical structure of PD. Kinematical method of surfaces description
was chosen as the most effective one on this stage. In the case of T-x-y
diagram, any surface is presented as the pseudo-ruled one, that is, a space
curve, given by the interpolation polynomial, moves along the analogously
given directing curves. Within a Т-х-у-z diagram a hypersurface is forming
when the originating curve moves along the directing surfaces. Such method
permits to simulate the phase regions boundaries of any complexity using
the minimum of initial experimental or calculated data. 3D computer
models, except visualization of projections and sections, are able to show
incorrect elements of PD and to detect the effects of three-phase reaction
type changing. PD space models are used as an effective instrument for the
heterogeneous design (HD) and for the imitation of physics-chemical
analyses tasks.
INTRODUCTION
A variety of science-funding agencies are working to halve the time it takes
for newly discovered materials to reach the market. The vision and goals of
their effort are presented in the white paper “Materials Genome Initiative for
Global Competiveness” [1].
There is an opinion that Prof. Aourag is the founder of this concept and the
idea of materials genome project was first launched in Oran, Algeria in 2007
[2].
An important part of the similar research was made in Ulan-Ude, Russian
Federation at the Institute of Physical Materials Science of the Siberian
Branch of the Russian Academy of Sciences by the projects of the Russian
Foundation for Basic Research 98-03-32844 “The design of the
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microstructures of multicomponent materials according to the equations of
the boundaries of single-phase regions” (1998-2000) and 01-03-32906 “The
genotype of heterogeneous material (boundary of concentration domains
with the unique schemes of phase transformations and thermodynamically
unstable fragments of phase fields in the multidimensional diagrams of the
known and forecasted topological types)” (2001-2003) [3-8].
The searching of the effective technologies of PD assembling have been
carried out: 1) approximating technique (Fig. 1-2) for the of surfaces of T-xy and hypersurfaces of T-x-y-z diagrams; 2) ideology of software creation –
a) unique PD model, b) reducible PD model, c) editors and designers of PD;
3) principles of PD assembling – a) from (hyper)surfaces, b) from phase
regions. As experimental studies and thermodynamic calculation do not
guarantee the sufficient conditions to make a PD the real working tool for
materials science, then the assembling of multi-dimensional PD from the
corresponding (hyper) surfaces or the phase regions is required. At that the
first version of assembly makes it difficult to use PD for the mass balances
analyses, whereas by the PD installation of the phase regions much more
possibilities have been appeared, up to the interpretation of the genotype of
the heterogeneous material (Fig. 3-6).
Three different variants of the surface (hypersurfase) approximation were
used: 1) additive contour is filled by the triangular tiles (Fig.1, а); 2)
originating line М1М2 moves along the directing ones А00А01…A0k,
А10А11…A1k, …, Аm0Аm1…Amk (Fig. 1, b); 3) minimal area for the arbitrary
taken contour is used (c).

Figure 1. Three variants of a surface approximation.
For the surface with a cut (or hole) forming two different technologies were
elaborated (Fig. 2): by the assembling of 4 fragments AeAB(eAB[eAB,E])(A[A,eAC]),
(A[A,eAC])k1k2([A,eAC]eAC),
k1(eAB[eAB,E])([eAB,E]E)k2, ([A,eAC]eAC)([eAB,E]E)EeAC (Fig. 2, b), and by a
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template method (Fig. 2, c) with addition of directing curves k1k4mk3k2 and
k1k5nk6k2 (Fig. 2, d).

Figure 2. Different techniques for the surface forming.
PHASE DIAGRAM AS A TOOL OF MATERIAL SCIENCE
Three principal discoveries were obtained to use the computer space model
of PD for the data mining of its content: 1) crystals with different dispersity
competition in the invariant reactions (Fig. 3); 2) three 2-wing ruled
surfaces existence for the reaction type changing in the 3-phase region (Fig.
4); 3) concentration fields with the unique crystallization scheme and with
the unique set of the microconsistuents (Fig. 6).
Field AeABFS within PD with an incongruent compound R=A3C (Fig. 3, e,
g) consists of fragments еABFК, АеABК, АSК with the microstructures
М+Ае, М+Ае+А1, М+А1, where М=RQ+ВQ+Ве. Vertical mass balances for
the compositions 3, K, 7, N are shown on the Fig. 3 (а-d).
Horizontal mass balances (Fig. 3, h, i) at two isothermal equilibria permit to
investigate the results of the primary crystals AI and the eutectical crystals
Ae competition in the invariant reaction. Both of them are given for the
same isopleth UH at TQ+δ and TQ-δ.
For the first time the «remarkable» lines АF (Ае=АQ), еABS (А1=АQ), WQ
(А1=Ае) and the point V (А1=Ае=АQ=Аr) with the specifical mass balances,
where found, where r – the remains of crystals mass after the invariant
reaction L+АQ=ВQ+RQ. Contrary to 3-dimensional field QFS, 2-
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dimensional field QF differs by the reaction L1→A1 absent. However,
according to the competition of crystals A1 and Ae, both fields have the same
microstructures. As a result the 1-dimensional concentration field QF
belongs to the 2-dimensional concentration field (QF∈QFS) and isn’t the
unique one.

Figure 3. Investigtion of the concentration field with the primary crystals AI
and eutectical crystals Ae competition in the invariant reaction.
Two-phase reaction surfaces in the region A+B+C (at the mass increment
sign change for the third phase in the process of heterogeneous material
cooling) were investigated (Fig. 4, а-b). Isothermity of 3-phase
transformation in accordance with A. Storonkin condition [9] has been
confirmed by the mass balances - (Fig. 4, c-f).
PHASE DIAGRAMS SIMULATORS
A kind of the training software allows to create the PD computer model and
then to construct vertical and horizontal sections with the decoding of
intersected surfaces and phase regions, to calculate the mass balances, to
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generate the spectra of thermal and X-ray phase analyses for a given
composition. A user assumes the PD topology (Fig. 5, a-c) by means of the
binary systems information, and then determines all geometrical elements
by means of minimal number of experiments.
Main destination of PD computer model – to solve practical problems,
beginning from correct and compact representation of the experimental
information and finishing the calculation of formed in the system
microconstituents of the phases assemblages.

Figure 4. Common case of the 3 two-wing ruled surfaces of the 2-phase
reactions the region A+B+C and the confirming mass balances.
Diagram of vertical mass balances give a possibility to follow the changing
of phase’s mass fraction for any composition within the temperature
interval. Horizontal mass balances diagrams help to show the phase portions
in vertical sections MN at given temperatures (Fig. 5, d).
It is possible to generate a thermogram prototype for any composition (Fig.
5, e). The peak height of the DTA signal represents the phase with the
maximal increase or decrease of mass portion in the corresponding
temperature interval. Not gear but rectangular peak corresponds to the
invariant regrouping of masses on the horizontal plane.
The melt presence is showed by the elevated level of electrical conductivity.
For generation of X-ray spectra the training software has been fitted by the
data base with characteristics of initial components A, B, C and
corresponding compounds (with their allotropies).
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MATERIAL’S GENOTYPE DECODING
Computer model of PD helps to design the miscrostructure of heterogeneous
material and to decipher its genotype [3-8]. Investigation of 52
concentration fields of CaO-Al2O3-SiO2 system (Fig. 6), that belong to the
primary crystallization of component C(CaO) and neighbor compounds
C3S≡R1 and C3A≡R6 (19 two-, 21 one- and 12 zero-dimensional fields)
reveals that there are 18 fields (12 one-dimensional and 6 zero-dimensional)
without the unique set of microconstituents.

Figure 5. PD with component B allotropy (a), decomposing АmВn (b) and
incongruently melting АmВnСk (c) compounds. Horizontal mass balances for
PD (a) within the isopleth B-AC (d). DTA and electroconductivity spectra
for the composition on the liquidus curve еВСU (a) imitation (e).
As an example a two-dimensional field Q2-8-9 within a subsystem R2R6R7
(R7=C12A7, R2=C2S) is shown (Fig. 6, a). Vertical line in the mass centre G
intersects the phase regions L+R1, L+R1+R2, L+R2+R6, R2+R6+R7, two
planes of four-phase regrouping of phases (at the temperature of invariant
points Q2 and Q3).
The composition of melt changes along the extension of segment R1-G1 to
liquidus line е1Q2 when the point G passes through the region L+CaO. Then
mass center G falls into phase regions L+R1+R2 and L+R2+R6 (with the
reaction Q2: LQ2+R1→R2Q2+R6Q2 between them) and the melt moves along
the liquidus curves е1Q2 and Q2Q3.
Solidification finishes on the subsolidus simplex R2R6R7 at the temperature
of point Q3. The diagram of vertical mass balance (Fig. 6, b) confirms the
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phase
reactions
L1→R11,
Le1→R1R2+R2R1,
LQ2+R1→R2Q2+R6Q2,
Leп→R2R6,eп+R6R2,eп, LQ3+R6→R2Q3+R7Q3 with the forming of
microconstituents R2R1, R2Q2, R6Q2, R2R6,eп, R6R2,eп, R2Q3, R7Q3.
Since the solidification finishes on the simplex R2R6R7, then the crystals R11
and R1R2 are absent as the microconstituents (they are expended during
quasiperitectic reaction Q2).

Figure 6. Trajectory G-1-2-3-Q2 (a) for liquid phase and mass balances (b)
in the process of solidification for composition G (R1 ≡ C3S, R2 ≡ C2S, R6 ≡
C3A, R7 ≡ C12A7).
CONCLUSION
When the phase regions are projecting on the concentration simplex, the
latter is dividing into the concentration fields with the individual set of
phase reactions and appropriate microstructures. Then the fields, which
belong to the 3-phase regions, are dividing additionally by the surfaces of 2phase reaction into the fragments with the different dynamics of phase
masses increment. Every 3-phase region has 1-3 these surfaces of 2-phase
reactions, and the sections of them are to be fixed on the isopleths and on
the isothermal cuts. Analogously in the fields, connected with the invariant
phase reactions, the domains with different results of the large and small
crystals competition are allocated too. This thrice-repeated segmentation of
concentrations space forms a genotype of multicomponent material.
PD computer models are using to study salt systems with an idea to design
the materials for molten salt reactor [8]. Fluoride systems have been
described as one of the possible fuels for molten salt reactor application.
Besides the lowest melting point another criterion is the same important for
the salt fuel: a concentration of fissile material. To optimize the molten salt
fuel parameters the computer models of fluoride systems are to be built. To
ensure reliable exploitation of new generation reactor, exhaustive
information is to be used about the chemical processes and equilibria in the
fluoride-chloride reciprocal systems.
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The PD of multi-component systems (MCS) are the fundamental theoretical
base for elaboration of many materials. The limited information about the
MCS properties and the behavior, as the projections and sections calculated
or constructed according to the experimental data are usually used. Their
application becomes more effective after assembling of PD computer
models. This development is based on the unique new technology of the
space models design for the multi-dimensional PD MCS from the totality of
all its geometric elements with different dimensions.
Space models are assembling for the multi-dimensional PD to design the
microstructures in multi-component alloys, ceramics and composite
materials. The approximation of specified contour by the minimal surface
(soap film) could strengthen the possibilities of PD computer models. It is
provided also the proto-typing by a 3D printer the so-called exploded phase
regions with the mapping by laser beam inside the transparent phase region
of such important special features of interaction of components as change of
the phase reaction type, laws governing the tie-lines arrangement, the
trajectory of phases, the formation of concentration fields at the expense of
the competitive participation in the invariant reactions of the crystals with
different dispersion.
ACKNOWLEDGEMENT
This work was partially supported by the Russian Foundation for Basic
Research (projects 14-08-00453 and 14-08-31468).
REFERENCES
[1] L. Kaufman, J. Ågren, Scripta Materialia, 2014, 70, 3–6.
[2] H. Aourag, AIP Conf. Proc., 2008, 48, 1047.
[3] V. Lutsyk in: Phase Diagrams in Materials Science, T. Ya. Velikanova
(Ed.), Materials Science International Services, GmbH, Stuttgart, 2004,
304-306.
[4] V. I. Lutsyk, Bulletin Buryat Scientific Centre SB RAS, 2012, 1(5), 7897. (In Russian)
[5] V. I. Lutsyk, E. R. Nasrulin, Crystallography Reports, 2012, 57(7), 106110.
[6] V. Lutsyk, A. Zelenaya, Solid State Phenomena, 2013, 200, 73-78.
[7] V. Lutsyk, A. Zelenaya, M. Parfenova, Advanced Materials Research,
2013, 704, 173-178.
[8] V. Lutsyk, A. Zelenaya, Dai YaZhou. Advanced Materials Research,
2013, 704, 349-352.
[9] A. Storonkin, Russian J. Phys Chem, 1971, 45, 1210-1213.

56

PHYSICAL CHEMISTRY 2014

A-02-SL

CHEMICAL THERMODYNAMICS
OF COMPLEX OXIDES
A. V. Knyazev, N. N. Smirnova and S. S. Knyazeva
Chemistry Department, Lobachevsky State University of Nizhni Novgorod
Gagarin Av. 23/2,603950, Nizhni Novgorod, Russia
(knyazevav@gmail.com).
ABSTRACT
The present work presents the results of investigating complex oxides
obtained in thermodynamic field over the past few years. There is realized
crystal chemistry systematization of studied compounds. The temperature
dependences of heat capacities at constant pressure for more than 50
compounds in a temperature interval from 7 to 350 K were studied in an
adiabatic vacuum calorimeter. The description of transitions in compounds
was made by means of McCallaf–Vestrum classification of physical
transitions. The standard enthalpies of formation at T = 298.15 K of 250
inorganic compounds were determined first by the method of reaction
calorimetry. Several mathematical models having a predictive power and
describing the behavior of compounds in “precipitate–solution”, “crystal–
liquid” and “individual phase–solid solution” systems were suggested.
INTRODUCTION
Since the inception of chemical thermodynamics one of the most important
tasks of this science is to determine the standard thermodynamic functions
of individual substances. Such data are required primarily for calculating
equilibrium chemical reactions at various temperatures and pressures. In this
case the limiting factor in such calculations is usually relatively low
accuracy in determining the enthalpy of a chemical reaction, which is
calculated as the algebraic sum of the enthalpies of formation of the
reactants. In the measurements of entropy admissible large errors,
particularly when it comes to reactions involving condensed substances.
Therefore, determination of standard enthalpies of formation and absolute
entropies of individual substances is necessary and important task of
chemical science and technology. The thermodynamic functions of
compounds allow to predict the behavior of phases in different geological
and technological conditions.
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EXPERIMENTAL
The synthesis of the complex was carried out by three various methods:
(1) solid state reactions and reactions in melt in a temperature range from
500◦C to 1300◦C; (2) reactions under hydrothermal conditions; and (3)
precipitation reactions from solutions. Using the first method we
synthesized compounds with frame structure. But our studies show that, the
most universal method of producing mineral-like compounds is the
synthesis under hydrothermal conditions. It is significant that the second
method is optimal for the synthesis of compounds with layer and isle
structure. Precipitation reaction, in other words the third method is the most
suitable one for compounds with isle and rare layer structure and having
solubility in neutral solutions more than 10−4 mol/l. The techniques,
developed by us, allowed obtaining in total of more than 400 compounds
and more than half of them were prepared and identified for the first time.
For structural investigations and confirming phase individuality, X-ray
diffraction patterns of all samples were recorded on a Shimadzu X-ray
diffractometer XRD-6000 (CuKα radiation, geometry θ–2θ) in the 2θ range
from 10◦ to 120◦ with scan increment of 0.02◦. The low-temperature and
high-temperature X-ray diffraction were carried out on a Shimadzu X-ray
diffractometer XRD-6000 using Attachment TTK-450 (Anton Paar) and
Sample Heating Attachment HA-1001 (Shimadzu) respectively.
To measure the heat capacity of the tested substances in the range from 7 to
350 K a BKT-3.0 automatic precision adiabatic vacuum calorimeter with
discrete heating was used. The calorimeter was tested by measuring the heat
capacity of highpurity copper and reference samples of synthetic corundum
and K-2 benzoic acid. The analysis of the results showed that measurement
error of the heat capacity of the substance at helium temperature was within
±2% (5 < T < 20 K), then it decreased to ±0.5% as the temperature was
rising to 40 K, and was equal to ±0.2% at T > 40 K. Temperatures of phase
transitions can be determined with the error of ±0.02 K.
To measure the heat capacity of the sample between 330 and 650 K an
automatic thermoanalytical complex (ADKTTM) –a dynamic calorimeter
operating by the principle of triple thermal bridge – was used. The data on
the heat capacity of the objects under study were obtained in the range from
330 to 650 K at the average rate of heating of the calorimeter and the
substances of 0.0333 K/s.
The experimental thermochemical data set was obtained using a modified
Skuratov calorimeter.
Thermal behavior was carried out with DSC Labsys from Setaram in a
platinum crucible ranging from 293 to 1173 K (heating rate 0.167 K/s).

58

PHYSICAL CHEMISTRY 2014

A-02-SL

RESULTS AND DISCUSSION
Realized crystal chemistry systematization of studied compounds allows
concluding that the element with the highest oxidation number determines
the forming structure, as usual for majority others complex compounds. We
could sort all the compounds into three types according to structural
features, that is, compounds with frame, layer and isle structures.
A sufficiently important task of the work was the estimating thermodynamic
functions of the compounds with the purpose of describing processes with
their participation and detecting criteria of their stability. For this purpose
we choose the thermochemical schemes. As solvents concentrated nitric,
hydrochloric, hydrofluoric and sulphuric acids were used. It was caused by
good solubility of compounds under investigations in their solutions. The
enthalpies of formation of about 250 inorganic compounds containing
uranium were experimentally determined for the first time using a reaction
adiabatic calorimeter. In Table 1 there are represented thermodynamic
functions of formation for some compounds.
The temperature dependences of heat capacities at constant pressure for
more than 50 compounds in a temperature interval from 7 to 350 K were
studied in an adiabatic vacuum calorimeter. The obtained data allowed
describing possible phase transitions and calculating absolute entropies of
formation of the compounds. It is significant to note that heat capacities at
constant pressure of the majority complex oxides monotonously grow with
rising temperature without any visible anomalies. On the contrary, the
physical transitions are observed in uranylcarbonates, uranylsulfates, several
tungstates and spinels (Table 2). The description of transitions was made by
means of McCallaf–Vestrum classification of physical transitions.
According to this classification phenomenological all phase transitions in
solids can be categorized into seven types (I, 2I, 3I, 2N, 3N, G, H).
The most widespread type of transitions in the layered compounds is
isothermal (I) transitions connected with polymorphic transitions in the
crystal. The polymorphism is caused by possible shifts or rotations of layers
relatively to each other in the crystalline structure. Isothermal transitions are
seen as “peaks” on the curve of heat capacity; the area of “peaks” is
numerically equal to the enthalpy of phase transition. The physical
transitions, which are more rarely met with, are H-transitions and they are
observed as “humps” on the curve of heat capacity. According to physical
point of view the given anomaly may be connected with “defreezing” of
rotations around M–OH2 bond in structures of the appropriate
crystallohydrates.
The compounds Na4UO2(CO3)3 and K2Fe2Ti6O16 show the G-type (glasslike) of physical transitions (Table 2). The nature of this anomaly is,
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probably, related to the presence of cation–cation interactions in the
structure of this compound that is confirmed by us using Voronoi–Dirihle
calculations of polyhedra with program complex TOPOS.
Table 1. Standard thermodynamic functions of some studied compounds
[1-10.
Compound

−∆fHº(298)
Sº(298)
−∆fSº(298)
(kJ/mol)
(J/(mol·K))
(J/(mol·K))
Uranium- and thorium-containing compounds
Ba2SrUO6
287.5 ± 0.9
558.6 ± 1.1
2940 ± 9
UO2(BO2)2
2543 ± 4
174.2 ± 0.5
502.8 ± 0.7
Li(UO2BO3)
178.7 ± 0.5
419.1 ± 0.7
2273 ± 4
Na(UO2BO3)
167.2 ± 0.5
452.7 ± 0.7
2258 ± 4
Ca(UO2BO3)2
291.8 ± 0.9
887.1 ± 1.1
4491 ± 8
451.3 ± 1.4
949.0 ± 1.5
Na4(UO2(CO3)3)
4010 ± 8
485.0 ± 1.5
955.5 ± 1.6
K3Na(UO2(CO3)3)
4001 ± 9
447.8 ± 1.3 1006.1 ± 1.4
K4(UO2(CO3)3)
4030 ± 9
6781 ± 10 727.3 ± 2.2 1978.6 ± 2.3
Ca(UO2SiO3OH)2⋅5H2O
Mn(UO2(SO4)2)⋅5H2O
4422 ± 5
607.3 ± 1.8 1728.4 ± 1.9
Fe(UO2(SO4)2)⋅5H2O
4285 ± 5
574.6 ± 1.7 1757.2 ± 1.8
4239 ± 5
600.7 ± 1.8 1734.0 ± 1.9
Co(UO2(SO4)2)⋅5H2O
Ni(UO2(SO4)2)⋅5H2O
4249 ± 5
581.4 ± 1.7 1753.1 ± 1.8
Cu(UO2(SO4)2)⋅5H2O
4114 ± 5
514.2 ± 1.5 1823.8 ± 1.6
Zn(UO2(SO4)2)⋅5H2O
4330 ± 5
477.1 ± 1.4 1869.2 ± 1.5
KTh2(PO4)3
336.2 ± 1.3 1186.3 ± 1.4
Titanium- and vanadium-containing compounds
Li4/3Ti5/3O4
2050 ± 10 108.8 ± 0.5
391.5 ± 0.6
K2Fe2Ti6O16
457.2 ± 2.3 1542.9 ± 2.9
(UO2)2V2O7
3936 ± 12 356.0 ± 1.1
930.0 ± 1.2
Pb5(VO4)3Cl
3669 ± 15 643.0 ± 0.8 1109.5 ± 0.9
Tungsten- and antimony-containing compounds
LiVWO6
174.1 ± 1.5
532.1 ± 1.6
NaVWO6
184.7 ± 1.5
543.6 ± 1.6
KSbWO6
205.9 ± 1.5
552.6 ± 1.7
RbNbWO6
222.9 ± 1.5
538.5± 1.6
CsTaWO6
221.7 ± 1.5
553.2 ± 1.7
Co7/3Sb2/3O4
153.4 ± 0.5
357.5 ± 0.6

−∆fGº(298)
(kJ/mol)
2774 ± 9
2393 ± 4
2148 ± 5
2123 ± 5
4227 ± 9
3727 ± 9
3716 ± 9
3730 ± 9
6191 ± 10
3907 ± 5
3761 ± 5
3722 ± 5
3727 ± 6
3570 ± 5
3773 ± 5
1933 ± 10
3658 ±12
3338 ± 16

Thus, the calorimetric methods allowed estimating all necessary
thermodynamic functions of some inorganic compounds.
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Figure 1.
Temperature
dependence of heat
capacity of
Na4(UO2(CO3)3).

Table 2. Thermodynamic characteristics of physical transitions in
compounds.
Compound
Na4(UO2(CO3)3)
K3Na(UO2(CO3)3)
K4(UO2(CO3)3)
Mn(UO2(SO4)2)⋅5H2O
Fe(UO2(SO4)2)⋅5H2O
Co(UO2(SO4)2)⋅5H2O
K2Fe2Ti6O16

Phase
transition
G
I
I
I
H
I
H
I
G

Ttr, K
60.5
386
395
403
176
238
182
237
72

∆trHº
(kJ/mol)
1500±3
50200±200
800±100
6900±100
510±3
190±3
200±3
1920±3
-

∆trSº
(J/(mol·K))
33.0±1.0
130. ±3.0
2.00±0.02
17.1±0.5
2.90±0.02
0.80±0.02
1.10±0.02
8.10±0.02
-

When studying isomorphism, one needs to know not only the type of solid
solution and the miscibility regions but also the energy parameters of this
phenomenon. Provided that the thermodynamic functions of mixing are
known, one can answer many questions concerning the character of the solid
solution formation and the thermodynamic stability regions of the solutions.
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Figure 2. Calculated and experimentally derived projections of enthalpy of
mixing surfaces for NaxKyTlz(UO2VO4).
Objects of our investigations are two solid solution systems NaxKyTlzVUO6
[11] and MgxMnyCozUO2(SO4)2·5H2O [12]. For the first system the
compositional dependence of the enthalpy of mixing can be described by
Prigogin’s regular model [46]. In terms of this model, a maximum of the
enthalpy of mixing surface should occur in the vicinity of one of the binary
systems, which is precisely observed in our case. The second system can be
described by a subregular model. The above-mentioned regular model is
inapplicable for this system. Therefore, we advanced a theoretical
subregular solutions model for ternary systems. In terms of this model, the
maximal value of the enthalpy of mixing is observed for random
concentrations of the three components. In this connection, the enthalpy of
mixing should be presented as a function of composition in the form of four
summands. Three summands describe the behavior of the function near
binary systems, and the fourth summand, in the central portion of the
diagram.

62

PHYSICAL CHEMISTRY 2014

A-02-SL

The search for new forms of radionuclide binding capable to restrict their
migration in the environment stimulates studying the state of poorly soluble
uranium compounds in aqueous solutions. In this connection, it is extremely
important to explore their behaviour in water solutions. The quantitative
physicochemical model describing heterogeneous system “precipitate–
aqueous solution”, represented by the following block diagram, is offered
(Fig. 3) [13].

Figure 3. Scheme of investigating heterogeneous systems “precipitate–
solution”.
CONCLUSION
The techniques for the synthesis of individual compounds and solid
solutions were developed, more than half of which were obtained and
identified for the first time. The standard enthalpies of formation at
T=298.15 K of 250 inorganic compounds were determined first by the
method of reaction calorimetry. The heat capacity at constant pressure of
more than 50 compounds was studied also first by adiabatic vacuum
calorimetry. The standard entropies and Gibbs functions of formation at
T=298.15 K were calculated as well. All the results were discussed and
tabulated and those made up the foundation of thermodynamics of the given
class of inorganic compounds. The polyphase equilibriums “precipitate–
solution”, “crystal–liquid” and “individual phase–solid solution” of several
compounds was investigated and mathematical models of their behaviour
under corresponding conditions based on the equations of equilibrium
thermodynamics were made.
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ABSTRACT
Relationships between the Gibbs free energy and enthalpy of solvation of
tert-butyl chloride in various protic solvents are considered in order to
compare the strength of the solvophobic effects from solvent to solvent. The
values of thermodynamic functions of solvation are determined
experimentally using titration calorimetry and gas chromatographic
headspace analysis techniques. Positions of the data points on the ∆ solv G vs
∆ solv H plot indicate that the solvophobic effects take place in various
mono- and dihydric alcohols, acetic acid, and acid amides. The excess
positive contribution into free energy of solvation of tert-butyl chloride in
self-associated solvents is used to characterize their strength quantitatively.
It is shown that the solvophobic effects are stronger the larger is the
concentration of the hydrogen bonds in a solvent.

INTRODUCTION
The solvophobic effects is a term used to describe a more general
phenomenon than the hydrophobic effect in water. These effects take place
in various solvents, the molecules of which can form hydrogen bonds with
each other. Examples of such solvents are polyhydric and monohydric
alcohols, formamide, hydrazine etc. The typical manifestations of the
solvophobic effects are low solubility of apolar solutes, low entropy and
large heat capacity change upon dissolution, micellization of amphiphilic
compounds.
In our earlier works [1–3], we investigated the impact of these effects on the
thermodynamic functions of solvation in various solvents. We have shown
that the relationship of magnitudes of the Gibbs free energy and enthalpy of
solvation is useful for qualitative identification and quantitative description
of the solvophobic effects. Experimental values of thermodynamic functions
are necessary for such analysis. Since alkanes are the least polar organic
molecules and cannot form hydrogen bonds with other species, we have
studied them in the first place. However, it is very difficult to measure
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accurately the enthalpies of solution and activity coefficients of alkanes in
many of self-associated solvents due to their poor solubility.
Monohalogenated alkanes are also low polar compounds that are not likely
to form hydrogen bonds, but have significantly lower volatility than alkanes
and therefore are more convenient to study calorimetrically. Thus, we have
chosen 2-chloro-2-methylpropane (tert-butyl chloride) as a probe of the
solvophobic effect. Tert-butyl chloride is a model compound to study the
nucleophilic substitution reactions. The influence of solvent on their rate
was a subject of several studies [4,5], for which the values of excess
thermodynamic functions in dilute solutions were determined. The
enthalpies of solution of tert-butyl chloride have been reported in the works
of Albuquerque et al. [6] along with several other monohalogenated
hydrocarbons (2-bromo-2-methylpropane, 2-chloro-2-methylbutane, and 3chloro-3-methylpentane) in mono- and dihydric aliphatic alcohols. We
compare their values with our own experimental data for the same systems.
EXPERIMENTAL
Enthalpies of solution ∆ soln H were measured at T = 298.15 K by
calorimetric titration method using TAM III solution calorimeter. A
correction was made to take into account partial evaporation of the solute to
the headspace of the calorimetric vessel. Automated static headspace GC
analysis was used to measure limiting activity coefficients γ ∞ of tert-butyl
chloride in various solvents. They were converted into the Gibbs free
energies of solvation using a formula ∆ solvG = RT ln γ ∞ − ∆ vapG .
RESULTS AND DISCUSSION
We have considered [3] the relation
between the Gibbs free energy and
enthalpy of solvation for solutes and
solvents from different classes of
organic compounds with different
structure, polarity, molecular size and
∆ H /(kJ ⋅ mol )
shape. A linear correlation between
∆ solv G and ∆ solv H for 978 solutions
in aprotic solvents is given by equation Figure 1. Gibbs free energies vs
∆ solvG = 0.627 ∆ solv H + 16.3 (1). For
enthalpies of solvation of tertbutyl chloride in various aprotic
solutions in self-associated solvents,
the deviations from this correlation to (filled circles) and self-associated
the side of more positive Gibbs free (empty circles) solvents at 298 K
25
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(

∆ / kJ·mol –1

)

energies are observed due to the solvophobic effect. The magnitude of the
deviation can be interpreted as a quantitative measure of this effect.
In Figure 1, the Gibbs free energies of solvation are plotted versus
enthalpies of solvation. Literature data [6] for the enthalpies of solvation in
25
water and n-alkanols were used,
20
other values are experimental. The
15
dotted line corresponds to the linear
10
correlation (1) that exists for
solutions in non-associated solvents.
5
Indeed, the filled circles on the plot,
0
0
20
40
60
80
100
which
correspond
to
the
cHS / M
thermodynamic functions of solvation
of tert-butyl chloride in aprotic
Figure 2. The strength of the
solvents
(n-heptane,
n-octane,
solvophobic effect as
cyclohexane,
benzene,
tert-butyl
characterized by the values of ∆
chloride, ethylene chloride, ethyl against the average concentration
acetate) fall on this line (the deviation
of hydrogen bonds in various
is no more than 1.0 kJ·mol–1, mostly to
solvents
the side of lower Gibbs free energies).
Since the coefficients in correlation equations for various solutes are a little
different, we have chosen a “baseline” specific to solvation of tert-butyl
chloride in order to fit the experimental values in aprotic solvents the best.
(2), solid line in
The resulting equation is ∆ solvG = 0.647 ∆ solv H + 15.6
Figure 1. The values of the deviation ∆ = ∆ solvG − 0.647 ∆ solv H − 15.6 from
line (2) for self-associated solvents are given in Table 1. In Figure 2, these
values are plotted against the concentration of hydrogen bonds in
corresponding solvents cHS .
CONCLUSION
Table 1. The strength of the solvophobic effect in solutions of tert-butyl chloride
in various solvents
Solvent
∆/(kJ·mol–1)
Solvent
∆/(kJ·mol–1)
Hexanol-1
1.3
Acetic acid
4.4
Propanol-2
1.4
Methanol
4.5
Pentanol-1
1.5
N-methylformamide
4.6
Butanol-1
1.7
Butanediol-1,3
5.3
2-methoxyethanol
2.2
Propanediol-1,2
5.5
Propanol-1
2.7
Diethylene glycol
5.6
Butanediol-1,2
3.6
Ethanediol-1,2
7.6
Ethanol
3.7
Water
21.1
Triethyleneglycol
3.7
Butanediol-2,3
3.9
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The increase in the Gibbs energy of solvation is due to a large
negative entropy of creating a cavity in self-associated solvents. This
contribution appears to grow up if the concentration of hydrogen bonds
in the solvent grows up. Thus, we can qualitatively characterize the
strength of the solvophobic effect using the number of hydrogen bonds in
the unit volume of a solvent, which is easy to estimate from its structural
formula and experimental density. From the considered alcohols, the
solvophobic effect is the strongest in ethylene glycol. There should be a
very limited number of individual solvents in which the solvophobic
effect is at least as strong as in ethylene glycol, because such solvents
should have very high concentration of H-bonds in the liquid phase. One
of such solvents is trihydric alcohol glycerol, and another is formamide
[1]. Finally, there is likely no solvent with the solvophobic effect stronger
than the hydrophobic effect in water with its extremely small molecular
volume.
The solvophobic effects are also present in solvent mixtures with crossand self-association of components. Molecular probes such as tert-butyl
chloride can be useful to estimate their strength in just two
thermodynamic experiments.
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ABSTRACT
The temperature dependences of heat capacity of riboflavin (C17H20N4O6)
and cyanocobalamin (C63H89CoN14O14P) have been measured for the first
time in the range from 7 to 330 K and from 6 to 343 K respectively. The
experimental data were used to calculate standard thermodynamic functions,
namely the heat capacity, enthalpy H°(T) − H°(0), entropy S°(T) − S°(0)
and Gibbs function G°(T) − H°(0), for the range from 0 to 330 K. The value
of the fractal dimension D in the function of multifractal generalization of
Debye’s theory of the heat capacity of solids was estimated and the
character of heterodynamics of structure was detected. In a calorimeter with
a static bomb and an isothermal shield, the energy of combustion of the
riboflavin and cyanocobalamin have been measured at 298.15 K. The
enthalpy of combustion ∆cH° and the thermodynamic parameters ∆fH°,
∆fS°, ∆fG° and of reaction of formation of the riboflavin and
cyanocobalamin from simple substances have been calculated. For the tested
substances using differential scanning calorimetry were determined by the
decomposition temperatures.
INTRODUCTION
Riboflavin (vitamin B2) and cyanocobalamin (vitamin B12) are watersoluble B vitamins. Riboflavin (PubChem CID: 493570) is an easily
absorbed colored micronutrient with a key role in maintaining health in
humans and animals. It is the central component of the cofactors flavin
adenine dinucleotide (FAD) and flavin mononucleotide (FMN), and is
therefore required by all flavoproteins. Various biotechnological processes
have been developed for industrial scale riboflavin biosynthesis using
different microorganisms.
Vitamin B12 (PubChem CID: 5479203) is a water-soluble vitamin with a
key role in the normal functioning of the brain and nervous system, and for
the formation of blood. The cyanocobalamin form of B12 does not occur in
nature normally, but is a byproduct of the fact that other forms of B12 are
avid binders of cyanide (-CN) which they pick up in the process of activated
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charcoal purification of the vitamin after it is made by bacteria in the
commercial process. Since the cyanocobalamin form of B12 is easy to
crystallize and is not sensitive to air-oxidation, it is typically used as a form
of B12 for food additives and in many common multivitamins.
This work is a systematic study of vitamins B. The goals of this work
include calorimetric determination of the standard thermodynamic functions
of the vitamins with the purpose of describing biochemical and industrial
processes with their participation.

EXPERIMENTAL
Riboflavin and cyanocobalamin were purchased from Fluka. For phases
identification, an X-ray diffraction patterns of the vitamin B2 and B12
samples were recorded on a Shimadzu X-ray diffractometer XRD-6000
(CuKα radiation, geometry θ-2θ). The X-ray data and estimated impurity
content (0.1 wt %) in the substance led us to conclude that the samples
studied were an individual crystalline compounds.
To measure the heat capacity of the tested substances in the range from 6 to
330 K a BKT-3.0 automatic precision adiabatic vacuum calorimeter with
discrete heating was used. The calorimeter design and the operation
procedure were described earlier [1]. The analysis of the results showed that
measurement error of the heat capacity of the substances at helium
temperatures was within ±2%, then it decreased to ±0.5% as the temperature
was rising to 40 K, and was equal to ±0.2% at T > 40 K.
The energy of combustion, ∆cU, of riboflavin and cyanocobalamin ware
measured in a calorimeter (V-08) with a static bomb and an isothermal
shield. The calorimeter design, the procedure of measuring the energies of
combustion and the results of calibration and testing are given elsewhere
[2]. It should be noted that while checking the calorimeter by burning
succinic acid, prepared at D.I. Mendeleev Research Institute of Metrology.
For complete combustion of samples we used paraffin as an auxiliary
substance. Thermal analysis was carried out with a Setaram Labsys
differential scanning calorimeter in an argon atmosphere at a heating rate of
0.0833 K•s-1.
RESULTS AND DISCUSSION
The experimental values of the molar heat capacity of riboflavin over the
range from 6 to 322 K are presented in Figure 1. Experimental values were
obtained in two series of experiments. The experimental points in
temperature intervals 20-322 K (vit. B2) and 6-350 K (vit. B12) were fitted
by means of the least-squares method and polynomial equations of versus
temperature have been obtained. The heat capacity for both substances
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gradually increases with rising temperature and does not show any
peculiarities.
From the experimental values in the range 20–40K the value of the fractal
dimension D was evaluated from the experimental data on the temperaturedependent heat capacities from a slope of the corresponding rectilinear
sections of the plot lnCv versus lnT [3]. Was found that in the range 20–40
K, D=2 K for riboflavin and D=1.8 K for сyanocobalamin. The D-value
points to the layer structure of compounds. To calculate the standard
thermodynamic functions of compounds, heat capacity values of it were
extrapolated from the starting temperature of the measurement
(approximately 7 K) to 0 K by Debye’s function of heat capacity.

Figure 1. Temperature dependence of heat capacity of riboflavin [4].
In a calorimeter with a static bomb and an isothermal shield, the energy of
combustion of the riboflavin and cyanocobalamin have been measured at
298.15 K. The data on the enthalpy of combustion of the crystalline
vitamins were used to estimate enthalpy of combustion and formation. We
have established the combustion reactions.
C17H20N4O6(cr) + 19·O2(g) → 17·CO2(g) + 10·H2O(l) + 2·N2(g)
C63H88CoN14O14P(cr) + 79.75·O2(g) → 63·CO2(g) + 42.875·H2O(l) +
+ 0.75·CoO(cr) + 0.125·Co2P2O7(cr) + 0.75·H3PO4 (sl-n) + 7·N2(g)
From the absolute value of the entropy of the riboflavin, carbon in the form
of graphite, gaseous hydrogen, oxygen and nitrogen the standard entropy of
formation ∆fS° of riboflavin at T = 298.15K was calculated by methods
described earlier [5]. The standard entropy of formation ∆fS° of
cyanocobalamin was calculated similarly. The Gibbs function of formation
∆fG° of the riboflavin and cyanocobalamin were evaluated from the ∆fH°
and ∆fS° values (Table 1).
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Thermal analysis made it possible to establish some peculiarities of
processes taking place in the compound under investigation during heating.
DSC curve of riboflavin has the endothermic effect at 571 K. This effect is
connected with melting and decomposition of compound. DSC curve of
cyanocobalamin has the endothermic effects at 504, 522, 530 K. These
effects are connected with the decomposition of ligands coordinated to the
cobalt atom.

Table 1. Standard thermodynamic functions of vitamins [4, 6].
Compound
−∆cH°
−∆fHº(298) −∆fSº(298) −∆fGº(298)
(kJ/mol)
(J/(mol·K))
(kJ/mol)
(kJ⋅mol-1)
C17H20N4O6
1432 ± 13
1961 ± 3
847 ± 14
8116 ± 13
2844 ± 15*
C63H89CoN14O14P 33461±14* 5015±15*
7281 ± 5
*
new data
CONCLUSION
The general aim of these investigations was to report the results of the
thermodynamic study of the riboflavin and cyanocobalamin. The heat
capacities of these vitamins are measured over a wide temperature range
from, the thermodynamic functions are calculated and the fractal dimensions
D are evaluated. Thermochemical parameters of formation are determined
by combining the data obtained by using combustion calorimetry and heat
capacity measurements.
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ABSTRACT
The temperature dependences of heat capacity of Li4/3Ti5/3O4 and
Co7/3Sb2/3O4 have been measured for the first time in the range from 6 to
330 K by precision adiabatic vacuum calorimetry. The experimental data
were used to calculate standard thermodynamic functions, namely the heat
capacity, enthalpy H°(T) − H°(0), entropy S°(T) − S°(0) and Gibbs function
G°(T) − H°(0), for the range from 0 to 330 K.
INTRODUCTION
Materials with the spinel structure have been extensively studied for a range
of applications including their use as inorganic pigments [1], component of
Mixed-Oxide (MOX) fuel for atomic energy [2], ion conductors, Li-battery
electrodes, and for production of heat-insulated materials and materials for
microelectronics [3]. The spinel structure type is also represented in a wide
range of natural occurrences by the mineral form of magnetite, hetaerolite,
hausmannite, chromite, trevorite and others [4]. Recently lithium insertion
oxides like Li4/3Ti5/3O4 have acquired considerable attention as alternative
anode to carbon/graphite in rechargeable lithium-ion batteries. The
M7/3Sb2/3O4 (M = Ni, Co) compounds display interesting magnetic
properties. In fact, depending on the M ion this system can be considered as
a candidate to magnetic storage devices.
The ideal spinel structure has cubic symmetry (space group Fd3m) and
crystal chemistry formula M[4]A2[6]X4[4]. M atoms are located in tetrahedral
positions 8a, while A atoms are located in octahedral positions 16d. X atoms
of 32e position form compact layer. Typically X is O2- but X may also be an
anion such as S2-, Se2-, Cl- or F-.
The goals of this work include calorimetric determination of the temperature
dependences of the heat capacity of Li4/3Ti5/3O4 and Co7/3Sb2/3O4 from 6 to
330 K, detection of the possible phase transitions, and calculation of the
standard thermodynamic functions in the range from 0 to 330 K.
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EXPERIMENTAL
The compounds were prepared by the solid-state reactions. Cobalt antimony
oxide (lithium titanium oxide) was prepared by the solid-state reaction
between antimony (III) oxide and cobalt sulfate heptahydrate (titanium
oxide and lithium carbonate). The synthesis was performed in a porcelain
crucible, into which the reaction mixture with the atomic ratio 7Co : 2Sb
(4Li : 5Ti) was loaded. The mixture was calcined at 1173 K for 50 h,
undergoing regrinding every 10 h.
To measure the heat capacity of the tested substances in the range from 5 to
340 K a BKT-3.0 automatic precision adiabatic vacuum calorimeter with
discrete heating was used. The calorimeter was tested by measuring the heat
capacity of high-purity copper and reference samples of synthetic corundum
and K-2 benzoic acid. The analysis of the results showed that measurement
error of the heat capacity of the substance at helium temperatures was within
±2%, then it decreased to ±0.5% as the temperature was rising to 40 K, and
was equal to ±0.2% at T > 40 K.
RESULTS AND DISCUSSION
The experimental values of the molar heat capacity of Co7/3Sb2/3O4 over the
range from 6 to 337 K are presented in Figure 1a. The heat capacity of this
substance in intervals from 6 to 55 and from 70 to 327 K gradually increases
with rising temperature and does not show any peculiarities, but from 55 to
70 K there is seen an anomalous heat capacity [5]. The calculations of
Hº(T)-Hº(0) and Sº(T)-Sº(0) were made by the numerical integration of Cpº=
f(T) and Cpº = f(lnT) curves, respectively, and the Gibbs function Gº(T)Hº(0) was estimated from the enthalpies and entropies at the corresponding
temperatures. The absolute entropies of compounds and the corresponding
simple substances were used to calculate the standard entropy of formation
of the compound under study at 298.15 K. Received values of standard
enthalpies and entropies of formation were used to calculate the standard
Gibbs function of formation Li4/3Ti5/3O4 at 298K by Gibbs–Helmholtz
equation. The transition temperature of the sample under study Ttr = 60.3 ±
0.1 K was estimated as the temperature of maximal heat capacity value
within the temperature interval of the transition. The standard enthalpy and
entropy of phase transition are ∆trH° = 15.8 ± 0.5 J/mol and ∆trS° = 0.258 ±
0.007 J/(mol·K). According to the work [6], magnetization measurements of
the Co7/3Sb2/3O4 compounds revealed the presence of a spin-glass transition,
which should be a result of the competition between several magnetic
interactions depending on the Co2+ site occupation. It should be noted that
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the spinel, containing d-metals in their composition, often observed
transitions at temperatures below 70 K.

a

b

Figure 1. Temperature dependences of the heat capacities of the
compounds: a) Co7/3Sb2/3O4; b) Li4/3Ti5/3O4.
There are at least two factors related to the spin-glass transition: (a) a
competition between the diamagnetic Sb5+ and the ferromagnetic Co2+ ions
both occupying the same crystallographic site; (b) the different
crystallographic sites occupied by the Co2+ ions, as we observe in the
structural analysis. It is believed that there are several possible magnetic
interactions that could contribute to the spin-glass transition. Firstly, the
spin-glass transition could be related to diamagnetic and ferromagnetic
interactions between the Sb5+ and Co2+ ions. Also, the spin-glass behavior
could be attributed to antiferromagnetic interaction between the Co2+ ions in
the octahedral–octahedral or tetrahedral–tetrahedral sites or the
ferromagnetic interaction between Co2+ ions in the octahedral–tetrahedral
sites. In this sense, the magnetic frustration in the spinel structure could be a
consequence of the competition among these magnetic interactions.
The heat capacity of Li4/3Ti5/3O4 in interval from 12 to 670 K gradually
increases with rising temperature and does not show any peculiarities, but
over the range from 6 to 12 K there is seen an anomalous heat capacity (Fig.
1b) [7]. The transition temperature of the sample under study Ttr = 7.5 ± 0.1
K was estimated as the temperature of maximal heat capacity value within
the temperature interval of the transition.
The absolute entropies of compounds and the corresponding simple
substances were used to calculate the standard entropy of formation of the
compound under study at 298.15 K. Received values of standard enthalpies
and entropies of formation were used to calculate the standard Gibbs
function of formation Li4/3Ti5/3O4 at 298K by Gibbs–Helmholtz equation
(table 1).
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Table 1. Standard thermodynamic functions of studied compounds.
Compound
−∆fHº(298)
Sº(298)
−∆fSº(298)
−∆fGº(298)
(kJ/mol)
(J/(mol·K))
(J/(mol·K))
(kJ/mol)
Li4/3Ti5/3O4
391.5 ± 0.6
1933 ± 10
2050 ± 10
108.8 ± 0.5
Co7/3Sb2/3O4
357.5 ± 0.6
153.4 ± 0.5
CONCLUSION
Thermodynamic studies were performed for two compounds with spinel
structure in a wide temperature range. Much attention is paid to the lowtemperature phase transitions. Transition mechanism is proposed on the
basis of spectroscopic studies.
ACKNOWLEDGEMENT
The work was performed with the financial support of the Russian
Foundation of Basic Research (Project Number 13-03-00152).
REFERENCES
[1] A.V. Knyazev, M. Mączka, E.N. Bulanov, M. Ptak, S.S. Belopolskaya,
Dyes and Pigments, 2011, 91, 286-293.
[2] R.P.C. Schram, F.C. Klaassen, Progress in Nuclear Energy, 2007, 49,
617-622.
[3] H. Shiiba, M. Nakayama, M. Nogami, Solid State Ionics, 2010, 181,
994-1001.
[4] H. Sawada, Materials Research Bulletin, 1996, 31, 361-366.
[5] A.V. Knyazev, N.N. Smirnova, M. Mączka, K. Hermanowicz, S.S.
Knyazeva, I.A. Letyanina, M.I. Lelet, The Journal of Chemical
Thermodynamics, 2014, 74, 201-208.
[6] M. S. L. Brito, M. T. Escote, C. O. P. Santos, P. N. Lisboa-Filho, E. R.
Leite, J. B. L. Oliveira, L. Gama, E. Longo, Mat. Chem. Phys., 2004,
88, 404-409.
[7] A.V. Knyazev, N.N. Smirnova, M. Mączka, S.S. Knyazeva, I.A.
Letyanina, Thermochimica Acta, 2013, 559, 40-45.

76

PHYSICAL CHEMISTRY 2014

A-06-P

THE VOLUME OF METASTABLE STATES FOR
BINARY SYSTEM UNDER NUCLEATION
M. P. Anisimov and N. T. Tukubaev
Nanoaerosol Research Laboratory, FSBSI Technological Design
Institute of Scientific Instrument Engineering SB RAS (TDISIE SB RAS,
anisimovmp@mail.ru), 41 Russkaya Street, 630058, Novosibirsk, Russia

ABSTRACT
Any metastable state volume for binary system is restricted by the critical
condition line and by the surfaces of phase equilibria and spinodal
conditions which are jointed by the critical line. The real state equations can
be used to found all these boundaries. In the most cases the equation of real
states can not be found and the equation for ideal system should be used.
The accuracy of the ideal system approximation was estimated in the
present research by a direct comparison with the calculation results on the
base of equation of states for a real system.
INTRODUCTION
Nucleation rate measurements along the critical line of a binary system is
problem which has no real solution up-to now. It is easy to show, for
example [1], that any metastable volume for binary system is restricted by
the critical conditions, by the surfaces of phase equilibria and spinodal
conditions. Let show briefly the main points which should be taken into
account to design of a volume of metastable states for a simplified binary
system. For simplicity let take a vapor-gas system. The surface of the vaporliquid equilibria (dark grey color, see Figure 1), contour Ba2a1b1, and
spinodal states surface, a3a1b1b3 (light grey one) which are bounding a
volume of metastable states are shown schematically in Figure 1.
The real topology of the metastable volume needs to be measured
empirically. The low as well as high (at least elevated) pressures are used in
several research groups. But there are no systematic measurements to clarify
the geometry of a volume of metastable states. Some time ago the flow
diffusion was developed [2]. It looks that the chamber can be modified for
measurements at the high pressures. We did a scheme, created and tested of
the High Pressure (up-to 200 bar) Aerosol Counter recently which can be
incorporated into the Flow Diffusion Chamber for the High Pressure
measurements.
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Well known that any critical conditions are the locus of the second order
phase transitions (line a1b1 in Figure 1) where zero rate of nucleation is
appeared.
No nucleation at conditions of phase transition of the second order can rise
[3]. Several approximations are created to calculate the line of the critical
conditions for binary systems [4]. It is obvious that one should solve a set of
equations for real vapor-gas system to calculate the nucleation conditions at
a High Pressure Flow Diffusion
Chamber (HPFDC).
High pressure measurements, at
several hundred bars at least, is actual
problem for empirical detection of
volume for the system metastable
states as well as for measurements of
the four-dimensional nucleation rate
volume and topologies of the
nucleation rate surfaces at constant
temperatures or/and pressures. These
kinds of measurements nobody did up
to now, even these data are very Figure 1. Schematic presentation of
helpful for development of the
the metastable volume in the
parameters space
Nucleation Theory.
HPFDC has chance to give a direct answer on the nucleation data
discrepancy nature revealed, for example, by Brus et al. [5]. It is very
reasonable to use the real gas equation of state to describe a heat-mass
transfer for the nucleation conditions in the laminar axial vapour-gas flow at
elevated pressures. The empirical data approximation for compressibility
Z(ω, τ) of nonideal (real) gas [6] is used, where:

Steady state axisymmetric motion of a laminar flow of viscous gas is
described by a system of equations for boundary layer and equation of state,
which in the cylindrical coordinates can be presented such as:

78

PHYSICAL CHEMISTRY 2014

A-06-P

P = ρ Rg T Z (ω,τ)

(1)

R

2 ⋅ π ⋅ ∫ r ⋅ ρ ⋅ udr = Q ,

(2)

0

∂u
∂P 1 ∂
∂u
⋅ ( r ⋅η ⋅ ) ,
ρ ⋅u = − +
∂x
∂x r ∂x
∂r
∂T
∂P
∂u
1
∂T
−u
− η ⋅ ( ) 2 − ⋅ (r ⋅ λ
) = 0.
ρ ⋅ u ⋅ CP
∂x
∂x
∂r
r
∂r

(3)
(4)
(5)

where P is pressure of gas, Z(ω, ) is gas compressibility and Zc is a critical
one; ω and τ are reduced density and temperature defined by ratios
ω = ρ/ρc and τ = Τ/Τc; ρc and Tc are critical density and temperature; a1 –
is a reduced density at triple
a10 are gas empirical coefficients;
point; x is the axial coordinate of cylindrical tubing, r is the radial
coordinate, u(x,r) is a radial gas velocity distribution, T is the temperature, ρ
is the density of the gas, λ η are thermal conductivity and viscosity
coefficients of gas, respectively, Cp is the heat capacity, Rg is the universal
gas constant, R is the radius of the tube, Q is the mass flow rate of gas;
C(x,r) is the concentration of substance; d(T) is the vapor-gas diffusion
coefficient.
The equations (1–5) have the well known physical sense. The boundary
conditions for system of equations (1)–(5) are set as follows.
∂u
(0, x ) = 0 , ∂ T (0, x ) = 0 , ∂ C (0, x ) = 0 .
Along the axis:
(6)
∂r
∂r
∂r
(7)
At the wall: u(R, x) = 0, T(R, x) = Tw(x), C(R, x) = C[Tw(x)
At the entrance of the tube:
T (r,0) = T0 (r ) , u (r,0) = u 0 (r ) , P (r,0) = P[T0 (r )], C (r,0) = C (Tsat ) ,
where Tw(x) is the tubing wall temperature, T0(r) is the initial temperature
profile of the flow at the tubing entrance, Tsat is the saturation temperature,
u0(r) is the initial profile of the flow velocity at the tubing opening. The
vapor supersaturation and temperature fields can be found following article
by Voevodin&Goncharova [7].
Assuming that the velocity at the opening of the tube has a parabolic profile
corresponding to the mass flow rate Q0, one can get
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⎛
r2 ⎞
⎜⎜1 − 2 ⎟⎟ ,
R ⎠
⎝
Using the continuity equation, it is easy to get: ρ u = ρ 0 u0 ≡ b0 (r ) .
The boundary conditions for the parameters are similar to velocities one. To
find them one can use the mass flow that does not depend on x, related
equation and get the ratio. The flow speed at every step, the temperature,
and the density can be calculated by such a way. Viscosity and thermal
conductivity depends on the temperature, an iterative process is used to
nonlinearity disclosure for each step. The approximation of equations on r,
and using a tridiagonal run of linear equations by the Thomas algorithm [8].
Then the concentration C can be calculated.
u 0 (r ) =

2Q 0
π R2

CONCLUSIONS
A difference of the ideal and real state equations using is found and
discussed. Deviation of the nucleation rates for ideal and real gas
approximations is found numerically. A threshold for the ideal state
equation using is found for case of glycerol-carbon dioxide system. It can be
seen easily on the result of our computer estimations that ideal gas model
produces a nucleation rate overestimation more than 100 decimal orders of
magnitude against the real gas state equation applied for case of the total
pressure near 100 bar and nucleation temperature T = 350 K for nucleation
of glycerol-carbon dioxide system. One can conclude that ideal gas model
can be used for pressures not more than 10 bar.
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THERMODYNAMIC AND THERMOPHYSIC
INVESTIGATION OF APATITE BINARY SYSTEMS
E.N. Bulanov, V.J. Korokin, and A.G. Blokhina
Chemistry Department, Lobachevsky State University,
23, Gagarin av., 603950 Nizhni Novgorod, Russia
ABSTRACT
Compounds in three binary apatite systems Pb5(PO4)3F – Pb5(PO4)3Cl,
Pb5(PO4)3Cl – Pb5(VO4)3Cl, and Ca5(PO4)3Cl – Pb5(PO4)3Cl are synthetic
analogues of natural minerals. Phase diagrams of those systems were plotted on
the basis of thermodynamic modeling and experimental data. Calculation of
the thermal expansion coefficients of the compounds were used to discover
features of isomorphic substitution in the systems under study.
INTRODUCTION
Apatites are one of the most broadest mineral family [1]. This fact is made
possible by different isomorphic substitutions in the chemical composition
of the apatites. In the common case, the general formula of the apatites may
be represented as follows: M5(AO4)3L, where M – mono-, di-, tris- and
tetravalent cations and their combinations; A – atoms, which can form
tetrahedra as coordination polyhedra; L – is the position for halogen and
different groups of atoms such as OH, CO3 and others. Moreover, in all of
the positions various types of defect can be observed. Apatites have high
isomorphic capacity, which causes necessity of investigation not only
individual compounds, but various binary systems. We investigated phase
diagrams of three binary systems: Pb5(PO4)3F – Pb5(PO4)3Cl (I) [2],
Pb5(PO4)3Cl – Pb5(VO4)3Cl (II) [3], and Ca5(PO4)3Cl – Pb5(PO4)3Cl (III) [4]
on the basis of thermodynamic modeling and experimental data. Moreover,
for hexagonal modifications of all compounds and solid solutions of
aforementioned systems high-temperature XRD investigations were done.
EXPERIMENTAL
Samples of individual compounds and solid solutions were synthesized via
solid-state reactions between diammonium hydrophosphate, nitrates and
halogenates of calcium and lead. The phase individuality of synthesized
compounds was monitored by X-ray diffraction. X-ray diffraction patterns
were recorded on a XRD-6000 Shimadzu diffractometer (CuKα radiation,
geometry θ-2θ) in the 2θ range from 10º to 120º with scan increment of
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0.02º. High-temperature X-ray diffraction experiments in the range from
298 to 1173 K were carried out on the same diffractometer with increments
of 0.02º ranging from 10º to 60° using an HA-1001 Shimadzu attachment.
Thermal experiments were carried out on a LABSYS Setaram differential
scanning calorimeter at a heating rate of 10 K/min in an argon atmosphere.
The samples were enclosed in platinum crucibles. The experimental
thermochemical data set was obtained using a modified Skuratov
calorimeter. Calorimetric experiments were carried out in order to calculate
standard enthalpies of formation and enthalpies of mixing and to elucidate
the isomorphic miscibility model. Inspection of the resulting values shows
that the enthalpy of mixing as a function of composition is fitted by a
second-order polynomial for all systems, in agreement with the regular solid
solutions model. In calculating solidus and liquidus temperatures for phase
diagrams, we used the general form of the Clausius–Clapeyron equation:
ln

∆ fus H D ⎛ 1 1 ⎞
xl ⋅ γ l
⎜ −
⎟
=−
xc ⋅ γ c
R ⎜⎝ T Tliq ⎟⎠

(1)
because regular liquid and solid solutions are characteristic of the system
under study, as shown by thermochemical studies [2-4]. Equation (1) for a
binary system may be represented by the system of equations [5]
⎧
⎞
∆ fus ,1H D ⎛ 1
Ω A ⋅ (1 − xA,1 ) 2
Ω (1 − xc ,1 ) 2
⎜ − 1 ⎟
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⎜
⎟
RT
RT
R
T
T
⎪
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⎝
⎨
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2
2
⎞
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Ω (1 − xc, 2 )
⎪
⎜ − 1 ⎟
− ln xc, 2 − c
=−
⎪ln xA, 2 +
⎜ T Tliq , 2 ⎟
RT
RT
R
⎝
⎠
⎩

(2)
System (2) was used to calculate the thermodynamic parameters of the
liquid (Ωl) and the crystal (Ωc) and the enthalpies of melting of the first
component and the second component (∆fus,1Hº, ∆fus,2Hº). This solved the
inverse problem; that is, simulation was based on experimentally derived
data on phase boundaries [5]. The values obtained in this way were used to
construct the plots of the Gibbs energies versus composition for a liquid and
a crystal and the phase diagrams (Fig. 1).
RESULTS AND DISCUSSION
It was observed that systems I and II have complete solid miscibility.
System III due to the formation of the individual compound with the
composition Ca7Pb3(PO4)6Cl2 should be considered as combination of two
binary systems Pb10(PO4)6Cl2 – Ca7Pb3(PO4)6Cl2 and Ca7Pb3(PO4)6Cl2 –
Ca10(PO4)6Cl2.
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Figure 1. Phase diagrams for binary apatite systems. For Pb5(PO4)3FPb5(PO4)3Cl and Pb5(PO4)3Cl-Pb5(VO4)3Cl: 1) mixture of solid solutions,
(2) solid solution (the hexagonal phase), (3) mixture of two phases of solid
solutions, (4) solid solution (the monoclinic phase), (5) solid solution
(monoclinic phase) + liquid, and (6) liquid. For Ca5(PO4)3Cl-Pb5(PO4)3Cl:
(1) solid solutions of the Pb10(PO4)6Cl2 – Ca7Pb3(PO4)6Cl2 system, (2) solid
solutions of the Pb10(PO4)6Cl2 – Ca7Pb3(PO4)6Cl2 system + liquid, (3) liquid,
(4) solid solutions of the Ca7Pb3(PO4)6Cl2 – Ca10(PO4)6Cl2 system, (5)
mixture of solid solutions of the Ca7Pb3(PO4)6Cl2 – Ca10(PO4)6Cl2 system,
(6) decomposition products of compounds solutions of the Ca7Pb3(PO4)6Cl2
– Ca10(PO4)6Cl2 system.

All of the diagrams have a lens form and solid solutions in all studied
systems can be described with the regular model. A deviation scope from
the idealness in the systems is determined by an equivalence of the
replaceable positions in the apatite structure. Pb10(PO4)6Cl2 –
Ca7Pb3(PO4)6Cl2 system is characterized by small relative difference of ionic
radii of substituted atoms (~14%). In addition, the substitution progresses in
one crystallographic position. Therefore a small deviation from the idealness
occurs. In Pb10(PO4)6Cl2 – Pb10(VO4)6Cl2 system in spite of ~100 % relative
difference in ionic radii P and V atoms there is a small deviation from the
idealness too because of the identity of their crystallographic positions.
Situation in Pb10(PO4)6F2 – Pb10(PO4)6Cl2 system is more complicated due
to big relative difference of halogen ionic radii and an effect of
isodimorphism that means a substitution in different crystallographic
positions. High-temperature XRD investigations of hexagonal modifications
of apatites in temperature range 298-973 K [6] shown the following facts. In
case of Pb5(PO4)3FxCl1-x system it can be seen that in the range of 0 < x <
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0.5 volume thermal expansion coefficient
doesn’t depend on the composition for all
temperatures (Fig. 2a). At the 573 K volume
thermal expansion coefficient doesn’t depend
on the composition of the solid solution. In
the case of Pb5(PO4)3Cl – Pb5(VO4)3Cl
(Fig.2b) there is the independence of the
volume thermal expansion coefficient from
the temperature in the solid solution with
equimolar ratio of substituted atoms (P and
V).
(CaxPb1-x)5(PO4)3Cl
system
is
characterized by the strong temperature
dependence of volume thermal expansion
coefficient in the case of equimolar ratio of
substituted atoms (Ca and Pb) (Fig. 2c).

Figure 2. Thermalcomposition dependencies
of volume thermal
expansion coefficient for
Pb5(PO4)3F-Pb5(PO4)3Cl
(a), Pb5(PO4)3ClPb5(VO4)3Cl (b)
Ca5(PO4)3Cl-Pb5(PO4)3Cl
(c) systems.

CONCLUSION
Phase diagram of investigated binary apatite
systems may be used in geochemical
investigations of apatite minerals. In addition,
that information coupled with data on the
thermal expansion may be very useful for the
creation of apatite-based functional materials.
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ABSTRACT

When the steam is in unstable state, the activity of oxygenin the gas phase
increases drastically. We propose here a new thermodynamic model using
the concept of partial equilibriumto explain the behavior of metal/steam
oxidizingreaction.

INTRODUCTION
Researchers who analyze the metal corrosion by steam generally consider
that the metal oxidation in humid environment is caused by the direct
reaction between H2O and metal [1-3]. In thepreviousstudies, H2O in the gas
phase is considered to be in equilibrium state. Quadakkers and Zurek
assumed that H2O decomposed into H2 and O2 to reach the equilibrium state
at the temperature in the evaluation of the partial pressure of O2 in the
steam[1]. However, it is question that such kind of gaseous equilibrium is
attained easily. Of course, the catalytic decomposition must occur on the
surface of the metal and the wall of the reaction chamber. Uetsuka et al.
examined the criticalsteam supply rate necessary for steam starvation[3];
they showed that the oxidation of the metal is suppressed, when the flow
late was extremely decreased. Though the physical meaning of the word,
“starvation”, is not clear, their research implies that the corrosion by steam
in the closed system is differ from that in an open system (gas flow system)
which means that the equilibrium in the gas phase is not attained in the gas
flow system.It should be noted that the decomposition of the introduced gas
is suppressed when the reaction proceeds in the open system[4-11].
Therefore, it is meaningfulto clarify the state of unstable steam to analyze
the oxidation reaction in the gas flow system. In this investigation, we
clarified thermodynamic properties of the steam which is not in equilibrium
state by introducing a novel idea of the partial equilibrium.
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MODELIING &THERMODINAMICS
We model the reaction between a metal and flowing steam under the
condition that oxide layer is formed preferentially. Generally, the growth
rate of the oxide layer on the metal surface depends on the corrosion
mechanism. In the case of Fe-Cr, alloy, Yamauchi et al. suggested that a
formation and evaporation of Cr2O3 is the primary factor of the
deterioration of surface scale [12]. Whereas, in the case of the Zr alloy, the
reaction
Zr
alloy/H2O
obeys parabolic kinetics,
which shows that the
oxygendiffusion process is
the rate-controlling step
[13]. Thus, it is clear that
the corrosion reactions
described
above
are
greatly affected by the
activity of oxygen in the
gas phase or partial
pressure of O2. The model
is given in Fig. 1. A
distinctive feature of the
model is a Super-Surfacevirtually
Layer
(SSL)
arranged on the surface of
oxide layer. We assume here
Figure 1.Model of the reaction between
that the mobility of oxygen
Steam and metal
and hydrogen from gas
phase to SSL is much faster than that from SSL to metal through under
oxide layer, which means that the activities of oxygen and hydrogen in SSL
is equal to that in the gas phase. The figure shows that the diffusion in the
oxide layer is induced by the difference in the oxygen activities in the SSL
and metal phase.

When a metal is brought into contact with steam, following three reactions
are possible.
(1)
H2O (g) = H2 (g) + 1/2 O2 (g)
(2)
H2O (g) = O (in SSL) + H2 (g)
H2O (g) = 2H (in SSL) + 1/2 O2 (g)
(3)
Reaction (1) shows the dissociation of steam into H2 and O2 catalyzed by
the metal surface or the wall of the reaction chamber. Reaction (2) and (3)
represent dissolution of the oxygen and hydrogen into SSL, respectively. If
equilibrium is attained, H2O, O2, and H2 coexist in the gas phase; the partial
pressure of each gas is uniquely determined by the equilibrium constant of
(1) as a function of temperature.However, when the steam is flowed over the
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metal, the dissociation of steam might be suppressed to a great extent just
like the case of ammonia stream [6, 11]. In the case of the gas flow system,
the system should tend to differ from equilibrium because of the entropy
produced by the continuous introduction of steam. Therefore, a partial
pressure of O2 in the gas phase cannot be obtained with an equilibrium
constant Kpof reaction (1).However, according to our model, equilibrium of
reaction (2) is attained between the gas phase and SSL, which is the concept
of a partial equilibrium.In such cassia series of relation given below must
hold:.
(4)
µ(H2O) = µ(O in SSL) + µ(H2)
0
µ(H2O) = ∆Gf (H2O)+RTln(PH2O)
(5)
and
(6)
µ(H2) = µ0(H2)+RT ln(PH2)
0
where µ, T, PH2O, PH2, and ∆Gf (H2O) denote chemical
potential,temperature, partial pressures of steam and H2, and the standard
free energy of formation of H2O, viz. the difference in free energies of H2O,
O2and H2 at 1 atm pressure. Since the pressure of flowing steam is
considered to be equal to atmospheric pressure, it is reasonable to assume
that gases behave ideally. Substituting Eqs. (5) and (6) into (4), we get
(7)
µ(O in SSL) = ∆Gf0(H2O) + RTln(PH2O/PH2)
Since the gas phase is in equilibrium
with SSL, Eq. (7) indicates that µ(O)
in the gas phase increases as
increasing
the
value
of
Region [A]
PH2O/PH2.µ(O) is related to an
oxygen activity, aO, by the relation,
µ(O)=RTln(aO). Thus,
(8)
aO=exp(∆Gf0(H2O)/RT)ΓO
where denote PH2O/PH2 as ΓO.
Region [B]
RESULTS AND DISCUSSION
The activity ofoxygen calculated by
Eq. (8) at 1273 K is given in Fig. 2.
The figure indicates that the value of
aovaries drastically depending on the Figure 2Relationship between
value of the oxidation potential. As oxidation potential and the activity
described above, the value of ΓOis the of oxygen in the gas phase.
function of PH2Oand PH2. When the
steam pass through the hot zone of the reaction system, H2and O2gases are
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generated by a dissociation reaction shown by (1).Generally to say, the
equilibrium is not attained in such gas flowing system. Thus the activity of
oxygen in the flowing gas phase should be larger than that of oxygen in O2
in equilibrium with H2O and H2 in a closed system. The dissociation rate of
steam varies largely depending on the amount of introduced gas or flow
rate.When the flow rate is decreased extremely, the system can be regarded
as closed system; the dissociation rate of reaction (1) increases, which
means that the value of ΓOdecreases. The decrease ofΓOimpliesthat the
suppression of the oxidation of the metal coexists in the reaction system.
Though Uetsuka et al. blame steam starvation for suppression of oxidation
reaction[3], our thermodynamic consideration indicates that the suppression
is because of the increase in the dissociation rate followed by the decrease in
the activity of oxygenin the gas phase.The results of experimental work on
Fe-Cr alloy indicate that the scale thickness formed by the reaction of the
metal and Ar-H2O mixed gas changes depending on the gas flow rate; the
faster the flow rate, the faster the growth of the scale on the surface of the
metal [14], which coincides our result of thermodynamic consideration.
CONCLUSION
It was established that the activity of oxygen in H2O-O2-H2 mixed gas phase
changes depending on the oxidation potential. When the equilibrium of the system
is not attained, we strongly recommend that the valuation activity of oxygen in gas
phase should be takeninto account.
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ABSTRACT
Phosphates are of great relevance for numerous physiological reactions as
well as for a large number of industrial and agricultural applications. The
trihydrate K2HPO3·3H2O(cr) is the thermodynamically stable solid phase at
temperature 298.15 K in contact with a saturated aqueous solution. Due to
wide variations in reported solubility of this solid in literature, the isopiestic
method was used in attempt to unambiguously determine the molality of
K2HPO4 aqueous saturated solution and appropriate osmotic coefficient at T
= 298.15 K, together with solubility product and Gibbs energy of solution.
INTRODUCTION
The potassium salts of phosphoric acid have considerable commercial and
practical importance. Phosphates are contained in food, soft–drinks,
anticorrosion liquids and paper while
another important usage of phosphates
is as mineral fertilizers. Despite their
significance, a certain differences in
evaluated
thermodynamic
values
among its published thermodynamic
database gives the risk of introducing
inconsistencies into thermodynamic
modeling calculations. A solid phase,
is
the
K2HPO3·3H2O(cr)
thermodynamically stable form at
298.15 K (see Figure 1). Recently, we

reported
the
results
of
molality
Figure 1. Solubility of
determination for the saturated solution in
K2HPO4 in water [1].
contact with metastable K2HPO3·xH2O(cr)
at T = 298.15 K being m< 10.6 mol·kg–1[2]. Now, the isopiestic
determinations on solubility have been repeated, and lower molality value
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for aqueous saturated K2HPO4(aq) solution obtained by the isopiestic
method with CaCl2(aq) as a reference solution.
The isopiestic method is one of the most accurate methods for solubility
determinations that have an additional advantage: solvent activity can be
simultaneously determined for the saturated solution. Its basic features are
as follows: physically isolated samples of solutions of two or more
compounds, of known initial masses and known initial molalities, are
allowed to equilibrate isothermally, through a common vapor phase. At
isopiestic equilibrium, all of the solutions have the same solvent activities.
Then, by equilibrating the samples with a referent solution whose solvent
activities are accurately known as a function of molality, the solvent
activities of the other solutions can be determined. In solubility
determinations, by adding a reservoir cup containing saturated solution and
excess crystals to the chamber during the equilibrations, the solubility of the
solute can be determined. If the test solution is initially below saturation,
then solvent will be transported from it to the reservoir cup; some of the
crystals in the reservoir cup will dissolve to maintain saturation. Similarly, if
the test solution is initially supersaturated, solvent will be transported to it
from the reservoir cup and more crystals will grow in the reservoir cup to
maintain saturation. Since no crystals are present in the sample cups, their
molality at saturation can be determined simply by weighing. If these
samples are also simultaneously equilibrated with a standard electrolyte
whose water activities are accurately known as a function of molality, then
the molality and the solvent activity of the saturated solution are
determined.
EXPERIMENTAL
The isopiestic apparatus and experimental procedure in this work are the
same as those previously described[3]. The stock solution of K2HPO4(aq)
was prepared from anhydrous K2HPO4 (Merck Suprapure grade, mass
fraction 0.9999) and double–distilled, deionized water. The molality of
K2HPO4(aq) was determined gravimetrically by adding NH4Cl and MgCl2
when HPO42– was precipitated as MgNH4PO4 and then calcined at T = 1273
K to form Mg2P2O7(s). The resulting average molality is (7.7274±0.0022)
mol·kg–1. The reference CaCl2(aq) stock solution was prepared from
CaCl2·4H2O(s) (Merck Suprapure grade, mass fraction 0.99995) and
double–distilled, deionized water. The molality of this solution is
determined by conversion of samples to anhydrous CaSO4(s) and heating
the residues at T= (673 to 973) K. The resulting avegare molality from this
analysis was (5.8142±0.0012) mol·kg–1. Crystals were prepared in a
following manner: a mixture of double–distilled, deionized water and
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K2HPO4(cr) was heated to 343 K until saturation was achieved and then
supernatant was cooled to room temperature to yield a saturated solution
plus crystals. Solubility experiment was performed with cumulative
equilibration periods ranging from 5 to 25 days. The results from these
isopiestic solubility measurements are reported in Table 1.
RESULTS AND DISCUSSION
The osmotic coefficients of the saturated K2HPO4(aq) solution at T = 298.15
K, φsat, were calculated from the following fundamental equation for
isopiestic equilibrium:
φsat = mRφR / msat
(1)
where msat and mR are the equilibrium molalities of the saturated solution
and referent solution, respectively and φR is the osmotic coefficient of the
referent solution, calculated using the Extended Pitzer equation with an
alternate form of expression for the ionic strength dependence of the third
virial coefficient, proposed by Pitzer et al.[4].
Table 1. Experimental isopiestic equilibrium molalities, msat, and osmotic
coefficients, φsat, for saturated K2HPO4(aq) solution in equilibrium with
K2HPO3·3H2O(cr) vs. CaCl2(aq) reference solution, R, at T = 298.15 K.
cumulative
msat(K2HPO4)
mR(CaCl2)
equilibrium
φsat
φR
periods (days)
2.4887
5
9.7740±0.0081 1.2156 4.7742±0.0007
2.4908
12
9.7924±0.0063 1.2157 4.7796±0.0022
2.4824
13
9.74085±0.0023 1.2124 4.7576±0.0027
2.4831
19
9.7421±0.0044 1.2131 4.7595±0.0032
2.4833
25
9.7457±0.0039 1.2129 4.7600±0.0044

We can adopt that the mean value of solubility represents the average of last
3 equilibrations where the assigned uncertainty is the 95-% confidence
limit: msat = (9.7429±0.012) mol·kg–1. The average molality value of the
referent solution is: mR = (4.7590±0.0062) mol·kg–1 with the same
confidence limit. The osmotic coefficient of the saturated K2HPO4(aq)
solution can be calculated as φsat = 1.2128. If we compare this value to the
osmotic coefficient obtained by the Extended Pitzer equation and
parameters of K2HPO4(aq), valid up to m = 9.2723 mol·kg–1, at T = 298.15
K from the paper of Popović et al.[2] we obtain φsat = (1.2129 ±0.0041) that
represents an excellent agreement. Activity of solvent is defined as: lnaw = –
νmMwφ where ν =3, is the stehiometric ionization number of electrolyte
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K2HPO4 and Mw = 0.0180153 g·mol–1, is the molar mass of water. For the
saturated solution aw,sat = (0.5280±0.0012) where the 95–% confidence limit
uncertainty is based on the standard error of the osmotic coefficient fit
multiplied by 1.96, and mean ionic activity coefficient is γ±,sat=
(0.2301±0.0064). The reaction describing equilibrium between
K2HPO3·3H2O(cr) and its saturated solution is:
M ν M X ν X ⋅ n H 2 O(s) = ν M M

z

M+

(aq ) + ν X X

z −
X

(aq ) + n H 2 O (l ) .

(2)

The standard thermodynamic solubility product Ksp defined as:

(

K sp = ν M ν M ν X ν X msat / m o

)ν γ ν

± , sat

(

)3

ν
o
a w,
γ3
sat = 4 msat / m

± , sat

3
a w,
sat

(3)

yields Ksp= (6.6340±0.555) while Gibbs energy of solution can be calculated
according to: ∆solGmo(K2HPO4·3H2O,cr,298.15 K) = –RTlnKsp that gives
∆solGmo(K2HPO4·3H2O,cr,298.15 K) = – (4.691± 0.207) kJ·mol–1.
CONCLUSION
The isopiestic method used in determination of the molality of K2HPO4
aqueous saturated solution in equilibrium with K2HPO3·3H2O(cr) at T =
298.15 K, yields msat = (9.7429±0.012) mol·kg–1. The standard
thermodynamic solubility product is Ksp= (6.6340±0.555) and Gibbs energy
of solution ∆solGmo(K2HPO4·3H2O,cr,298.15 K)= – (4.691±0.207) kJ·mol–1.
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ABSTRACT
Experimental results on isopiestic measurements for three ternary aqueous
solutions of K2HPO4 with KCl, KBr and KNO3 at T = 298.15 K were
modeled with the Clegg–Pitzer–Brimblecombe equation based on mole–
fraction–composition scale yielding appropriate mixing parameters, for the
estimation of thermodynamic activities of solute components. The results
for mean ionic activity coefficients of electrolytes in ternary solutions
calculated this way are showing specific behavior depending on total ionic
strength and ionic strength fractions of electrolytes. The activity coefficients
of KCl in {yKCl+(1-y)K2HPO4}(aq) and of KBr in {yKBr+(1y)K2HPO4}(aq) are changing consistently from the ionic strength and their
ionic strength fractions contrary to activity coefficients of KNO3 in {y
KNO3 +(1-y)K2HPO4}(aq).
INTRODUCTION
Despite the importance, thermodynamic properties of phosphate solutions
and their mixtures with other electrolytes are poorly investigated. Therefore,
the newest experimental results[1-3] on such mixtures, in ionic strength
range I = (0.5–6.0) mol·kg–1, were treated by widely applicable mole–
fraction composition scale model of the Clegg–Pitzer–Brimblecombe
(CPB)[4] (giving standard deviation of the fit of order 10–3) to investigate
activity coefficients of electrolytes.
Mole fractions are calculated on the basis of complete dissociation of all
salts present, thus the mole fraction xj of species j is given by xj=nj/∑ini
where ni is the number of moles of all the species i, including cations,
anions and solvent. In the systems of interest, {yKCl+(1-y)K2HPO4}(aq),
{yKBr+(1-y)K2HPO4}(aq) and {y KNO3+(1-y)K2HPO4}(aq) where y is the
ionic strength fraction of electrolyte, if m1 is the molality of electrolyte of
the type 1:1 and m2, molality of K2HPO4, in ternary solution, then the ionic
strength is I = m1+3m2 and y = m1/(m1+3m2). In this case, ∑ini =

93

PHYSICAL CHEMISTRY 2014

A-10-P

2m1+3m2+(1/M1) where 1/M1= 55.5084 mol·kg–1. Therefore, if ternary
solution contains cation M and anions X, Y then: xM = (m1+2m2)/ ∑ini ; xX =
m1/∑ini ; xY = m2/∑ini and for solvent x1 = (1/M1)/ ∑ini. The equations for
activity coefficients of cation M and anion X, according to the CPB model,
are as follows:

[

(

)

{ (
)

2
ln γ x , M = − z M
A x (2 / ρ )ln 1 + ρ I 1x / 2 + I 1x / 2 1 − 2 I x / z M2
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The BMX and BMY parameters with their corresponding α values represent
long-range forces, while W1,MX, W1,MY and U1,MX, U1,MY in the above
equations formally represent short-range forces. These parameters are valid
for the pure electrolyte solutions as mixture constituents. Parameters WMXY,
UMXY and Q1MXY represent ionic and ion–solvent interactions in the mixed
solution. Ionic strength on the mole fraction scale, Ix, is related to ionic
strength molality scale, I, by: Ix= I/∑ini . zj is the valence (with sign) of ion j
where j ≡ M, X or Y and νj denotes the number of ions of type j formed by
the stoichiometric dissociation of one molecule of the electrolyte. Ax is the
Debye–Hückel limiting laws slope on the mole fraction scale for water and
ρ is a dimensionless parameter related to the distance of closest approach.
Quantities Ea, F, and νa(c) are defined as: Ea = xaza/(∑axaza), F = 1 /
[½(∑axaza+∑cxczc)] and νa(c) = zc/(zc+za) while function g(x) as g(x) =2[1(1+x)exp(–x)]/x2. The mean activity coefficient γx,± (infinite dilution
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reference state) on the mole fraction-composition scale is related to the
mean activity coefficient on the molality scale by lnγ±=lnγx,± + lnx1.
RESULTS AND DISCUSSION
It is assumed that phosphate ions, present in all ternary solution belong to
the group of structure makers
and their influence on activity
coefficient values is weaker
comparing to other present
ions. On the other hand, ions
like K+(aq), Cl–(aq), Br–(aq)
and NO32–(aq) are solution
structure
breakers
that
destabilize
the
structure
intensifying
ion–ion
interactions
except
for
2–
NO3 (aq) who’s solutions
are having more pronounced
ion–solvent interactions.
Calculated values of mean
ionic activity coefficients of
electrolytes, by the CPB
model, versus ionic strength
fraction of electrolyte y, for
different total ionic strengths
of ternary solutions are
illustrated in Figure 1.
Activity coefficients of KCl
(Fig. 1a) and KBr (Fig. 1b)
increase with ionic strength
fraction, y, of KCl and KBr in
the
systems
{yKCl+(1and
y)K2HPO4}(aq)
{yKBr+(1-y)K2HPO4}(aq),
Figure 1. Mean ionic activity coefficient respectively. For the range of
of electrolyte vs. ionic strength fraction, total ionic strength from 0.5 to
activity
mol·kg–1
y, for different total ionic strengths of 4.0
the mixed solution, I/ mo (mo=1 mol·kg–1): coefficients of KCl and KBr
a) of KCl in {yKCl+(1-y)K2HPO4}(aq) increase moderately with
b) of KBr in {yKBr+(1-y)K2HPO4}(aq) ionic strength fraction of KCl
and KBr and then notably in
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c) of KNO3 in {y KNO3+(1-y)K2HPO4}(aq)
the ionic strength range from 4.0 to 6.0 mol·kg–1, especially for the ionic
strength fractions over y = 0.2. On the other hand, increasing of total ionic
strength, from 0.5 to 4.0 mol·kg–1, has the effect of lowering of KCl and
KBr coefficient values, but in the range from 4.0 to 6.0 mol·kg–1 values are
ascending. It can be assumed that the changes in solution structure are
appearing at ionic strength 4.0 mol·kg–1 and ionic strength fraction of y =
0.2. Unlike other two systems, activity coefficient of KNO3 (Fig. 1c)
monotonically decreases with total ionic strength and ionic strength fraction
of KNO3.
Calculated values of K2HPO4 activity coefficients in the solutions with KCl
and KBr increase with higher values of ionic strength fraction of 1:1
electrolyte and decrease with total ionic strength of both solutions in the
range I = (0.5–6.0) mol·kg–1. In solution {yKNO3+(1-y)K2HPO4}(aq),
activity coefficient of K2HPO4 decreases with both, total ionic strength and
ionic strength fraction of KNO3.
CONCLUSION
The Clegg–Pitzer–Brimblecombe model was used in calculation of mean
ionic activity coefficients of electrolytes in aqueous ternary solutions of
K2HPO4 with KCl, KBr and KNO3 at T = 298.15 K. It was established that
ion-ion and ion-solvent interactions in ternary systems have the same effects
on activity coefficient values in ternary systems {yKCl+(1-y)K2HPO4}(aq)
and {yKBr+(1-y)K2HPO4}(aq) contrary to coefficients in {y KNO3+(1y)K2HPO4}(aq) at T = 298.15 K.
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ABSTRACT
On examples of systems Au-Bi-Sb and Ag-Au-Bi it is shown, how it is
possible with a help of 3D computer models of T-x-y diagrams to carry out
agreement of inconsistent data, to explain the unclear and incorrect
fragments of phase diagrams. Publications, devoted to T-x-y diagrams of
systems, intended for lead-free solders creation, are discussed.
INTRODUCTION
Space (3D) computer models of T-x-y diagrams are very useful when it is
necessary to carry out an assessment and coordination of experimental and
calculated sections and projections of phase diagrams, received from
different sources [1], because each model is designed by data of the concrete
source and it can reconstruct all published sections to compare isothermal
sections and isopleths, designed by other authors.
Au-Bi-Sb SYSTEM
Results of experimental investigation and thermodynamic assessment by
CALPHAD technology of the system Au-Bi-Sb=A-B-C with compounds
R1=Au2Bi, R2=AuSb2 are published in [2,3]. The curve of solid solution
Bi(Sb)=B(C) decomposition to Bi and Sb begins below 200оС in the binary
system B-C [4] (Fig. 1,a). Obviously, that this curve gives the correspond
surface in the ternary system (Fig. 1,h), because the trace of its section can
be seen in the isopleths z2(Bi)=0.2 (Fig. 1,b). However, the 2-phase region
B+C is designated in this isopleths as the 3-phase region B+C+R2. Twophase region (B(C)+R2 can be seen above it. Why phase regions, contained
the compound AuSb2=R2 with Au, adjoin to the binary system, formed by
Bi and Sb? Maybe authors of [4] were mistaken in designations of these
phase regions and the 2-phase region needs to be renamed to 1-phase (solid
solution of Bi with Sb) and 3-phase region to 2-phase (decomposition of
solid solution)? But then 1-phase region RHOMBO_A7=B(C) will be
adjacent with 3-phase regions L+B(C)+R2 and B(C)+R1+R2 with breaking
of the known law of adjoining phase regions.
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Figure 1. Binary system Bi-Sb [4] (a); isopleth S1(0, 0.2, 0.8)S2(0.8, 0.2, 0):
from [4] (b) and [2] (d), models by data [4] (c) and [2] (e); isopleth S(0, 0.5,
0.5)-A: from [3] (f), model by data [3] (g), x-y projection (h).
To resolve this contradiction, it is possible to address to other publications
devoted to this system. In the Atlas, intended for lead-free solders [4], when
comparing the results presented in [2] and [3], the preference was given to
the work [2]. However, the binary system B-C is considered in [2] at
temperatures above 500 K that is above the binodal and the minimum
temperature at which all isopleths are given is 400 K. The solid solution
B(C) decomposition curve is absent in isopleths [2]. However, there is no
contradiction also in designations of phase regions, because one-phase
region B(C) adjoins directly to the system B-C, as, for instance, in the
isopleth z2(Bi)=0.2 (Fig. 1,d). And does the region of solid solution
decomposition exist, which is given by the binodal in the binary system BC? The trace of its section can be seen in isopleths as in [4] (Fig. 1,b), as in
[3], and with the same inconsistent designations of phase regions (Fig. 1,g).
To explain the reasons of contradictions when determining phase regions in
[2] and in [3,4], three versions of the system Au-Bi-Sb T-x-y diagram
computer models have been designed by data [2] (Fig. 1,e), [3] (Fig. 1,g),
[4] (Fig. 1,c), depending on, whether really the solid solution decomposition
in the binary system B-C takes place.
If "no", then isopleths in [2] (Fig. 1,d) are correct. They, as well as the
corresponding to them computer model (Fig. 1,e) present borders of the
solid solution B(C) region in the form of traces from the section of solidus
and solvus surfaces (lines 5-6 and 6-18). They are located very close to a
temperature axis, them it is badly visible, but they on isopleths are present.
If "yes" and the solid solution is decomposed in the system B-C, then the
curve on T-x diagram, corresponding to it, gives a decomposition surface in
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the ternary system. It is represented in isopleths [3] (Fig. 1,g) and [4] (Fig.
1,b). In that case the mistakes in designations of phase regions in these
works are connected with that the lost of sections of solidus and solvus
surfaces – curves 5-6, 6-18 (Fig. 1,g) and 5-6, 6-20 (Fig. 1,c) on the
corresponding model isopleths. At the same time, it should be noted that
solidus and solvus curves in the isopleth of [2] (Fig. 1,d) and corresponding
curves 5-6 and 6-18 (Fig. 1,e) of the model isopleth can not pass very close
to a temperature axis. They have to "be removed" from an axis "to make a
space" for a trace from the section of the decomposition surface.
Au-Bi-Ag SYSTEM
In the paper [5], describing the system Ag-Au-Bi=A-B-C
(Ag=Au=FCC_A1, Bi=Sb=RHOMBO_A7), decomposition of the
compound Au2Bi=R in the binary system Au-Bi was not observed (its T-x
diagram is shown up to the temperature 50оC) (Fig. 2, b). Later it was
revealed [6], that the compound is decomposed at 110оС. These data as the
most reliable, were selected for the Atlas [4] (Fig. 2, a).
However, in the isopleths [4,7,8], limited by temperatures 450 K [8] and
0оС [4], this compound is present at the lowermost phase regions. If the
compound R in the binary system B-C is decomposed at 110оС why it does
not decompose in the ternary system? More visually to show this
contradiction, two versions of this system T-x-y diagram computer models
have been constructed. In one version the compound decomposes, and then
in the isopleth z1(Ag)=0.2 sections of corresponding ruled surfaces are
borders of the closed 3-phase region A(B)+C+R on curves 7-8 and 6-8 (Fig.
2,e). In other version when the compound R does not decompose neither in
the binary, nor in the ternary system, model isopleths (Fig. 2,f) are similar to
isopleths [4] (Fig. 2,c) and [7] (Fig. 2,d).
RESULTS AND DISCUSSION
The analysis, which has been carried out by means of versions of the T-x-y
diagrams space computer models of systems Au-Bi-{Sb, Ag}, constructed
by data from various literature sources, showed that:
1) It is necessary to specify, whether there is on the Au-Bi-Sb system Tx-y diagram a region of decomposition of solid solution Bi(Sb) on Bi and
Sb. Irrespective of it to correct the T-x-y diagram and its sections, the lost in
[3] and [4] solidus and solvus surfaces have added.
2) After the adding of the lower temperature allotropy of the compound
Au2Bi in the ternary system Ag-Au-Bi the borders of phase regions with
Au2Bi and its sections are modified.
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Figure 2. Binary system Au-Bi: [4] (a), [5] (b); isopleth z1(Ag)=0.2: [4] (c),
[7] (d), model with (e) and without (f) R=Au2Bi decomposition.
CONCLUSION
The 3D computer models of T-x-y diagrams constructed by calculated and
experimental data of different authors, it is possible to apply to verification
of sections and projections, to search of errors of calculations or incorrect
interpretation of experiment.
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DEFINITION OF 3-PHASE REACTION TYPE
CHANGING CONDITIONS IN SYSTEMS Cr-Zr-{Mo, W,
V} BY MEANS OF THEIR T-x-y DIAGRAMS SPACE
COMPUTER MODELS
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ABSTRACT
Three-dimensional (3D) computer models of the systems W-Zr- Cr, Mo-ZrCr and V-Zr-Cr T-x-y diagrams have been designed. The investigations of
the possibilities for a eutectic-peritectic transition in the 3-phase regions
have been carried out and the corresponding surfaces of two-phase reactions
inside them have been constructed.

Figure 1. Projections of liquidus, solidus and connected with them ruled
surfaces: the general prototype of the systems A-B-C=A-Zr-Cr, where
A=W, Mo, V, with compounds D=A2Zr and R=ZrCr2 (a); the different
version of the system V-Zr-Cr with the only invariant reaction without the
high-temperature allotropy R1 of the compound ZrCr2 (b); surfaces aibici,
i=1, …, 4 of 2-phase reactions in 3-phase regions L+D(R2)+R1 (c),
L+A(C)+D(R2) (d), L+A(C)+R1 (e).
INTRODUCTION
Ternary systems on the basis of zirconium and chromium together with the
tungsten and molybdenum (or vanadium) are characterized by
experimentally fixed effects of the three-phase transformation type change
[1]. Earlier it was shown that the special surface inside the 3-phase region,
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on which 3-phase reaction temporary becomes a 2-phase one, in the
presence of the third phase, corresponds to eutectic-peritectic transition [2].
The 3D computer model of T-x-y diagram is required for the surfaces of 2phase reactions constructing. Its construction passes through some stages
[3]. First the results of the analysis of the T-x-y diagram geometric structure
are represented in the form of the scheme of uni- and invariant states (the
Sheil scheme of phase reactions with attributed to 3-phase transformations
the trajectories of a change in the concentration of each of three phases).
Then the tabular scheme is transformed to the 3D form and further – to the
prototype of the T-x-y diagram. The input of real coordinates
(concentration, temperature) with the refinement of the curvature of lines
and non-ruled surfaces (liquidus, solidus, solvus, etc) turns the prototype
into the T-x-y diagram 3D model of real system.
GEOMETRICAL CONSTRUCTION OF THE SYSTEMS A-Zr-Cr,
(A=W, Mo, V) T-x-y DIAGRAMS
Geometrical construction of the systems A-B-C=A-Zr-Cr (A=V, Mo, W) Tx-y diagrams is topologically equivalent (Fig. 1,a). Binary systems A-Cr
form the continuous series of solid solutions with a minimum.
The incongruently melting compound A2Zr=D is formed in the binary
systems by the peritectic reaction L+A→D (pAD). The transformation of
three-phase regions L+D+B is fixed in the systems also. It is eutectic
L→B+D (nBD=eBD - L→Zr+V2Zr and L→Zr+W2Zr) at A=V, W, and it is
peritectic L+D→B (nBD=pBD - L+Mo2Zr→Zr) at A=Mo.
The compound ZrCr2=R with 3 polymorphous modifications R1, R2, R3
is formed in the binary system B-C (Zr-Cr). The transition from the hightemperature modification R1 to the intermediate R3 occurs by the metatectic
reaction R1→R3+L (the points of liquidus m and n correspond to it), from
R3 to low-temperature R2 – by the metatectic L+R3→R2 (k) and eutectoid
R3→C+R2 reactions. Two eutectic reactions L→C+R3 (eCR3) and
L→B+R2 (eBR2) are observed too.
Liquidus of the ternary systems A-B-C=A-Zr-Cr (A=V, Mo, W) consists of
6 primary crystallization surfaces: 1) Zr (B) – BpADeBR2; 2) the solid
solution A(C) (C=Cr, A=V, W, Mo) – AnBDPQ2eCR3C and the solid solution
D(R2) (the compound D=A2Zr, the low-temperature polymorphous
modification of the compound R2=ZrCr2) – pADnBDPQ1keBR2; 3) two
polymorphous modifications of the compound ZrCr2: the high-temperature
R1 – PQ1mnQ2 and two fragments of the intermediate modification R3 –
kQ1m and eCR3Q2n, where nBD is the eutectic at A=V, W and the peritectic
at A=Mo (Fig. 1,a).
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Three invariant transformations occur in the systems with the tungsten and
molybdenum: peritectic P: L+A(C)+D(R2)→R1 and 2 quasi-peritectic Q1:
L+R1→D(R2)+R3, Q2: L+R1→A(C)+R3. In contrast to the system with the
tungsten, in this system the temperature Q2 is higher than Q1 (Table 1).
In system with vanadium the nature of invariant transformations is not
accurately determined [1]. It is possible that they are differ with invariant
reactions, when instead of the ternary peritectic P: L+A(C)+D(R2)→R1
occurs quasi-peritectic reaction Q1: L+R1→A(C)+D(R2), and instead of the
quasi-peritectic Q1: L+R1→D(R2)+R3, the peritectic P: L+R1+D(R2)→R3
has a place. But it is possible that in the system with vanadium the hightemperature polymorphous modification R1 does not participate in the
invariant transformations, and one quasi-peritectic type invariant reaction Q:
L+R3→A(C)+D(R2) takes a place only (Fig. 1,b).
Because of the geometric similarity of T-x-y diagrams it is possible first to
design the general prototype, which qualitatively corresponds to the
structure of diagrams, and then, introducing the experimental data of the
concrete three systems A-B-C=A-Zr-Cr (A=V, Mo, W), to obtain 3D
computer models of the T-x-y diagram of each system.
3-PHASE TRANSFORMATION TYPE CHANGING
During the experimental study of the systems A-B-C=A-Zr-Cr (A=W, Mo)
it was noted that the peritectic reactions L+D(R2)→R1 and L+A(C)→R1
change by eutectic L→D(R2)+R1 and L→A(C)+R1 at the fall of
temperature [1].
In contrast to them in the system with vanadium in both assumed cases with
the different sets of invariant reactions the curve pADQ and the surface abc
of 2-phase reaction L→D(R2) in the presence of the solid solution
A(C)=V(Cr) corresponds to the changing of the type of the eutectic reaction
L→A(C)+D(R2) to the peritectic L+A(C)→D(R2) one (Fig. 1, b). This
surface is formed by horizontal (isothermal) generated lines inside a series of
tie-triangles. In this case not one tie-triangle at the changing of the reaction
type degenerates in the line (as about this it is written into [1] in connection
with to the tie-triangle bdc), one its side crosses the point of intersection of the
univariant lines of pADQ and DAR2Q projections on Fig. 1,b [1].
In the general prototype of the systems A-B-C=A-Zr-Cr (A=W, Mo, V) T-xy diagram there are confirmed also the changes of the reactions type from
L+D(R2)→R1 to L→D(R2)+R1, earlier discovered in [1], with further
temperature falling to L+R1→D(R2), and also the changes of the reaction
L+A(C)→R1 to L→A(C)+R1.
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Surfaces a1b1c1 and a2b2c2 (Fig. 1,c) and a3b3c3 (Fig. 1,d) correspond to these
transitions. However, besides them the surface a4b4c4 of the three-phase
reaction type changing from L+A(C)→D(R2) to L→A(C)+D(R2) (Fig. 1,e)
is discovered. It is analogous to the surface abc in the second version of the
system V-Zr-Cr with one invariant reaction (Fig. 1, b) and it is absent in [1].
Table 1. Types and temperatures (oC) of invariant reactions Ni
of the systems A-B-C=A-Zr-Cr (A=W, Mo, V)
A
W
Mo
V
V

N1
P (1690)
P (∼1850)
Q1 (1560)

N2
Q1 (1560<T<1620)>Q2
Q1 (1560<T<1620)<Q2
P (∼1600)
Q (1560)

N3
Q2 (1590<T<1690)
Q2 (∼1600)
Q2 (1560<T<1620)

RESULTS AND DISCUSSION
The carried-out analysis of the geometrical structure of T-x-y diagrams of
systems A-B(Zr)-C(Cr), where A=W, Mo, V, is fixed in the tabular and
geometrical (Fig. 1,a) form. For the system with vanadium the surface of the
2-phase reaction of the crystallization of solid solution of vanadium with
chrome V(Cr) in the 3-phase region L+V(Cr)+VZr2(ZrCr2) is constructed
and it is shown that the analogous surface must be, also, in the systems with
tungsten and molybdenum.
CONCLUSION
It was established that the phase reaction type changing with the
participation of liquid occurs in three 3-phase regions of systems A-B(Zr)C(Cr), where A=W, Mo, V. Temperatures of such transitions are not
constant, and their concentration borders are designated by the
corresponding surfaces of two-phase reactions projecting.
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ABSTRACT
Computer models of phase diagrams of NаCl-MgCl2-UCl3, NаCl-MgCl2PuCl3, NaCl-UCl3-PuCl3 and MgCl2-UCl3-PuCl3 systems are elaborated.
Their geometrical structures are discussed and an ability to use the templates
of phase diagrams is demonstrated.
INTRODUCTION
The system with chlorides and fluorides of metals are characterized as a
possible fuel for Molten Salt Reactors. The literature illustrates many
variants of the potential fuel, as calculated by thermodynamic software and
studied experimentally [1-4]. But the information about the structure of
phase diagrams is limited by the visualization of liquidus surfaces and some
sections. Whereas, a complete model of phase diagram is required for the
obtaining of information about the existing phase equilibria and the sections
decoding [5].
MODELS OF PHASE DIAGRAMS OF SYSTEMS UCl3-NаCl-PuCl3
AND UCl3-MgCl2-PuCl3
Phase diagram of system UCl3-NаCl-PuCl3 (A-B-C) have two binary
systems of eutectic type (NаCl-UCl3 and NаCl-PuCl3) and one system with
continuous range of solid solution and minimum point (UCl3-PuCl3) on
boundary. The system is characterized by the absence of three-phase
transformations and the presence of minimum point on the monovariant
liquidus line. The thermodynamically calculated coordinates of binary
points (eAB, eBC, m) and ternary minimum point (emin) [2] were used as the
initial data for construction of a computer model.
Because the system has a continuous range of solid solutions, then the
solidus and solvus surfaces with hypothetical values of binary points (aB, cB,
a0B, c0B) and ternary minimum point (amin) are given from the UCl3-PuCl3
system. Thus, the model of phase diagram UCl3-NаCl-PuCl3 includes two
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liquidus surfaces, solidus surface and solvus one, three ruled surfaces (Fig.
1). The line connecting points amin-emin-Cmin is a complex tie-line at the
temperature of minimum point T=722. Point amin can be calculated as the
intersection point of ray Cmin-emin with solidus curve aB-cB. The phase
diagram contains one-phase region A(C), 3 two-phase regions (L+A(C),
L+B, A(C)+B) and three-phase region (L+A(C)+B).

Figure 1. XY projection (а) and 3D model (б) of phase diagram of system
UCl3-NаCl-PuCl3.

Figure 2. Horizontal section of
UCl3-NаCl-PuCl3 system at Т=873К.

Figure 3. XY projection of phase
diagram of UCl3-MgCl2-PuCl3
system.

To validate the model, we compared the model section (Fig. 2) with the
thermodynamically calculated section [2, p. 207].
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The elaborated model was the template for construction of phase diagram of
UCl3-MgCl2-PuCl3 system (Fig. 3) having similar topological structure. For
this purpose the coordinates of points on the surfaces contour were changed
in the template.
MODELS OF PHASE DIAGRAMS OF SYSTEMS UCl3-NаCl-PuCl3
AND UCl3-MgCl2-PuCl3
The phase diagram of system MgCl2-NаCl-UCl3 (A-B-C) includes two
incongruently melting compounds R1=NaMgCl3, R2=Na2MgCl4 (in binary
system MgCl2-NаCl). The system is characterized by a quasiperitectic
transformation (Q: LQ+MgCl2→R1+UCl3) and two eutectic ones (E1:
LE1→R1+R2+UCl3; E2: LE2→R2+NаCl+UCl3). There is a maximum point
[E1,E2] on the liqudus line E1E2. The experimental [1] and
thermodynamically calculated [2] coordinates of binary and ternary points
are used as an initial data.
The computer model of phase diagram of MgCl2-NаCl-UCl3 system was
elaborated on base of schema of mono- and invariant equilibria. It includes
5 liquidus surfaces, 14 ruled surfaces, 2 vertical planes (going through the
UCl3 and R1, R2) and 3 horizontal planes at the temperatures of invariants
points (Q, E1, E2) (Fig. 4).

Figure 4. XY projection (а) and 3D model (б) of phase diagram of system
MgCl2-NаCl-UCl3.

The phase diagram is formed by 7 two-phase regions (L+A, L+B, L+C,
L+R1, L+R2, C+R1, C+R2) and 10 three-phase regions (L+A+C, L+A+R1,
L+B+C, L+B+R2, L+C+R1, L+C+R2, L+R1+R2, A+C+R1, B+C+R1,
C+R1+R2).

107

PHYSICAL CHEMISTRY 2014

A-13-P

The elaborated model was the
template for construction of phase
diagram of MgCl2-NаCl-PuCl3
system, which is characterized by a
eutectic
transformation
(E:
LE→R2+NаCl+PuCl3) and two
quasiperitectic ones (Q1: LQ1+
MgCl2→R1+PuCl3; Q2: LQ2+R1→
R2+PuCl3). The transformation on
the plane at point Q2 is degenerated
(point Q2 arranges on line PuCl3-R2
into the projection). The point’s
Figure 5. XY projection of phase
coordinates on contour surfaces and
diagram MgCl2-NаCl-PuCl3.
the configuration of horizontal plane
at point Q2 are changed in the template for construction of new phase
diagram (Fig. 5).
CONCLUSION
The using of computer templates useful for simulation of phase diagrams of
chloride systems having similar topological structure. The elaborated
models are used not only to visualize the phase diagram structure, but them
are the source of information about the crystallization stages and
microstructure formation (with the opportunity of qualitatively and
quantitatively estimation of phases relationship for a given composition).
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ABSTRACT
Liquid-liquid equilibrium data have been reported for aqueous two-phase
systems formed by imidazolium-based ionic liquids, 1-hexyl-3-methylimidazolium chloride, and 1-butyl-3-methylimidazolium dicyanamide, with
inorganic salts,K2HPO4 and K3PO4. The binodal curves were fitted to a
three parameter equation and the tie line length was calculated.
INTRODUCTION
Aqueous two-phase systems (ATPSs) exploit the incompatibility between
aqueous solutions forming two phases [1]. ATPSs have consisted of two
mutually incompatible salts or polymer, one of them kosmotropic or waterstructuring, and the other chaotropic or water-destructuring, in the presence
of water. Each phase contains mainly one of the compounds and a small
amount of the other [2]. In the recent years, ionic liquids (ILs) have shown
to be an attractive alternative to polymers in the formation of ATPSs due to
their potential use as green solvents and as possible replacement for
traditional volatile organic compounds [3].
Ionic liquids are salts with their ions poorly coordinated and which are
liquid at temperatures below 100°C. As a new kinds of green solvents, ILs
have unique properties such as negligible vapor pressure, wide liquid
temperature range, non-flammability, enhanced thermal and chemical
stability, tunable chemical structures, good electrical conductivity and
improved solvation ability for a large matrix of compounds [3]. This makes
ILs attractive as novel extractants for various metal ions and organic
compounds (e.g., amino acids, dyes, proteins) [4].
Gutowski et al. demonstrated that addition of inorganic salt to aqueous
solutions of ionic liquids can also cause liquid-liquid demixing and induce
the formation of ATPSs.[5]
The phase diagram, comprised binodal curve and tie-lines, provides
information about: the concentration of phase forming components required
to form two phases, the concentration of phase components in top and
bottom phases and the ratio of phase volume. Coordinates for all potential
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systems will lie on a tie line, which connects two nodes on the binodal and
represents the final concentration of phase components in top and bottom
phases. Moving along the tie line coordinates, the systems denoted will have
different total compositions and volume ratios, but with the same final
concentration of phase components in the top and bottom phases. [4]
The aim of this study was forming of phase diagrams for two targeted
hydrophilic ILs and determination of their tie lines. These results represent the
first step of applying ATPS for extraction.

EXPERIMENTAL
The ionic liquids used in this work were 1-hexyl-3-methylimidazolium
chloride, [C6mim]Cl and 1-butyl-3-methylimidazolium dicyanamide,
[C4mim][N(CN)2] with a stated purity of >99 wt % and supplied by
Iolitec.Inorganic salts, 30 % solution of K2HPO4or K3PO4in deionized
water.
The phase diagram was determinated by the cloud-point method at room
temperature. A known amount of IL was weight into a test tube and an
appropriate volume of the salt was added dropwise into the test tube while
shaking. By appearance of turbidity, the total mass of the added salt was
calculated. The weight percentages of both ILs and salt were calculated by
measuring the weights of both ILs and the salt. The sequential addition of
water and salt was repeated until sufficient data points for constructing the
phase diagram were obtained [6]. The binodal curve was fitted applying
following equation:
[1]
where Y and X are the concentrations (in w/w%)of IL and salt, respectively
[7]. The fitting was performed using “Tablecurve 5.01” program.
The tie lines were experimentally determined through the relationship
between the weight of the top phase and the overall weight by lever-arm
rule. The tie line length (TLL) for different salt and IL compositions were
calculated according to:

[2]
The symbols T and B refer to the top (IL-rich) and bottom (salt-rich) phases.
RESULTS AND DISCUSSION
A sufficiently high concentration of inorganic salts added in an aqueous
solution of hydrophilic IL can cause phase separation a salt-reach bottom
phase which is in equilibrium with Il-reach top phase. The first step in
designing of ABSs is forming of phase diagram for the investigated system.
The experimental phase diagrams for two investigated IL/salt
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systems([C6mim]Cl/ K2HPO4 and [C4mim][N(CN)2]/ K3PO4are presented in
Figure 1.
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Figure 1. Phase diagramsof (i)[C6mim]Cl/K2HPO4 and (ii)
[C4mim][N(CN)2]/K3PO4systems

The data were fitted according to the empirical relationships of Merchuk
(Eq. 1), and the parameters for this equation as determinated by leastsquares regression of the cloud point data are shown in Table 1. Literature
results confirmed that the method can satisfactorily correlate binodal curves
and determinated tie lines in these systems. TLL wasexperimentally
determined for each system and given in Table 2.
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Table 1. Correlation parameters used in Eq. 1 to describe the binodals.
A

B

C

R

[C6mim]Cl/K2HPO4

System

4.45364

-3.33576 10-5

-.033085

0.99904

[C4mim][N(CN)2]/K3PO4

4.44272

-1.73984 10-4

-0.40424

0.99905

Table 2. Tie-line lengths for IL+Salt systems
System

IL

Salt

TLL

1

[C6mim]Cl+K2HPO4

27.5

17.6

45.129

2

[C4mim] [N(CN)2]

7.9

29.1

32.481

CONCLUSION
The phase diagrams of ATPS for two imidazolium-based ILs were
determinated by cloud point method at 298K. The binodal curves were fitted
to the Merchuk equation, and tie-line lengths were determinated. The results
showed that the empirical equation is satisfactory for correlating the
investigated systems [7]. It can be seen that [C6mim]Cl/K2HPO4 system has
greater ability to promote ATPS than [C4mim][N(CN)2]/K3PO4 system.
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ABSTRACT
The molecular structure and vibrations of 4-(2,5-di-2-thienyl-1H-pyrrol-1yl) benzoic acid (tpba) were investigated by infrared spectroscopic
techniques. FT-IR spectra were recorded in the solid phase. HOMO-LUMO
analyses were performed. The theoretical calculations for the molecular
structure and spectroscopic studies were performed with DFT (B3LYP) and
6-311G(d,p) basis set calculations using the Gaussian 09 program. After
optimizing the geometry of the molecule, vibrational wavenumbers and
fundamental vibrations wavenumbers were assigned on the basis of the total
energy distribution (TED) of the vibrational modes calculated with SQM
program. The results of theoretical calculations for the spectra of the title
compound were compared with the observed spectra.
INTRODUCTION
The development of organic light–emitting diodes (OLEDs) has progressed
due to their potential applications in many fields [1-3]. Multilayer OLEDs
are known as one of the potential technologies for next-generation flat-panel
display devices [3, 4]. In addition to many advantages of OLED displays,
the investigators are focused on to improve performance and stability of
OLED display.
In this work, the spectroscopic attitude of 4-(2,5-di-2-thienyl-1H-pyrrol-1yl) benzoic acid (tpba) molecule was investigated. The structure of the
molecule was optimized with DFT/B3LYP 6-311G(d,p). The vibration
modes are assigned on the basis of TED computed by using SQM program
[5].
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RESULTS AND DISCUSSION
tpba molecule which has 37 atoms
and 105 fundamental vibrational
modes has C1 symmetry. The
optimized molecular structure,
calculated and experimental IR
spectra were given Fig. 1 and Fig.
2.

C-O, C=O and O-H vibrational
modes. The C=O stretching band
of carboxylic acids appears
strongly in the region between
1740–1660 cm-1 [9]. The C=O
stretching mode is the strongest
band in FT-IR. [12]. In this study,
it is observed at 1674 cm-1 as a
very strong band in FT-IR. The
same band calculated as 1744 cm-1
with B3LYP/6-311G(d,p) method.

Figure 1. The optimized molecular
structure of tpba
The ring C-C stretching vibrations
occur between 1430–1625 cm-1. In
the present work, aromatic C-C
stretching
vibrations
were
computed at 1594-1096 and 1072998 cm-1 by using B3LYP/6311G(d,p) method and observed at
1610-1101, 1043, 1019 cm-1 in FTIR. The main C–C stretching
vibrations are computed at 1421
and 1538 cm-1 with the TED
contribution 79% and 73%. The
C–C stretching vibrations modes
are contaminated other vibrations.

Figure 2. The calculated and
experimental infrared spectra of
tpba.
OH hydroxyl group which
connects the molecules absorbs
strongly in the region 3550– 3200
cm-1 [10]. The O-H stretching
vibration of tpba molecule was

The
vibrational
bands
of
carboxylic acid of tpba contain the
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calculated as 3647 cm-1 with
B3LYP. These bands were
observed at 3650 cm-1 in FT-IR.
According to TED calculations the
hydroxyl stretching vibrational
mode is pure.

of-plane bending vibration is
shown in the range 800–950 cm-1
for aromatic compounds in the
literature [14, 15]. These vibrations
were calculated in range of 826854, 884-885, and 956-968 cm-1
were observed in range of 834-950
cm-1 in FT-IR.

In-plane bending vibration of ─OH
group appears in the region of
1440-1260 cm-1 in the FT-IR
spectrum
[11].
Out-of-plane
bending vibration appears in the
region of 280-312 cm-1 for free
─OH and in the region of 600-720
cm-1 for associated O-HO-H [13].
In-plane
bending
vibration
calculated as 1331 cm-1 and
observed as 1355 cm–1 as weak
shoulder in the FT–IR. Out-ofplane bending vibration computed
at 596 and 575 cm-1.

The C–N stretching vibration was
assigned in the region 1382-1266
cm-1 for aromatic amines in the
literature [16]. These vibrations
were calculated at 1234-1272,
1301-1327 and 1380 cm-1. The
same vibration was observed at
1286 cm-1 in FT-IR. The PED of
this vibration suggests that this is a
mixed mode with C–C stretching
vibration.

The hetero aromatic structure
shows the presence of C–H
stretching vibrations as weak
bands in the region 3000–3100 cm1
[11]. For tpba molecule, the C–H
stretching vibration computed in
the range of 3089-3144 cm-1 with
the B3LYP/6-311G(d,p) method
were observed at 3070 cm-1 in FTIR. The C–H in-plane bending
vibration appears in the range of
1000–1300 cm-1in the literature
[14, 15]. The C-H in-plane
bending vibrations observed in
Figure 3. HOMO-LUMO orbitals
range of 1101-1222 cm-1 in FT-IR,
of tpba for gas phase.
were calculated in range of 1096-1
1225 cm for tpba. The C–H outThe HOMO and LUMO energy levels were calculated with TDDFT/B3LYP/6-311G(d,p) method in DMSO, ethanol, water and gas phase.
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Plots of the HOMO and LUMO orbitals for the title molecule were shown
for gas phase in Fig. 3. According to Fig. 3, HOMO orbitals are localized on
the phenyl rings and nitrogen atom and LUMO orbitals are localized on the
ring and carboxyl group of tpba.
The energy difference between H→L orbital is a critical parameter in
determining molecular electrical transport properties because it is a measure
of electron conductivity. The energy difference between HOMO and LUMO
levels are 3.61 eV in DMSO and ethanol and 3.60 in water but it is 3.53 eV
in gas phase for tpba.
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N. F. Stepanov and S.V. Krasnoshchekov
Faculty of Chemistry, Moscow Lomonosov State University,
Moscow 119234, Russia
ABSTRACT
The structure of energy spectra of vibrational states for polyatomic
molecules depends strongly on the number of discrete vibrational states and
their distance from the ground and corresponding dissociation states.
Actually it is possible to approximately separate out the harmonic region
nearby the bottom of the potential surface (at least for the semirigid
molecules), the region nearby the dissociation limit where local modes are
of essential importance, and the intermediate region which is characterized
by the developed sets of polyads of vibrational states. The report will be
mainly connected with this intermediate region [1, 2]. The theory of polyads
is closely connected with the theory of resonance states. Any polyad is
determined as a set of vibrational states characterized by one and the same
polyad vector, composed of the so called polyad coefficients, and polyad
(secondary) quantum number. The determination of these quantities and
their relation to molecular structure is very important for vibrational spectra
assignment and interpretation. That is why the polyad structure of
vibrational spectra was actively discussed in recent years. The technique
most suitable to the polyad description is based on the formalism of
creation/annihilation operators and canonical van Vleck perturbation theory
[3]. We discuss tendencies of the polyad theory development and some new
techniques for solving the problem of polyad structure of vibrational spectra
and constituent vibrational states. A very important tendency in molecular
vibrational analysis is also connected nowadays with detection and treating
resonance states of different types (not necessarily related to the polyads).
The method based on canonical perturbation theory is developed for
systematic identification of essential resonances. It is suitable for molecules
of significant size and complexity as illustrated by several examples of
molecules up to ten atoms.
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ABSTRACT
The Kolbe-Schmitt reaction of sodium 2-naphthoxide was simulated using
the M062X method. Kossugi’s assumption that the NaONaph-CO2 complex
does not lead to the reaction products was confirmed. Instead, CO2 performs
electrophilic attacks at the positions 1, 3, and 6. Each reaction path proceeds
via two transition states and two intermediates, leading to the major
products: sodium 2-hydroxy-1-naphthoate and 3-hydroxy-2-naphthoate, and
minor product sodium 6-hydroxy-2-naphthoate. Pathway 6 is both
kinetically and thermodynamically unfavourable. Pathways 1 and 3 are
competitive, where pathway 3 requires slightly higher activation energy, but
yields the more stable product. These findings are in accord with the
experimental results on the carboxylation reaction of sodium 2-naphthoxide.
INTRODUCTION
Aromatic hydroxy acids are of significant industrial importance. They can
be prepared in the Kolbe-Schmitt reaction, which is a carboxylation reaction
of alkali metal phenoxides (MOPh) and naphthoxides (MONaph). The
mechanism of this reaction is still a vigorous research field. A mechanism of
direct carboxylation has been supported by valuable experimental results,
including the GC/MS analysis and CP-MAS NMR spectrum of the KOPh13
CO2 complex [1, 2]. On the other hand, a mechanism involving initial
formation of the MOPh-CO2 or MONaph-CO2 complex has been supported
by numerous experimental and computational papers [3-5], and has become
generally accepted.
Theoretical investigations of the mechanism of the Kolbe-Schmitt reaction
of sodium 2-naphthoxide confirmed the initial formation of the NaONaphCO2 complex [6, 7]. It was shown that the carbon of the CO2 moiety
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performs an electrophilic attack at the naphthalene ring in the position 1,
leading to the formation of sodium 2-hydroxy-1-naphthoate. Surprisingly,
electrophilic attacks at the positions 3 and 6 were not revealed. The
formation of sodium 3-hydroxy-2-naphthoate and sodium 6-hydroxy-2naphthoate was explained by various rearrangements. In addition, this
mechanism includes a reaction step with rather high activation energy.
It is worth pointing out that all computational investigations of the KolbeSchmitt reaction were performed by means of the B3LYP method. Since
more sophisticated functionals are today available, the aim of this work is to
reinvestigate the carboxylation reaction of NaONaph, in the light of the
postulation of Rahim and Kossugi.
COMPUTATIONAL DETAILS
All geometry optimizations were performed using the Gaussian 09 program
[8], at the M062X/LanL2DZ level of theory. This meta-hybrid functional
proved to have excellent performance for main group chemistry [9]. The
obtained geometries were verified to be minima (no imaginary frequencies),
or maxima on the potential energy surface (one imaginary frequency). The
transition states were additionally confirmed by performing the IRC
(intrinsic reaction coordinates) calculations.
RESULTS AND DISCUSSION

Figure 1. Proposed mechanism for the formation of
sodium 2-hydroxy-1-naphthoate (E1), 3-hydroxy-2-naphthoate (E3),
and 6-hydroxy-2-naphthoate (E6).
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Our investigations with the M062X method demonstrated that NaONaph
and CO2 can spontaneously build two complexes: NaONaph-CO2 (B in refs
6 and 7) and C (Figure 1), with the energetic stabilizations of 56.8 and 10.8
kJ/mol. While B can decompose under the experimental conditions, the CO2
moiety in C takes perfect position for electrophilic attacks at all three sites
(1, 3, and 6) of the ring. These attacks are realized via the transition states
TS1, which lead to the formation of the new C-C bonds, and corresponding
intermediates D. The next step of the reaction is bimolecular, implying that
two D intermediates exchange the protons adjacent to the CO2 groups. Our
investigations showed that each pair of the D intermediates can exchange
the protons (for example D1 and D3). In this paper only the results for the
interactions between the pairs of the same D intermediates are presented (for
example two molecules of D6). These bimolecular reaction steps require
significantly lower activation energies (Table 1) in comparison to the
monomolecular proton shift from C to O [4-7].
200
100

Relative free energy (kJ/mol)

Table 1 and Figure 2:
Energetics of the examined
pathways. ∆Ga‡ and ∆Gr
stand for activation free
energies and reaction free
energies. Dashed, solid, and
dotted lines denote energy
profiles for the reactions in
the positions 1, 3, and 6.
∆Ga‡ ∆Ga‡
Site
∆Gr
TS1 TS2
1
6.1
76.5 -311.0
3
51.4 21.2 -400.6
6
105.0 67.3 -306.8

0

-100
-200
-300
-400
-500

Reaction coordinate

Table 1 and Figure 2 show the free energy values, calculated relative to
that of the separated reactants. The carboxylation reaction in the position 6
is both kinetically and thermodynamically unfavourable. On the other hand,
the pathways in the positions 1 and 3 are mutually competitive. The rate
determining steps in the pathways 1 and 3 are the formation of TS2-1 and
TS1-3, respectively. The ∆Ga‡ value for TS1-3 is lower than ∆Ga‡ value for
TS2-1 (Table 1). However, Figure 2 demonstrates that TS1-3 and TS2-3 lie
above TS1-1 and TS2-1. This finding is a consequence of the fact that TS13 is a late transition state, implying that its energy is only slightly higher
than that of D3. On the other hand, E3 is significantly more stable than E6
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and E1. In accord with these findings are the experimental results which
show that at very low temperature (20 oC) only E1 is formed at low yield,
whereas the yields of E3 and E6 increase with the increasing temperature.
Thus, the main product is thermodynamically most stable E6.
CONCLUSION
Owing to experimental and computational results, a standpoint of the initial
formation of the MOPh-CO2 or MONaph-CO2 complexes in the KolbeSchmitt reaction has become generally accepted. Our investigation of the
carboxylation reaction of NaONaph performed by means of the M062X
functional show that the NaONaph-CO2 complex can be formed, but it
cannot be further transformed to the reaction products. Using this method
the transition states for direct carboxylation in all three positions (1, 3, and
6) were revealed. Pathway 6 is both kinetically and thermodynamically
unfavourable. Pathways 1 and 3 are competitive, where pathway 3 requires
slightly higher activation energy, but yields the more stable product. These
findings are in accord with the postulation of Rahim and Kossugi.
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ABSTRACT
A theoretical study of acid acetylation of dimethylamine from the analysis
of intermediate of the reaction was carried out. Geometries of all species
involved in the reaction were made and identified. All of the geometry
optimizations were performed by the method at the DFT with B3LYP level
of theory and was adopted the 6-31+G* basis set. Energies were calculated
using the MP2. The energy of activation for the reaction was 8.05 kcal/mol.
INTRODUCTION
The acetylation of amines is one of the most frequently used transformations
in organic synthesis as it provides an efficient and inexpensive means for
protecting amino groups in a multistep synthetic process.
Acetylation of amine is a nucleophilic substitution reaction. This reaction
can be catalyzed by Brönsted acid. In the mechanism, the acetic anhydride
first accepts a proton at the carbonyl oxygen and this change enhances the
positive charge on the carbonyl carbon. This protonation facilitates the
successive addition of amine at the position to form a tetrahedral
intermediate, determining step of the rate of the reaction.
Computational method to study the reaction using acid catalysis [1] and an
experimental work [2], agreed that this reaction takes place with the
formation of a tetrahedral intermediate.
A theoretical study of acid acetylation of dimethylamine from the analysis
of intermediate of the reaction was carried out. The reaction and the
compounds studied are shown in Figure1.
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Figure 1. General Scheme of Acid Acetylation of Dimethylamine
THEORETICAL
Geometries of all species involved in the acetylation were made and
identified. All of the geometry optimizations were performed by the method
at the DFT - Density Functional Theory [3] with B3LYP level of theory and
was adopted the 6-31+G* basis set.
Energies of all reactants and products and the energy of activation for the
reaction were calculated using the MP2- 2nd order Mo/ller–Plesset method.
Following the same procedure it was identified the geometric parameters
and energy of intermediate. All the calculations were executed using
Gaussian 09 [4] software package.
RESULTS AND DISCUSSION
Table 1 lists the geometric parameters, lengths and binding angles values,
and energies of the reactants, obtained.
Table 1. Geometric Parameters Reactants
Reactants

Lengths (Å)
C-H = 1.12
C-N = 1.44
N-H = 1.00

Angles (º)
C-N-C = 114.38
H3-C-N = 108.78
H-N-C = 110.58

Energies
kcal/mol
-5.69

Dimethylamine

Acetic Anhydride

C1-O2 = 1.22
C1-C4 = 1.49
C1-O3 = 1.39
C4-H5 = 1.12

C1-O3-C8 = 121.83
O2-C1-C4 = 129.78
O2-C1-O3 = 118.05
C1-C4-H5= 109.37

-131.71

Table 2 lists the geometric parameters, lengths and binding angles values,
and energies of the products, obtained.
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Table 2. Geometric Parameters Products
Products

Lengths (Å)

Angles (º)

Energies
kcal/mol

C1-C8 = 1.51
C1-O = 1.25
C1-N = 1.39
N-C12 = 1.43
N-C4 = 1.43

C8-C1-N =118.56
O-C1-N =120.48
C1-N-C12= 120.86
C1-N-C4= 120.93

-41.47

C-O-H = 109.76
O-C-O = 116.53
O2-C-C = 129.27
O3-C-C = 114.20
C-C-H7 = 108.94

-103.8

N,N Dimethylacetamide

Acetic Acid

C-O2 = 1.23
C-C = 1.49
C-O3 = 1.36
H-O3 = 0.97
C-H = 1.12

Figure 2 show the optimized structure of the intermediate and the Table 3
lists the geometric parameters, lengths and binding angles values, obtained.
The calculations show 26.29 kcal/mol of energy for the tetrahedral
intermediate and the activation energy was 8.05 kcal/mol.

Figure 2. Tetrahedral Intermediate Structure
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Table 3. Geometric Parameters Intermediate
Lengths
Å
Angles
r (C1-O2)
1.41
θ (C1-O2-H14)
r (C1-N)
1.50
θ (C1-N-C16)
0.97
r (O2-H14)
θ (N-C1-O3)
r (C1-C6)
1.53
θ (C6-C1-N)
1.47
r (C1-O3)
θ (C1-N-C20)
r (N-H24)
0.99
θ (N-C1-O2)
1.50
r (C20-N)
θ (N-C16-H17)
1.11
r (C6-H8)
θ (H7-C6-C1)

º
118.74
116.74
113.26
116.22
115.93
112.02
108.98
108.15

CONCLUSION
It was observed a marked consistency between the theoretical results and
bibliographic data, which validates the use of theoretical methods DFT and
PM2 as tools for kinetic studying the reaction of acetylation of
dimethylamine
REFERENCES
[1] H.G. Kruger, J. Mol. Struct. (Theochem), 2002, 577, 281-285.
[2] H.S. Prasad, G.R. Srinivasa, D. Channe Gowda, Synth. Commun., 2005,
35, 1189-1195.
[3] C. Lee, W. Yang, R.G. Parr, Phys.Rev.B, 1988, 37, 785-789.
[4] Gaussian 09, Revision D.01, M. J. Frisch, G. W. Trucks, H. B. Schlegel,
G. E. Scuseria, M. A. Robb, J. R. Cheeseman, G. Scalmani, V. Barone,
B. Mennucci, G. A. Petersson, H. Nakatsuji, M. Caricato, X. Li, H. P.
Hratchian, A. F. Izmaylov, J. Bloino, G. Zheng, J. L. Sonnenberg, M.
Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T.
Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, J. A. Montgomery,
Jr., J. E. Peralta, F. Ogliaro, M. Bearpark, J. J. Heyd, E. Brothers, K. N.
Kudin, V. N. Staroverov, R. Kobayashi, J. Normand, K. Raghavachari,
A. Rendell, J. C. Burant, S. S. Iyengar, J. Tomasi, M. Cossi, N. Rega, J.
M. Millam, M. Klene, J. E. Knox, J. B. Cross, V. Bakken, C. Adamo, J.
Jaramillo, R. Gomperts, R. E. Stratmann, O. Yazyev, A. J. Austin, R.
Cammi, C. Pomelli, J. W. Ochterski, R. L. Martin, K. Morokuma, V. G.
Zakrzewski, G. A. Voth, P. Salvador, J. J. Dannenberg, S. Dapprich, A.
D. Daniels, Ö. Farkas, J. B. Foresman, J. V. Ortiz, J. Cioslowski, and D.
J. Fox, Gaussian, Inc., Wallingford CT, 2009.

127

PHYSICAL CHEMISTRY 2014

B-05-P

IR STUDY OF WATER COMPLEXES
IN KBr MATRIX
I. Grinvald, I. Vorotyntsev, I. Kalagaev, A. Vorotyntsev and A. Petuhov
Alekseev State Technical University
Minin street, 24, Nizhniy Novgorod, 603950, Russia
ABSTRACT
The results of IR study of water complexes’ formation in KBr matrix at
room temperature are presented. There are considered a few systems: waterammonia, water-carbon dioxide, water-alkali and water-alkali metal salt.
The changes of spectra for components mixture give reliable evidence of the
intermediates formation with hydrogen bond for the mentioned systems.
INTRODUCTION
The use of metal halide matrix for stabilization of intermediates is known
quite a long time (see for an example [1]) and could be applied for IR study
of labile complexes, since the matrix matter is in certain cases transparent in
the IR range. The general aim of the recent work was to test the possibility
of stabilization in KBr matrix and IR study of water containing
intermediates at room temperature. We have considered the following
systems: water-ammonia, water-carbon dioxide, water-alkali and wateralkali metal salt mixture.
EXPERIMENTAL TECHNIQUE
The sample preparation consists in the application of potassium bromide
pallet as the matrix for the holding of unstable intermediates. Usually this
technique is used for the recording of the IR spectra of solid waterless
samples [2]. We have used similar method not only for crystal patterns, but
also for gases and liquids. At the first step the KBr powder was milled
separately on the sample to be investigated. Then the gas (ammonia or
carbon dioxide) saturated the KBr powder, either together with the water
vapour, or the gas passed preliminarily through the water layer. If the solid
component (alkali or salt) was studied, the KBr powder was mixed with it
and after that the water vapour saturated the KBr matter. For the IR
experiments Fourier spectrometer IFS 1202 were used. The main parameters
of measurements have been chosen as optimal for this instrument.
RESULTS AND DISCUSSION
We have considered the typical IR manifestation of molecular interaction:
the appearing of new bands or the bands shift, which are caused owing to
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complex formation. It was presumed that the water molecule plays in all the
systems the role of a proton donor. This assumption can be taken as a good
approximation for the investigated systems [3]. Ammonia-water system. In
high frequencies IR region the new band at 3240 cm-1 was observed. We
have assigned it to the hydrogen bond stretching in water - ammonia
complex. It follows from the comparison with the spectra of KBr pallets,
saturated by water or ammonia gas separately, since they have not shown
the mentioned absorption (Figure 1, left side). On the Figure 1 and 2 by
index “a” is labeled the spectrum of KBr pallets saturated by water vapour,
by “b” – saturated by ammonium gas only and “c” – saturated by mix of
components.

Figure1. The spectra of KBr pallets saturated by ammonium and water

In the middle IR region we have observed a new band at 1401 cm-1
(Figure 1, right side),which is stronger than water bending band in the initial
molecule, whereas the relative intensity of this vibration in complex should
have been weaker. Besides the band at 1401 cm-1 locates close to the
position of H-stretching in (NH4)+ containing compounds. Therefore we
have assigned this band to the stretching vibration of the transferred
hydrogen atom in the intermediate.
This assignment is verified by experiments with heavy water: in the middle
IR range a new band at 1003 cm-1 was observed. Its position respectively to
the band at 1401 cm-1 (in case of H2O) is in accordance with the isotopic
rule for hydrogen vibrations [4].
Carbon dioxide-water system. In case of carbon dioxide - water system we
have observed the similar spectral picture. In the high frequencies IR region
two new bands at 3120 and 2925 cm-1 are found to be (Figure 2, left side).
In the middle IR region we have observed a new band at 1385 cm-1, which
are not found in the spectra of KBr palettes, saturated by H2O or CO2
separately (Figure 2, right side). This assignment is confirmed by the spectra
of KBr pallets, saturated by carbon dioxide, passed through heavy water
layer. In the middle IR-range new bands at 981, 834 cm-1 were observed
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instead the band at 1385 cm-1. The position of these bands correlates well
with the isotopic shift of hydrogen vibrations [4]. Therefore like for the
ammonia-water system, we have assigned the mentioned bands to the
hydrogen vibrations in different types of complexes: formed via hydrogen
bond and owing to hydrogen atom transfer.

Figure 2. The spectra of KBr pallets saturated by CO2 and water

Alkali -water system. Hereby the results for NaOH-water interaction are
considered. The sample in this case was prepared by the following way: the
KBr powder was mixed with the NaOH, and then this mixture was saturated
by water vapour. The obtained pattern was pressed in pallet and its IR
spectrum was registered. For this system we have observed the new bands in
3100-2300 cm-1 spectral region (Figure 3, spectrum “b”), which are not
shown in the spectra of KBr pallets, containing NaOH (Figure 3, spectrum
“a” ) or saturated by water vapour. In the spectra of potassium bromide
pallet with NaOH, saturated by heavy water vapour, a new strong band at
1815 cm-1 was detected. These data indicate on the formation of water-alkali
complex in KBr matrix, owing to the interaction of water hydrogen atoms
with the hydroxyl group of alkali molecule.
Figure 3. The spectra of
KBr pallets containing alkali
and water mixture

Alkali metal salt-water system. This kind of interaction is presented by
Na2CO3-water and NaNO3-water mixtures. The scheme of sample
preparation in this case is the same, as for the previous system. In the Figure
4 the spectrum of KBr matrix, saturated by water vapour (spectrum “a”), the
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Figure 4. The spectra of KBr pallets containing alkali metal salt and water

spectra of Na2CO3-water (left side) and NaNO3-water (right side) systems at
ratio of components 1:1 (spectrum, labeled by “b”), 1:2 (spectrum labeled
by “c”) are shown. For Na2CO3 the appearance of new bands at 2855 and
2569 cm-1 was observed. Besides OH stretching band shifts to 3160 cm-1. At
the saturation of KBr powder by heavy water the new bands at 2085 and
1855 cm-1 were detected. For NaNO3 we have observed a few of overlapped
bands in 3700-2800 cm-1 region, one of which at 3470 cm-1 locates close to
the OH stretching position of water, and the others locate in 3300-2700 cm-1
range. For D2O-salt interaction the bright band at 2315 cm-1 was found to
be. The obtained data verify the formation of water-salt complexes in KBr
matrix. We can assume that these complexes form due to the interaction of
water hydrogen atoms with the oxygen atom of salt molecule.
CONCLUSION
The obtained results lead to the conclusion that the different types of
complexes can exist in KBr matrix. These intermediates were fixed owing
the appearance of new bands in high and middle IR regions, having a typical
shift for D2O systems. Therefore it is reasonable to assume that we have
revealed the intermediates, forming due to the hydrogen bond and the
hydrogen atom shift.
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ABSTRACT
Interlaboratory verification of European pharmacopoeia monographs on
derivative spectrophotometry (DS) method and chitosan hydrochloride was
carried out on two generation of instruments (Cintra 20 and Evolution 300).
Comparable results for DS method monograph were obtained only with
smoothing point 7 and 2nd degree polynomial in Savitzky-Golay algorithm
and also for evaluation with Medium digital indirect and Medium direct
recording of digital spectra mode, since differences in percentages were
within accepted criteria for assay in pharmaceutical method transfer (±3%).
The difference for degree of deacetylation assessment of chitosan
hydrochloride, via first derivative amplitude 1D202 determined on two
instruments using 2nd degree polynomial and smoothing point 9 in SavitzkyGolay algorithm, was around 3% variation accepted for method transfer.
INTRODUCTION
Derivative spectrophotometry (DS) is one of the advanced modern
spectrophotometric techniques, which consists in differentiation of zero-order
spectra. Analytical advantage of derivative spectra originates from the fact that
the derivative process discriminates in favor of sharp bands and against broad to
an extent that increases with derivative order. Even if higher derivatives appear to
improve resolution, the spectra obtained are also significantly distorted by noise.
The objectives of this study were to evaluate, according to inter-laboratory
verification, the effects of generating derivative spectra (instrumental and
Savitzky-Golay algorithm parameters - smoothing points, polynomial
degree and mode how derivative spectra are generated), for DS monograph
since European Pharmacopoeia (EP) [1] prescribed instruments with
analogue resistance-capacitance differentiation module or a digital
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differentiator or another means of producing second-derivative spectra.
Furthermore, degree of deacetylation assessment of chitosan hydrochloride
via first derivative spectra was intended to evaluate criteria for method
transfer.
EXPERIMENTAL
Absorption spectra of toluene in methanol (0.02 v/v %) as model system for
DS monograph and series of N-acetylglucosamine (98%, Acros Organics)
aqueous solutions (1.0-35.0 µg/ml) for standard curve as model for degree
of deacetylation determination of chitosan hydrochloride via amplitude
1
D202, were recorded in 1cm quartz cells using UV-Vis spectrophotometers
GBC Cintra 20 and Evolution 300.
Ten separately prepared solutions of toluene in methanol were obtained by
transferring 20 µl of toluene into 100 ml volumetric flasks of different
manufacturers and diluted with methanol to mark. Chitosan hydrochloride
was prepared from 1 g chitosan (molecular weight 100 000-300 000 Acros
Organics) by restricted addition of 30 ml 0.1M HCl and 65 ml of redistilled
water (pH about 5.8) controlled with remained excess of base chitosan
precipitate. The viscous salt solution was decanted and evaporated on warm
plate (about 40°C) forming transparent film. For control of pH value of
chitosan hydrochloride, Solution S was prepared by dissolving 0.1004 g in
10.00 ml of redistilled water with vigorous stirring for 20 min using a
mechanical stirrer. The Test solution of chitosan hydrochloride for degree of
deacetylation was prepared by dissolving 0.1274 g in redistilled water in 50
ml volumetric flask stirring vigorously, followed by dilution of 2.0 ml in
100 ml volumetric flask.
RESULTS AND DISCUSSION
The first introduction of Second derivative spectrophotometry appeared in
British Pharmacopoeia (BP) 1988, addendum 1991, and up to BP 1998 for
Resolution only descriptive requirement pro second-derivative spectrum of
0.02% v/v solution of toluene in methanol, was quoted for visibility of small
peak between two large at about 261 nm and 268 nm. Since BP 2000, the
figure of second-derivative spectrum has been initiated with defined
amplitudes and the ratio A/B which is not less than 0.2. This version of DS
monograph (BP 2000) has been transferred to EP Supplement 2001 of 3rd
edition, but with diverse concentration of toluene in methanol solution of
0.02 g/l which remained up to EP 6. Prescribed mentioned concentration
was changed to 0.02% v/v, in EP 6 and up to EP 8 [1], as originally
introduced in BP. According to (Fig.1.) resolution between shoulder and
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peak in zero-order spectrum (λ range 260-268 nm) corresponds with
distinguished amplitudes. Slight amplitudes shifts recorded by digital
methods on both instruments are presented in Table 1., along with A/B
ratios. Both instruments compute digital derivative spectra from zero-order
(there were no differences for two scan speeds 60 and 120 nm/min) using
Savitzky-Golay algorithm. Using Evolution 300, direct digital spectra can
be recorded with four smoothing values Low, Medium, High and Very high.
To overcome the problem of different numerical values of absolute
amplitudes recorded on various instruments, due to differences in SavitzkyGolay algorithm, EP monograph prescribed the absolute amplitude A/B
ratio, and that could be an explanation why y-axe is not numerically defined.

Figure 1. Absorption (I) and second-order derivative (II) spectra of
0.02% v/v solution of toluene in methanol.
The obtained results gave evidence for the comparison between two
instruments applying smoothing points 5 and 7 (point 7 was superior with
2.08% and also it was possible to compare Medium digital (″indirect″) with
1.53% and Medium direct with 0.86%) differences in percentages were
within accepted criteria for assay in pharmaceutical method transfer as %
difference between averages (±3%).
The absolute values of amplitudes A and B were higher applying advanced
4th and 6th degrees polynomial (Evolution 300) in comparison to second; the
ratios of A/B increased from 0.5602 (2nd degree polynomial) to 0.6476 and
0.6176 with 4th and 6th, respectively.
The measured pH value 5.34, for Solution S prepared from obtained
chitosan hydrochloride, was in the prescribed pH range 4.0 to 6.0. For
optimal smoothing point 9 (with 2nd degree polynomial) from regression
equation y=0.0025x + 0.0001 (Cintra20) degree of deacetylation was
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93.92%, while 90.91% was obtained for Evolution 300 from equation
y=0.150x – 0.162 using amplitude 1D202 and pH=4.56 for diluted Test
solution (required range 70.0–95.0%). The higher polynomial degrees
caused unacceptable noise level. The difference was around 3% variation
accepted for method transfer.
Table 1. Average values of amplitudes and A/B ratio for series of 10
solutions (n=10) analyzed on both instruments.
Instrument

GBC Cintra 20

Derivative
spectra

Digital
algorithm

TS Evolution 300
Digital
algorithms

Direct
recording

smoothing / λ

5

7

5

7

,,Medium
indirect''

,,Medium
direct''

262

-0,0568

-0,0375

-0,7663

-0,4686

-0,4763

-0,4723

263,5

0,033

0,0198

0,4058

0,2515

0,2242

0,2196

265

-0,0245

-0,0116

-0,3283

-0,1519

-0,1661

-0,1634

A

0,0575

0,0314

0,7341

0,4034

0,3903

0,383

B

0,0898

0,0572

1,1721

0,7201

0,7005

0,6919

Xaverage(A/B)

0,6407

0,5488

0,6263

0,5602

0,5572

0,5535

Sd (A/B)

0,0065

0,0016

0,0096

0,0029

0,0031

0,0022

Xaverage(A/B) is mean value; Sd (A/B) is standard deviation of A/B ratio
CONCLUSION
It was established that instrumental parameters, as well as derivatisation
parameters such as smoothing points and polynomial degree should be
included in EP monographs on derivative spectrophotometry method and on
chitosan hydrochloride.
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ABSTRACT
This paper reports the results of IR spectroscopic investigation of methyl12-oxo lithocholate 1 and 1H NMR spectroscopic investigation of sodium12-oxo lithocholate 2. The proton donor ability of hydroxyl group, as well
as the proton acceptor properties of the carbonyl groups, of bile acid
derivative was investigated by FT-IR. Data for correlation with Gutmann
and Kamlet-Taft solvatochromic equations were obtained for eleven organic
solvents. Micellization of 12-oxo lithocholic acid sodium salt was
investigated by NMR spectroscopy. T1 relaxation time (spin-latice
relaxation time) was measured for the selected protons on this molecule in
water. Relaxation time dependence from concentration indicated the critical
micellar concentration (CMC) of 12 oxo-litocholic acid sodium salt.
INTRODUCTION
Investigation of hydrogen bond interactions on oxo bile acid molecules as
well as investigation of micellization of oxo bile acid sodium salts became
very important due to the fact that these bile acid derivatives possess
promotional action on the transport of drugs trough biological membranes
[1]. Formation constant (K) for hydrogen bond complex on hydroxyl group
can be determined by FTIR spectroscopy employing Becker’s method [2].
Investigation on formation constant of the hydrogen bond complex was
carried out for 1,4-dioxane, tetrahydrofuran and acetonitrile as solvents.
Positions, intensities and shapes of the specific absorption bands are usually
influenced by polarity of solvent in which they were measured. Simply by
recording these changes, such as band shifts etc., in different solvents it is
possible to gain useful information about intermolecular interactions of
investigated molecule. The linear correlation models that were used are
Kirkwood-Bauer-Magat (Buckingham) equation, Gutman’s acceptor
number AN scale and Kamlet-Taft solvatochromic relationship [3]. Results
were obtained for the following organic solvents: acetonitrile,
tetrahydrofuran, diethylether, benzene, toluene, hexane, 1,4-dioxane,
chloroform, dichloromethane, carbontetrachloride and 1,2-dichloroethane.
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One of the main characteristics of oxo bile acids is micelle formation which
occurs in water solutions of sodium salts of these compounds. Ability to
form micelles is characterized by critical micellar concentration (CMC)[4].
NMR measurement of T1 relaxation time (spin-latice relaxation) is
convenient technique for micellization studies. T1 relaxation is in
connection with molecular motion and with environment of measured
nucleus, so the changes caused by micellization are simply monitored
through T1 measurement. Micellization of some oxo bile acid sodium salts
is already investigated with NMR technique [5].
O

H3C
CH3

R

CH3

HO

1 R= COOMe

H

2 R= COO- Na+

Figure 1. Structure of 12-oxo lithocholic acid methyl ester 1 and sodium
salt 2.
EXPERIMENTAL
Bile acid derivatives were prepared from deoxycholic acid using known
synthetic procedures [6]. Hydrogen bond formation constants and
spectroscopic parameters were investigated by IR in range of 3700-3200 cm1
. Samples were placed in 1 cm (IR) UVIRSIL cells and the measurements
were performed at temperature of 298 K. Solvent effects were investigated
in range of carbonyl C=O vibration from 1800-1650 cm-1. For all spectra,
50 scans were recorded and averaged with resolution of 2 cm-1 for each
spectrum. Samples were placed in 0.512 mm path length NaCl cells and the
measurements have been performed at 298 K.
NMR measurements were performed on a Bruker AC 250 spectrometer with
frequency for 1H nucleus of 250,13 MHz. For determination of T1
relaxation time standard inversion recovery experiment was used (180o-τ90o-AQC). Peak intensities for nine different interpulse delays τ (0.001,
0.01, 0.03, 0.07, 0.2, 0.3, 0.4, 0.8, 1.6 second) were determined. All NMR
experiments were conducted at 298 K. Nine solutions in D2O was prepared
cowering concentration range from 4mM to 40mM.
RESULTS AND DISCUSSION
FTIR hydrogen bond investigation showed that the strongest (highest value)
constant of formation is for hydrogen bond complex of 12-oxo lithocholic
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acid in form of methyl ester with acetonitrile. Tetrahydrofuran showed to be
more potent proton acceptor than 1,4-dioxane, which is in seemingly
contradiction whit the fact that 1,4-dioxane has two proton acceptor atoms.
On the basis of good correlation obtained in Gutman equation and
magnitudes of parameter values for the LSER solvatohromic equation, it
could be estimated that polarization effects and the possibility of solvent to
donate hydrogen for hydrogen bonding contributes most to the shift of
carbonyl band (Fig 3.).
Signal intensities from spectra obtained with inversion recovery Fig. 2. were
used for calculation of T1 relaxation time for angular methyl group protons
(δΗ=1.04 ppm). After determination their T1 values for all solutions in used
concentration range, T1 relaxation time was plotted as a function of
concentration of oxo bile acid sodium salt as shown on Fig. 2. Inflexion
points on this function are indicating micellization, and CMC value is
determined by arithmetic mean of the values of upper pseudo CMC (CMC’)
and lower pseudo CMC (CMC’’). In this case there is two inflection points:
one with the bigger difference in T1 relaxation time (30 ms) between 24mM
and 28mM concentrations, determinating them as CMC’ and CMC’’and
other with smaller difference in T1 relaxation time (20 ms) between 12mM
and 16mM concentrations, respectively. Thus, two main CMC of 12-oxo
lithocholic acid sodium salt are 14mM and 26mM.

Figure 2. Seven of nine spectra obtained during inversion recovery
experiment (left) and plot of T1 relaxation time as a function of
concentration (right)
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Figure 3. Shifts of carbonyl goups IR bands in different solvents (left) and
the Kirkwood-Bauer-Magat correlation of carbonyl band position against
refractive index and relative premittivity of solvent (right)
CONCLUSION
Based on the obtained data from FTIR measurements and the extracted
correlations, it can be assumed that the both inductive and the steric
effects play an important role in the stability of the investigated hydrogen
bonded complexes. The two determined CMC values for the sodium salt
of 12-oxo lithocholic acid can be explained with a complex micellization
process, where primary micelles, which are first formed, rearrange in to
secondary micelles.
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ABSTRACT
Kaempferol, one of the most bioactive plant flavonoids was experimentallay
and theoretically (at M05-2X/6-311G(d,p) level of theory) investigated for
its ability scavange potentially highly damaging hydroxyl and superoxide
anion radicals. Relating obtained hydroxyl radical activity sequence with
kaempferol structural features it could be assumed that C4′-OH functional
most probably renders it as hydroxyl radical scavenger while C5-OH group
has more prominent role compared to ortho-hydroxy groups in B ring.
However, kaempferol’s activity towards superoxide anion radical implicate
ortho-hydroxy groups in B ring as more relevant. Theoretical calculations
point to HAT and SPLET mechanisms as operative for kaempferol in all
solvents under investigations.
INTRODUCTION
Flavonoids are natural polyphenolic compounds reported to exert a wide
range of positive health effects mainly arising from their antioxidant ability.
The protective role of flavonoids is manifested in their capability to
“sacrifice” first in the oxidative processes transforming free radicals into
stable, deprotonated, forms. The inactivation of reactive radical species is
related to flavonoid (ArOH) ability to transfer the phenolic H-atom (1H+/1e) [1]. This transfer can be visualized through at least three mechanisms
characteristic not only of flavonoids but phenolics generally: hydrogen atom
transfer (HAT), sequential proton loss electron transfer (SPLET), and single
electron transfer followed by proton transfer (SET-PT) [2]. Calculated
energy requirements for each mechanism, BDE (bond dissociation enthalpy)
(HAT), IP (ionization potential) and PDE (proton dissociation enthalpy)
(SET-PT), and PA (proton affinity) and ETE (electron transfer energy)
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(SPLET) may indicate, which radical scavenging mechanism is
thermodynamically preferred and point out the active site for radical
inactivation.
EXPERIMENTAL
DFT calculations The conformations of different kaempferol forms
(neutral, radical, radical-cation, and anion) are fully optimized by the new
local density functional method (M05-2X), developed by the Truhlar group
[3] and 6-311G(d,p) basis set [4] implemented in the Gaussian 09 package.
The structures obtained on this way were verified by normal mode analysis
to be minimum on the potential energy surface. No imaginary frequencies
were obtained. The influence of water, dimethylsulfooxide (DMSO),
ethanol and dimethylformamide (DMF) as solvents was approximated by a
solute electron density (SMD) solvation model, the continuum solvation
model based on the quantum mechanical charge density of a solute molecule
interacting with a continuum description of the solvent. The vibrational
frequencies were obtained from diagonalisation of the corresponding M052X Hessian matrices. The nature of the stationary points is determined by
analyzing the number of imaginary frequencies: 0 for minimum and 1 for
transition state. Mutual position of rings B and C was obatained by rotating
around torsion angle τ ( O1–C2–C1'–C2' atoms (Fig. 1). The torsion angle τ
was scanned in steps of 10° without constrains on all other geometrical
parameters. The effects of the torsion angles ω1(H–O5–C5–C6), ω2(H–O7–
C7–C8), ω3(H–O3–C3–C2), and ω4(H–O4'–C4'–C3') were analyzed in
order to determine the preferred relative positions of the rings B and C.
RESULTS AND DISCUSSION
The preferred mechanism of antiradical activity of kaempferol (Fig. 1, Table
1) can be estimated from ∆HBDE, ∆HIP, and ∆HPA values. Namely, the
lowest of these values indicates which mechanism is favorable and the
preferred site of antiradical action can be estimated from the sum of
enthalpies involved in a particular free radical scavenging mechanism (BDE
for HAT; IP and PDE for SET-PT and PA and ETE for SPLET). Since the
entropy factor is small, positive and nearly constant (0.54-0.55 kJ K-1 mol1
), the sign of enthalpy change implies the same sign of free Gibbs energy
change no matter the temperature value. On the basis of thermodynamical
values in Table 1 it is clear that only HAT and SPLET are operative radical
scavenging mechanisms of kaempferol in all solvents under investigations.
Table 1. Calculated reaction enthalpies (kJ/mol) for the reactions of
kaempherol with hydroxyl radical, superoxide radical anion and peroxyl
radical
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Kaempferol

HAT
∆HBDE

KOH-3 + .OH
KOH-4’ + .OH
KOH-5 + .OH
KOH-7 + .OH

-148
-125
-95
-95

KOH-3 + .OOKOH-4’ + .OOKOH-5 + .OOKOH-7 + .OO-

66
89
118
118

KOH-3 + .OH
KOH-4’ + .OH
KOH-5 + .OH
KOH-7 + .OH

-149
-128
-95
-97

KOH-3 + .OOKOH-4’ + .OOKOH-5 + .OOKOH-7 + .OO-

74
96
129
127

B-08-P

M05-2X/6-311G(d,p)
Water (ε=78.35)
SET-PT
SPLET
HAT
∆HIP ∆HPDE ∆HPA ∆HETE ∆HBDE
99
-247 -127
-21
-139
-223 -127
3
-119
-194 -123
28
-76
-194 -141
46
-91
373
-307
19
46
103
-284
19
70
123
-254
23
96
166
-254
5
114
151
Ethanol (ε=24.85)
135
-284 -149
-1
-138
-263 -151
23
-119
-230 -144
49
-76
-232 -165
68
-91
454
-379
12
62
103
-358
10
86
122
-325
17
112
166
-327
-5
131
150

DMSO (ε=46.83)
SET-PT
SPLET
∆HIP ∆HPDE ∆HPA ∆HETE
242
-380 -219
80
-361 -230
111
-317 -207
131
-333 -245
153
692
-588 -24
128
-569 -36
158
-526 -12
179
-541 -50
201
DMF (ε=37.22)
244
-383 -222
83
-363 -231
112
-320 -207
131
-335 -245
154
697
-594 -28
131
-575 -37
159
-531 -13
179
-547 -51
201

The hydrogen atom is abstracted mainly from 3-OH group on the C ring
when reaction takes place via HAT mechanism which confirms the role of
the C3-OH group in antiradical mechanism of kaempferol. The 7-OH group
in the ring A is dominant position for reaction via SPLET mechanism in all
solvents. Examination of the reaction enthalpies for the reactions of
kaempferol with hydroxyl radical shows that they are exothermic in all
solvents. On the basis of the values in Table 1 it is clear that kaempferol
reacts with hydroxyl radical via both, HAT and SPLET mechanisms in all
solvents.For protic polar solvents (water and ethanol), HAT and SPLET are
competitive mechanisms, while in other two aprotic polar solvents (DMSO
and DMF), SPLET is the prevailing mechanism. In the reaction with
superoxide anion radical kaempferol
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Figure 1.
Structure of kaempferol

undergoes SPLET mechanism which is dominant in all solvents while the
reaction by HAT mechanism is endothermic in all solvents. Moreover, the
aprotic polar solvents (DMF and DMSO) are more suitable medium for
reactions of kaempferol with superoxide anion radical.
CONCLUSION
Reaction enthalpies and free energies, calculated using the M052X/6311G(d,p) level of theory, of the individual steps of three possible radical
scavenging mechanisms (HAT, SET-PT and SPLET) offer insight into the
influence of the medium on the thermodynamically preferred mechanism as
well as the preferred sites of the antiradical action. In protic polar solvents
(water and ethanol) kaempferol reacts with hydroxyl radical via competitive
HAT and SPLET mechanisms, while in aprotic polar solvents (DMSO and
DMF) SPLET prevails. Preferred sites of action are C3-OH (via HAT) and
C7-OH (via SPLET) functionals. Aprotic polar solvents (DMF and DMSO)
are more favorable for the interaction with superoxide anion radical. In
those solvents kaempferol undergoes SPLET mechanism.
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ABSTRACT
Standard equipment for electron spectroscopy empowers fingerprinting the
adsorbed layer at atomic-molecular level. The resource results from novel
route for the primary electron energy dissipation through a set of shake-off
and shake-up electron transitions, each coupled with the threshold core level
excitation. Experimental evidence for the route is based on fine structures in
extended Disappearance Potential Spectra from the Pt(100) single crystal
fitting the valence state structures of adsorbed species and substrate atoms
as well as plasmon excitations; in total over 20 peculiar satellites have been
detected in conventional experimental conditions. Theoretical justification
grounds on the mechanism which is a combination of well-known electron
transitions. The phenomena signify fundamental regularity of electron-solid
interaction disclosing the outer shell structure of near-surface atoms alike an
Auger effect brings to light the inner shell structure.
INTRODUCTION
The resonant core level excitation makes a crucial impact on an atom and
results in specific responses disclosing intrinsic properties of a system
which part of that atom is. The following effects have been earlier detected
under tunable synchrotron irradiation and became the basis of advanced
techniques [1, 2]: a fine structure in extended and near above the threshold
X-ray absorption spectra revealing the short-range atomic geometry and the
density of vacant states, and being the grounds of EXAFS and XAS method,
respectively; a fine structure in soft X-ray emission spectra near below the
threshold disclosing the valence states of target atom and known as XES.
Similar effects are discovered under electron impact as another source for
the resonant core level excitation [3]: a fine structure in elastic scattering
spectra above the threshold corresponding to valence state structures of
adsorbed species and substrate atoms. In particular, the comparison between
original Disappearance Potential Spectroscopy (DAPS) and reference
Ultraviolet Photoelectron Spectroscopy (UPS) data has shown that a single
or a set of satellites fits the valence state structure thus providing the
molecular fingerprint of arbitrary adsorbed species. The same satellites

144

PHYSICAL CHEMISTRY 2014

B-09-P

follows each threshold repeating assignment of the adsorbed layer and in
total more 20 peculiar spectral features are detected for different species in
conventional experimental conditions. The phenomena are regarded as a
novel route for the primary electron energy dissipation named the Conjugate
Electron Excitation (CEE). The present paper highlights experimental and
theoretical CEE justification by confrontation with reference data and
general concepts in the field of electron-solid interaction.
EXPERIMENTAL AND THEORETICAL
DAPS is based on the threshold core level excitation of target atoms by an
electron beam of time-based energy. Whenever accelerating potential
overcomes the core level energy a part of electrons disappears from elastic
current providing the spectral dip. DAPS was used to trace the channels of
electron consumption at the Pt(100)-(1x1) single crystal other than core
level excitation [3]. The surface was controlled by Low Energy Electron
Diffraction and Auger Electron Spectroscopy (AES). The Fermi level (EF) ~
314.8 eV corresponds to the Pt4d5/2 core level energy.
Density of States (DOS) for bulk Pt was calculated by Quantum Espresso
package within a G12x12x12 grid. The primary electron was described by the
plane wave with k|| = 0 parallel to the surface [3].
RESULTS AND DISCUSSION
CEE includes a set of independent shake-off and shake-up electron
transitions, each coupled with the threshold core excitation of target atom.
The former transitions are sequential ionization of nearby valence states,
while the latter are composed of multiple plasmon excitations and shifting
the valence states of substrate atoms to EF. Experimental evidence for CEE
consists in continual satellites in DAPS spectra obtained from different
adsorbed layers on the Pt(100) single crystal [3]. A certain satellite is a
distinct peak of 1-2 eV base-width and coverage proportional intensity and
localized at the respective valence state’ ionization potential above the
threshold. Fig. 1 (a) shows an example of fine spectral structure above Pt
4d5/2 corresponding to valence states of the adsorbed CO. Close similarity
between experiment and theory in Fig. 1 (a) evidences that CEE affects the
substrate atoms as well. Furthermore, nearly the same experimental spectral
structure replicates right above EF thus being close to theoretical spectra
moved down by the Pt work function in Fig. 1 (b). The former transition
corresponds to shake-off, while the latter to shake-up process consisted in
shift the valence Pt DOS to EF. In prospect, CEE empowers localization at
the composite surface since satellites of the adsorbed particle accompany
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threshold excitation of only that surface atom which is chemically bound to
a given species, and core level energies are easily distinguishable.
In addition to CEE of localized valence states, the collective excitations are
also presented in Fig. 1 (b) as other satellites at surface hωs and bulk hωb
plasmon energies above the threshold. In contrast to valence states, hωs
disappears and hωb peak decreases on coverage due to screening effect by
the adsorbed layer [3].

Figure 1. Satellite structures in theoretical (dashed curves) and
experimental (solid curves) DAPS spectra for clean Pt(100) surface and
after exposure of (a) CO and (b) H2 at 300 K, respectively.
Theoretical CEE justification is grounded on its mechanism which is just a
combination of well-known electron transitions [4]. Indeed, shake-up
plasmon satellites are usual objects in X-ray Photoelectron and AES spectra.
Ionization of the valence states comparable in efficiency for both, substrate
atoms and adsorbed species is a basis of UPS. Satellite replicas above the
thresholds conform to core levels identity regarding the threshold excitation.
Therefore, CEE effect does not undermine the general concepts related to
electron-solid interaction. Close similarity of satellite and valence state
structures implies 1D density of vacant states at the vacuum level (infinite
theoretically) to be an active spot for CEE electrons allocation. In turn, the
one-dimensionality results from Rutherford relation [5] predicting effective
electron-electron scattering for over small angles.
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Above peculiarities give hope that CEE means the fundamental regularity of
inelastic electron scattering by any adsorbed system and brings to light the
outer shell structure of near-surface atoms like an Auger effect discloses the
inner shell structure. Furthermore, CEE accentuates a strong community of
substrate and adsorbate electronic structures and wave-corpuscle dualism of
electrons. CEE control is supposed to be a simple additional tool of any
electron analyzer for fingerprinting the adsorbed layer at atomic-molecular
level as alternative to XES, which requires a tunable synchrotron irradiation
and fine analytical instrumentation [2]. Besides, elastic electron scattering
basically provides the vacant states structure and geometrical parameters
similar to XAS and EXAFS, respectively [6].
CONCLUSION
Routine equipment for electron spectroscopy empowers to fingerprint the
adsorbed layer at molecular level. The resource results from novel route for
primary electron energy dissipation through a set of shake-off and shake-up
electron transitions, each coupled with the threshold core level excitation of
target atom. A fine structure in elastic scattering spectra above the threshold
fits the valence states of adsorbed species and substrate atoms as well as
plasmon excitations. Experimental and theoretical evidence for the route is
grounded on the large quantity of relevant satellites and on the mechanism
consisted of well-known electron transitions, respectively. The conjugate
electron excitation signifies the fundamental regularity of inelastic electron
scattering by any adsorbed system and accentuates a strong community of
substrate and adsorbate electronic structures.
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ABSTRACT
Analytical LC-MS/MS method was developed for determination of
atorvastatin and its metabolites in rat blood plasma. Chromatographic
separation was performed on C18 analytical column and gradient mobile
phase composed of acetonitrile and 0.1% acetic acid. Rosuvastatin was used
as an internal standard (IS). Different Selected Reaction Monitoring (SRM)
transitions were selected for every analysed compound in ESI+ interface.
The method was validated over the concentration range 0.1–20 ng/mL for
atorvastatin and atorvastatin-lactone and 0.5–20 ng/mL for orthohydroxyatorvastatin and para-hydroxyatorvastatin (r2 ≥ 0.99). This method
demonstrated good precision, accuracy and stability of tested compounds.
INTRODUCTION
Atorvastatin belongs to group of statins, HMG-CoA reductase inhibitors,
which are widely used for the treatment of hypercholesterolemia. Statins
also have many beneficial pleiotropic effects such is their antioxidant
activity. Atorvastatin is metabolized in liver to active metabolies, orthohydroxyatorvastatin (oOH-AT) and para-hydroxyatorvastatin (pOH-AT),
and three corresponding inactive lactones [1]. HMG-CoA reductase
inhibitory activity is mainly attributed to active metabolites [2]. The aim of
this study was to establish LC-MS/MS method for monitoring changes in rat
blood plasma concentration of atorvastatin, its active metabolites and
inactive metabolite, atorvastatin-lactone (AT-L).
EXPERIMENTAL
Male Wistar albino rats, treated orally with Atorvastatin, were used for the
experiment. Animal blood samples were collected directly from the heart in
test tubes containing heparine and centrifuged at 3000 rpm for 15 min. All
experimental procedures and protocols conformed to institutional guidelines
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for the care and use of animals in research No 5/10 (Ethics Committee of the
Faculty of Pharmacy, University of Belgrade). Samples were prepared by
solid-phase extraction on OASIS® HLB SPE cartridges. The analytes were
eluted with acetonitrile:ammonium acetate buffer (0.1M, pH 4.6, 95:5,v/v).
Pure extracts were directly transferred to LC vials.
Method was validated in concentration range of 0.1-20 ng/mL for AT and
AT-L and 0.5-20 ng/mL for oOH-AT and pOH-AT. Plasma samples as well
as standard solutions were kept on ice to minimize possible interconversion
of lactone and acid forms.
Analyses were carried out on a UHPLC–MS/MS system consisting of a
Thermo ACCELA UHPLC (Thermo Scientific, MA, USA) coupled to a
triple quad Mass Spectrometer Thermo TSQ Quantum Access Max (Thermo
Scientific, MA, USA) with a heated electrospray ionization (HESI) interface
operated in the positive mode. A ZORBAX Eclipse C18 Analytical, 4.6×100
mm (3.5µm) column was used for the chromatographic separation. The
column was kept at constant temperature at 25°C and autosampler tray was
set at 4ºC. The analytes were eluted by a gradient mobile phase system
which consisted of acetonitrile and 0.1% CH3COOH (Table 1). The flow
rate was kept on 400 µL/min.
Table 1. Gradient mobile phase
t/min
%A
%B
0
65
35
4
65
35
4.5
80
20
7
80
20
7.05
65
35
8
65
35
A – acetonitrile, B – 0.1% glacial acetic acid
The MS detector was operated in the selected reaction monitoring (SRM)
mode with SRM transitions selected: (m/z, Q1 → Q3, collision energy) of
AT (m/z, 559.47 → 439.51, 22 eV); AT-L (m/z, 541.36 → 447.59, 19 eV);
oOH-AT (m/z, 575.20 → 439.64, 20 eV); pOH-AT (m/z, 575.54 → 439.64,
20 eV) and IS (m/z, 482.25 with selected combination of two fragments to
improve signal 257.72, 31 eV and 299.81, 35 eV).
Quality control samples at four concentration levels were used for
determination of within-run and between-run accuracy and precision.
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RESULTS AND DISCUSSION
Sample preparation
Plasma samples were mixed with ammonium acetate buffer, pH=4.6 (0.1M)
in order to minimize possible interconversion between acid and lactone
forms [3]. For SPE OASIS® HLB cartridges were chosen since they are
acceptable for both, hydrophilic and lipophilic compounds. Washing
cartridges was carried out with 1 mL water and 1 mL 5% acetonitrile which
gave cleaner samples and better recoveries. Mixture of acetonitrile and
ammonium acetate buffer, pH 4.6 (0.1 M; 95:5, v/v) used as eluent gave the
highest recoveries.
LC-MS/MS conditions
Since pOH-AT and oOH-AT have the same fragmentation pattern, and
because of possible acid-lacton interconversion, good chromatographic
separation is essential. Gradient mobile phase was used in order to keep
good separation in shorter time. The retention times of investigated
compounds were (in minutes): 2.65 (pOH-AT), 3.97 (oOH-AT), 4.48 (AT)
and 6.25 (AT-l) and 3.05 for IS.
Protonated molecular ion ([M+H]+) was the major parent ion used to obtain
the product ion spectra for all compounds. MS source parameters were
optimized based on pOH-AT since its concentration in plasma is lower than
other analytes.
Method validation
Validated method was linear within investigated concentration range (r2 ≥
0.99). Within run and between run precision and accuracy were lower than
15% for all analysed samples. Calculated LOD was 0.1 and 0.13 ng/mL for
oOH-AT and pOH-AT respectively and 0.05 ng/mL for AT and AT-L.
Lowest concentration on calibration curve was LLOQ. Recoveries were
between 57% and 75% for all analytes which is acceptable for bioanalytical
methods. The specificity of the method was tested and no interfering peaks
and no interfering matrix effect was found. Stability of analytes was tested
(short term, freeze-thaw and long term). The obtained results were between
92 and 103% for all tested conditions which means that all analytes were
stable at tested conditions. Chromatogram of a plasma sample taken from
rats after six weeks of daily atorvastatin intake is shown on Figure 1.
Chromatogram confirms possibility of detecting very low concentrations of
all four components simultaneously in complex matrix: atorvastatin, its
active and inactive metabolites by proposed analytical method.
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Figure 1. Chromatogram of a plasma sample taken from rats after six weeks
of daily atorvastatin intake
CONCLUSION
During this study LC-MS/MS method for determination of atorvastatin, its
active and inactive metabolites was optimized and validated. Comparing to
previously published methods [4,5] the advantage of this method is
determination of inactive lactone as well as active hydroxy metabolites,
using SPE procedure instead of protein precipitation and short run time.
Described method is sensitive, simple and reliable.
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ABSTRACT
The laser desorption/ionization time-of-flight (LDITOF) mass spectra of the
solution of Gd2O3 in HCl are reported. The results presented here illustrate
the usefulness of the linear positive mode of LDI in the characterization of
gadolinium metal ions. In addition, the laser desorption/ionization also leads
to the formation of several ionic species containing gadolinium with oxygen
and chlorine, which were detected in the negative linear mode. The ion
signals are identified by both m/z values and distinctive isotope patterns.
INTRODUCTION
Lanthanide-doped nanomaterials may be applied in variety areas such as,
solid-state lasers and displays, for lightening and fluorescence labeling [1,
2]. Among these materials, Gd2O3 nanoparticles are of particular importance
due to their good chemical durability, thermal stability, low phonon energy,
and easiness of doping with other lanthanide ions [3-5]. These particles may
be used as contrast agents for medical magnetic resonance imaging [6, 7].
Recent experiments on the magnetic properties of Gd2O3 nanoparticles also
showed that the particles exhibit paramagnetic rather than
superparamagnetic behavior. [8]
Mass spectrometry is one of the most decisive analytical techniques for
determination of metals, since it can determine the analyte using its mass to
charge ratio. Also, mass spectrometric methods provide a unique
experimental tool for the investigation of the conditions for obtaining the
small-size metal clusters. Results have shown that inductively coupled
plasma (ICP), induces a very “hard“ ionization, and this ionization source
may be used for detection of metal ions by ICP-MS. On the other hand,
electrospray ionization (ESI) is a “soft” ionization; it cannot ionize metal
ions themselves, even if they are dissolved in aqueous solution. However, it
has been revealed that the ESI MS is suitable method for obtaining anionic
lanthanide chloride clusters, LnnCl3n+1_, from LnCl3 in isopropanol [9].
The focus of this work was to examine the ability of detection of Gd(II) and
Gd(III) ions by a matrix assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF-MS). Also, we studied the possibility of
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obtaining heterogeneous clusters of gadolinium chloride, using a laser
desorption ionization MS, where analytes loaded on a target plate can be
ionized directly by laser radiation.
Matrix assisted laser desorption/ionization time-of-flight mass spectrometry
has been extensively utilized for the analysis of large molecules [10, 11].
However, there are also reports of its use in the analysis of inorganic species
[12 – 14].
EXPERIMENTAL
MALDI MS measurements were performed using Voyager-DE PRO, (AB
Sciex, USA) mass spectrometer equipped with a TOF analyzer. In all cases
20 kV of total acceleration voltage and a delay time of 100 ns was used. The
ions were detected in the linear mode. Instrument is equipped with nitrogen
laser (337 nm, 2 ns pulse width), operating at 20.0 Hz which was used to
produce laser desorption and ionization.
One micro liter of the solution of Gd2O3 in HCl was loaded in a well (i.e.,
sample spot) of a stainless steel MALDI target plate having 100 wells and
allowed to dry. The target plate was inserted into the MALDI instrument.
Laser desorption/ionization mass spectra acquired for this work were
obtained from at least 300 laser pulses per spectrum and the recorded
spectra of all the laser shots were summed.
RESULTS AND DISCUSSION
An example of a mass spectrum of gadolinium chloride obtained in the
linear positive mode (without a matrix) by MALDI TOF is shown in Figure
1. Peaks detected from Figure 1 correspond to Gd+ (expt 158.51, calcd
157.92 Da), Gd3+ (expt 52.64, calcd 52.64 Da), and [Gd(H2O)]3+ (expt
58.78, calcd 58.64 Da). Another peak of a relatively weak intensity at m/z
495.60 was assigned to protonated cluster ion [Gd2Cl5]+ (calcd value at
494.69 Da).

Figure 1. MALDI TOF mass spectrum of the solution of Gd2O3 in HCl
obtained in the linear positive mode.
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The formation of these positively charged ions in the mass spectra has been
observed only after applying sufficiently high laser energy, of at least 2800
mW, to the solid sample of gadolinium chloride salt.
Obtained mass spectrum of the solution of Gd2O3 in HCl in the linear
negative mode (without a matrix) is shown in Figure 2. The ion signals seen
in the spectrum correspond to the following species: [(Cl2O3)OH]- (expt
134.99, calcd 134.92 Da), [GdO2]- (expt 189.95, calcd 189.91 Da),
[GdClO2(OH)]- (expt 241.97 calcd 241.88 Da), [GdCl2O2(OH)]- (expt
276.99 calcd 276.85 Da), [Gd(ClO3)3]- (expt 406.12 calcd 406.78).

Figure 2. MALDI TOF mass spectrum of the solution of Gd2O3 in HCl
obtained in the linear negative mode.
CONCLUSION
Preliminary results of an investigation of gadolinium salt in MALDI TOF
system, which are the result of this work, have shown that gadolinium ions
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can be observed when working in the linear positive mode, while linear
negative mode give as a result different species of gadolinium with oxygen
and chlorine. These results give promising ideas for further investigation of
different lanthanide salts in MALDI TOF system.
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ABSTRACT
In the study was investigated products of interaction of M(II) biometal ions
(Cu, Co) by UV/VIS, FTIR and ESI-MS spectroscopy with O-donor ligand,
lactic acid, at molar, milimolar and micromolar level. Spectroscopic
investigations showed that the lactic acid in the tested system behaves as a
monodentate ligand, and comes to interact at all concentration levels.
INTRODUCTION
Lactic acid (2-hydroxypropanoic acid) (LA) is formed by fermentation of
sugars and other carbohydrates action of anaerobic bacteria, as such, are
found in milk and milk's products, and thus be inserted into the body with
food. L-lactic acid is produced as a product of decomposition of glycogen in
the muscles when they are under the same load. In the medicine it is used as
a component of the Ringer's and Hartman's solution.[1] LA with M(II) metal
ions, from the solutions of molar concentrations, depending on the
conditions of complexation, can form a complex of the type [ML]+, [ML2]
and [ML3]–.[2]
Copper is a biogenic element found in numerous enzymes' systems. The
Cu(II) ion (d9 configuration) can give coordination compounds of various
coordination and geometry through O, N, and S-donor atoms of different
biomolecules and small molecules. This fact, together with its redox
activity, is responsible for various roles of copper.[2, 3]
Cobalt as a micro-element has a role in the metabolism of proteins and
amino acids as the constituent parts of metaloenzymes (methyltransferase
and methionine transferase). [3] Via vitamin B12, which plays an important
role in the process of erythrocyte maturation, Co increases the use of iron in
bone marrow cells. [4] The Co(II) ion (d7 configuration) easily interacts
with the parts of other molecules and builds complex particles with a
coordination number 4, as well as the coordination number 6, via the O-, but
also via the N-donor atom. [2, 3]
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In the study was investigated products of interaction of M(II) biometal ions
(Cu, Co) and lactic acid at molar, milimolar and micromolarc level by
UV/VIS, FTIR and ESI-MS spectroscopy.
EXPERIMENTAL
Ultraviolet–visible spectroscopy (UV/VIS). Model systems for the study of
interaction of ligands and metals are obtained by mixing a solution of ligand
and metal in a molar ratio of M:L=1:2, under the native pH value. The
prepared model systems, were left to stand for 30 minutes, and thereafter
were recorded on a UV/VIS spectrophotometer Shimadzu UV-1650 PC, in
the wavelength range 190-800 nm.
Fourier Transform Infrared Spectroscopy (FTIR). The solid products of
interaction M (II)-LA was obtained by mixing a solution of M(II) ions, and
a ligand in a molar ratio of 1:2 in favor of the ligands, at room temperature,
under conditions where the hydroxide is not precipitated, and separating by
centrifugation after 7 days. FTIR spectra were recorded on a FTIR
instrument Bomem MB-100 (Hartmann & Braun, Canada), with a
DTGS/KBr (deuterated triglycine sulfate/KBr) detector, in a wave number
area of the 4000-400 cm-1.
Electrospray Ionisation Mass Spectrometry (ESI-MS). M(II)-LA
interaction has been analized in concentration range from 1 to 10 µmol/dm3
LA and M(II), in molar ratio from 1:9 to 9:1, using solvent MeOH:H2O,
80:20 (v/v). ESI-MS analyses have been performed on LCQ DECA Ion
Trap Spectrometer (Thermo Finnigan, USA), with optimization of working
conditions for lactate anion m/z 89 as a monitoring ion, using LOOPchromatogram method.[5]
RESULTS AND DISCUSSION
The changes in the UV/VIS spectra of the investigated model system M(II)LA (λmax, Abs., ∆) as compared to the solution of biometal ions show that
there is interaction between the test O-donor ligand and the corresponding
M(II) ion (Table 1).
Table 1. UV/VIS spectroscopic data of model system of M(II)-LA
System
λmaks [nm]
Abs. [a.u.]
∆ [kJ/mol]
815,00
0,207
146,32
Cu(II)–LA
510,00
0,055
233,83
Co(II)–LA
In the FTIR spectra of the studied isolated solid product of interaction of the
M(II)-LA, at milimolar concentration level, changes in the band position
compared to the pure ligand was observed. Comparative presentation of
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characteristic FTIR bands of pure lactic acid and products of interaction of
studied systems, as well as the value of ∆ν = νasym (COO) – νsym (COO)
based on what has been determined denticity of carboxyl group of lactic
acid in the system with the Cu(II) and Co(II) ions, are given in Table 2.
Table 2. FTIR spectral data of LA and M(II)-LA systems
Band
LA
Cu(II)–LA [cmCo(II)–LA
1
-1
[cm ]
]
[cm-1]
ν(OH...O)
2633
ν(OH)COOH
2500-3300
ν(OH)OH
3230-3350
1576*
ν(C=O)
1733
1642*
ν(C–O)
1240
1385#
1385#
∆ν
/
257
191
ligand denticity
/
monodentate
monodentate
*
νasim(COO); #νsim(COO)
Based on the data of Table 2, ∆ν value, it can be concluded that the lactic
acid in the system with investigated M(II) ions, acts as a monodentate
ligand. [6, 7] Strength interaction, according to the position R-C-O---M
vibrations in the FTIR spectrum is more pronounced for the system Co-LA.
The study results of interaction between lactic acid and M(II) ions (Cu, Co),
at the micro molar concentration level, were obtained by ESI-MS technique,
through value of sub-intregral area PLA i PM(II)–LA of ESI-MS LOOP
hromatograms, respectively calculating their relative differences ∆P,
∆P=

×100%.[5] The vaues of investigate sub-integral areas of

investigated binary systems and their ∆P values are shown in Table 3.
Table 3. The values of sub-integral areas and their ∆P values
LA
Cu-LA
Co-LA
P [a.u.]
161,44
133,36
107,55
∆P [%]
/
17,39
33,38
The area under the peaks in the LOOP chromatograms in the presence of
investigated metal ions is lower than the analog area of the lactic acid
without metal ions. It indicates that there is considerable interaction of
M(II)-LA at the micro molar level and that is more pronounced in the
system Co-LA.
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CONCLUSION
UV/VIS studies have shown that the interaction occurs between the
investigated biometal ions and lactic acid as ligand. Using FTIR
characterization of isolated products of interaction of M (II)-LA was found
that the LA acts as a monodentate ligand. Lower values of surface of ESIMS LOOP chromatograms of the examined system of M(II)-LA in relation
to the pure ligand (LA) indicating that the interaction betwen M(II) ions and
lactic acid occurs at the micro molar level.
According to the position of R-C-O---M vibrations, and the results of ESIMS examination of interactions Co-LA was more pronounced compared to
the Cu-LA.
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ABSTRACT
Lithium heterogeneous clusters were generated from lithium chloride salt
using laser desorption/ionization (LDI) on a commercial matrix assisted
laser desorption ionization – time of flight (MALDI-TOF) mass
spectrometric instrument. The generation of LinCl (n= 2 – 8) clusters, has
been successfully achieved in the positive mode when the initial salt
concentrations were above approximately 10-3 M and after applying
sufficiently high laser energy of 2.3 mW. These clusters can be obtained at
higher concentration of LiCl, but the laser energy must be above 3.0 mW.
Laser desorption/ionization also leads to the formation of several protonated
lithium chloride cluster ions (Li3ClH+, Li7ClH+), Lin(H2O)2+ and Lin(OH)2+.
INTRODUCTION
Nonstoichiometric clusters of alkali atoms represent a challenge and new
opportunity in chemistry because they can be used as building blocks for
new cluster assembled materials [1]. To date, clusters of the type LinCl were
formed by a thermal ionization mass spectrometry using triple filament ion
source and by a thermal ionization source of modified design [2, 3]. Clusters
of the type (LiCl)nLi+ and (LiCl)nCl- were obtained by a electrospray
ionization and by fast-atom bombardment mass spectrometer [4].
Nonstoichiometric clusters are the rules rather than exceptions from such
gas-phase techniques as laser vaporization. Matrix-assisted LDI, categorized
as a “soft” ionization, is used frequently for the ionization of intact organic
species. It shout be noted that a laser ablation ionization MS and laser
desorption/ionization MS can ionize directly analytes loaded on a target
plate by laser light. Owing to the difference in excitation energy, laser
ablation ionization is categorized as a “hard” ionization, whereas LDI is a
“soft” ionization [5, 6].
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In this work, we used laser desorption/ionization mode of MALDI-TOF
mass spectrometer to produce lithium chlorides clusters. The factors that
may influence the formation and abundances of lithium chloride cluster
ions, including salt concentration, solvent choice, and the LDI instrumental
conditions, have been investigated.
EXPERIMENTAL
LDI mass spectra were obtained using the commercial MALDI-TOF mass
spectrometer (Voyager-DE PRO, AB Sciex, USA). The instrument was
equipped with a nitrogen laser (337 nm) to desorbs and ionize the samples,
and video camera, allowing us to aim the laser at a specific spot within the
area of the target. The accelerating voltage used was 19 kV. A stainless steel
target was used as the MALDI substrate on which the samples are
deposited. Mass spectra were obtained in the positive and negative ion
linear and reflectron mode. In general, 400 laser shots were averaged to
generate a spectrum. Solutions were prepared by dissolving the lithium
chloride salt in either pure methanol or in pure acetonitrole. A volume of
0.5µl of the solution were deposited onto a sample plate and air-dried at
room temperature.
RESULTS AND DISCUSSION
First, the effects of various concentrations of lithium chloride salt on the
abundances of cluster LinCl+ ions were investigated. LDI mass spectra of
lithium chloride dissolved in methanol at concentrations of 10-5 M, 10-3 M,
and 10-1 M is shown in Figure 1. In the mass spectra, the formation of
positively charged clusters has been observed only after applying
sufficiently high laser energy, of at least 2.3 mW.
The mass peaks at m/z 49.07, 56.10, 57.17, 58.11, 63.08, 69.11, 70, 71.20,
77.18, 85.24, 91.19 were assigned to Li2Cl+, Li3Cl+, Li3ClH+, Li3(H2O)2H+,
Li5(OH)2+,
Li5Cl+,
Li4Cl+,
Li5ClH+,Li6Cl+, Li7ClH+/Li7(H2O)2,
Li8Cl+ cluster ions, respectively.
Figure 1. LDI mass spectra of the
solution LiCl/CH3OH at following
concentrations:
A) 10-5 M;
B) 10-3 M;
C) 10-1 M
(laser energy of 2.3mW)
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Second, by comparing the mass spectra in Figure 2 and Figure 1B, it can be
seen that the abundance of LinCl cluster ions is about 1.5 times higher for a
solution lithium chloride in acetonitrile than for a solution of LiCl in
methanol. The heterogeneous clusters of lithium, LinCl, can be obtained at
the concentration of 10-1 M but the laser energy must be above 3.0 mW
(Figure 3).
Figure 2.
LDI mass spectra
of the solution 10-3
M LiCl/CH3CN
(laser energy of 2.3
mW).
It should be noted
that, earlier results have shown that the most prominent peaks were those of
Li2Cl+ and Li6Cl+ clusters (the order intensity was Li2Cl+ > Li6Cl+). It has
also been observed that LinCl+ ions with an even number of lithium atoms
(Li2Cl+, Li4Cl+, Li6Cl+) were higher than those with an odd number of
lithium atoms (Li5Cl+, Li3Cl+). In this work, the clusters with three and
seven lithium atoms (Fig. 1A and 1C, m/z about 58 and 85) are more stable
than clusters with even number of lithium atoms.
Figure 3. LDI mass
spectra of the solution
10-1 M LiCl/CH3OH
(laser energy of 3.0
mW).
However, for the
concentration of 10-3
M of lithium chloride (Fig. 1B and Fig 2.) the clusters Li2Cl+ and Li4Cl+
were detected, but the order of the ion intensities was Li4Cl+ > Li2Cl+.
CONCLUSION
In this study the LinCl+ (n =2 - 8) cluster ions were produced using lithium
chloride salt dissolved in either acetonitrile or methanol, when the salt
concentrations were approximately 10-3 M, by the LDI mode of MALDITOF mass spectrometer. It was also found the positive correlation between
the laser energies and the relative abundances of the cluster ions.
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ABSTRACT
In the present work, we developed a separation and preconcentration
method for Beryllium (Be) ions from water samples using K-birnessite with
Layered-structure material form (KBRLSM). The experimental parameters
that affected the extraction efficiency of the method such as pH, flow rate
and volume of the sample solution, concentration of eluent, amount of
adsorbent, and effect of common matrix ions were investigated and
optimized. The adsorbed Be ions on KBRLSM were eluted with 5 mL of 1
mol L-1 HNO3 solutions and their concentrations were determined by HighResolution Continuum Source Flame Atomic Absorption Spectrometry
(HR-CS FAAS). The optimum pH value for quantitative sorption of Be ions
was found between 7.0 and 8.5. The preconcentration factor was found as
100 for 500 mL aqueous solution containing 5 µg Be ions . The developed
method was successfully applied to some water samples for separation of
beryllium.
INTRODUCTION
Beryllium alloys are used in many applications because of their combination
of elasticity, high electrical conductivity and thermal conductivity, high
strength and hardness, nonmagnetic properties, as well as good corrosion
and fatigue resistance [1]. Because of its low atomic number and very low
absorption for X-rays, the oldest and still one of the most important
applications of beryllium is in radiation windows for X-ray tubes [2].
Approximately 35 micrograms of beryllium is found in the human body, but
this amount is not considered harmful. Beryllium is chemically similar to
magnesium and therefore can displace it from enzymes, which causes them
to malfunction. Chronic berylliosis is a pulmonary and systemic
granulomatous disease caused by inhalation of dust or fumes contaminated
with beryllium; either large amounts over a short time or small amounts
over a long time can lead to this ailment. Symptoms of the disease can take
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up to five years to develop; about a third of patients with it die and the
survivors are left disabled [3]. The International Agency for Research on
Cancer (IARC) lists beryllium and beryllium compounds as Category 1
carcinogens [4].
Therefore, the elimination and determination of Be ions from food,
enviromental by using removal and separation techniques are important to
protect public health.
Separation and preconcentration procedures have a very important role for
sample preparation, removing process and inorganic and organic trace
analysis in environmental and analytical purposes. Separation procedures
based on solid-phase extraction have been widely used to remove certain
components of the sample, commonly toxic metal ions and/or harmful
organic compounds from various samples [5]. A number of separation
procedures for trace metals involving cloud point extraction (CPE), solidphase extraction (SPE), co-precipitation and solvent extraction have been
used in literature. For economic and environmental reasons, among these
separation techniques, the SPE is not only the most promising for the
recovery of metal ions from environmental samples when a suitable
adsorbent but also an efficient and selective technique for analytical
purposes [6].
Recently, there are increasing interest to layer-structure materials due to
their potential applications such as adsorption, catalysis and ion-sieves [7].
Manganese oxides with layered-structure material forms are interesting
materials because of their extremely high selective affinity for some atomic
ionic such as Li+, Pb2+ and Be2+ [8]. Birnessite is a layer-structure
manganese oxide with edge-sharing MnO6 octahedra, and has been a subject
of intensive investigations due to its ion exchange, sorption, and redox
properties. MnO6 layers of birnessite comprise edges haring Mn(IV)O6
octahedral, Mn(III)O6 octahedral and cation vacancies [9]. The vacancies in
the structure of birnessite commonly account for the negatively charged
layer partially causing adsorption of heavy metals and other pollutants in
contaminated water systems and soils [10].
In the present work, we have developed a separation and preconcentration
method for beryllium ions from water samples using K-birnessite with
Layered-structure material form (KBRLSM).
EXPERIMENTAL
The analysis was performed by ContrAA 300 a High Resolution-Continuum
Source Flame Atomic Absorption Spectrometer (HR-CS AAS) (GLE,
Berlin, Germany) equipped with a 50 mm burner head. All absorption lines
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of elements in the spectral range of 185-900 nm can be analytically
evaluated by using a Xe short-arc lamp as a continuum lamp source.
Synthesis of KBRLSM
KBRLSM was prepared according to study of Eren et all [10]. 2.85 g
Mn(NO3)2 was dissolved in 450 cm3 distilled water. The 100 cm3 of a
solution containing 1.1 g KMnO4 and 0.8 g KOH was added from a fastdripping burette. A dark Brown to black precipitate was formed
immediately and the solution was stirred continuously for 1 h. After stirring,
the suspension was settled for 30 min. Then the excess supernatant was
removed and the concentrated suspension was centrifuged and washed
several times with distilled water. The KBRLSM was treated with a 1 mol
L-1 HCl solution for 1 day at room temperature, and then washed with
distilled water, and dried at 70 °C.
Preparation of separation column
0.3 g of KBRLSM was packed into a glass column (100x 8 mm2 i.d.)
plugged with small portion of glass wool at both ends. Before each cycle,
the column was preconditioned by passing the blank solutions in working
pH. The sample solution was permitted to flow through the column under
gravity.
Separation/Adsorption procedure
The proposed procedure was tested with model solutions. For the model
solution; 2.5 mL of 2.0 mg L-1 Be+2 solutions and 2 mL of buffer solutions
were added to a flask. Then, final volume was completed to 50 mL by
deionized water. The column was preconditioned by passing the aqueous
solutions of working pH through column and then, the model solution was
passed through the column at a flow rate of 5 mL min-1. Afterwards, the
column was rinsed with 10 mL of water, and the retained Be ions on the
KBRLSM were eluted with 5 mL of 1 mol L-1 HNO3 solutions at a flow rate
of 2.0 mL min-1. The Be concentration in the eluate solution was
determinated by HR-CS FAAS. The recovery of the analyte was calculated
from the ratio of the concentration found by FAAS.
RESULTS AND DISCUSSION
The effects of some experimental parameters such as pH of the sample
solution, kind of elution agent, flow rate and volume of the sample,
interfering ions and amount of the KBRLSM, etc. were optimized using
column procedures. Optimized experimental parameters and analytical
performance of methods were given in Table 1.
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CONCLUSION
KBRLSM may be used for removing, separation and preconcentration of
trace metals in analytical and environmental chemistry.
Table 1. Analytical performance and optimum condition of the
proposed method for separation and determination of Be
pH
7.0-8.5
Amount of KBRLSM (mg)
300
Eluent volume, (2 mol L-1 HNO3)
5 mL
2
Elue flow rate (mL min-1)
5
Sample flow rate (mL min-1)
Maximum sample volume (mL)
500
Preconcentration factor
100
Linear range (mg L-1)
0.015-5.000
Correlation coefficient (R2)
0.9993
-1
0.28
Detection limit (µg L )
Precision (R.S.D, N=7) (%)
1.6
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ABSTRACT
Autoxidation of pyrogallol in weakly alkaline aqueous solutions was studied
by electrospray ionization mass spectrometry (ESI-MS). ESI-MS spectra
revealed that complete degradation/transformation of pyrogallol was
achieved after the 4 hour autoxidation at pH 8.5. Tartronic and glyceric acid
were identified as the main degradation products of pyrogallol during its
autoxidation.
INTRODUCTION
Pyrogallol moiety is an important part of many natural polyphenolic
compounds and due to its ease of oxidation and autoxidation it may be
regarded responsible to the great extent for their biological activities [1]. In
order to gain better understanding of the autoxidation of such compounds,
we already performed the spectrophotometric study of pyrogallol (1,2,3trihydroxybenzene) autoxidation in weakly alkaline aqueous solutions by
applying multivariate curve resolution-alternating least squares (MCRALS) method [2] and we concluded that purpurogallin was formed as a
main autoxidation product of pyrogallol during the first hour at pH 8.0.
UV/Vis spectrophotometric data also indicated further transformation of
purpurogallin to another compound we were not able to identify.
However, UV/Vis spectrophotometry has no capability to detect possible
formation of pyrogallol degradation products which do not absorb the
radiation in the UV/Vis range. For that reason we decided to study the
pyrogallol autoxidation in weakly alkaline aqueous solutions by using
electrospray ionization mass spectrometry (ESI-MS) because it proved to be
very useful for studying the degradation of various phenolic compounds in
aqueous solutions [3,4].
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EXPERIMENTAL
All chemicals used in this study were of analytical (p.a.) grade. Pyrogallol
(Fluka, Germany) was used without additional purification since its purity
was proved to be satisfactory by HPLC. Deionized, air saturated, water was
used and 0.5 mmol dm-3 solutions of pyrogallol were prepared just before
the use by dissolving the exactly weighed amount of pyrogallol.
Autoxidation of pyrogallol was initiated by mixing pyrogallol solution with
equal volume of ammonia buffer.
Shimadzu Liquid Chromatograph Mass Spectrometer LCMS 8030 with
quadrupole detector was used for obtaining ESI-MS spectra. Direct infusion
of sample into ESI source with mobile phase (50% aqueous methanol) at
200 µL min-1 flow rate was applied. ESI-MS spectra in the negative mode
were recorded in the m/z range from 100 to 500. Typical ESI parameters
were as follows: heating block temperature, 500oC; drying gas (N2) flow
rate, 15 L min-1; sheath gas (N2) flow rate, 3 L min-1; capillary voltage, 4.5
kV; desolvation temperature, 230°C.
RESULTS AND DISCUSSION
ESI-MS spectrum of freshly prepared unbuffered pyrogallol solution is
shown in Figure 1.

Figure 1. ESI-MS spectrum of freshly prepared unbuffered pyrogallol
solution.
The most prominent peaks in mass spectrum of pyrogallol at 125 and 251
m/z belong to the mono-deprotonated anions of pyrogallol , [PG – H]-, and
adduct formed by the hydrogen bonding between two pyrogallol molecules,
[2PG – H]-, respectively. Intense peak at 161 m/z probably originates from
the mono-deprotonated anion of adduct formed by the hydrogen bonding of
two water molecules to the pyrogallol, [PG + 2H2O – H]-. Two peaks with
even m/z values at 188 and 312 m/z probably originate from the double
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charged anions of adducts formed by the hydrogen bonding between three
and five pyrogallol molecules, [3PG – 2H]2- and [5PG – 2H]2-, respectively.
Figure 2 displays ESI-MS spectrum of pyrogallol solution after prolonged
autoxidation (4 hours) at pH 8.5.

Figure 2. ESI-MS spectrum of pyrogallol solution after prolonged
autoxidation (4 hours) at pH 8.5.
The most notable feature of the spectrum displayed in Figure 2 is the
complete absence of peaks originating from various pyrogallol species
which means that during the autoxidation for 4 hours at pH 8.5 complete
degradation/transformation of pyrogallol was achieved. Most prominent
peaks in the ESI-MS spectrum of autoxidized pyrogallol solution at 105 and
119 m/z probably originate from mono-deprotonated anions of carboxylic
acids (tartronic and glyceric acid, respectively) formed by the degradation of
pyrogallol. Hydroxylated carboxylic acids formation has been already
demonstrated by ESI-MS during the catalytic degradation of phenol [3] and
radiolytic degradation of gallic acid [4]. Formation of such products during
the autoxidation of pyrogallol is not surprising because there is literature
data that large quantity of very reactive superoxide anion radical (O2.-) is
produced during this process even at pH 7.9 [5]. Possible mechanism of
formation of pyrogallol degratation products is shown in Figure 3.
The peaks at 141 and 155 m/z in the ESI-MS spectrum shown in Figure 2
probably originate from the mono-deprotonated anions of hydroxylated and
methoxylated products of pyrogallol, respectively, (formation of
methoxylated product is supposed to occur in the ESI source). Formation of
purpurogallin quinone, which is the first oxidation product of purpurogallin
formed during the initial autoxidation of pyrogallol [2], is indicated by the
presence of the peak at 217 m/z which probably originates from its monodeprotonated anion. The origin of the peak at 261 m/z is not clear at present.
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Figure 3. The possible mechnism of pyrogallol (a) degradation and
formation of tartronic (c) and glyceric acid (d) via pyrogallol quinone (b)
after prolonged autoxidation in aqueous solution for 4 hours at pH 8.5.
CONCLUSION
Prolonged autoxidation of pyrogallol in weakly alkaline aqueous solutions
leads to the complete degradation/transformation of pyrogallol. By using
electrospray ionization mass spectrometry (ESI-MS) tartronic and glyceric
acid were identified as the main degradation products of pyrogallol during
its autoxidation. ESI-MS spectra also indicated the formation of
hydroxylated pyrogallol and purpurogallin quinone during this process.
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ABSTRACT
Spatially-resolved time-integrated optical emission spectroscopy was
applied for investigation of copper plasma produced by a nanosecond
Infrared (IR) Transversely Excited Atmospheric (TEA) CO2 laser, operating
at 10.6 µm. The maximum intensity of emission, with sharp and well
resolved spectral lines, and negligibly low background emission, was
obtained from a plasma zone 8 mm from the target surface. The favorable
signal to background ratio obtained in this plasma region, indicate possible
analytical application of TEA CO2 produced copper plasma. Detection
limits of trace elements present in the Cu sample were in the order of
10 ppm.
INTRODUCTION
The plasma in LISPS (Laser-Induced Shock-Wave Plasma Spectroscopy) is
generated by focusing of the laser beam onto the sample but at reduced gas
pressures [1]. The created plasma, usually spherical in shape, emits from
most of the volume intense and sharp spectral lines (mostly of the elements
present in a target) with low background emission intensity. Good signal to
background ratio, along with a linear relationship between spectral line
intensity and elemental concentration in the sample, makes LISPS a suitable
method for spectrochemical analysis [2,3].
Generation of copper target plasma, with low intensities of TEA CO2 laser
pulses was not reported in the literature until recently [4]. The aim of this
investigation was to test the applicability of TEA CO2 laser induced copper
plasma under reduced air pressure for trace element spectrochemical
analysis.
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EXPERIMENTAL
Plasma was initiated by irradiation of a copper target with IR TEA CO2
laser pulses. Typical output pulse energy was 150 mJ, and repetition rate
during experiments was 1.5 Hz. The laser/optical pulse had a gain switched
spike followed by a slowly decaying tail. Full width at half maximum of the
spike was about 100 ns while the tail duration was ~2 µs. The energy
sustained in the initial spike was about 35% of the total irradiated laser
energy.
Copper sample was placed in a glass vacuum chamber closed with NaCl and
CaF2 windows. Minimum air pressure during the experiments was ~0.1
mbar. Preparation of a target surface before irradiation was an essential
process, because of high reflectivity of copper for CO2 laser emission
line(s). The enhancement of surface absorption was achieved by increasing
the target surface roughness. The target surface was mechanically treated
with 320-grit SiC abrasive paper. Such procedure created clearly visible
scratches (1 to 6 µm wide) on freshly prepared copper surface.
The optical emission from the plasma was viewed in the direction parallel to
the target surface. By changing the position of plasma along the direction of
a laser beam, while keeping the constant distance between focusing lens and
a target, different parts of plasma were observed, i.e., a spatial plasma
resolution was achieved. The horizontal part of the plume was projected by
an lens on the entrance slit of a monochromator (Carl-Zeiss PGS2
dispersion 0.7 nm/mm). For the time-integrated spatially resolved
measurements Apogee Alta F1007 CCD camera was used.
In this work we have used time-integrated space-resolved laser induced
plasma spectroscopy (TISR-LIPS). TISR-LIPS was successfully applied for
studying various laser induced plasma systems [5], and may be considered
as similar to time-resolved spatially integrated emission spectroscopy. The
method relies on the fact that intense plasma background spectral continuum
emission is mostly emitted from a region close to the sample surface, while
in further-out regions of the plasma the continuum emission is largely
reduced. Thus, instead of time-gated detection the position-selective spectra
were recorded. The time-integrated measurements provide average values in
the different plasma spatial zones.
RESULTS AND DISCUSSION
The plasma was initiated by irradiation of a copper target with a fluence of ~
8.6 J cm-2 in air atmosphere at the pressure of 0.1 mbar. The plasma
consisted of two clearly distinguished and spatially separated regions. The
first region, close to the target surface (length about 5 mm), was
characterized by a whitish color and is known as primary plasma. The
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second region, also known as the secondary plasma, was larger in volume,
had a hemispherical shape and intense green color, due to emission of the
spectral lines of the target. The plasma expanded to a distance of about 15
mm from the surface.
Time-integrated emission spectra of trace elements present in the Cu sample
are shown in Fig. 1. The sample was high purity Cu (99.9 %) with traces of
Fe (60 ppm), Ca (50 ppm), Ag (50 ppm) and Mg (6 ppm). The spectrum
consisted of well-resolved sharp emission lines, and low background
emission intensity. Good signal to noise, and signal to background ratios
were obtained. The estimated limits of detection (LOD) are presented in
Table I. Limits of detection are calculated using the formula LOD = 3 ×
BEC × RSDB (BEC - background equivalent concentration, RSDB - relative
standard deviation of the background).

Figure 1. Time-integrated emission spectra of Fe, Ca and Mg obtained at a
distance of 8 mm above the Cu surface.
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Table 1. Estimated limits of detection.
Element

Wavelength, nm

LOD, mg/kg

Fe

422.42

10

Ca

422.67

4

Ag

328.07

5

Mg

518.36

1

CONCLUSION
The plasma was induced by irradiation of a copper target with 30 MW/cm2
of TEA CO2 laser peak intensity, in air at 0.1mbar. Time-integrated optical
emission spectroscopy was applied for characterization of spatially-resolved
plasma regions. The maximum intensity of Cu emission, and negligibly low
background emission, was obtained from a plasma zone 8 mm above the
target surface. Time-integrated emission spectra of Fe, Ca, Ag and Mg,
which are the elements present in the copper sample as impurities, were
used for evaluation of signal to background, and signal to noise ratio, and
estimation of limit of detection. Detection limits in the order of 10 ppm
imply that TEA CO2 laser-induced copper plasma under 0.1 mbar air
pressure could find analytical application.
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ABSTRACT
Structures of Cu+ and Fe2+ complexes with deprotonated (E)-N’-[1-(2hydroxyphenyl)ethyliden]isonicotinoylhydrazide (HAPI) were optimized at
CAM-B3LYP/cc-pVTZ level. Stability of complexes, harmonic vibrational
frequencies and vertical electronic transitions of the three species are
discussed with emphases on the changes that arise upon complex formation.
INTRODUCTION
Arylhydrazones present a class of compounds with interesting behavior.
They exist in two conformations, E and Z (E isomer is more stable than Z
isomer), andcan undergo photoinducedizomerisation, which makes them
interesting for photoswitching use. These molecules behave as tridentate
ligands and use thephenolate O, the imine N and the carbonyl O donor
atoms to form complexes [1]. Simmunek and coworkers showedthat
complexes
of
(E)-N’-[1-(2-hydroxyphenyl)ethyliden]isonicotinoylhydrazide (HAPI) with iron have improved stability in plasma [2].In this
paper we investigated the stability, vibrational and electronic spectra of
complexes of deprotonated E form of HAPI with Fe2+ and Cu+.
THEORETICAL METHODS
All of the calculations have been performed with the Gaussian 09 program
package [3]. Density functional theory (DFT) with CAM-B3LYP functional
[4,5] has been employed for electronic structure calculations in conjunction
with Dunning’s correlation-consistent basis set cc-pVTZ[6]. Solvent effects
were modeled with the Polarizable Continuum Model (PCM). Vibrational
frequencies were computed in harmonic approximation, and electronic
spectra were computed for all species for eight transitions using the TDDFT
approach.
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RESULTS AND DISCUSSION
When dissolved in water, HAPI is deprotonated. Optimized geometries of
deprotonated HAPI and itscuprous and
ferrous complexes are shown in Figure
1.a)-c). Energies for Cu+ and Fe2+ions
were also calculated in order to compare
the stabilization effect upon complex
)
building. The energy difference for
cuprous complex when compared to
separate cuprous ion and deprotonated
HAPI is 74kcal/mol, and for ferrous
complex is 75 kcal/mol. This has clearly )
showed that complexes are very stable in
solution and that complex with Fe2+ is
slightly more stable than the one with
Cu+. The two rings of deprotonated HAPI
are not coplanar with the N=N bond. On
the other hand, the phenol/pyridine ring is
in the in/out-of-planeposition with respect
to the hidrazone group for both
Figure 1. Optimized
complexes.
geometries ofa) deprotonated
The differences in infrared (IR) spectra HAPI, b) cuprous complex and
of these compounds are very evident
c) ferrous complex
because of strong bonds with metals
that don’t allow all of the vibrational modes to be active. These spectra are
shown in Figure 2. The spectrum of deprotonated HAPI shows several very
intensive peaks. One of the dominant peaks in vibrational spectrum of
deprotonated HAPI belongs to the C=O stretching vibration (1744 cm-1).
This type of motion in the ferrous complex is identified in two modes at
1613 and 1653 cm-1 and for cuprous at 1620 and 1658 cm-1. A decrease in
dipole moment of the bond and limited freedom for vibration due to the
presence of the transition metal cause a read shift of more 100 cm-1. The IR
spectrum of the ferrous complex has a distinctive peak at 1583 cm-1 which
arises from coupled C-N stretching and N-H in-plane bending vibration.
This peak in the spectrum of the cuprous complex is centered at 1571 cm-1.
This shift implies that the complex with Fe2+ is more rigid and more energy
is needed for activation of this vibration. In the spectrum of deprotonated
HAPI there is a peak at 1535 cm-1 fromthe phenol C-O vibration. This
vibration is not observed in any of the complexes because of very strong
bond between metal and oxygen. The vibrational modes of the two
complexes are much more complex compared to the deprotonated HAPI.
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They involve several groups that vibrate together, because of the very rigid
bonds between donors and transition metals. These bonds act like a bridge
between two rings.

Figure 2. Infrared spectra of a) deprotonated HAPI, b)
cuprouscomplexand c)ferrous complex
The results for electronic transitions of the three species are summarized in
Table 1. The experimental spectrum of deprotonated HAPI is marked with
three peaks at 288, 325 and 400 nm [1]. The results obtained for
deprotonated HAPI showed good agreement for the first two transitions.
The last one deviates from the experimental value, but this is probably due
to the uncertainty of the method used and calculation of the energy
difference between highest occupied orbital (HOMO) and lowest
unoccupied orbital (LUMO).
Table 1. Electronic transitions for deprotonated HAPI, cuprous and ferrous
complexes

For the cuprous complexes, to the best of our knowledge there are no
available experimental results, although a spectrum for the cupric complex
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is given [1]. There are two distinct peaks at 320 and 400 nm. There is a
difference of about 20 nm for the second peak, which is explained by the
fact that the net charge of complex is different and not all of the solvent
effects are accounted for in with the PCM model. A very broad peak around
320 nm is assigned to several transitions shown in Table 1. A more intense
peak at 400 nm arises from the HOMO-1 LUMO and HOMO LUMO
transitions. The peak intensities are well reproduced. Electronic spectrum of
the ferric complex (not available for the ferrous complex) has two peaks at
280 nm (with higher intensity) and 370 nm. The experimental value of 280
nm could be assigned to the theoretical transitions at 286 nm, and the
second value to that at 319 nm. The differences between these values are
because of the net charge of molecule and solvent effects.
CONCLUSIONS
We investigated optimized geometries, vibrational and electronic properties
of Cu+ and Fe2+complexes with deprotonated form of HAPI, a molecule that
has great potential for molecular switches and iron regulation in human
body. The ferrous complex is slightly more stable, since the bonds that
connect two rings are more rigid, and affect vibrational motion. Normal
mode analysis was limited to the C=O, N-H and C-O stretching modes that
are responsible for the high intensity peaks in the IR spectra.The
pronounced differences between vibrational spectra of deprotonated HAPI
and its complexes result from the presence of three very strong bonds with
the metal ions. Calculated electronic spectra are in very good agreement
with experimental data, with two distinctive peaks for complexes and three
for deprotonated HAPI.
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ABSTRACT
Quantum chemical calculations performed by the density functional theory
(DFT) were used to determine the structural parameters of arylazo pyridone
dyes. The influence of electronic effects of substituent in diazo moiety of
dyes on their structure properties was studied and quantified using Hammett
equation. The correlation between dye bond length and Hammett substituent
constants σp gave us possibility to locate the most sensitive bond to
substituent effects.
INTRODUCTION
The density functional theory is presently the most successful approach to
compute the electronic structure of matter, in particular atoms, molecules,
and the condensed phases. Using DFT method a great variety of molecular
properties, such as molecular structures, vibrational frequencies, atomization
and ionization energies, electric and magnetic properties, reaction paths, etc.
could be predicted [1]. In
this paper, the DFT method
was used to determine
structural parameters of
substituted arylazo pyridone
dyes (Scheme 1). The
investigated dyes have the
same
benzene/pyridone
skeleton,
but
different
Scheme 1. Structure of arylazo pyridone
substituent group (R) in the
dyes; R: OH, OCH3, CH3, H, Cl, Br,
benzene ring.
COOH, SO3H, CH3CO, CN, NO2
Arylazo pyridone dyes can
exist as two tautomeric isomers, i.e. 6-hydroxy-2-pyridones (azo form) and
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pyridine-2,6 diones (hydrazone form). In water beside azo-hydrazone
equilibrium, the dyes can co-exist in acid-base equilibrium. The influence of
electron-donating and electron-withdrawing substituents on structural
parameters of the most stabile forms of arylazo pyridone dyes (azo,
hydrazone and anionic) was also studied and quantified by means of
Hammett equation.
EXPERIMENTAL
The investigated dyes were synthesized from the corresponding diazonium
salts and 4-methyl-6-hydroxy-3-cyano-2-pyridone. A detailed procedure for
dye synthesis and their structural characterization were given elsewhere [24]. All the DFT calculations have been carried out with the Gaussian 09,
revision C.01 electronic structure program suite. The hybrid M06-2X
density functional was used for geometry optimizations. An all-electron 631+G(d,p) basis set was used for all atoms. Analytical harmonic frequencies
were calculated in order to ascertain that the optimized structures
correspond to the minima on the potential energy surface.
RESULTS AND DISCUSSION
Geometry optimization for hydrazone, azo and anionic forms generated
reliable minima structures as confirmed by the absence of imaginary force
constant in vibrational analysis. Solvent was found to have negligible effects
on the geometry of the investigated molecules. The results revealed that the
pyridone and benzene fragments are completely planar with azo linkage in
all forms. Concerning bond lengths, the attention was focused only to C6N4, N3-N4, N3-C5, C1-C5, C1-O1 bonds and bond between benzene ring
and substituent group, R-C9. The calculated bond lengths lie between the
single and double bond, suggesting considerable electron-delocalization
throughout the whole molecule.
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Figure 1. Bond lengths versus Hammett σp constants for (a) hydrazone
form (b) azo form (c) anionic form of arylazo pyridone dyes.
The single-double bond character of C1-O1 bond is confirmation that lone
pair of electrons of oxygen participate in the pyridone resonance structure.
Considering anionic form of dyes with electron-donating group, the
negative charge on oxygen atom in pyridone ring decreases conjugation
between substituent and benzene ring and therefore lengthens the R-C9
bond. Opposite, negative charge on oxygen atom in anionic form of
electron-withdrawing substituents increase conjugation between benzene
ring and its substituent, leading to shortening of R-C9 bond length.
In order to determine how much is particular bond affected by substituents,
the calculated bond lengths
were
correlated
with
Hammett σp constants (Fig.
1). The good linearity is
observed for all bond lengths
indicating that investigated
bond lengths are affected by
substituent
effect,
thus
confirming
electrondelocalization through whole
dye
molecule.
The
sensitivity of particular bond
to substituent effect was
Figure 2. The sensitivity, F(s) of the bond
determined from the slope of
lengths to substituent electronic effects.
regression lines for each
bond. Results from Fig. 2 indicate that N3-C5 bond is the most sensitive to
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substituent electron effects, i.e. the substituents exert stronger effect on
conjugation between N3-N4 bond and pyridone ring then on the conjugation
between N3-N4 bond and benzene ring. Also, the conjugation is more
affected by substituent effect in anionic form, than in azo and hydrazone
form, which is probably a consequence of extra available electrons on
oxygen atom in pyridone ring.
CONCLUSION
The results from this study showed that bond lenghts are influenced by the
type of substituents, showing a good corelation with Hammett σp constants.
Substituents exerted stronger effect on the conjugation between azo bond
and pyridone ring then on the conjugation between azo bond and the
benzene ring. The obtained results indicate the position of active reaction
center, thus facilitating the determination of complex reaction pathways that
involve investigated dyes. Bond length in anionic form of dyes is more
sensitive to substituent effect then other two forms, due to extra available
lone pair on oxygen atom.
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ABSTRACT
In our previous research we found that [Cu2tpmc](ClO4)4 (tpmc =
N,N’,N’’,N’’’-tetrakis(2-pyridylmethyl)-1,4,8,11-tetraazacyclotetradecane)
immobilized in PVC matrix and coated on graphite is efficient voltammetric
sensor for determination of gallic acid in solution. We assumed that
operation mechanism of this sensor is based on the gallic acid oxidation
process at formed reversible [Cu2tpmcGA]3+ complex at the electrode
surface. The present study examines possibility of formation of mixed
ligand complex with [Cu2tpmc](ClO4)4 and gallic acid (GA) through
molecular modeling and DFT calculations. The optimized [Cu2tpmcGA]3+
complex ion structure is in the “unsymmetric chair” conformation with
gallic acid acting as the bidentate bridging ligand between two copper(II)
ions. Stability of [Cu2tpmcGA]3+ complex ion is examined using UB3LYP
method and calculated energy of reaction suggested that gallic acid will
have a very high preference for binding to [Cu2tpmc]4+ complex in aqueous
solution.
INTRODUCTION
A number of dinuclear metal(II) complexes with tpmc and additional
bidentate ligand are known [1, 2], but there is no evidence of dinuclear
copper tpmc complex with GA. As we assume that reversible formation of
this complex on the surface of the electrode membrane based on
[Cu2tpmc](ClO4)4 complex is sensitive to different concentration of GA in
solution, the next step was to investigate formation possibility of proposed
dinuclear copper tpmc complex with GA.
The determination of structural parameters obtained by molecular modeling
is a powerful tool to add chemical and physical information to those
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obtained by other techniques [3]. Taking it into account, we have studied a
full optimization of all geometrical variables in order to provide an efficient
approach to analysis of the configurationally and electronic parameters.
EXPERIMENTAL
Computation details: Based on Cambridge Structural Database search
published in our previous paper [3] starting structures for optimization of
different copper complexes with tpmc ligand were chosen. Geometries of all
structures were fully optimized with DFT (Differential Function Theory)
method, more specifically using unrestricted hybrid B3LYP functional. In
all UB3LYP calculations standard Pople’s basis set - 6-31G (d, p) – was
used for nonmetallic atoms (O, N, C and H) and LanL2DZ basis set with
Effective Core Potential (ECP) for copper atom. Global minima were found
for every molecule in gas phase and were confirmed with frequency
calculations. Solvation free energyes (∆Gsolv) were calculated with new
universal implicit solvent model SMD [4].
Reaction energies were calculated as a difference between ZPE corrected
electronic energies of reaction products and reactants.
All DFT calculations were done with Gaussian09 program package [5].
RESULTS AND DISCUSSION
Results of the extensive CDS search [3] have shown that when forming
dinuclear complexes with transition metal ions tpmc ligand can adopt three
different conformations: “boat”, “symmetric chair” and “unsymmetric
chair” conformation. Geometry optimization study on [Cu2tpmcGA]3+
complex ion with DFT method has shown that, independently of the starting
geometry, optimized geometry is always in the “unsymmetric chair”
conformation (Fig. 1) with gallic acid acting as the bidentate bridging ligand
between two copper(II) ions.
In the optimized structure of [Cu2tpmcGA]3+ complex there are different
geometries around two copper(II) ions. Geometry around first Cu(II) ion
(labeled Cu1 in Fig. 1) is close to trigonal-bipyramidal geometry (τ
parameters 0.81) with two nitrogen atoms from tpmc and the oxygen atom
from gallic acid in equatorial position and other two nitrogen atoms from
tpmc axial position. Ligating atoms around second copper ion (Cu2, Fig. 1)
are arranged in square-pyramidal geometry (τ parameters 0.115) with three
nitrogen atoms from tpmc and oxygen atom from gallic acid in in-plane
position and fourth tpmc nitrogen atom in apical position.
Structure of optimized [Cu2tpmcGA]3+ complex ion is in agreement with
other structures found in CSD. Namely, crystal structures of all dinuclear
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copper(II) complexes with tpmc and another bidentante ligand (CO32- [6],
NO3- [6], HCOO-[7], CH3COO-[7], succinato [8] and C6H5COO- [8]) are in
“unsymmetric chair” conformation.

Figure 1. Optimized structure of [Cu2tpmcGA]3+ complex ion.
Colors: yellow-copper; red-oxygen; blue-nitrogen; grey-carbon.
Hydrogen atoms are omitted for clarity.
In order to obtain further insight in stability of [Cu2tpmcGA]3+ complex ion,
energy of isodesmic reaction (1) in water solution is calculated using
UB3LYP method. Solvation of molecules and ions participating in the
reaction is simulated with SMD implicit solvation method [4].
[Cu2tpmc(H2O)2 ]4+ + GA-→ [Cu2tpmcGA]3+ + 2 H2O

(1)

Calculated value for the energy of reaction (1) is -10.4 kcal/mol in favor of
[Cu2tpmcGA]3+complex.
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CONCLUSION
The present study is related to the possible explanation of the operating
mechanism of the [Cu2tpmc](ClO4)4 based voltammetric sensor for
determination of gallic acid in solution and real samples. Based on gained
results of molecular modeling and DFT calculations, it is clearly indicated
that gallic acid will have a very high preference for binding to [Cu2tpmc]4+
complex in aqueous solution, and that at even very low concentration of
gallic acid the [Cu2tpmcGA]3+complex will be formed.
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ABSTRACT
The ab initio calculations at the MP2 level of theory using the 6-311+G(d,p)
basis set have been carried out to investigate the isomeric structures,
energies and properties of heavycyclopropylidenoids (C2H4XLiBr, X= Sn,
or Pb). The theoretical calculations indicate that the inverted (I) forms of
Ge, Sn, and Pb analogues are most stable than others, whereas the C-Si
form are found to be more stable than the I-Si and T-Si forms for the Si
analogue.
INTRODUCTION
Cyclopropylidenoids have been known as highly reactive carbon species in
organic synthesis [1,2]. Heavycyclopropylidenoids (C2H4XLiBr), the Si,
Ge, Sn, and Pb analogues of cyclopropylidenoids, are compounds in which
heavy atoms (Si, Ge, Sn, and Pb) are replaced with the X atom. They are
active intermediates in organosilicon reactions [3,4]. Despite the extensive
experimental and computational studies on cyclopropylidenoids [5], only a
few
scientific
works
on
silacyclopropylidenoids
and
germacyclopropylidenoids have been published so far [6,7]. However, there
is no scientific work on the Sn and Pb analogues of cyclopropylidenoids.
It is necessary to be performed systematic theoretical study on all group 14
heavy analogues of cyclopropylidenoids to elucidate their structures,
properties, and reactions. In the present paper we present the computational
study of the geometries, electronic structures, and the stabilities of Si, Ge,
Sn, and Pb analogues of cyclopropylidenoids.
EXPERIMENTAL
All calculations were performed with Gaussian 09W suite of program [8].
The structures were fully optimized at the MP2 level of theory with the
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basis sets of 6-311+G(d,p) for H, C, Li, Br and LANL2DZ for Sn and Pb
[9]. The optimized structures were determined as a minimum with no
imaginary frequency. The energies reported herein include zero-point
vibrational energy (ZPVE) corrections at the MP2/6-311+G(d,p) level.
RESULTS AND DISCUSSION

Figure 1. The illustration of C2H4XLiBr (where X = Sn or Pb) complexes.
The structures of Si, Ge, Sn, and Pb analogues of cyclopropylidenoids have
been calculated as low-spin (singlet) molecules (Figure 1). There is only a
few theoretical data and no experimental data for the Si and Ge analogues of
the title structures. We present in this study the first computational study of
Sn and Pb analogues of cyclopropylidenoids. The findings reveal that the Si
analogue of cyclopropylidenoids has three isomers cyclopropylidenoidal (CSi), inverted (I-Si), and tetrahedral (T-Si) (Figure 1, X = Si) in accordance
with previous study by Azizoglu et al [6]. The most stable isomer is
determined to be the C-Si form. Furthermore, the Ge analogue of the
cyclopropylidenoid has two constitutional isomers which are C-Ge and IGe. The I-Ge form is determined to be of lower energy than the C-Ge by
2.29 kcal/mol at the MP2/6311+G(d,p) level. On the other hand, the Sn
analogue of the cyclopropylidenoid has three isomers and the I-Sn form is
the most stable (Table 1). Similar to the results of the Ge analogue, we have
also found that the I-Pb is energetically more stable than C-Pb by 15.08
kcal/mol including the zero-point vibrational energy at the MP2/6311+G(d,p) level of theory. Their remarkable structural data are
summarized in Table 1 and 2.
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Table 1. Selected bond lengths (Å), ZPVE-corrected energies (E, a.u.),
and frequency values for the Stannacyclopropylidenoid (C-Sn), Inverted
(I-Sn), and Tetrahedral (T-Sn) forms.
Stannacyclopropylidenoid
Inverted
Tetrahedral
Sn-Li
2.729
3.269
2.607
Sn-Br
2.924
2.889
2.573
Sn-C1
2.180
2.243
2.173
Sn-C2
2.180
2.243
2.173
C1-C2
1.505
1.523
1.505
E
-2661.785317
-2661.801123 -2661.757366
-31.09
95.94
47.31
v

Table 2. Selected bond lengths (Å), ZPVE-corrected energies (E, a.u.),
and frequency values for the silacyclopropylidenoidal (C-Pb) and
Inverted (I-Pb), forms.
Plumbacyclopropylidenoid
Inverted
Tetrahedral
Pb-Li
2.824
3.300
Pb-Br
3.051
2.978
Pb-C1
2.260
2.329
Pb-C2
2.260
2.329
C1-C2
1.492
1.511
E
-2661.870979
-2661.895021
-76.50
64.85
v
CONCLUSION
The structural and electronic properties of the Si, Ge, Sn, Pb analogues of
cyclopropylidenoids have been studied. Three isomers were determined for
the Si and Sn analogues of the title structures. The C-Si form is the most
stable for the Si analogue, whereas the I-Sn form has lower energy than
other forms of the Sn analogue. On the other hand, the Ge and Pb analogues
have two structural isomers (C and I) and the C forms of the title structures
have higher energy than the I forms.
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ABSTRACT
The DFT approach using the M052X functional and standard 6–311+G(d,p)
basis set for H, B, C, Si, N, and O atoms and LANL2DZ for Pb atoms have
been carried out with the help of relativistic effects to examine the
structures, energies and properties of substituted (R= –BH2, –CF3, –CH3, –
CN, –NH2, –OCH3, –OH, –SiH3, –H) plumbaallenes (1–5). The results
show that the equilibrium geometries of 3 and 5 could not be obtained. The
theoretical calculations show that the 1-plumbaallenes have lower energy
than 2-plumbaallenes expect for the 1-plumbaallenes with the BH2
substituent. Furthermore, the most bent allenic structures are determined to
be 1,3-plumbaallenes.
INTRODUCTION
The chemistry of low-coordinated compounds with Si, Ge, Sn, and Pb
atoms in organometallic chemistry have much interest for chemists in the
last decades due to their unique structures. Several stable compounds with
M=C or M=M (M stands for metal) double bond were identified: Si=C,
Si=Si, Ge=C, Ge=Ge, Sn=C, Sn=Sn, and Pb=Pb [1–7].
Recently, 1- and 2-metalaallenes have been examined with computational
methods by Apeloig et al. The theoretical results reveal that the
pyramidalization at M of M–C–C or C–M–C increase from Si to Pb for the
group of 14 elements. Moreover, 1-metalaallenes have lower energy than 2metalaallenes due to the number of M=C bonds.
In order to understand the structural properties of plumbaallenes we have
undertaken the computational study of all plumbaallenes substituted with
R= –BH2, –CF3, –CH3, –CN, –NH2, –OCH3, –OH, –SiH3, –H using the
M05-2X level of theory (Fig. 1).
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Figure 1. The illustration of plumbaallenes.
Two main questions that we wish to answer are the following:
1. What are the stabilization factors for plumbaallenes?
2. How do substituents affect the linearity of the plumbaallenes?
We believe that this study will be helpful for the experimental exploration
of plumbaallenes.
THEORETICAL METHODS
All calculations were performed with Gaussian 09W suite of program [8].
The structures were fully optimized at the M05-2X level of theory with the
help of relativistic effect [9]. The 6-311+G(d,p) is chosen as a basis set for
the H, B, C, Si, N, and O atoms, whereas LANL2DZ for the Pb atom. The
optimized structures were determined by the characterization of their
Hessian matrix as a minimum (no imaginary frequency). The energies
reported herein include the zero-point vibrational energy (ZPVE)
corrections.
RESULTS AND DISCUSSION
First, we have carried out a series of geometry optimizations to find most
stable plumbaallenes. For 1-plumbaallenes, 2-plumbaallenes, and 1,3diplumbaallenes we obtained the equilibrium geometries, whereas for 1,2diplumbaallenes and 1,2,3-triplumbaallenes the equilibrium geometries
could not be detected. The calculated geometries are given in Table 1-3. The
findings reveal that the plumbaallenes (1, 2, and 3) are predicted to be
strongly bent and pyramidal at the Y atom (Fig.1). 1-plumbaallene (1) and
2-plumbaallene (2) were determined to be much bent allenic structures. On
the other hand, 1,3-diplumbaallenes are even much more distorted with the
XYX bond angle in the range from 119o to 142o (Table 3) at the M05-2X
level of theory. For plumbaallenes, the degree of linearity at the Y atom
increases along the series (2<1<4).
As for the relative stability of 1-plumbaallenes and 2-plumbaallenes, two
major factors exist: 1) The bond numbers in the title structures (Pb=C and
C=C): the substituted 2-plumbaallenes are generally less stable than 1-
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plumbaallenes due to the number of Pb=C bonds. This bond makes the
structures weaker [10]. 2) The substituent effects on the structures: all the
substituted 1-plumbaallenes have lower energy than 2-plumbaallenes except
for the 1-plumbaallene with the BH2 substituent. This is probably due to the
electronegativity of the BH2 substituent. Furthermore, the CN substituted 1plumbaallenes and the OH, OCH3 substituted 2-plumbaallenes could not be
optimized on potential energy surface at the M05-2X level of theory.
Table 1. Selected optimized parameters for substituted 1-plumbaallenes.
Bond lengths (Å), bond angels (o), vibration frequencies (cm-1) and
energies (a.u.).
BH2
CF3
CH3
CN
H
NH2
OCH3
OH
SiH3

C1–C2 C2–Pb Pb–R Pb–C2–C1
v
E
1.301 2.055 2.247
161.7
65.42 -107.285292
1.293 2.184 2.298
150.7
24.51 -418.990286
1.305 2.102 2.216
146.0
59.73 -121.167028
1.302 2.108 1.759
147.5
189.82 -81.870713
1.307 2.195 2.064
134.1
78.18 -137.240929
1.298 2.230 2.028
139.7
37.46 -196.407701
1.298 2.227 2.036
139.1
74.61 -157.139375
1.301 2.107 2.654
152.8
47.46 -372.558609

Table 2. Selected optimized parameters for substituted 2-plumbaallenes.
Bond lengths (Å), bond angels (o), vibration frequencies (cm-1) and
energies (a.u.).
BH2
CF3
CH3
CN
H
NH2
OCH3
OH
SiH3

C2–Pb C1–Pb C1–R C1–Pb–C2
v
E
1.964 1.990 1.487
170.9
76.59 -107.313589
1.968 1.956 1.461
160.1
23.32 -418.989529
1.988 2.010 1.504
147.8
54.71 -121.143583
1.974 1.972 1.399
158.9
73.24 -174.129361
1.956 1.944 1.077
167.6
-142.53 -81.858282
1.962 1.970 1.419
167.2
-197.26 -137.193640
1.965 1.960 1.836
166.0
41.84 -372.542589
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Table 3. Selected optimized parameters for substituted 1,3diplumbaallenes. Bond lengths (Å), bond angels (o), vibration frequencies
(cm-1) and energies (a.u.).
Pb3–C Pb2–C Pb2–R Pb1–C–Pb2
v
E
BH2
2.006 2.001 2.250
142.6
22.06 -72.547181
CF3
2.015 2.017 2.268
126.1
19.57 -384.247574
CH3
2.014 2.021 2.191
127.6
57.71 -86.430830
CN
2.019 2.019 2.198
124.2
40.72 -139.403827
H
2.014 2.014 1.746
128.4
66.80 -47.132172
NH2
2.028 2.062 2.036
116.2
38.67 -102.506221
119.6
25.45 -161,668072
OCH3 2.016 2.044 2.010
OH
2.016 2.042 2.016
119.8
44.70 -122.399003
SiH3
2.013 2.015 2.622
132.0
42.00 -337.819689
CONCLUSION
Different plumbaallenes have been investigated at the DFT level of theory
using the M05-2X method. The equilibrium geometries of three
plumbaallenes were determined on potential energy surface with the
substituents –BH2, –CF3, –CH3, –CN, –NH2, –OCH3, –OH, –SiH3, –H. The
1-plumbaallenes are more stable molecules compared to their structural
isomers of 2-plumbaallenes except for the isomer with the BH2 substituent.
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ABSTRACT
The amide crystal N-(4-Bromobenzoyl)-anthranilic acid has been
synthesized and characterized by the X-Ray, 1H-NMR, 13C-NMR and IR
techniques. The molecular geometry and vibrational frequency values in the
ground state have been calculated using the HF and B3LYP level of theory
with the 6-31G(d) and 6-31G+(d,p) basis sets. The calculated results show
that the optimized geometry can well reproduce the crystal structure, and the
theoretical vibrational frequencies and chemical shift values show good
agreement with experimental values.
INTRODUCTION
The amide bond structure of amide derivatives often plays a key role in
molecular recognition events and biological activities [1]. Benzamide, the
simplest aromatic carboxylic amide, is used in the synthesis of various
organic compounds. Benzamide derivatives have therapeutic utility,
particularly in the treatment of diabetes, obesity related conditions and
disorders. It functions as fungicides in pharmacology and also has industrial
applications [2].
In this context, we would like to report the preparation of N-(4bromobenzoyl)-anthranilic acid crystal and its characterization with the help
of elemental analysis and spectroscopic techniques (FT-IR, 1H-NMR, and
13
C-NMR). In addition, theoretical calculations have been performed using
the Gaussian 03 program [3] at various levels of theory to investigate the
structural and physical properties of title compound [4].
EXPERIMENTAL AND THEORETICAL METHODS
The calculations of geometrical parameters in the ground state were
performed using the Gaussian 03 suite of programs at the HF and DFT
levels with both the 6-31G(d) and 6-31G+(d,p) basis sets [3]. Initial
geometry was generated from standard geometrical parameter.
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N-(4-Bromobenzoyl)-anthranilic acid (1): A solution of anthranilic acid (10
mmol) in THF (50 ml) was added dropwise a THF solution of 4-bromo
benzoyl chloride (10 mmol) at room temperature and then triethylamine ( 10
mmol) added. The reaction mixture was stirred for 15 h. It was poured and
then 100 ml water was added. The crude product was crystallized from
acetonitrile. Yield: 80 %; IR : ν 3317 (N-H), 3102 (Ar-H), 3024 (Ar-H),
2643 (OH-C=O), 1689 (C=O), 1661 (C=O, first amide band), 1585 (C=O,
secondary amid band), 1485-1468 (C=C), cm-1; 1H-NMR (400 MHz,
DMSO-d6): δ=12.2 (s, 1H, H2, OH), 8.7 (t, 1H, H1N, NH), 8.1-7.2 (m, 8H,
Ar-H ).
COOH

Br

O

N(C2H5)3

N
H

+
NH2

COCl

Br

Scheme 1

+ NH(C2H5)3Cl
COOH

(1)

RESULTS AND DISCUSSION
In order to obtain the spectroscopic signature of the title structure, we have
performed the vibrational frequency calculations at different levels of
theory. For comparison purposes, the experimental and theoretical
frequencies are presented in Table 1. The structures show the presence of
the N—H stretching vibrations experimentally 3317 cm-1 in accordance with
computational calculations which is the characteristic region for ready
identification of these structures. The stretching vibration of the C=O amide
group occurs in the region 1661–1585 cm-1.
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Table 1. The selected frequencies (cm-1) of 1 calculated at HF and DFT
levels with both the 6-31G(d) and 6-31G+(d,p) basis sets.
Exp.
HF/6-31G(d) HF/6-31G+(d,p) B3LYP/6B3LYP/631G(d)
31G+(d,p)
742
765
764
760
735
865
860
855
862
859
1006
1007
1003
1010
1012
1168
1173
1170
1176
1166
1247
1232
1229
1277
1269
1311
1315
1313
1333
1324
1485
1523
1508
1470
1485
1533
1553
1544
1536
1527
1661
1670
1662
1665
1653
1689
1731
1720
1755
1729
3317
3855
3847
3482
3481
2
R
0,9937
0,9933
0,9988
0,9991
According to calculated correlation coefficient values, especially B3LYP/631G+(d,p) method is in a good agreement with the experimental values. As
can be seen from R2 values depicted in Table 1, we found a good agreement
between theory and experiment.
Molecular electronic potential (MEP) map of 1 shown in Fig. 1, was
calculated at the B3LYP/6-31+G(d,p) level. In this figure blue is partial
negative (electron rich), and red is partial positive (electron deficient). On
the other hand, the negative (red and yellow) and the positive (blue) regions
in the MEP map are related to electrophilic reactivity and nucleophilic
reactivity, respectively.

Figure 1. MEP map of 1 calculated at the B3LYP/6-31+G(d,p) level.
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As can be seen in Fig.1 the negative region of the title structure was
observed around the N atom, whereas a maximum positive region is
localized on the carbonyl O atom.
CONCLUSION
Experimental and theoretical vibrational analyses of the N-(4bromobenzoyl)-anthranilic acid have been performed for the first time.
Calculated vibrational frequencies have been compared with those obtained
from the experimental IR spectrum. Experimental fundamentals are found to
have slightly better correlation for the DFT than for HF method.
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ABSTRACT
The configurational isomerization around the C=C double bond of (E)-(5ethoxycarbonylmethyl-4-oxothiazolidin-2-ylidene) ethanthioamide 1 has
been studied by the variable-temperature 1H NMR dynamic spectroscopy.
All relevant kinetic data, that is the Arrhenius parameters (activation energy
Ea and frequency factor A) and thermodynamic activation parameters (∆S‡,
∆H‡ and ∆G‡) were determined and compared with the respective data for 2
and 3. The ∆G‡ values proved to be a good indicator of the strength of the
push-pull character of the studied compounds.
INTRODUCTION
Numerous investigations of push-pull alkenes A have shown that donoracceptor electronic interactions occurring via the C=C double bond
(resonance structure B and hybrid structure C in Scheme 1) are the main
factor responsible for the lowering of the rotational barrier around the
C(2)=C(3) bond. In a fragment shown in Scheme 1, these electronic
interactions increase in the order: O < S < Se [1,2].
1
3 2

H

H
A

X

N

X

H

H
B

≡

N

δ+
N
δ+
H

δ−
δ−
H

X

C (X=O, S, Se)

Scheme 1.
In the case of our stereodefined push-pull thiazolidine derivatives I, the
above mentioned electronic interactions, occurring here between two
†

1946-2012
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electron -donors (-NH and -S-) and one electron-acceptor (R1CX; R1 = Ph,
OEt, NHPh; X = O), have been evidenced by the facile Z/E configurational
isomerization taking place spontaneously in solution, at room temperature
(Scheme 2) [3,4]. Direction of this isomerization is dictated by the solvent
polarity. Polar solvents break the intramolecular hydrogen bond in (E)-I and
shift the equilibrium to the (Z)-I, by forming stable solvent-solute
intermolecular interactions. On the other hand, in nonpolar solvents, the
intramolecularly hydrogen bonded E isomer becomes the dominant species
(Scheme 2).

Scheme 2.
EXPERIMENTAL
The (E)-(5-ethoxycarbonylmethyl-4-oxothiazolidin-2-ylidene)ethanthioamide (E)-1 (R2 = CH2CO2Et; R1 = NH2; X = S; Scheme 2) was synthesized
according to the our reported procedure [5], including a slight modification [2].
Monitoring of the stereodynamic behaviour associated with the
isomerization rate of (E)-1 to (Z)-1 has been done in DMSO-d6 solutions at
298, 303 and 308 K. The ratios of the (E)-1 versus (Z)-1 isomers were
calculated by the integration of the signals at δ 5.64 and δ 6.15 ppm,
assigned to the C(2')-H protons of the (E)-1 and (Z)-1, respectively. The
facile E to Z isomerization at 298 K is illustrated in Fig. 1 by the three 1H
NMR spectra recorded 5, 170 and 1380 minutes after the dissolution of 1
[2]. The variable-temperature 1H NMR measurements were carried out on a
Bruker AC-300 spectrometer. The total number of collected 1H NMR
spectral data at regular 5 min intervals was 135 (the time elapsed between
two successive NMR spectra acquisitions was 4 min and 9.28 s). Typical
conditions for 1H NMR spectra were as follows: sixteen scans, spectral
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width 10330 Hz with 65,536 data points, giving an acquisition time of 3.17
s.
RESULTS AND DISCUSSION
To extend our knowledge on the solvent
dependent
Z/E
configurational
equilibrium
of
2-alkylidene-4oxothiazolidines and the strength of their
push-pull character, we studied the
isomerization
of
(E)-(5ethoxycarbonylmethyl-4-oxothiazolidin2-ylidene) ethanthioamide (E)-1. For this
purpose, the variable temperature-NMR
determination of the dynamics of the
configurational isomerization of 1 has
been done. The results are compared with
those for (Z)-2 and (2E,5Z)-3 (Schemes 2
and
3, Table 1), previously reported by us
Figure 1. A part of 1H NMR
[4].
spectra (DMSO-d6) of 1
The mechanism of the (E)-1
(Z)-1
recorded 5, 170 and 1380 min
isomerization can be proposed, as
after the sample dissolution, at follows:
k
k
298 K.
1

2

B ⇔ B *→C
k −1

A

B

CO 2Et
O

S
O

N
H
(Z)-2

CO2Et

S

S

CDCl 3

Ph
H

CO2Et

O

H

N
H
O
(E)-2

O

H

N
H

Ph

CO2Et

O
(2E ,5Z)-3

OEt

O

S

DMSO-d 6

O

N
H

OEt
H

(2Z,5Z)-3

Scheme 3.
Based on the steady state approximation and assuming that k-1 < k1, reaction
is further approximated to the first order reaction. The overall rate constant,
k, is determined as the slope of the best straight line fitted through the first
ten points, when ln[B/B0] is plotted against time (t). The slope of the
Arrhenius plot yields the energy of activation and the intercept at 1/T = 0
yields the frequency factor A (Table 1). Thermodynamic activation
parameter ∆S‡ and ∆H‡ of this transformation have been calculated from
equations A = (RT/hNA)e∆S/R and ∆H‡ = Ea−RT (Table 1). The ∆G‡ has been
obtained by using the equation ∆G‡ = ∆H‡−T∆S‡.
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A comparison of ∆G‡ values for the isomerization of 1-3, determined at the
same temperature conditions (Table 1), shows that the free energy of
activation increases along the series 1 < 2 < 3. This increase coincides with
the decrease in their push-pull character, which has been shown by us to
follow a decrease in the electron-accepting ability of substituents, in the
order CSNH2 > COPh > CO2Et [6].
Table 1. The energy of activation Ea, the frequency factor A and the
activation parameters for rotation around the C(2)=C(2') bond in 4oxothiazolidines (E)-1, (Z)-2 and (2E, 5Z)-3
Entry Compound T
lnA
Ea
∆H‡
∆S‡
∆G‡
-1
[K] [kJ/mol] [s ]
[kJ/mol] [J/molK] [kJ/mol]
1
(E)-1
298 62.4
15.65 59.9
-123.1
96.6
2
(Z)-2
298 41.8
6.91 39.3
-198.7
98.5
3
(2E, 5Z)-3 298 83.3
22.74 80.9
-64.7
100.2
CONCLUSION
This work shows the efficiency of experimentally determined rotational
barrier (∆G‡) around the C(2)=C(2') bond of selected 2-alkylidene-4oxothiazolidines to quantify their push-pull effect. The push-pull character
of the studied compounds decreases in the order (E)-1 > (Z)-2 > (2E, 5Z)-3,
following a decrease in the electron-accepting ability of substituents. The
determined kinetic parameters indicated that the configurational
isomerization (E)-1
(Z)-1 followed the first order kinetics.
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ABSTRACT
The testing procedure of propylene polymerization catalyst is discussed.
The reaction rate dynamics is analysed and contributions of feed flow, gas liquid mass transfer, polymerization reaction and catalyst deactivation is
estimated. It has been shown, that the reaction rate during first 20-30
minutes is much lower (3 to 7 times) than total monomer consumption. The
method of kinetic experiments interpretation is proposed. It provides the
estimation of mass-transfer coefficient, reaction rate constant, as well as
parameters of active centres dynamics.
INTRODUCTION
Olefins polymerization is a non-stationary process by nature, because the
rate of each process stage is changing with time [1]. The catalyst becomes
part of the polymer, since the polymer “grows” on the surface of catalyst
particle and encapsulates it. Figuratively, growing polymer particle can be
imaged as a small pomegranate fruit (50-500 m). Such a polymer “fruit”
(macroparticle) consists of numerous “grains” (microparticles) with “seed”
(catalyst crystallite) inside each grain [2].
Thus, the rate of polymerization depends on physical stages (mass
transfer in growing particles and in solution), as well as on chemical stages
(changes of active sites number). As distinct from other catalytic processes,
it is rather difficult (if possible) to separate chemical and physical stages of
reaction dynamics in polymerization kinetic experiments.
Because of polymer remains on a catalyst, the testing of polymerization
catalyst is usually carried out in semi-batch reactor, and the rate of monomer
absorption by catalytic suspension is considered as a rate of reaction. In fact,
the rate of monomer consumption represents a total monomer flux, which
becomes equal to the reaction rate only in quasi-steady state.
In this report the experimental procedure and mathematical model are
presented that provide an interpretation of such a dynamic catalyst testing.
The method enables to estimate the kinetic parameters of monomer
dissolution, polymerization reaction and catalyst deactivation.
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EXPERIMENTAL
Materials: Propylene, heptane, nitrogen, hydrogen, triethylaluminium
(TEA) and the external donors were got from Hipol polypropylene plant and
were used without additional purification. Propylene of polymerization
grade was used, with at least 99.5 vol.% purity.
Pre-treatment of the reactor: The 3.7 L jacketed steel reactor was blown at
80 oC by repeated evacuation and flushing with nitrogen. The evacuated
reactor was then charged with 1400 mL of heptane and stirred at 500 rpm.
Then, the reactor jacket was connected to a water bath maintained at a
constant temperature of 20 oC in order to prepare for prepolymerization.
Catalyst activation: The catalyst components were prepared in the glove
box under purified nitrogen. The catalyst used was a commercially available
TiCl4/ID/MgCl2 type of Ziegler–Natta catalyst (ID = internal donor).
Triethylaluminum (TEA) was used as co-catalyst and cyclohexyl-methyldimethoxy-silane (donor C) or dicyclopentyl-dimethoxy-silane (donor D) as
an external donor (ED). The dry catalyst (20 mg) was weighed into a vial.
The required amount of TEA for molar ratio Al/Ti = 500 and ED for
specified Si/Ti molar ratio were contacted in the presence of 100 mL of
heptane in a burette. The catalyst was then transferred into the burette with
TEA/ED complex. The resulting activated catalyst slurry was then injected
into the reactor under vacuum. The quantity of added hydrogen was
determined to obtain the desired melt flow index of polymer.
Prepolymerization: This procedure was typically performed during 30
minutes at 20 oC. It was started by injecting a fixed quantity of propylene
from the inlet pipe into the reactor filled with slurry of activated catalyst.
Propylene polymerization: First, the reactor temperature was elevated up to
75 oC. Then, the mass flow meter (MFM, Bronkhorst Cori-Flow meter) was
fully opened to start the charging of propylene into the reactor. This moment
was taken as the start of polymerization. The polymerization temperature
(70 oC) and pressure (1.0 MPa) usually were reached after 15–18 min. The
propylene consumption was measured automatically by MFM during
polymerization. After targeted polymerization time, the reaction was
terminated by venting the reactor. The obtained product was filtered of,
shortly dried under IR lamp and then dried under vacuum at 80 oC for 2 h.
RESULTS AND DISCUSSION
Propylene solubility in heptane
The solvent “heptane” consists of more than 20 C7–hydrocarbons. The
propylene solubility in that mixture was calculated using Soave-Redlich-
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Kwong equation of state [3], and then data were approximated by Henrylike equation (1):

C m* = H m Pm n ,

(

H m = H mo exp Qm / RT

)

(1)

*

where C m – equilibrium concentration of propylene, g/g;
Pm – propylene partial pressure, bar; T – temperature, K;
Qm – heat of dissolution; R – universal gas constant;
Hm – Henry coefficient for propylene; n – constant.
Qm = 23.0 kJ/mole
Hmo = 4.5e-06 g/g barn
n = 1.3.
The propylene solubility was verified in several experiments at different
temperature and pressure, and the validity of eq. (1) was confirmed. Farther,
eq. (1) was used for calculation of monomer equilibrium concentration.
Propylene dissolution dynamics
The propylene dissolution into heptane can control the overall process at the
beginning of test, when its concentration in slurry-phase is low. That is why
it was estimated in special experiments without catalyst. An example of
experimental curve of propylene absorption by heptan is shown at Fig. 1.
The total propylene flow ( W ) was calculated by equation follows from
Hagen-Poiseuille law:
k
W= h
Pz − P ϕ (t ) ,
ϕ (t ) = α (1 − exp (−t / t R ) )
(2)
Pz
Propylene partial pressure in a gas phase ( Pm = P ym ) and its concentration
in liquid phase ( Cm ) depend on gas–liquid mass transfer and equilibrium
conditions:
d Cm
d Pm
V
RT
*
=W
− β C m* − C m RT L ,
= β Cm
− Cm
(3, 4)
dt
MVG
VG
dt
where W – propylene flow, g/min; kh – constant (depends on apparatus);
ϕ(t) – transient response function; P, Pz – current and desirable pressure;
tR – time constant of regulator; M – molecular weight; VL , VG – volume
of liquid and gas, L; β – mass transfer coefficient, min–1.

(

(

)
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Figure 1. Propylene dissolution in heptane at T = 70 oC and P = 10 bar.
Points – experimental flow; Lines – calculated by model (1-4).
Two parameters in equations (2–4) were estimated from experiments on
dissolution dynamics:
– apparatus constant
kh = 55-60 g/min,
– mass transfer coefficient β = 0.5-0.7 min–1.
With these parameters the model fits excellent the experimental data for
dynamics of flow rate – W (Fig. 1), total pressure – P (Fig. 2), and propylene
amount in the reactor – G (Fig. 3).
10

Figure 2. Total pressure
dynamics during
propylene dissolution in
heptane.
Points – experimental
data. Line – calculated by
model (1–4).
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Figure 3. Propylene amount in the reactor.
Points – experimental data; Lines – calculated by model (1-4).

Propylene polymerization dynamics
In the presence of catalyst these flow rate constant ( kh ) and mass transfer
coefficient ( β ) should remain the same. Also the flow rate equation (2) and
the equation for propylene in gas phase (3) are the same. The only equation
for propylene concentration in liquid phase (4) must be modified by
expressions for the reaction rate ( RP ) and catalyst deactivation ( da / dt ):
d Cm
*
= β Cm
− C m − RP ,
(5)
dt
b A C A + bH C H
R P = k P Gc C m ψ a ,
(6)
ψ =
(1 + bA C A + bH C H )2
da
= k a C A Cm aio exp (− k a C A t ) − k d a + k s (1 − a)
(7)
dt
where RP – reaction rate of polymerization, g/g min; a – relative activity;
kP – reaction rate constant; GC – weight of the catalyst, g;
ψ – cocatalyst and hydrogen function [4]; CA, CH – Al(Et)3 and H2
concentration in liquid, mole/L; bA, bH – their adsorption coefficients;
ka , kd , ks – rate constants of catalyst activation, deactivation, and selfregeneration.

(

)
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Figure 4. Propylene flow dynamics during polymerization at pressure
growth period. Points – experimental flow; Lines – calculated by model (1–
7).
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Figure 5. Propylene flow dynamics during polymerization for 2.5
hours. Points – experimental flow; Lines – calculated by model (1–7).
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The set of equations (1–7) represents the complete model of
polymerization process in laboratory reactor, which is non-stationary by
nature. This model was used for the treating of experimental data. An
example of propylene flow dynamics under reaction condition is shown in
Fig. 4 (initial period of 25 min), and in Fig. 5 (total period of 2.5 hours). It is
clearly seen that total flow and the reaction rate become equals each other
only after 30-40 min, when the reaction becomes the rate limiting step.
The dynamics of propylene accumulation in the reactor is presented in
Fig. 6. It shows that just that time (30-40 min) is necessary for propylene
concentration in heptane (Cm ) to reach its equilibrium value (Cm* = 0.26 g/g
= 4.4 mole/L), corresponding to T = 70 oC and Pm = 9.4 bar, and resulting
in propylene total amount in the reactor of 270-275 g.
It is also seen from Figs. 4–6, that after 20 min, the amount of polymer
increases with roughly constant rate of 7500–8800 kg/g cat. h. Finely, the
specific catalyst activity (RP / Cm) and propylene concentration in heptane,
calculated by model, are shown in Fig. 7.
Because dissolution parameters (kh , β) were determined prior to catalyst
testing, the only reaction kinetic parameters (kp , ka , kd , ks) were calculated
on the base of catalytic experiments presented in Figs. 4-6.
800
700
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Total

G, g
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400
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In liquid

300
200
100

In gas

0
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30

60

t, min

90

120

Figure 6. Propylene accumulation in the reactor during
polymerization. Points – experimental data. Lines – calculated by
model (1–7).
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Figure 7. Specific catalyst activity and propylene concentration.
Lines – calculated by model (1–7).
Unfortunately, in the literature, extremely high monomer consumption at
the beginning of test (Fig. 4) is often explained by complicated mechanism
of active centres transformation.
CONCLUSION
The dynamics of catalytic polymerization in solvent (slurry process)
depends considerably on monomer dissolution rate. It influences directly on
catalyst activity that being determined in semi-batch reactor. The maximal
monomer flux is observed at the beginning of test, and corresponds to
monomer dissolution in solvent, but not to the rate of polymerization.
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ABSTRACT
The mechanism of ozone reaction with alcohols in organic solvents is
discussed in details, presenting the respective reaction schemes and the
corresponding kinetic parameters are given and some thermodynamic
parameters are also listed. The dependences of the kinetics and the
mechanism of the ozonation reaction on the structure of the compounds, on
the medium and on the reaction conditions are revealed. The various
possible applications of alkohols ozonolysis are specified and discussed.
INTRODUCTION
The ozonolysis of alcohols is a promising process that takes place under
mild conditions and yields products of a higher oxidation state than that of
the starting compounds. It may find various applications in chemical and
pharmaceuticals industries, fine organic synthesis, etc. [1, 2]. The widest
application has been found for the oxidation of primary and secondary
alcohols into their corresponding aldehydes and ketones. For example in the
cases of the oxidation of open-chain and cyclic secondary alcohols the yield
of ketones is within the range 57% up to 83% [3]. Moreover, the considered
interactions are extremely important from an ecological point of view for
the utilization and purification of industrial wastes. The importance of this
process for theory and practice gave us an impetus to carry out systematic
investigations [4-14]. The aim of the present paper is the precise
determination of the rate constants of ozonolysis of some more widely
occurring classes of studied organic compounds. Applying the activated
complex method (ACT) [15] and collision theory (CT) [15] some
investigations have also been carried out elucidating the structure of the
transition state formed in the course of the reaction. Based on the correlation
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between experimental and theoretical results for pre-exponent values in the
Arrhenius equation the mechanism of ozone reactions with the open-chain
and cyclic secondary alcohols have been established.
EXPERIMENTAL
Ozone has been obtained from dry oxygen by means of a silent discharge of
5-8 kV at an oxygen flow rate of 0.1 L/min. The ozone concentration, 10-510-3 M, has been measured spectrophotometrically in the wavelength region
of 254-300 nm in a 5 cm quartz gas cell.
Methods
The UV, IR, ESR spectra were registered on standard equipment, as well as
HPLC, and GC analyses.
.
Kinetic Measurements.
Static Method
Pure reagent or reagent solution was injected into thermostatic 1 cm quartz
cuvette, containing a solution of ozone in CCl4, the time of mixing being less
than 0.2 seconds [6].
Dynamic Method
The ozone was bubbled through a cylindrical glass reactor with inner
diameter φ=1.7-3.7 cm and height 7-15 cm, supplied with porous glass gritG2 at its bottom. The rate constants are calculated according to the mass and
chemical reaction equilibrium equation - Eq. (1):
ω([O3]o-[O3]g) = k[O3]l[RH]

(1)

where ω is the relative flow rate of ozone–oxygen gas mixture; [O3]o and
[O3]g are the ozone concentrations at the reactor inlet and outlet,
respectively, [O3]l is ozone concentration in the solution; [RH] is
concentration of the reagent.
If in the case of a bimolecular reaction, in accordance with Henry’s Law,
[O3]l is substituted with α[O3]g, where α is Henry’s coefficient, Eq. (1) can
be transformed into Eq. (2) [1]:
(2)
k = ω.∆[O3]/([RH]. α[O3]g)
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RESULTS AND DISCUSSION
A number of authors have tried to elucidate the kinetics and mechanism of
the ozonolysis of alcohols and their application to the selective preparation
of ketones and aldehydes in high yields under mild conditions [3, 16-23].
The basic concepts on such reactions are discussed in several references [1,
2, 4, 13-15]. It has been established that the rate constants of ethanol
ozonolysis does not change when the hydroxyl group is deuterated [19] and
its value is 4.17 times higher than that when the methylene group is
deuterated [17-19]. The ratio between the relative reactivities of tertiary:
secondary: primary alcohols is 1:12:241 according to reference [17], or
1:156:817 according to reference [24].
In this connection, we have carried out intensive experimental studies on the
kinetics of ozonolysis of MeOH, t-BuOH, EtOH, n-PrOH, n-BuOH, i-PrOH,
s-BuOH, c-HexOH both by the static and barbotage methods, the results of
which are summarized in Figures 1-3 and Tables 1-3.
Figure 1 demonstrates the kinetic data of ozone consumption in solutions of
methanol, ethanol and iso-propanol by means of the static method with time
interval of mixing less than 0.2 seconds. It is seen that regardless of the type
of alcohol being ozonized, the kinetic curves coincide with first-order rate
law. With a view to more precise evaluation and comparison of the
respective rate constants such concentrations of the respective alcohols have
been selected, at which the rates of ozone consumption have close values.
The kinetic curves of ozone reactions with MeOH, EtOH and i-PrOH gave
the following values of the rate constants: 0.057, 0.17 and 1.13 M-1.s-1,
respectively.

Figure 1. Kinetics of ozone consumption in the reaction of ozone with: 1 methanol, 22oC, 0.74 M; 2 - ethanol, 3oC, 0.24 M; and 3 – iso-propanol,
3.5oC, 0.037 M.
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The same values were also obtained by carrying out the reactions in a bubble
reactor. The values of k are calculated on the basis of Equation 2 – the data are
given in Table 2 and they are represented graphically in Figures 2 and 3.

Figure 2. Dependence of the rate of ozone consumption on the ozone
concentrations- (a) inlet [O3]o and (b) outlet [O3]g, at MeOH concentration
of 0.74 M.
Processing the data from Table 1 (down), columns 2, 3, and 5, based on
Equation 2, yield the linear dependencies shown in Figure 2a and 2b. The
dependence of the rate W on ∆O3 has also been found out to be a linear one.
The dependence of the rate W on the concentration of alcohol [ROH] is a
curve, which approaches a limit value at W = 1.67.10-5 M.s-1. The nonlinear
character of this relationship is in accordance with the complexity of
Equation 2 (see also Figure 3). In the case when [ROH]→ ∞, then we have
[O3]g → 0 and ∆O3 → [O3]o. The values of k, calculated based on Equation 2
at each one of the points on the curve (Fig. 3), are equal to 0.057.
Therefore the experimentally obtained linear dependences of W on [O3]o,
[O3]g and on ∆[O3] as well as the profile of the curve in Figure 3 correspond
to the mathematical description of ozonolysis in a barbotage reactor Equation 2.
Judging from the analysis of the data obtained (Tables 2 and 3) it
follows that the rate constant and the activation energies are strongly
dependent on the alcohol structure. The interaction of ozone with MeOH
possessing primary α-H atoms and with tert-BuOH having only primary CH bonds has been found to be the slowest, and the value of k at 20 oC per
one α-H atom in the first case is 1.62 × 10-2 M-1.s-1, and in the second case,
related to one primary H atom, is 3.22 × 10-3 M-1.s-1. The difference in the
values of these constants is due to the fact that while the OH group in
MeOH directly affects the α-H atom, in the case of the tert-BuOH, which
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does not possess any α-H atoms, the effect of the OH groups is transferred
through one σ-bond and so it is considerably weaker.
Table 1. Kinetic parameters of ozone reaction with MeOH in carbon
tetrachloride (CCl4) and pure MeOH solutions: 22 oC, ω = 0.167 s-1; v =
1.67 x 10-3 L/s, maximum rate of ozone inlet - 1.67 x 105 M.s-1
[MeOH],
M
1
0
0.247
0.439
0.618
0.740
0.987
1.0
2.0
3.0
4.0
5.0
10.0
24.7
0.740
0.740
0.740
0.740

[O3]0 × 105, M

[O3]g × 105, M

∆[O3] × 105, M

W × 106, M.s-1

2
10
10
10
10
10
10
10
10
10
10
10
10
10
8
6
4
2

3
0
8.32
7.35
6.64
6.22
5.53
5.49
3.79
2.89
2.34
1.96
1.09
0.47
4.98
3.73
2.49
1.24

4
10
1.68
2.65
3.36
3.78
4.47
4.51
6.21
7.11
7.66
8.04
8.91
9.53
3.02
2.27
1.51
0.76

5
0
2.80
4.43
5.61
6.31
7.46
7.53
10.37
11.87
12.79
13.42
14.88
15.91
5.04
3.79
2.52
1.27

k, M1 -1
.s
6
0.057
0.056
0.058
0.055
0.057
0.056
0.055
0.057
0.058
0.054
0.056
0.058
0.057
0.055
0.056
0.058

Table 2. Dependence of k on the temperature in oC for ozone reaction with
three types of alcohols
k, M-1.s-1
MeOH
t-BuOH
EtOH
n-PrOH
n-BuOH
i-PrOH
s-BuOH
c-HexOH

0 oC
0.008
0.005
0.14
0.19
0.15
0.93
0.88
0.92

10 oC
0.021
0.013
0.28
0.36
0.30
1.61
1.54
1.59

20 oC
0.049
0.029
0.54
0.67
0.56
2.71
2.58
2.65

25 oC
0.072
0.045
0.74
0.89
0.76
3.46
3.29
3.37

30 oC
0.108
0.064
1.10
1.18
1.10
4.39
4.18
4.27

As a result of this, the reactivity of tert-BuOH becomes similar to that of
methane and neopentane. The interactions of ozone with EtOH, n-PrOH, nBuOH take place at higher rates and the values of k per one α-H atom
amount to 0.27, 0.34 and 0.28, respectively.
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Figure 3. Dependence of the rate of ozone consumption on methanol
concentration at [O3]o = 1.10-4 M (according to Equation 1).
The higher rates of the ozone reactions with these alcohols are associated
with the presence of secondary α-H atoms in their molecules, which have
lower bond energies than the primary ones. The enhanced reactivity of nPrOH compared with that of EtOH could be assigned to the donor effect of
the second CH3 group while the donor effect of the C2H5 group in n-BuOH
is weaker than that of the methyl group and therefore k is lower.
Table 3. Kinetic parameters of ozone reaction with some alcohols at 25oC
Param.
k × 102,
M-1.s-1
n, α-C-H
k × 102/n,
M-1.s-1
Ea,
kcal/mol
A × 10-7,
M-1.s-1

MeOH

t-BuOH

EtOH

n-PrOH

n-BuOH

i-PrOH

s-BuOH

c-HexOH

7.2

4.5

74

89

76

346

329

337

3
2.4

9 (β-C-H)
0.5

2
37

2
44

2
38

1
346

1
329

1
337

13.9

13.7

10.9

10.1

10.4

8.5

8.5

8.4

41

5.8

3.9

2.4

1.7

0.62

0.59

0.51

It has been found that the reactions of ozone with i-PrOH, s-BuOH and sHexOH alcohols possessing tert-H atoms with the lowest bond energies is
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the fastest with k equal to 2.71, 2.58 and 2.65, respectively, i.e., in fact they
are almost the same.

Figure 4. Structure of the probable activated complexes in the reaction of
ozone with aliphatic alcohols: LC - linear with free fragment rotation and
CC′ and CC - cyclic complexes without free rotation.
The ratio between the reduced values of k at 25oC for methanol: ethanol:
sec.butanol are 1:15:137. Simultaneously, the values of Ea decrease with the
decrease of the α-H atoms bond energy (D) and their ratio is 1:0.78:0.61
(12, 15). This fact can be regarded as important evidence for the mechanism
of α-C-H-atom abstraction by ozone.
The theoretical estimates of A were performed considering the two possible
structures of the activated complex (AC): linear (LC) and cyclic (CC and
CC’) (Figure 4). The good agreement between the experimental data and
theoretical estimates for A allows I‘d rather AC structure and on this basis
enables the selection of the most probable mechanism. Simultaneously the
value of the pre-exponential factor was calculated by the collision method
and by comparing its value with the one calculated based on the AC theory
the steric factor -p was determined [25-29]:
The pre-exponential factors for the reactions of ozone with alcohols,
calculated according to the activated complex method (ACT) and collision
theory (CT) are represented in Table 4.
An interesting fact is the good agreement between the values of ALC and
ACC. The values of ACC with the five- and seven-member cyclic form of AC
are practically similar as they differ by not more than 1%. However the free
rotation produces an increase in ALCcal by three orders of magnitude
compared with that of ACC. The steric factor has a value, which is in
agreement with a liquid phase reaction. The ratio between the calculated and
experimental values of ALC, is increasing in the sequence primary:
secondary: tertiary alcohols is 1:3.4:8.8, i.e., the coincidence in this
sequence is decreasing. This is connected with the fact that Efr is not zero
and it is increasing with the changes in the alcohol structure in the same
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sequence. It has been found that the values of ALCcalc and Aobs coincide
when the values of rotation energy are those given in line 10 in Table 4. We
have obtained the same values by means of the MOPAC 6 software package
and therefore the data on the free rotation energy (Efr) in line 10 can also be
considered as theoretically evaluated.
Table 4. The values of A calculated by ACT with LC and CC and by CT,
the sums (Rfr) and energy (Efr) of inner rotation, steric factors (p), VDW
radii of the molecules (r) and the ratio between the calculated and
experimental values of pre-exponentials ALCcal/Aobs
Param.
ACC .10-4,

EtOH

nPrOH

iPrOH

nBuOH

sBuOH

tBuOH

52

8.3

3.7

3.5

2.4

2.2

6.3

1.6

56

15

6.7

6.3

4.4

4.0

4.9

2.9

7.1
40

9.8
15

12
8.1

11
6.8

13.8
6.1

12.6
5.0

12.9
6.3
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1.0
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2.5
3.4
670

2.3
11
1368

1.6
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1.4
8.3
1172

1.8
1.1
52
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MeOH

cHexOH
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M .s
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Ffr.10-2
ALCcal.10-7,
M-1.s-1
r, Å
ACT.10-11,
M-1.s-1
p.105
ALCcal/Aobs
Efr,
cal/mol

Note: ALC is the pre-exponential factor calculated with LC without free
fragment rotation (it is absent at Efr ≥4 kcal); ACC - calculated with CC;
ALCcalc = at free fragment rotation, i.e., when exp(-Efr/RT) = 1 or Efr = 0 kcal;
Act - calculated according to the collision theory at 300 K and r - radius of
the ozone molecule - 2Å; Efr - the calculated values of the rotation energy at
ratio of ALCcal/Aobs = 1.
The good agreement between ALCcalc and Aobs suggests that the ozone
reaction with alcohols involves the formation of linear AC and abstraction
of the α-H atom from the alcohol molecule.
The experimental and theoretical results conform well to Scheme 1.
Ozone attacks the α-H atom, forming a LC, which further undergoes
decomposition into a radical (or ion) pair in one kinetic cage. The α-
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hydroxy alcohol, α-hydroxyperoxy alcohol and α-hydroxytrioxy alcohol
being unstable leave the cage and decompose rapidly to the corresponding
aldehyde or ketone liberating water, hydroperoxide and oxygen or lead to
the formation of hydroperoxy and alkoxy radicals. The latter species can
further undergo monomolecular decomposition.

Scheme 1
CONCLUSION
The intensive experimental studies on the kinetics and mechanisms of
ozonation of MeOH, t-BuOH, EtOH, n-PrOH, n-BuOH, i-PrOH, sBuOH, c-HexOH by static and bubbling method were carried out. The
wide theoretical investigations of the pre-exponential factors in the
Arrhenius equation for all reactions are applied. It was established that
the activation complex of the reactions has linear structure and the rate
determined step is hydrogen abstraction. It was found that the reaction
ability of alcohols depended on their structure and energy of α-C-H
bonds, attached to the carbon atom where OH-groups are adjusted.
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SURFACE IMPERFECTIONS AND CATALYTIC
ACTIVITY: THE QUANTITATIVE RELATIONSHIP
A. Cholach, N. Bulgakov, and V. Elokhin
Boreskov Institute of Catalysis, Novosibirsk 630090,
Prospekt Akademika Lavrentieva 5, Russian Federation
ABSTRACT
The total neighbors lost by adjacent atoms composing an adsorption site as
compared with bulk atom are considered as a measure of local surface
imperfection. Semi-empirical calculations have shown that surface defects
provide the formation of weakly bound, but very inclined to hydrogenation
state of atomic nitrogen that makes the grain boundary to be the center for
sustained surface wave nucleation during NO+H2 reaction on the Rh twin
tip. In the same terms, an optimal site for catalytic NH3 synthesis consisted
of 2 and 3 Ru atoms is presumably characterized by 12 and 1 lost neighbors,
respectively, whereas Rh is a poor catalyst in any case. The same approach
can be applied to any other adsorption or catalytic processes exhibiting high
surface sensitivity.
INTRODUCTION
Surface defects often play a crucial role in heterogeneous catalysis as the
active centres for target reaction or for impurities accumulation [1]. For
example, the wave nucleation during NO+H2 reaction on monocrystalline
Rh tip [2] and CO+O2 reaction at Pt(110) and Pt(210) surfaces is truly
governed by structural defects [3], while stabilization effect ~ 50-80 kJ/mole
of low-coordinated sites at edges and corners of Pt nanoparticles against
Pt(111) plane was reported for CHn species [4]. Specific behaviour of
surface imperfections is usually interpreted at qualitative level, and the lack
of quantitative considerations has encouraged the present study highlighting
a simple model for examination of surface defects as specific centres for
adsorption and heterogeneous catalytic reactions.
THEORETICAL
Semi-empirical Method of Interacting Bonds (MIB) is used to examine
thermodynamics of the adsorbed species [5]. The MIB does not predict
coordination, bond angles and other particular features, but empowers
perfect comparative accuracy. An equality of operating parameters, i.e.
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identity of chemical bond nature in reference molecules and in a substance
being examined is the only condition for high reliability of calculations [5].
RESULTS AND DISCUSSION
Numerical observation by Field Emission Microscopy (FEM) have found
that the wave nucleation proceeds exactly at the grain boundary of Rh twin
tip during sustained spatiotemporal oscillations in NO+H2 reaction as shown
in Fig. 1. The grain boundary is an extended surface defect whose atoms are
slightly deepened into the bulk and thus enriched with nearest neighbours in
comparison with smooth surface as schematically represented in Fig. 2. In
order to perform the further quantitative analysis, a sum of nearest neighbors
lost by adjacent atoms composing an adsorption site, or the Sum of Lost
Bonds (SLB), in comparison with the bulk atom is considered as a measure
of local surface imperfection.
Rh twin tip: PNO = 1.1·10-5, PH2 = 1.3·10-4 Pa; T ~ 470 K

Figure 1. Screenshots of FEM images at indicated time points during the
surface wave nucleation (from archive data of [2]).
2D Grain boundary

FCC (110)-(1x2)

Figure 2. Number of neighbors lost by individual atoms at 2D grain
boundary and FCC (110)-(1x2) plane.
N species (adsorbed states are underlined hereinafter) dominate in the
adsorbed layer under experimental conditions of NO+H2 reaction, while NH
is a key intermediate enabling an oscillatory kinetic mode [5]. Fig. 3 shows
the results of MIB calculations related to heats of reactions QN and QNH:
(1)
½ N2 + _
+ QN
↔ N
→ NH + _ + QNH
(2)
N + H
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QN increases on SLB, whereas QNH shows an opposite behaviour in Fig. 3
where the grain boundary is indicated around (110)-(1x2) plane in Fig. 2
due to similar geometry. Fig. 3 means that N at the grain boundary is weaker
bound to surface, but much more disposed to reaction (2) thus providing the
surface wave nucleation as well as the larger by 5-8 orders equilibrium NH
coverage against perfect terraces [5]. Just this peculiarity makes N species to
recombine and desorb at a particular spot between (111) terraces and (100)
steps at the Rh(533) single crystal; the same reason determines difference
between sites at stepped Rh surfaces [6].

Figure 3. Heats of reactions (1) and (2) for 2-fold (circles) and 3-fold
(triangles) bound N at different sites of FCC planes, 0.5 ML coverage.
SLB model is further tried for examination the optimal structure of Rh and
Ru as a catalyst for NH3 synthesis assuming that activity is determined by
equilibrium N and H coverage and the rate of reaction (2). Equilibrium and
dynamic (2) gives maxima in NH coverage and NH rate at KN = (α/β-1) and
(α-γβ)/(α+γβ), respectively, where KN is equilibrium constant for (1); α, β
are slopes in Fig. 3; γ is a coefficient in relation for activation energy
E2 ≡ C − γQNH ≡ E2,0 + γβn , 0 ≤ γ ≤ 1 , and specifically γ = 0.25 corresponds
to Semenov – Polanyi rule. Typical conditions of NH3 synthesis PN2 ~ 105
Torr and T ~ 800 K enable to estimate KN,0 ~ 3.2·10-2, including N2 flux at
sticking coefficient s ~ 1 and k-1,0 ~ 1.7·1028 atoms/cm2s. The substitution of
A, α, β from Fig. 3 and KN,0 into equations for KN then gives the prospective
features of most active sites as n = ( RT ln K N / K N , 0 − A) / α .
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Table 1. Optimal SLB for NH3 synthesis
Dynamic NH coverage
M2N(H)
M3N(H)
Rh
Ru
Rh
Ru
γ
6.06
7.51
5.23
6.64
α
A -204.6 -65.0
-166 14.7
2.43
2.00
1.94 1.62
β
37.3
11.6
0.25 35.9
1.1
n
36.6
11.2
1
35.1
0.7
37.5
11.7
0
36.1
1.2
Equilibrium NH coverage
n
38.0
12.6
36.8
2.4

Table 1. gives evidence that
adsorption site of 3 Ru atoms
should have ~ 1 SLB for nonequilibrium reaction (2), in line
with “importance of C7” sites at
Fe single crystals [7]; and SLB
about ~ 12 is a feature of site
formed by 2 Ru atoms close to
that at (110)-(2x1) plane, while
Rh is an unpromising catalyst in
any case due to unrealistic SLB
values.

CONCLUSION
The sum of bonds lost by atoms of an adsorption site at clean surface, as
compared to bulk atom, is considered as a measure of local imperfection.
Surface defects provide the formation of weakly bound, but very inclined to
hydrogenation state of atomic nitrogen that makes the grain boundary to be
the center for surface wave nucleation during NO+H2 reaction on Rh tip. In
same terms, an optimal adsorption site for NH3 synthesis consisted of 2 and
3 Ru atoms is characterized by 12 and 1 lost bonds, respectively, while Rh
is a poor catalyst. Similar approach can be applied to any other adsorption
or catalytic process exhibiting surface sensitivity.
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ABSTRACT
The photocatalytic activities of cobalt-ferrite type of powders, prepared by
co-precipitation only or by combined co-precipitation and mechanochemical
treatment, have been tested in the present research work. The oxidative
photodegradation of model wastewater pollutant Reactive Black 5 dye under
UV light irradiation, using nanosized cobalt-ferrite type of materials, has
been investigated. The photocatalytic experiments established that the
mechanochemically activated nano-dimensional cobalt-ferrite type of
photocatalysts show higher photocatalytic activities than those of the coprecipitated ferrite type of samples. The degree of degradation of Reactive
Black 5 dye varies within the range 61-99% for the studied nanostructured
cobalt-ferrite type of photocatalysts.
INTRODUCTION
The synthetic dyes find wide applications in paper, textile, galvanic and
printing industries and also in dying facilities [1]. In the textile industry the
Reactive Black 5 dye has been used for the coloring of woollen, cotton and
nylon fabrics extensively applicable in the everyday life of people. It is
reported to have a toxic effect and to cause allergic reactions of respiratory
tract [1]. The synthetic azo dyes having sulfo-functional group are highly
soluble in water and they demonstrate a wide variety of colors. Most of the
methods for discoloring wastewaters do not influence the structure of this
dye and this could be due to the stability of benzene and naphthalene nuclei
and presence of various substituents [2]. The photocatalytic degradation of
Reactive Black 5 dye using different catalysts has been studied in previous
works of researchers [3, 4] and other authors. The principal aim of the
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present study was to investigate the photocatalytic activity of nanosized
cobalt-ferrite type of materials by testing them in the reaction of Reactive
Black 5 dye oxidative photodegradation under UV light irradiation. The
photocatalytic properties of cobalt-ferrite type of photocatalysts prepared by
different methods such as co-precipitation only or combination of coprecipitation and then mechanochemical activation are compared in order to
select the most efficient procedure for the catalyst preparation designed for
the degradation of Reactive Black 5 dye as model pollutant.
EXPERIMENTAL
The nanosized cobalt-ferrite type of samples, denoted as Sample A Co0.25Fe2.75O4, Sample B - Co0.5Fe2.5O4, Sample C - Co0.75Fe2.25O4 and
Sample D - CoFe2O4 have been synthesized using co-precipitation only,
while Sample E - Co0.5Fe2.5O4, Sample F - CoFe2O4 have been obtained by
co-precipitation, followed by mechanochemical activation as the methods,
described for preparation in our previous investigations [5,6]. The structure
and magnetic behaviour of cobalt-ferrite type of materials have been
investigated by various physicochemical methods, such as X-ray diffraction
analysis, Moessbauer and FTIR spectroscopy [5,6]. The textural
characteristics of obtained ferrite type samples have also been measured.
The photocatalytic degradation of Reactive Black 5 dye (RB5) under UVlight irradiation has been tested using polychromatic UV-A lamp (Sylvania
BLB, 18 W) with wavelength range 315-400 nm and a maximum intensity
at 365 nm. The degree of degradation of the model pollutant RB5 dye was
measured by UV-Vis absorbance spectrophotometer CamSpec M501 in the
wavelength interval from 200 to 800 nm. All photocatalytic experimental
runs have been made at one and the same stirring rate - 400 rpm at room
temperature. The adsorption-desorption equilibrium of the samples has been
achieved in the dark for 30 min before switching on the UV irradiation
lamp. A volume of 150 ml aqueous solution of RB5 (20 ppm concentration)
was charged in a semi-batch reactor. An amount of 0.15g nanodimensional
cobalt ferrite was added to the solution for the photocatalytic activity
testing.
RESULTS AND DISCUSSION
The X-ray diffraction patterns of the synthesized cobalt-ferrite type of
materials show the presence of a non-stoichiometric single ferrite phase
CoxFe3-xO4 (PDF-22-1086; 75-0449) in case of samples A and E. The ferrite
phase and additional amount of intermediate phases such as β-FeOOH
(PDF-75-1594) and iron-cobalt hydrotalcite (PDF-14-0191) have also been
registered in XRD patterns of samples B, C and D. The Sample F contains
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a non-stoichiometric spinel ferrite and cobalt iron phases [5, 6]. The mean
crystallite size of the obtained cobalt-ferrite type of materials, calculated by
the PowderCell software, is varying in the range 6-13 nm. The Moessbauer
investigations established the superparamagnetic (SPM) behaviour of ferrite
particles [5,6]. The photocatalytic activity results on the degree of oxidative
conversion of RB5 dye under UV-light illumination, using the synthesized
cobalt-ferrite type of photocatalysts, are represented in Figure 1.

Figure 1. Degree of degradation of RB5 dye solution after 120 minutes of UVlight irradiation using different cobalt-ferrite type of photocatalysts.

As it can be seen, the degree of RB5 dye degradation varies between 61-99%
depending on the used sample of cobalt ferrite. For the mechanochemically
treated samples E and F the photodegradation process of the RB5 dye
reached up to 99% manifesting the highest efficiency of these samples in the
oxidative photocatalytic degradation of RB5 dye under UV-light irradiation.
The samples B and C show slightly lower degrees of degradation of the dye
(respectively 97% and 93% conversion) than that of the mechanochemically
activated E and F samples, but yet higher in comparison to the coprecipitated A (61%) and D (70%). The higher degree of degradation of
RB5 dye and also photocatalytic activity of mechanochemically treated
samples E and F than the other cobalt ferrite-type materials is due to the
presence of defects on inner surface of investigated photocatalysts induced
by mechanochemical activation as method for preparation [7]. The changes
in the photocatalytic activity of co-precipitated ferrite-type samples A, B, C
and D could be attributed to the different degrees of incorporation of cobalt
ions in magnetite host structure. The rate constants of nanosized cobalt-

232

PHYSICAL CHEMISTRY 2014

C-04-P

ferrite catalysts are calculated by slopes of the ln(C/Co) =f(t) dependences
revealing first order reaction kinetics at low coverage. The photocatalytic
activities of ferrite samples decrease in the order Sample E (k=60.9x103
min-1) > Sample F (k=53.4x10-3min-1) > Sample B (k=40.8x10-3min-1) >
Sample C (k=26.8x10-3min-1) > Sample D (k=12.6x10-3min-1) > Sample A
min-1). The
investigations
established
that
the
(k=9.8x10-3
mechanochemically activated Sample E manifests the highest rate constant
for photocatalytic degradation of RB5 dye under UV-light irradiation
compared to the other samples. The co-precipitated Sample B shows the
highest photocatalytic activity in comparison to the other three coprecipitated ferrite type of catalysts. The textural investigations of coprecipitated cobalt-ferrite type materials established that they are all
mesoporous type of materials. The cobalt-ferrite type of samples, prepared
by combined co-precipitation and mechanochemical activation, showed
characteristic features of macroporous (or non-porous) materials. The coprecipitated Sample C - Co0.75Fe2.25O4 shows the highest specific surface
area SBET = 210 m2/g than the others cobalt-ferrite type materials.
CONCLUSIONS
The photocatalytic measurements confirmed that the obtained
nanostructured cobalt-ferrite type of powders exhibit good photocatalytic
efficiency in oxidative degradation of RB5 dye under UV-light irradiation.
The combination of a co-precipitation procedure and mechanochemical
treatment leads to obtaining superior performance ferrite materials with a
higher photocatalytic activity, especially the Sample E - Co0.5Fe2.5O4
(60.9x10-3min-1), than that of the co-precipitated nanodimensional cobaltferrite type of samples. The highest photocatalytic activity of Sample E is a
result of appropriate preparation method, which leads to obtaining of single
ferrite phase material and generation of defects revealing inner surface of
catalyst. The mechanochemical activation improves the photocatalytic
properties of nanosized cobalt ferrite-type samples revealing inner surface.
The obtained results show that synthesized nanodimensional cobalt-ferrite
type of materials could be successfully used to remove impurities containing
RB5 dye from waters.
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ABSTRACT
The effect of Mg addition on the structure and texture of Ni/SiO2 precursors
synthesized using two types of different commercial silica gel, denoted as
SIG-A and SIG-C, has been examined applying X-ray diffraction, Infrared
spectroscopy, and N2 physisorption techniques. It was found that
modification by Mg brings about coexistence of Ni and Ni,Mg phyllosilicate
phases, the latter being better crystallized in the MgNi/SIG-A sample. It was
clarified that the MgNi/SIG-C sample is a promising material for vegetable
oil hydrogenation catalysts due to its suitable pore system.
INTRODUCTION
Currently, metallic nickel (22–25 wt. % Ni) supported on different sources
of silica, represents the main component of the commonly applied
commercial catalyst for vegetable oil hydrogenation [1,2]. Despite intensive
research activity in this field, the role of dopants on the structural and
textural properties of the nickel catalyst precursors is scarcely discussed in
the literature, particularly those, which might form compounds similar to
that of the parent metal [3]. Therefore, the purpose of the present work was
to study the effect of Mg additive on the structural and textural properties of
Ni/SiO2 systems by means of X-ray diffraction, Infrared spectroscopy, and
N2 physisorption techniques.
EXPERIMENTAL
Mg-modified samples were synthesized with identical composition
(SiO2/Ni=1.0 and Mg/Ni=0.1) by co-precipitation using aqueous solutions
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of Ni(NO3)2·6H2O, Mg(NO3)2·6H2O, and Na2CO3 on SiO2 supports. By
analogy with non-modified Ni/SiO2 samples, two types of commercial silica
gel (SIG-A and SIG-C), differing in textural parameters, were applied as
sources of silica support [4]. Detailed description of the preparation
procedure is reported in our recent paper [5]. Powder X-ray diffraction
(PXRD) patterns were recorded on a Bruker D8 Advance powder
diffractometer employing CuKα radiation. Infrared (IR) spectra within the
range of 4000–400 cm–1 were recorded on a Nicolet 6700 FTIR
spectrometer (Thermo Electron Corporation, USA) at 0.4 cm–1 resolution
and 50 scans, using KBr pressed disk technique with sample concentration
of ~0.5 wt. %. Low-temperature N2 sorption analyses were performed on a
Sorptomatic 1990 (Thermo Finnigan) apparatus. Specific surface area
(SBET) and C constant values were calculated according to the BET method
from the linear part of the N2 adsorption isotherms. Mesopore volume
(Vmeso) data were acquired from isotherms adsorption branch by means of
the Dollimore-Heal method. Micropore volume (Vmicro) values were
calculated using the Dubinin-Radushkevich method.
RESULTS AND DISCUSSION
Chrysotile, a monoclinic Mg-silicate (Mg3Si2O5(OH)4) represents a group of
polymorphous minerals with the same chemical composition but different
crystal system, namely Lizardite, Mg3Si2O5(OH)4 (hexagonal), Antigorite,
Mg3Si2O5(OH)4 (monoclinic), Pecoraite, Ni3Si2O5(OH)4 (monoclinic), etc.
Pecoraite is a nickel analogue of Chrysotile. Because of similar ionic radii,
it is expected that Ni2+ ions (0.069 nm) may replace six-coordinated Mg2+
entities (0.074 nm) in hydrous Ni-Mg silicates, such as Nepouite,
(Ni,Mg)3Si2O5(OH)4 (orthorombic). Nepouite and Pecoraite possess a
layered structure that consists of a tetrahedral sheet joined to an octahedral
one. In the octahedral sites, a complete solid solution is possible between
divalent cations of Mg and Ni with a general formula
(Mg,Ni)3–x Si2O5(OH)4 [6].
Figure 1.
PXRD
patterns
(A) and IR
spectra (B)
of the
precursors
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PXRD patterns of the as-prepared non-modified samples (Fig. 1A) reveal
the presence of a nickel silicate hydroxide (Pecoraite, Ni3Si2O5(OH)4,
JCPDS file 00-049-1859) phase [5]. Diffractograms of Mg-modified
samples (Fig. 1A) manifest a simultaneous occurrence of the Pecoraite and
Nepouite (Ni,Mg)3Si2O5(OH)4, JCPDS file 00-025-0524) phases. Because
of turbostratic structure of the registered phases [7], the diffraction lines of
all XRD patterns were not clearly organized however, they were better
defined with the Mg-modified samples, particularly in MgNi/SIG-A.
IR spectra of the studied samples are displayed in the frequency range of
1800–400 cm–1 since variations in the absorption profiles characterizing the
Ni-O-Si interactions are observed in this region (Fig. 1B). It can be seen that
typical bands due to silica network are absent [5]. A doublet at 1050 and
1005 cm−1, and a band at ~660 cm−1 are related to the formation of Niphyllosilicate structure (−Si−O−Ni−), which cover the surface of the support
particles [6,8]. The generation of a Ni-phyllosilicate phase is most
significant in MgNi/SIG-A. A low intensity band at ~900 cm–1 can be
ascribed to the stretching vibrations of free Si-OH groups on the surface of
the solids. Bands assigned to CO32– anions (∼1380 cm–1) and to bending
vibrations at ∼1630 cm–1 of H2O molecules were also detected [8,9]. Close
inspection of the bands gives evidence for creation of different Ni2+ species
on sample surfaces. A well expressed band at ∼1380 cm–1 and a weak one at
∼834 cm–1 in the IR spectrum of Ni/SIG-A are attributed to the presence of a
basic nickel carbonate phase located on the surface of the Ni-phyllosilicate
[5,10]. However, these bands were not registered with the MgNi/SIG-A
sample proving the formation of a strongly bonded Ni,Mg-phyllosilicate
phase.
Table 1. Textural characteristics of the precursors
Sample
SBET
Vmicro
Vmeso
daver
C
2
3
3
(m /g) (cm /g) (cm /g) (nm)
Ni/SIG-A
269
0.10
0.32
8.8 135
Ni/SIG-C
367
0.13
0.46
10.2 139
MgNi/SIG-A
341
0.13
0.35
9.2 186
MgNi/SIG-C
197
0.07
0.35
15.1 152
It is evident that modification by Mg causes an increase in SBET for the
MgNi/SIG-A sample (Table 1) in comparison with Ni/SIG-A due to
formation of micropores (an increase in Vmicro). On the contrary, SBET for the
MgNi/SIG-C solid diminishes considerably compared to Ni/SIG-C as a
result of a two-fold decrease in Vmicro. An increase of the C constant values
observed with the Mg-containing samples was more pronounced for

237

PHYSICAL CHEMISTRY 2014

C-05-P

MgNi/SIG-A which may be assigned to enhanced surface polarity [4] due to
formation of mesoporous Ni,Mg phyllosilicate structures. The presence of
Mg in the Ni/SiO2 samples decreases the daver values in the following order:
MgNi/SIG-C > Ni/SIG-C > MgNi/SIG-A >> Ni/SIG-A. It is known that a
larger pore diameter permits faster diffusion of the reactants [1], thus higher
values of daver for the MgNi/SIG-C sample may be a precondition for a
higher reaction rate.
CONCLUSIONS
Based on characterization studies it may be summarized that magnesium
addition to Ni/SiO2 samples gives rise to formation of well-organized Ni
and Ni,Mg phyllosilicate-type structures, which are more pronounced for
MgNi/SIG-A. A considerable effect of magnesium is found on the texture of
MgNi/SIG-C sample, which exhibits a smaller amount of micropores and a
larger average pore diameter in comparison with other studied materials,
thus improving the access of triacylglycerol molecules to the internal
surface. One would expect an enhanced performance in the vegetable oil
hydrogenation of the Mg-containing catalysts.
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ABSTRACT
This work is focused on the influence of polyethylene glycol (PEG) on
structural, textural and photocatalytic properties of titanium dioxide (TiO2)
catalyst. Catalysts were synthesized by sol-gel method using PEG with
different molecular weight (600 and 10000) as pore generating agent. The
results showed that PEG enhances not only porous structure but also change
anatase to rutile ratio. The photocatalytic activity of the synthesized catalyst
was measured by decomposition of phenol. The order of catalyst
photoactivity was: TiO2/P600>TiO2/P10000>TiO2.The difference in catalyst
photoactivity is attributed to their surface area and anatase fraction, rather
then pore size.
INTRODUCTION
In the last decades photocatalysis became attractive method for the
treatment of air and water pollution. The appliance of nanosized metal
oxides, typically semiconductors, as photocatalyst has been studied
intensively [1]. TiO2 generate special interest as photocatalyst, due to its
high photocatalytic activity, non-toxicity, chemical stability and low cost
[2]. Among three distinct crystallographic forms (anatase, rutile and
brookite), anatase is considered to be the most active phase, due to the
lowest rate of electron/hole recombination [3]. Textural properties such as
specific surface area, porosity and mean pore size are also of great
importance and can be decisive factor for photocatalytic application [4]. The
highly porous structure of catalyst is an imperative, since it offers a much
larger number of catalytic sites than a dense structure.
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Sol-gel method is one of the most used methods for the synthesis of solid
inorganic materials [5]. The hydrolysis and polycondensation rate strongly
affects the structure and properties of TiO2. One possibility to restrain the
rapid hydrolysis and polycondensation is to use different organic additives
during catalyst preparation [6]. Condensation process is accomplished by
gelization, which is followed by calcination. Since calcination leads to
decrease in catalyst porosity, organic templates, such as PEG [7] etc., are
often used in order to retain the porous structure of the catalyst after
calcinations.
This study investigates the influence of textural and structural parameters on
photocatalytic activity of PEG-modified TiO2 catalyst.
EXPERIMENTAL
TiO2 catalysts were synthesized by sol-gel process. Briefly, 3.73 mL of
titanium-tetraisopropoxide was dissolved in 10 mL of anhydrous ethanol
and 1.15 mL of diethanol amine at room temperature (solution A).
Meanwhile, 35 mL of anhydrous ethanol was mixed with 3.75 mL of water
(solution B). Solution A was subsequently added dropwise to solution B
within 20 min. After that, 1.0 g of PEG was added to solution and stirred for
another 40 min. The stabilized sol was aged for another 12 h at room
temperature. The formed gel was then dried in an oven for 12 h at
temperature of 80 ºC, and calcined at 550 ºC for 4 h. The control sample
was prepared without the use of the template by the same sol-gel method.
Nitrogen adsorption-desorption isotherms were determined using nitrogen
physisorption at -196 ºC. Specific surface area (SBET) and pore size (Dmax) of
the samples was calculated from the nitrogen adsorption isotherms
according to the BET and BJH methods, respectively. Pore volume (Vpore)
was determined by mercury intrusion porosimetry. Powder X-Ray
diffraction patterns were measured on a diffractometer using Cu-Kα
radiation (λ = 1.5418 Å).
Photocatalytic tests were performed in an open cylindrical thermostated
Pyrex cell (250 mL). The irradiation was performed using Osram Ultra
Vitalux lamp (300 W), housed 50 cm above the top surface of the dye
solution. Photocatalytic activity of catalysts was measured by
decomposition of phenol in aqueous solution. Applied conditions used
during photocatalytic tests were: solution volume: 150 mL, initial phenol
concentration: 2.8x10-5 mol/L, T: 30 ºC, catalyst mass: 1.5 g. The
concentration of phenol during catalytic tests was determined using UV-Vis
spectrophotometer. The phenol removal, i.e. conversion efficiency, X, was
determined using equation X=(C0-C)/C0, where C0 is the initial phenol
concentration and C is the phenol concentration for the specified time.
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RESULTS AND DISCUSSION
Table 1 presents textural and structural of the prepared catalyst. It can be
seen that PEG-modified samples have noticeably larger pore volume and
surface area than unmodified sample. The largest pore volume and specific
surface is obtained for the sample TiO2/P600, while sample TiO2/P10000
has the largest pore diameter.
Table 1. Textural and structural properties of TiO2 samples
Fraction of
Sample
SBET
Dmax
Vpore
Anatase
Rutile
[m2/g]
[nm]
[mm3/g]
[%]
TiO2
4.8
16.4
13
17.2
82.8
28.3
15.7
125
74.2
25.8
TiO2/P600
TiO2/P10000
14.4
18.3
97
45.8
54.2
Increasing molecular weight of PEG molecules led to higher pore diameter
and smaller surface area. However, the samples didn’t have the same
porosity as it was expected. The difference in porosity indicates different
stability of porous network during
thermal treatment, which is a
consequence of pore shrinkage.
The calculated weight fractions of
the anatase and rutile phases for
samples are presented in Table 1.
The maximum rutile fraction was
observed for the unmodified
sample TiO2, while PEG modified
sample contain lower fraction of
rutile phase. Among modified
Figure 1. Photodegradation of
samples,
sample
TiO2/P600
phenol.
contain higher fraction of anatase
phase then sample TiO2/P10000.
The photocatalytic degradation of phenol was presented in Fig. 1. The
results clearly indicate that PEG-modified samples exhibit significantly
higher activity compared to the activity of the control unmodified sample.
The increased activity of PEG-modified samples can be attributed to their
higher surface area, pore volume and pore size. In addition, higher fraction
of active anatase phase of PEG-modified samples additionally enhances
their activity. Among modified samples, the sample TiO2/P600 displayed
significantly higher activity compared to the sample TiO2/P10000. The
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obtained results indicate that specific surface area and anatase to rutile ratio
contribute more in determining photocatalytic efficiency, then pore size.
CONCLUSION
The results of this study illustrate the influence of PEG on textural,
structural and photocatalytic properties of TiO2 materials. The
decomposition of PEG during thermal treatment led to generation of porous
strucuture, thus improving the textural properties of samples. Also, PEG
introduction changes anatase to rutile ratio. PEG-modified samples
displayed significantly higher activity then unmodified sample. Among
modified samples TiO2/P600 showed higher activity then TiO2/P10000. The
difference in activity is attributed to the surface area and anatase to rutile
ratio. Variation in pore size are found not to be decisive factor for
photcatalytic efficiency.
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ABSTRACT
The catalyst samples under investigation have been prepared by the method
of mixing in different ratios La2O3, MgO, TiO2 and Fe2O3, followed by
milling for 1 hour in a planetary ball mill and heating at temperature 1000°С
for 10 hours. The samples have been characterized by chemical analysis,
phase composition analysis and by XPS spectroscopy. Specific surface area
of the samples is determined by BET single point method. Catalytic activity
has been measured in the reaction of NO reduction with CO. The obtained
results show that the perovskite structure of the precursor is of fundamental
importance for this reaction as well as the inclusion of iron ions in it, which
are involved in the formation of catalytically active sites (САS).
INTRODUCTION
The application of oxides having a perovskite structure as catalyst
precursors opens up an interesting possibility to develop highly active
catalysts for various reactions. It has been shown in a previous work of
some of the authors of the present one, that the perovskite type of oxides
with the general formula LaMO3, in which М has been substituted
respectively with Mg, Ti or Fe, catalyst samples can be prepared possessing
some catalytic activity in regard to complete oxidation of methane [1]. At
the same time it has been reported [2] that upon depositing palladium on the
same type of perovskite – La(TiMg)O3 an efficient catalyst is obtained for
reducing nitric oxide with carbon monoxide. For this reason the aim of the
present work was to ascertain to what extent the inclusion of iron ions in
this type of oxides with perovskite structure, such as La(TiMg)O3 for
example, is leading to possible changes in the catalytic activity with respect
to this specific reaction.
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RESULTS AND DISCUSSION
The catalyst samples have been synthesized by mixing in various ratios
La2O3 (99.99% purity), MgO (96.0%), TiO2 (99.0%) and Fe2O3 (99.5 %),
followed by milling for 1 hour in a planetary type of ball mill and
calcination at temperature 1000оС in the course of 10 hours. The obtained
catalyst samples are denoted as follows:
1 - LaTi0.5Mg0.5О3 – TM (50:50); 2 - LaTi0.4Mg0.1Fe0.4О3 MF(10:40); 3 LaTi0.4Mg0.4Fe0.2О3 - MF (40:20); 4 - LaTi0.4Mg0.5Fe0.13О3 - TF (40:13); 5 LaTi0.1Mg0.5Fe0.53О3 -TF (10:53).
Table 1 lists the results from the chemical analysis of the samples, their
specific surface area and the phase composition. All the catalyst samples
reveal basically a well crystallized perovskite phase possessing
orthorhombic structure. Moreover traces of the La2O3 phase are also
observed, which has a higher content in the sample TF (10:53).
Table1. Chemical composition, phase composition and specific surface
areas of the catalyst samples.
Catalyst

Chemical composition, at.%

sample
notation

La

Ti

Mg

Fe

O

TM(50:50) 20.0

10.0

10.0

-

60.0

MF(10:40) 20.0
MF(40:20) 20.0

8.0
8.0

2.0
8.0

8.0
4.0

60.0
60.0

TF(40:13) 20.0

8.0

10.0

2.6

60.0

TF(10:53) 20.0

2.0

10.0

10.
6

60.0

Phase
composition
Perovskite,
La2O3
Perovskite
Perovskite
Perovskite,
La2O3
Perovskite,
La2O3

Specific
surface
area,
S (m2/g)
4.7
2.4
3.5
3.3
2.1

The data from the XPS analysis for the surface concentration of ions in the
samples under investigation prove that the oxidation state of the lanthanum
is La3+. The surface concentration of this ion does not vary within a wide
interval. As far as titanium is concerned its oxidation state is Ti3+ and its
concentration is changing in accordance with the pre-set composition.
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The same holds true also with respect
to the concentration of magnesium,
however it is interesting to note that
2
1
its oxidation state, in view of the
40
XPS data, is in fact Mg0, which is
probably due to the greater mobility
20
of the electrons in the considered
systems. In regard to the iron ions
state it was observed that Fe2+ ions
0
0
200
400
600
are present in all the catalyst samples,
T, °C
Figure 1. Conversion ή (%) of NO while in the cases of the MF (40:20)
– curve 1 and of СО - curve 2 as a samples and the TF (10:53) samples
in addition to the Fe2+ ions also some
function of the temperature for
Fe3+ ions have been detected. The
sample.
recorded Moessbauer spectra confirm
the presence of Fe3+ ions in octahedral coordination, which fact is evidenced
by the quadrupole doublet, characteristic of this state – the samples MF
(10:40), MF (40:20) and TF (40:13), but in addition to this doublet a sextet
is observed in the TF (10:53) sample, which gives evidence of different
configuration of some specific Fe3+ ions [1]. Figure 1 illustrates the data on
the catalytic activity of the initial TM (50:50) sample, which has not been
doped with iron ions.
η%

60

100

−4

100

−3

80

TF (40:13)
TF (10:53)

η%

η%

MF (10:40)
MF (40:20)

−2

50

4−

−3

60

−2

−1

40

−1
20

0

0
0

200

400

600

0

T, °C

200

400

600

T, °C

Fig. 2. Degree of conversion ή (%) of CO (closed
symbols) and NO (open symbols) depending on
temperature.

Fig.3. Degree of conversion ή (%) of СO (closed
symbols) and NO (open symbols) as a function of
the temperature.

As it can be seen the course of the dependence: degree of conversion –
temperature, both in regard to the nitric oxide, as well as in regard to the
carbon monoxide, is one and the same. Upon increasing the temperature the
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degree of conversion is growing up. In the case of carbon monoxide this
degree is higher, which is most probably connected with the reduction on
the surface of the catalyst sample. These dependences manifest quite a
different course in the cases of the catalyst samples containing iron ions,
represented in Figure 2 and Figure 3. The degrees of conversion for NO and
CO over the catalyst samples of the МF series (MF (10:40) and MF (40:20))
- Fig. 2, starting from 20 оС and reaching 300оС, are coinciding in value,
which fact is an indication that within this temperature interval only
reduction of NO with CO is occurring. At temperature above 400оС there
starts a sharp increase in the degree of conversion of NO, while this effect in
regard to СО is a weak one. The difference with respect to degree of
conversion (ή) reaches 40%. The observed effect is even stronger in the case
of the ТF series of catalyst samples (Fig. 3). These differences show that in
addition to the reduction of NO with CO there is a process of direct
decomposition of the NO. In order to compare the magnitude of this effect
Fig. 4 and Fig. 5 depict the dependences of the NO conversion degree,
expressed by the amount of converted NO per one gram of the catalyst
sample for one hour - Ig and the quantity of converted NO per unit of
surface area for one hour – Is. The same quantities are also given for
comparison with the sample TM (50:50). It is obvious that at temperatures
above 400оС in the case of МF samples and above 300оС for the ТF
samples there starts the occurrence of two reactions – reduction of NO with
CO and decomposition of NO, whereupon the catalyst samples of the ТF
series manifest higher effectiveness in regard to the second reaction. The
two reactions occurring on the surface of the catalyst samples can be
expressed by the following scheme:
NO + CO = N2 + CO2

(1)

2NO = N2 + O2

(2)

Therefore the inclusion of ions of the iron - Fe2+ and Fe3+ inside the
structure of the perovskite leads to formation of new types of catalytically
active sites (CAS), and after a certain temperature they activate the reaction
(2).
The main components in these САS are the Fe2+ ions and the Fe3+ ions, but
it is also probable that the rest of the ions in the catalyst sample composition
are also participating.
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Fig.4. Intensity Ig for the conversion of NO as a
function of the temperature.

200

400

600

T, °C

Fig.5. Intensity Is for conversion of NO as a
function of the temperature.

The most active is the TF (10:53) sample, where the content of Fe3+ is the
highest, in accordance with the ХРS data and it can be supposed that they
are playing the most essential role in the catalytic process, described by
equation (2). The direct decomposition of NO upon the same type of
catalyst sample with perovskite structure, but having additionally palladium
deposited on the surface was reported also in ref. [2], and it was assumed
there that this fact is owing to the supported palladium ions.
CONCLUSION
Our experimental results show that the perovskite structure of the precursor
underlies the basis of the occurring reaction of NO reduction with СО and
the inclusion of iron ions in it, which leads to formation of specific
catalytically active sites (САS) for this reaction.
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ABSTRACT
DFT calculations were performed in order to investigate the three types of
σ-bonds activation of n-C3H8 by coordinatively unsaturated transition metal
centers, W(CO)5 and Rh(Cp)(CO) (Cp = η5-C5H5). The theoretical results
show that n-C3H8 coordinates to the coordinatively unsaturated site of
W(CO)5 and Rh(Cp)(CO) in a C-H η2-fashion with the small bond
dissociation enthalpy (BDE) of ca. 30 kJ mol-1. The C-H bond activation of
propane does not seem to take place at room temperature because of the
larger activation barrier of ca. 160 kJ mol-1 and the instability of oxidative
addition complex on W(CO)5, which is quite distinct from Rh(Cp)(CO) with
a high ability of σ-bonds activation. The activation energy for C-C bondfission was higher than that for C-H bond-fission by ca. 130 kJ mol-1 on
both transition centers.
INTRODUCTION
The σ-bond activation such as C-H or C-C in alkanes on the transition metal
center is an important step in many catalytic cycles and so far a number of
experimental and theoretical studies have been carried out [1]. Especially a
time-resolved infrared absorption spectroscopy in the gas phase has revealed
the reaction mechanism and the potential energy surface from the
coordination of alkane on the transition metal center to the bond-fission [2,
3]. In the case of tungsten center (W(CO)5) an agostic complex was
observed at room temperature without leading to a bond fission (a formation
of oxidative addition complex) [2]. This agostic complex is regarded as a
precursor of oxidative addition complex observed in the case of so-called
late transition metal center (Rh or Ir) [3]. This agostic interaction is also
considered to be associated not only to homogeneous chemical processes,
e.g. oxidative addition and reductive elimination, but also to model surface
chemistry for catalysis and synthesis.
In this study, for the purpose of elucidating the difference in the ability of σ-
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bond (primary-C-H, secondary-C-H, and C-C) activation between the
transition metal centers (W(CO)5 and Rh(Cp)(CO)), the potential energy
surfaces (PESs) leading to bond activation of n-C3H8 on W(CO)5 and on
Rh(Cp)(CO) were constructed.
COMPUTATIONAL METHODS
Hybrid DFT(B3LYP) calculations were used for all related transition-metal
carbonyl compounds using the Gaussian 03W program. A basis set of 6311+G(2d,p) functions on H, C, and O atoms and the LANL2DZ basis
function with ECP on transition metal atoms were used in our calculations.
This combination was chosen because it gave a reasonable optimized
structure and vibrational frequency results for C-O stretching mode of some
transition metal carbonyls [4].
secondary carbon
For three types of σ-bond activation in nprimary carbon
C3H8 (Scheme 1; p-C-H = C1-H, s-C-H =
C2-H, and C-C), the PES of singlet state for
C2
bond activation was constructed at B3LYP
C1
level. First, an agostic complex and an
oxidative complex were optimized and then
the transition state was searched using
Scheme 1
QST2 or QST3 method. After that, the
transition state was confirmed by Intrinsic Reaction Coordinate method
(IRC).
RESULTS AND DISCUSSION
‡
Figure 1 shows the a
b
c
optimized structures of
agostic complex (Ag-C),
transition state complex
(TS-C),
and
oxidative
addition complex (Ox-C)
when p-C-H of n-C3H8
Figure 1. Optimized structures of agostic complex (a),
coordinates on W(CO)5. In
transition state complex (b), and oxidative addition
Ag-C, n-C3H8 coordinates
l ( )
to the coordinatively unsaturated Table 1. Differences in activated bond length r(psite of W(CO)5 in η2-fashion and a
C-H) between on W center and on Rh center.
W-C-H plane divides equally an
r(C-H) / Å
angle of two neighbor equatorial- Metal center n- C3H8 Ag-C TS-C Ox-C
CO axes. Such a η2-Ag-C was W(CO)5
1.12
2.01
2.33
1.09
1.13
1.55
2.42
also optimized for Rh case, which Rh(Cp)(CO)
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is similar to the previous calculation results [5, 6]. The calculated C-H bond
length of each complex is shown in Table 1 as an index of bond activation,
suggesting that C-H bond is required to be lengthened considerably for the
bond activation on W center in comparison with Rh center.
Figure 2 shows the PESs of σ-bond activation on W center and on Rh center
calculated at B3LYP level. The η2-C-C complex has been optimized neither
on W nor Rh. In the both metal centers, the coordinated p-C-H and s-C-H
in agostic fashion has a similar bond dissociation energy (BDE) of ca. 30 kJ
mol-1 and the position exchange energy between p-C-H and s-C-H was
calculated to be about 20 kJ mol-1.
The activation energy from Ag-C to Ox-C increases in order of p-C-H (ca.
150 kJ mol-1 on W, ca. 50 kJ mol-1 on Rh), s-C-H (ca. 170 on W, ca. 50 on
Rh) and C-C (ca. 270 on W, ca. 180 on Rh) on the both metal centers. The
calculation results support that the ability of σ-bond activation of Rh center
is much higher than that of W center. This high ability is thought to result
not from the initial agostic interaction (BDE) but from the small structural
change required for the activation bond at the transition state.
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Figure 2. The potential energy surfaces (PESs) of σ-bond activation on W center (W(CO)5) and on
Rh center (Rh(Cp)CO) calculated at B3LYP level.

CONCLUSION
The calculated CO frequency shifts during the coordination of alkane
support the formation of agostic complex on W(CO)5 and that of oxidative
addition complex on Rh(Cp)(CO) in the gas phase at room temperature. The
activation energy Ea becomes greater in order of p-C-H < s-C-H < C-C on
both transition metals. The low regioselectivity is suggested by the small
difference between Ea(p-C-H) and Ea(s-C-H) while the high stereoselectivity
is expected by the large difference between Ea(C-H) and Ea(C-C). The high
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activation energy for σ-bond activation on W-center is thought to be
originated from the large distortion of coordinated alkane required at the
transition state.
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ABSTRACT
Microwave (MW) processing was used for synthesis of ZnO powders with
nanospherical morphology. The phase purity and crystal structure of the
powders were investigated by X-ray diffraction (XRD) and Raman
spectroscopy. The particles morphology and size distributions were studied
by FE–SEM and laser diffraction particle size analyzer, respectively. The
optical properties were studied using UV–Vis diffuse reflectance and
photoluminescence spectroscopy. It is found that the MW synthesized ZnO
nanoparticles has increased visible light absorption, also decreased band gap
energy (∼0.15 eV) compared to bulk ZnO. The enhanced optical properties
of ZnO powders are attributed to the existence of lattice defects introduced
by fast microwave processing. The effects of lattice defects in ZnO crystal
structure on its photocatalytic activity were examined via degradation of
methylene blue (MB) under direct sunlight irradiation. A large efficiency of
MB degradation was found after 6 h of irradiation.
INTRODUCTION
The removal of organic pollutants from wastewater is an important method
in environmental protection. Methods such as biosorption, conventional
activated sludge treatment process, electrochemical technologies and reverse
osmosis have been applied on wastewater treatment. In recent 10 years a
heterogeneous photocatalyst has received extensive attention for the
degradation and mineralization of organic pollutants from water, where ZnO
has established role [1]. However, an energy gap of 3.37 eV (368 nm)
means that ZnO can only absorb UV light. Since sunlight is a source of
clean and cheap energy, where UV light makes no more than 3–5% of the
total sunlight, it is highly desirable to synthesize ZnO-based materials
capable for visible light photocatalysts. Several approaches have been
applied with the aim of changing the optical absorption properties and
improving the visible light photocatalysis including the incorporation of
transition metal ions into the crystal structure of a ZnO powder, surface
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sensitization of ZnO particles to extend the spectral response into the visible
region, etc. Here, we shows an enhanced optical and photocatalytical
properties of nanostructured ZnO, based on lattice defects introduced by fast
microwave processing.
EXPERIMENTAL
ZnO powders were prepared by microwave (MW) processing of a
precipitate. The starting materials were Zn(CH3COO)2·2H2O, NaOH, and
PVP, as a surfactant. After the dissolution of zinc acetate dihydrate and
PVP, an adequate amount of the aqueous solution of NaOH was added
dropwise, resulting in a white precipitate. The as-prepared suspension was
MW processed for 5 and 10 min, in a domestic oven (2.45 GHz, 800 W).
The phase purity and crystal structure ordering of the synthesized powders
were analyzed by XRD and Raman spectroscopy. XRD patterns were
recorded at Philips PW-1050 over a 2θ range 10–70° with a step of 0.05°
and a counting time of 5s. The µ-Raman spectra were recorded in the
frequency interval of 50–3500 cm-1 (DXR Raman microscope, Thermo
Scientific). The morphology of ZnO particles was observed by FE–SEM
(SUPRA 35 VP Carl Zeiss) while the particle size distribution was
determined using Mastersizer 2000 (Malvern Instruments Ltd., UK). Optical
properties of the synthesized powders were studied by UV–Vis diffuse
reflectance (Thermo Scientific, Evolution 600 UV–Vis spectrophotometer
equipped with DRA–EV–600 diffuse reflectance accessory) and
photoluminescence (PL) spectroscopy (Horiba Jobin Yvon Fluorolog FL3–
22 spectrofluorometer with Xe lamp).The photocatalytic activity of ZnO
nanoparticles was studied by the decomposition of a non-degradable dye
methylene blue (MB) under direct sunlight irradiation at room temperature.
In each of the experiments 100 mg of ZnO was mixed with 100 ml of MB
(5, 10 and 15 ppm). Prior to sunlight irradiation, the suspension was
magnetically stirred for 1 h in darkness to establish an adsorption-desorption
equilibrium. During irradiation, stirring was maintained to keep the mixture
in suspension. At specific time intervals 3 ml of aliquots was withdrawn and
centrifuged at 8000 rpm during 10 min to remove nanoparticles from
solution before the absorbance measurement. The concentration of MB after
photocatalytic decomposition was calculated according to the absorbance
value at 665 nm determined by UV measurements performed on a GBC
Cintra UV–Vis spectrophotometer in the wavelength range of 300–800 nm.
RESULTS AND DISCUSSION
XRD patterns show that the synthesized ZnO powders are monophased, highly
crystalline, a wurtzite-type hexagonal structure. Raman spectra revealed an
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existence of lattice defects i.e. oxygen vacancies and zinc interstitials. FE–
SEM discovered nanospherical morphology of the synthesized particles.
Besides, it was found that the tendency of the particles agglomeration
decrease with increases of MW processing time. Furthermore, particles size
distribution is uniform with average diameter of ~70 nm. Figure 1 show
results of XRD, Raman, FE–SEM and particle size distribution
investigations of ZnO powder MW processed during 10 min.

Figure 1. (a) XRD pattern; (b) Raman spectrum; (c) FE–SEM, and (d)
particle size distribution of ZnO powder MW grown during 10 min.
The synthesized ZnO nanocrystals, compared to bulk ZnO, exhibit the red
shift of the band gap energy (~0.15 eV), implying an absorption in the
visible region (384 nm), Fig. 2(a). The enhanced visible light absorption of
the synthesized ZnO nanocrystals is related to the introduction of lattice
defects (oxygen vacancies and zinc interstitials). PL spectrum of synthesized
ZnO nanoparticles shows two emission bands, Fig. 2(b). The violet emission
at 415 and blue emission at 437 nm are attributed to the oxygen vacancies
[2]. Results of the photocatalytic removal of MB are shown in Fig. 3,
implying that the dye was being degraded.
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Figure 2. (a) Kubelka-Munk plot and band gap energy estimation with DRS
(inset), and (b) PL spectrum of ZnO powder MW grown during 10 min.

Figure 3.
Absorption spectra of 10 ppm
MB solution during sunlight
irradiation in the presence of
ZnO nanoparticles.

CONCLUSION
Microwave processed ZnO nanospheres have intrinsic crystalline defects,
precisely, oxygen vacancies and zinc interstices, introduced by fast crystal
growth. The crystalline defects enhance optical absorption in the visible
spectrum, yielding possibilities for efficient heterogenic photocatalysis
under sunlight irradiation.
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OXIDATION OVER AG-CONTAINING CATALYSTS:
A THEORETICAL STUDY
M.A. Salaev 1, O.Kh. Poleshchuk 2, and O.V. Vodyankina 1
1

Department of Physical and Colloidal Chemistry, Tomsk State University,
634050, Tomsk, Russia
2
National Research Tomsk Polytechnic University, 634050, Tomsk, Russia
(mik.salaev@gmail.com)

ABSTRACT
A theoretical interpretation of the mechanism of ethylene glycol (EG)
oxidation to glyoxal over Ag-containing catalysts is considered. A model
system, representing the interaction of Ag cluster with process adsorbates
and/or intermediates, is proposed. Both partial oxidation of EG to glyoxal
and CO2 formation routes are reconstructed, and reaction profiles are
generated. The roles played by the most important reaction intermediates
participating in the process under consideration (atomic oxygen,
ethylenedioxy and 2-oxoethoxy species) are discussed.
INTRODUCTION
Partial oxidation of alcohols to produce valuable organic compounds has
always been of interest to experimental and theoretical science. Recently,
more attention has been given to the process of ethylene glycol oxidation
into glyoxal over IB metal catalysts [1, 2]. Novel supported silver catalysts
were developed [3] with the active component immobilized in silicatephosphate matrix [1] and organized as various neutral and charged silver
clusters (Ag4, Ag42+, etc.) over the support surface. Despite wide
experimental investigations there were no attempts to look at the process
from the quantum-chemical point of view. Thus, the aim of the present work
was to undertake systematic theoretical studies of the main structural
parameters and interaction energies of the most important reaction
intermediates and adsorbates in EG oxidation process as well as to construct
energy profiles of the major reaction routes.
EXPERIMENTAL
In the present paper the systems containing neutral Ag4 cluster and/or
adsorbates/intermediates were calculated at B3LYP/DGDZVP level of
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theory (Fig. 1). The calculations were carried out using the Gaussian’09
program package installed at SKIF “Cyberia” supercomputer of TSU.
Geometry of all obtained
structures
was
fully
optimized. In all cases the
nature of stationary point
was checked by vibrational
frequency calculations. The
majority of the optimized
structures was in global
energy minimum and had
real frequencies only. When
the structure had imaginary
Figure 1. Schematic representation of the
frequencies,
IRC
model taken for calculations (TEM picture
calculations were carried out
adapted from [1])
to determine the transition
state. The thermodynamic parameters of the molecules calculated were
corrected for zero-point vibrational energy (ZPVE) and reduced to normal
conditions (298.15 K, 1 atm) using thermal corrections to enthalpy and free
energy. The absence of imaginary vibrational frequencies confirmed the
stationary character of structures.
RESULTS AND DISCUSSION
The process mechanism, taken for the calculations, was formulated on the
basis of experimental results obtained in [1-5]. In Figure 2 one can see the
resulting energy profile containing the key component interactions in the
process of EG oxidation over Ag-containing catalysts. Here ZO and ZO2
correspond to adsorbed atomic and molecular oxygen species, Z2EG is
adsorbed ethylene glycol, ZEDO is adsorbed ethylenedioxy species, ZOEO
is adsorbed 2-oxoethoxy species, ZFA is adsorbed formate species, ZH and
ZH2 are adsorbed atomic and molecular hydrogen species, ZCO3 is adsorbed
carbonate species, ZH2O is adsorbed water.
According to the results obtained, only slight activation of gas phase
molecules and process intermediates is observed under oxygen-lean
conditions. Oxygen atoms in atop/bridge sites participate in partial oxidation
reactions, while hollow sites are active in total oxidation processes.
Different energetics causes the opportunity for these species to display
different activity in the subsequent activation and transformation of EG and
other species. In the most energetically favorable system EG is coordinated
via both oxygen atoms with respect to different atoms of the cluster, which
does not agree with the proposition on bidentate or chelating correlation of
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monolayered EG species made by [4]. A step-by-step activation of OHgroups takes place resulting in scission of OH bonds and formation of EDO
oxametallacycle, which correlates with the propositions made in [4]. The
results of the calculations demonstrate the following geometry parameters of
the adsorbed EDO species: r(C-O)=1.419 Å, r(C-C)=1.554 Å, r(C-H)=1.105
Å, angle (O-C-C)=115.5o, angle (O-C-H)=109.5o, angle (H-C-H)=106.4o.
Under oxygen-lean conditions EDO species was shown to interact with
silver cluster via both oxygen atoms located in two bridge positions.

Figure 2. Energy profile for the main processes calculated at
B3LYP/DGDZVP level of theory.
When cluster model contains two oxygen atoms in different site positions, a
structure is formed where both oxygen atom and EDO species are located in
bridge position. The resulting geometry reflects the process of C-C bond
cleavage and formation of two adsorbed activated formaldehyde molecules.
One of the activated molecules is adsorbed via C=O oxygen atom and one
of hydrogen atoms interacting with silver and surface oxygen atom,
respectively. Another possible geometry consisting of silver cluster and
EDO and atomic oxygen species adsorbed in atop position, reflects C-H
bond activation followed by transfer of H atom to atomic oxygen in atop
position resulting in formation of surface adsorbed OH and OEO species.
The OEO species reacts with surface oxygen to yield formate which is
believed to be a source of carbon dioxide and formaldehyde. The
geometrical parameters of the optimized adsorbed OEO structure are as
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follows: r(C-O)=1.395 Å, r(C=O)=1.213 Å, r(C-C)=1.527 Å, r(C-H)=1.105
Å, r(C-H)ald=1.123 Å, angle (O-C-C)=112.0o, angle (O-C-H)=112.5o, angle
(O-C-H)ald=121.0o, angle (H-C-H)=106.0o. The formate species is
characterized by the following parameters: C=O and C-H bond lengths are
1.266 and 1.107 Å, respectively, while (O-C-H) angle is 115.3o. Probably,
formate species participates in two processes: its direct decomposition
results in formation of adsorbed CO2 and H species, while its interaction
with surface oxygen may lead to formation of adsorbed CO2 and OH
species. The formed adsorbed CO2 species may also interact with surface
oxygen to yield carbonate species over silver.
The thermochemical results obtained quantitatively reflect the
transformations assumed to take place over the Ag-containing catalysts of
EG oxidation to glyoxal. The calculated heat effects have adequate values
and correlate with the known experimental results. However, in case of
molecular hydrogen the values were lower, which was caused by the
structure of the DGDZVP basis set.
CONCLUSION
A detailed investigation of the mechanism of EG oxidation over Ag4 silver
cluster has been carried out at B3LYP/DGDZVP level of theory. The results
obtained for all the species involved within common approach and methods
will be useful in further detailed elaboration of the process mechanism.
The ethylene glycol oxidation profile has been generated. The profile
reflects the processes of partial oxidation of ethylene glycol to glyoxal and
its deep oxidation to carbon dioxide. It was shown that bridge site is
preferable for atomic oxygen adsorption, and participates in ethylene glycol
activation, while hollow site is involved in deep oxidation processes. Most
important reaction intermediates were also revealed. Thus, ethylenedioxy
and 2-oxyethoxy species were found to be the basic reaction intermediates
transforming into major reaction products.
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ABSTRACT
Al,Fe-pillared clays (PILCs) have shown good performance in catalytic wet
peroxide oxidation (CWPO) of organic pollutants in water. In this work,
Al,Fe–PILC prepared with the pillaring solution containing pillaring cations
in Fe3+/(Al3++Fe3+) molar ratio of 0.15 was used as a catalyst. The influence
of the initial concentration of tartrazine azo-dye on its degradation rate using
CWPO was investigated. The results were processed using the general
factorial design in order to optimize the degradation of the tartrazine azodye by Al,Fe–PILC employing the CWPO. Two factors, namely time and
tartrazine dye concentration at six and three levels, respectively were
involved in the design, while the residual tartrazine dye concentration in the
solution after CWPO was the dependent variable. The significance of
individual factors and their interactions were estimated based on their Fand p-values using ANOVA. Different polynomial models were tested and
the most adequate regression model was proposed.
INTRODUCTION
The discharge of colored wastewaters into natural waterbodies leads to the
reduction of both sunlight penetration and dissolved oxygen concentration.
Furthermore, some dyes pose serious health threats to humans because of
their carcinogenicity and toxicity [1]. Catalytic wet peroxide oxidation
(CWPO) is one of the advanced oxidation processes in which pillared clays
(PILCs) are used as catalysts in the removal of organic water pollutants [2].
Permanent micro and/or mesoporosity, and thermal and chemical stability
along with developed surface, surface acidity and the possibility of the
incorporation of catalytically active species make PILCs interesting for the
application as catalysts in CWPO of organic dyes in water.
In previous works of the authors of the present paper, iron and aluminium
containing PILCs showed to be efficient in the CWPO removal of tartrazine
azo-dye from water [3]. The investigated PILCs were synthesized and
thoroughly characterized [4]. The catalytic role of Fe3+ and beneficial

260

PHYSICAL CHEMISTRY 2014

C-11-P

influence of temperature on the dye degradation were proven [3]. In this
work, the influence of the initial tartrazine concentration on its rate of
removal by CWPO was investigated at equal temperature, pH as well as
H2O2 and catalyst concentration conditions. The conventional optimization
processes neglect the interaction effects of process variables. Therefore, in
this study, general factorial design [5] was employed to define CWPO
reaction. In this way it was possible to determine interaction between
chosen variables i.e. time and initial dye concentration.
EXPERIMENTAL
Smectite rich bentonite clay from Bogovina was used in this work for
pillaring. Pillared clay was synthesized using pillaring solution that
contained pillaring cations in the Fe3+/(Al3++Fe3+) molar ratio of 0.15
(denoted as AlFe15 PILC). The metal cation/bentonite ratio of 10 mmol
(Al3++Fe3+)/g. was used for the synthesis of the catalyst. Detailed synthesis
procedure and experimental setup are described elsewhere [3, 4].
The catalytic tests were carried out in a Pyrex reactor, thermostated by a
Julabo MC 4 circular heater, and equipped with a stirrer. Aqueous solutions
of tartrazine (100 ml) were stirred with 0.5 g of the solid catalyst and 35%
hydrogen peroxide was added in excess (1 ml). The CWPO tests were
carried out at 60 °C. Aliquots were taken at predetermined periods of time.
Supernatant solutions were separated from the solid phase by centrifugation
at 17000 rpm for 5 min and analyzed by UV-Vis spectrophotometry. The
spectra were obtained using a Thermo Electron Nicolet Evolution 500 UVVIS spectrophotometer.
The influence of the
initial
tartrazine
concentration on its
rate of removal by
CWPO
was
investigated at equal
temperature, pH as
well as H2O2 and
catalyst concentration
conditions (Figure 1).
The initial tartrazine
concentrations
were
93.6×10-6 mol dm-3,
Figure 1. CWPO of tartrazine on AlFe15 PILC
46.8×10-6 mol dm-3 and
-6
-3
– the influence of initial dye concentration
18.7×10 mol dm .
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STATISTICAL ANALYSIS
For the statistical analysis, time (A) and initial tartrazine dye concentration
(B) were chosen to be independent factors, while tartrazine dye
concentration in the solution after CWPO was chosen to be the dependent
variable. Since A was changed on six levels and B on three levels the total
of 18 experiments was tested using Design Expert 7.0.0 Trial program. Data
obtained from the general factorial design were used to determine the
regression coefficients for different regression models and the significance
of the factors and their combinations was evaluated by the analysis of
variance (ANOVA) [5].
RESULTS AND DISCUSSION
The ANOVA was performed in order to evaluate the significance of
individual factors and their interaction effects based on their F- and pvalues. The third order polynomial, second order polynomial and modified
second order polynomial were tested. Generally, if p < 0.05, the analyzed
factor and its interaction is significant, while higher F-values indicate
greater significance [5]. Based on these factors, the most suitable regression
equation among the investigated ones was found. Modified second order
polynomial that considered only the significant terms and excluding the
insignificant ones was adopted and presented in Table 1.
For selected model all obtained p-values were lower than 0.0001, indicating
that both of the factors (time and initial tatrazine dye concentration) and
their interactions had influence on the concentration of tartrazine after
CWPO.
Table 1. ANOVA results.
Source

df

Mean Square

F-value

Model

Sum of
Squares
13875.09

4

3468.77

1021.32

A-Time
B-Concentration
AB
A2
Residual
Corr. Total

4329.33
4689.48
1002.06
249.10
44.15
13919.24

1
1
1
1
13
17

4329.33
4689.48
1002.06
249.10
3.40

1274.70
1380.74
295.04
73.34

p-value
prob > F
< 0.0001
significant
< 0.0001
< 0.0001
< 0.0001
< 0.0001

The quality of fit of the polynomial model equation was also evaluated by
the coefficient of determination (R2 value). The obtained adjusted R2 value
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(AdjR2 = 0.9959) is in reasonable agreement with R2 = 0.9968 indicating a
very good fit. The adopted model that included only significant terms is as
follows:
Ct = 2.411 – 0.191A + 0.940B – 2.933·10-3AB + 6.944·10-4A2
The positive coefficients of the terms indicate an increasing effect on Ct,
while the negative ones indicated a decreasing effect on Ct.
CONCLUSION
Catalytic wet peroxide oxidation (CWPO) of azo dye tartrazine was
performed. Synthesized and previously characterized Al,Fe-pillared clay
was used as catalyst. The influence of the initial concentration of tartrazine
azo-dye on its degradation was tested at equal temperature, pH as well as
H2O2 and catalyst concentration conditions. General factorial design was
employed to define CWPO reaction. The ANOVA was performed in order
to evaluate the significance of individual factors and their interaction effects
based on their F- and p-values. Different regression models were tested and
modified second order polynomial that considered only the significant terms
was found to be the most appropriate.
The obtained coefficient of determination value indicated that 99.68% of
variation in the obtained tartrazine dye concentration after time can be
explained by the fitted model.
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ABSTRACT
The reduction behavior and catalytic activities of binary NiO-V2O5 systems
(NiO/(NiO+V2O5) = 0÷1) and Na2O-NiO-V2O5/γ-Al2O3 catalysts [2 wt.%
Na2O; (NiO+V2O5) = 11 wt.%; NiO/(NiO+V2O5) = 0÷1] for ethylbenzene
dehydrogenation have been studied. Dehydrogenation activities of
unsupported and γ-Al2O3-supported NiO-V2O5-based catalysts have been
found to be associated with mainly vanadium oxide species contained in
these samples. Both series of NiO-V2O5-based catalysts exhibited maximal
styrene yields at NiO/(NiO+V2O5) molar ratio of ~ 0.15.
INTRODUCTION
NiO-V2O5-based catalysts are rather active in partial oxidation of alcohols
[1] and in oxidative dehydrogenation of hydrocarbons [2,3]. γ-Aluminasupported NiO-V2O5 catalytic systems promoted by Na2O are also effective
in non-oxidative dehydrogenation of ethyltoluenes [4], and they can be used
for dehydrotreatment of mesitylene-containing fractions of C9-aromatics to
improve the separation of pure mesitylene from ethyltoluene impurities [5].
However, the contribution of nickel and vanadium components in the
dehydrogenation activity of Na2O-NiO-V2O5/γ-Al2O3 catalysts and
influence of NiO/(NiO+V2O5) ratios on this catalytic reaction still remained
unclear. In the present work the effects of NiO/(NiO+V2O5) molar ratios
and catalyst reduction degrees on the catalytic properties of unsupported and
γ-alumina-supported NiO-V2O5 samples in ethylbenzene dehydrogenation
have been investigated.
EXPERIMENTAL
NiO-V2O5 catalysts with various NiO/V2O5 ratios (0-100 mol.% NiO) were
prepared by mixing aqueous solutions of corresponding amounts of
ammonium metavanadate (V) and nickel (II) nitrate hexahydrate, followed
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by drying (120°C, 4 h) and calcining (600°C, 6 h) in air of evaporated
precipitates. Na2O-NiO-V2O5/γ-Al2O3 catalysts [2 wt.% Na2O; (NiO+V2O5)
= 11 wt.%; NiO/(NiO+V2O5) = 0÷1)] were obtained by sequential
impregnation of commercial γ-Al2O3 (200 m2/g) with aqueous solutions of
corresponding amounts of NH4VO3, Ni(NO3)2⋅6 H2O and Na2CO3, followed
by drying (120°C, 4 h) and calcining (600°C, 6 h) in air of the impregnates
after each component deposition. For comparison, 10%V2O5/γ-Al2O3,
2%Na2O-10%V2O5/γ-Al2O3, 1%NiO/γ-Al2O3, 2%Na2O-1.0%NiO/γ-Al2O3,
and 2%Na2O/γ-Al2O3 samples were also synthesized. BET specific surface
areas of the catalysts were determined by N2 adsorption at -196°C.
Thermally treated samples were also characterized by X-ray diffraction
(XRD) method (a HZG-4.0 instrument; Ni-filtered CuKα-irradiation).
Catalytic activities of the above catalytic materials in a model reaction of
ethylbenzene dehydrogenation (T = 620°C, P = 0.1 MPa, τc = 1 s) were
measured using conventional pulse chromatographic method. The reduction
experiments with γ-Al2O3-supported materials were performed at 620°C in
the same pulse catalytic reactor by injecting H2 pulses into a flow of helium
(25 ml He/min) fluxing through the catalyst bed; catalyst reduction degrees
were estimated by the amount of H2O formed. Temperature-programmed
thermogravimetry in a flow of H2 (100 ml/min) in combination with XRD
analysis of the reduced samples was applied to study the reduction behavior
of unsupported NiO-V2O5 systems.
RESULTS AND DISCUSSION
The results obtained are shown in Table 1 and in Figs 1-2. The phase
composition of oxidized binary NiO-V2O5 samples consists of the following
bulk phases: V2O5, NiO, nickel meta- and pyrovanadates (Table 1). Mostly
roentgenamorphous vanadium and/or nickel species were present in the
calcined γ-Al2O3-supported catalysts (in view of a fact that only γ-Al2O3
phase was observed in the XRD patterns). But at NiO/(NiO+V2O5) molar
ratios ≥ 0.67, weak XRD lines from bulk NiO phase were also registered in
the γ-Al2O3-based samples. Catalytic activity of binary NiO-V2O5 catalysts
for ethylbenzene dehydrogenation (styrene yields) has been found to be due
to mostly V2O5 phase; other phases present in the NiO-V2O5 samples (nickel
vanadates, NiO) catalyzed mostly ethylbenzene cracking and dealkylation
reactions. Dehydrogenating properties of Na2O-NiO-V2O5/γ-Al2O3 catalysts
can also be ascribed to mainly vanadia species since styrene yields
decreased with NiO increasing, while γ-Al2O3 and Na2O/γ-Al2O3 samples
were practically inactive in this reaction. Maximal dehydrogenation
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activities of both unsupported and γ-Al2O3-supported NiO-V2O5-based
catalysts were observed at NiO/(NiO+V2O5) molar ratios of ~ 0.15 (Fig. 1).
Table 1. Characteristics of oxidized and reduced binary NiO-V2O5 catalysts
Content
(mol.%)
NiO V2O5
100
0
90
10
80
20
60
40
50
50
25
75
0
100

SBET
(m2/g)

Phase composition of the catalysts studieda
Oxidizedb
V2O5
V2O5
V2O5
Ni(VO3)2;V2O5;Ni2V2O7
Ni2V2O7; V2O5
NiO; Ni2V2O7
NiO

Reducedc
0.4
α-V2O3
3.1
α-V2O3
3.3
α-V2O3
4.2
α-V2O3; Ni°
8.3
Ni°; α-V2O3
14.2
Ni°
7.1
Ni°
a
Phases are ranged according to the decrease in intensities of their strongest
X-ray lines.
b
Calcined in air at 600°C for 6 h.
c
Reduced in a flow of hydrogen (100 ml Н2/min) with using a temperatureprogrammed heating (10°C/min) up to T ~ 700°C.

Figure 2. Dehydrogenation
activities of V2O5/γ-Al2O3-based
catalysts as functions of their
reduction degrees and vanadium
oxidation states.
During the reaction or hydrogen treatment, Ni2+- and V5+-containing
compounds present in the oxidized NiO-V2O5 materials are progressively
Figure 1. Effect of NiO/(NiO +
V2O5) molar ratio on the
dehydrogenation activities of
NiO-V2O5-based systems.
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reduced up to Ni° particles and V3+-containing species, respectively (Table
1). On the other hand, γ-Al2O3, 2%Na2O/γ-Al2O3, 1%NiO/γ-Al2O3 and
2%Na2O-1%NiO/γ-Al2O3 samples were not reduced under the chosen
reaction conditions. This means that mostly vanadia species could be
subjected to the reduction in γ-alumina-supported V2O5-based catalysts
containing small amounts of Na2O and/or NiO. Their reduction rates
(estimated by 50% reduction degrees of the catalysts) changed according to
the following sequence: 2%Na2O-1%NiO-10%V2O5/γ-Al2O3 > 2%Na2O10%V2O5/γ-Al2O3 > 10%V2O5/γ-Al2O3. But the reduction degrees (amounts
of O2 removed from the catalyst surface) for completely reduced Vcontaining γ-Al2O3-supported samples decreased in the order of: 2%Na2O10%V2O5/γ-Al2O3 > 10%V2O5/γ-Al2O3 > 2%Na2O-1%NiO-10%V2O5/γAl2O3. Such behavior may imply that nickel species somewhat retard the
reduction of vanadium species. Assuming that under reduction conditions
chosen, only vanadium ions could be reduced in the supported V-containing
catalysts studied, average oxidation states of vanadium for these
preliminarily reduced γ-alumina-supported samples were calculated and
correlated with the changes in their dehydrogenation activities. Maximal
activities were observed at the catalyst reduction degrees corresponding to
the formation of V4+ ions (Fig. 2). It is supposed that small addition of NiO
and Na2O to γ-Al2O3-supported V2O5-containing systems facilitates the
formation and stabilization of V4+ ions providing the increased activity of
NiO-V2O5-based catalysts in ethylbenzene dehydrogenation.
CONCLUSION
Catalytic activity of unsupported and γ-alumina-supported NiO-V2O5-based
catalytic systems for ethylbenzene dehydrogenation is due to predominantly
vanadium oxide species. Promoting effect of small additives of NiO and
Na2O on the performance of Na2O-NiO-V2O5/γ-Al2O3 catalysts may be
related to the stabilization of V4+ ions possessing the higher activities in
ethylbenzene dehydrogenation.
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ABSTRACT
Porous Clays Heterostructures (PCH’s), are synthesized from clays by
exchange process using lower molar ratios of decylamine/ tetraethyl
orthosilicate as it was described by the literature, being a more economic
synthesis process. These materials have resulted adequate supports for the
Rh catalysts (1%Rh) through an organometallic component. The particle
size of the Rhodium is in the nanometres’ scale (2,6-4,7 nm). The catalytic
behaviour was studied by the hydrogenation or transformation of acetone in
gas phase at atmospheric pressure (mild conditions) and a temperature range
between 180-80ºC.
INTRODUCTION
Porous Clays Heterostructures (PCH’s) are a new class of acid solids with a
porous structure first described by Pinnavaia et al [1-2]. These materials
show an special pore size between the supermicropore and the small
mesopore. These PCH’s are synthesized from clays by exchange process. It
has been described a narrow relation between the obtained pore size in these
materials with the surfactant and the source of silica used in the synthesis
[3].
The present work has a double objective, in the first part, it is synthesized
and characterized PCH’s with different molar ratios of co-surfactant/silica
source and, secondly it is studied the capability of these materials as
supports for Rhodium catalyst and their catalytic behavior in the
hydrogenation of acetone in mild conditions of pressure and temperature.
EXPERIMENTAL
As raw material, a montmorillonite from Wyoming is used. It will be
modified with an ionic surfactant and different molar ratios of
decylamine/tetraethyl orthosilicate (TEOS) (20/150, 20/70 and 20/20) which
are lower proportions than the ratios are used in the literature.

268

PHYSICAL CHEMISTRY 2014

C-13-P

PCH materials were synthesized as follow: In the first step, the interlayer
cations were exchanged for organic hexadecyltrimethylammonium cations
(CTA). The amount of organic cations used for exchange was twice the
cation exchange capacity of the raw materials. The samples were added to
an aqueous solution of CTABr. After, it was stirred at room temperature for
24 hours. The excess of salt was removed by washing with desionized water
and centrifugation. In the next step, neutral amine co-surfactant
(decylamine) and TEOS were added in different molar ratios described
above. The materials were recovered by filtration. In order to eliminate the
organic material, they were calcined. By this way, the samples with a
bidimensional pore structure were obtained.
The incorporation of the metallic phase (1% Rh) on the PCH’s used as
supports was made by impregnation in acetone medium and adsorption in
organometallic solution of Rh [4-5] at room temperature. A catalyst with
Wy as support has been prepared for comparative effects.
The supports and catalysts were characterized by various physical-chemical
techniques: XRD, adsorption-desorption nitrogen, adsorption-desorption of
ammonia and/or cyclohexylamine to determine the acidity, and
chemisorption of O2-H2 in order to know the metallic dispersion and the
particle size.
The catalytic behaviour was studied in the hydrogenation or transformation
of acetone in gas phase at atmospheric pressure (mild conditions) and a
temperature range between 180-80ºC in interval of 20ºC. All catalysts were
calcined and reducted in situ at 200ºC in air flow and at 500ºC in hydrogen
flow, respectively. The products were analyzed through Gas
Chromatography.
RESULTS AND DISCUSSION
The XRD pattern obtained from the Wy sample exchanged with CTA+ show
basal spacing increases from 12.9Ǻ for the raw material to 21.0Ǻ. This
indicates that the exchange of sodium ions with the CTA in the sample has
been successful.
The PCH’s samples synthesized have a high specific surface area, being the
highest in the Wy20/150 (577 m2/g) and Wy20/20 (599 m2/g) samples,
compared with the raw material (32 m2/g). The Wy20/20 sample shows the
highest pore volume (0.380 cc/g) and pore size (35.6Ǻ). The acidity of these
materials is stable up to a maximum temperature of the catalytic test of
500ºC and higher than the raw material (12.88 cc/g for Wy20/20 sample
against 0.44cc/g for the Wy sample).
Porous Clays Heterostructures (PCH’s) synthesized have resulted adequate
supports for the Rh catalysts (1%Rh) through an organometallic component
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in mild conditions (room temperature and atmospheric pressure). The
particle size of the Rhodium is in the nanometres’ scale (2,6-4,7 nm) and the
metallic dispersion between 41 and 25% (Table 1).
Table 1. Metallic Dispersion and particle diameter Ø (nm) of Catalysts.
Catalyst
Rh/Wy
Rh/Wy20/150
Rh /Wy20/70
Rh/Wy 20/20

Tred.(300ºC)
Dispersion (%)
41
9.1
12.4
12.0

Ø
(nm)
2.7
11.9
8.7
9.0

Tred.(500ºC)
Dispersion (%)
23.4
32.3
25.5

Ø (nm)
4.7
3.4
4.3

Figure 1. Selectivity to MIBK (Tred=500ºC).
The synthesized catalysts possess acidity, but lower than the supports. This
can be due to the possible anchored of Rhodium in the acid centres of them.
The bifunctional synthesized catalysts have resulted more active in the
temperature interval from 180 to 100ºC. The conversion increases when the
temperature of reaction increases and the selectivity, in the transformation
of acetone towards methyl isobutyl ketone (MIBK), is higher for the
catalysts that show more acidity (Rh/Wy20/150) (Figure 1). When the Wy
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clay without modification is used as support for preparing the catalyst
(Rh/Wy), it was not found any selectivity in the reaction.
CONCLUSION
Porous Clays Heterostructures (PCH’s) from a montmorillonite (Wy) using
lower molar ratios of decylamine/TEOS as it was described by the literature,
being a more economic synthesis process, have been synthesized. These
materials show better physicochemical properties than the raw clays.
Porous Clays Heterostructures (PCH’s) synthesized have resulted adequate
supports for the Rh catalysts (1%Rh) through an organometallic component
in mild conditions. The particle size of the Rhodium is in the nanometres’
scale and the acidity is stable up to a maximum temperature of 500ºC. The
conversion increases when the temperature of reaction increases and the
selectivity in the transformation of acetone towards MIBK is higher for the
catalysts that present more acidity (Rh/Wy20/150).
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ABSTRACT
Nickel supported on perlite was synthesized by precipitation-deposition
method of Ni(NO3)2·6H2O and Mg(NO3)2·6H2O solution with Na2CO3 on
three differently prepared expanded perlite with identical composition
(Ni/SiO2=1.1 and Ni/Mg=10/1). Investigation was conducted in order to
elucidate the possibility of using perlite as a novel support type, for
preparation of nickel based precursor catalyst, potentially applicable in
vegetable oil hydrogenation process. Different characterization techniques,
He-pycnometry, Hg-porosimetry and N2-physisorption were used.
Determining the precursor texture shows a successfully deposited nickel
phase on its perlite support with promising results.
INTRODUCTION
Perlite is an amorphous volcanic glass, light gray, with SiO2 composition,
higher than 70 wt.% and 2 to 5 wt.% of combined water. Commercially, the
term perlite includes any volcanic glass that will expand dramatically when
heated quickly, up to 20 times, forming a lightweight frothy material [1].
Perlite has a significant applicability in construction industry, agriculture,
and as an industrial filter aid, but there are just a few examples as a catalyst
support. Currently, metallic nickel supported on different natural sources of
silica represents the commonly applied commercial catalyst for the process
of oil hydrogenation, due to its high activity, availability and low cost [2-4].
The precipitation of nickel salt with sodium carbonate in the presence of a
silica slurry leads to the formation of different nickel species: nickel basic
carbonate, nickel phyllosilicate, etc. Obtained material can vary
considerably with the changes in the precipitation conditions, synthesis
temperature, Ni/SiO2 ratio and textural characteristics of silica support [5].
The aim of this work is to examine the effect of nickel deposition, under the
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same precipitation conditions on differently pretreated expanded perlite, in
order to obtain a precursor for vegetable oil hydrogenation process.
EXPERIMENTAL
Materials and methods. All the chemicals used in precursor synthesis
described in this paper are “pro analysis” purity grade. Expanded perlite was
supplied with the courtesy of Termika, Zrenjanin, R. Serbia, Perlite PF-295.
Three different pretreatment procedures were used: first washed with
distilled H2O on 90 °C for 30 min (PF-N), second, with 10% solution of
Na2CO3 on 90 °C for 4h (PF-B) and third with 9M HCl in reflux on 100 °C
for 4h (PF-A), all under vigorous stirring. Obtained supports were vacuum
washed with hot distilled H2O (≈80 °C) until neutral pH and dried in an
oven at 110 °C for 24h. Precursors were synthesized with identical
composition (nNi/nSiO2=1.1 and nNi/nMg=10) by precipitation-deposition
method. Aqueous solutions of Ni(NO3)2·6H2O and Mg(NO3)2·6H2O, solid
anhydrous Na2CO3 with molar ratio 1.5 towards Ni2+, an aqueous
suspensions containing 2.0 wt.% of the supports PF-N, PF-B and PF-A were
prepared. In externally heated PTFE reaction vessel equipped with a
magnetic stirrer, Ni-Mg nitrate solution was added, heated up to 90 °C and
co-precipitated with Na2CO3 under vigorous stirring. Hence, the hot
aqueous suspension of the support (PF-N, PF-B or PF-A) was added at once
into the reaction vessel. The obtained suspension was aged for 30 min at the
same temperature and stirring rate, after which was filtered and thoroughly
washed with hot (≈80 °C) distilled water until neutral pH. Finally, the
precursors were dried at 110 °C for 24h, grounded to powder, dried again
and stored. Characterization. The composition of the supports and
precursors were determined by ICP-OES method (Thermo Scientific iCAP6500 Duo) after acid microwave digestion was applied. Density
measurements were performed by gas pycnometry (Pycnomatic ATC).
Textural parameters of supports and precursors were obtained by N2physisorption (Sorptomatic 1990) and mercury porosimetry (P.A.S.C.A.L.
140 and 440) measurements.
RESULTS AND DISCUSSION
Chemical compositions of the prepared supports and precursors are
presented in Table 1 and Table 2, respectively. Although the chemical
composition of the starting material PF-295 is not shown because of
confidential issues, it can be said that the H2O pretreatment causes barely
significant changes in PF-N support. For PF-B and PF-A most obvious
changes, compared to PF-N, is SiO2 content. Acid pretreatment (PF-A)
removes some of cations causing the increase in SiO2. In contrast, base
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prepared (PF-B), due to the base formation, leads to the increase of sample
mass and consequently, SiO2 decrease.
Table 1. The chemical composition of the supports
Chemical composition (wt. %)
Support
SiO2 Al2O3 Fe2O3 CaO MgO K2O Na2O MnO Loss on Ignition
PF-N 74.10 13.69 0.81 0.70 0.12 4.64 3.62 0.08
2.51
PF-B
72.73 12.87 0.83 0.74 0.14 4.01 4.26 0.09
1.38
PF-A 76.82 12.20 0.63 0.67 0.08 4.38 2.62 0.08
2.14

Chemical composition results of the precursors show that the Ni/Mg and
Ni/SiO2 molar ratio was achieved accordingly to the specified synthesis
procedure, with slightly different amount of nickel in different precursors.
Table 2. Weight percentage and molar ratio of Ni, Mg and SiO2 of the precursors
(wt. %)
molar ratio
Precursor
Ni
Mg
SiO2
Ni/Mg
Ni/SiO2
Ni/PF-N
28.41
1.22
26.73
9.6
1.09
Ni/PF-B
32.20
1.32
30.05
10.1
1.10
Ni/PF-A
31.94
1.30
30.43
10.2
1.07

Textural characteristics and skeleton densities of the prepared samples are
presented in Table 3. Due to high value of intruded mercury volume during
the first Hg porosimetry run for both supports and precursors, the second
run was conducted in order to resolve the nature of this behaviour. Results
show obvious differences between precursors and supports.
Sample
PF-N
Ni/PF-N
PF-B
Ni/PF-B
PF-A
Ni/PF-A

Table 3. Textural characteristics of supports and precursors
Hg-porosimetry
N2-physisorption
He-pycnometry
Vmicro, SBET,
ρ,
Vtot-R1, Vtot-R2, Dmed, Vmeso,
g·cm-3
cm3·g-1 cm3·g-1 µm cm3·g-1 cm3·g-1 m2·g-1
2.56
2.13
5.50
0.015
0.002
6.0
2.23
1.86
0.06
4.11
0.130
0.053
140
2.45
2.56
1.49
5.21
0.011
0.002
5.7
2.13
1.17
0.18
2.64
0.115
0.048
140
2.26
2.16
1.72
4.72
0.038
0.001
2.2
2.40
1.71
0.11
3.98
0.113
0.047
129
2.70

For supports, a high value of total Hg intruded specific volume in first run
(Vtot-R1) is not caused by support characteristics (pores system volume or
interparticles voids), rather from the compressibility of the supports. That is
obvious, because the Vtot-R2 is also high. On the contrary, no evidence of
precursor compressibility was observed. Precursors exhibit very small
Vtot-R2 values and are the same order of magnitude to Vmeso results obtained
by N2 physisorption, indicating that beside high interparticle porosity,
intraparticle porosity exists in some extend. Determined values of dominant
void diameter Dmed ≈ 5 µm, originate from interparticle species rather than
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the pore system, for both supports and precursors. Nitrogen physisorption
isotherms of all supports are the same, and according to the IUPAC
classification [6] are Type III
(Figure 1). This type of isotherm is
characteristic for weak adsorbateadsorbent inter-actions and can be
associated
with
nonporous
adsorbents. The obtained values of
specific surface area, and small
values of meso and micropore
Figure 1. The N2 isotherms at 77 K of the
volume, confirms a nonporous
PF-N support and Ni/PF-N precursor
nature of the supports. The
precursor isotherm type is dramatically different and can be classified as IIb
with the type H3 hysteresis, characteristic for aggregates of plate-like
particles with non-rigid slit-shapes. This is obviously contributed by
formation of Ni-species, most probably in the form of nickel basic
carbonate, on the surface of the support. Increases of skeleton density for
precursors compared to the supports, confirm this assumption.
100

3

Vads, cm g

-1

150

Ni/PF-N

50

PF-N

0

0.0

0.2

0.4

p/p0

0.6

0.8

1.0

CONCLUSION
Nickel catalyst precursors supported on perlite were prepared by depositionprecipitation method on differently activated perlite support. Although,
predetermined Ni/Mg and Ni/SiO2 molar ratios in precursors were achieved,
amount of nickel is slightly different. Used synthesis procedure enables
deposition of nickel species on the support. Thus, obtained materials are
promising for the preparation of nickel catalyst for vegetable oil
hydrogenation.
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ABSTRACT
The effect of magnesium addition on activity of Ni/SiO2 catalysts for
sunflower oil hydrogenation, synthesized using two types of different
commercial silica gels was studied. It was shown that the presence of
magnesium in MgNi/SIG-C catalyst contributes to the formation of
appropriate pore system and easy reducible Ni2+ species at 430ºC, which
generate sufficient number of accessible Ni0 active sites. Contribution of
different silica gel types on catalytic properties is also recognized.
INTRODUCTION
Hydrogenation of vegetable oils is a traditional oleochemical process aiming
to change the physical properties of the oils as well as to enhance the
oxidation and thermal stability of the hydrogenated products. In the view of
high activity, inert nature of the metal relative to the oil, availability and
economic consideration, metal nickel, supported on different sources of
silica, is the most appropriate catalyst for this reaction. While numerous
studies have been focused on improvement of the catalyst preparation, there
are only scarce attempts to elucidate the role of additives or modifiers on the
catalytic performance in vegetable oil hydrogenation [1,2]. The purpose of
the present work was to investigate the effect of Mg addition on the
hydrogenation activity of Ni/SiO2 systems.
EXPERIMENTAL
Mg-modified samples were synthesized with identical composition
(SiO2/Ni=1.0 and Mg/Ni=0.1) by co-precipitation using aqueous solutions
of Ni(NO3)2·6H2O, Mg(NO3)2·6H2O and Na2CO3 on SiO2 supports that are
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denoted MgNi/SIG-A and MgNi/SIG-C. By analogy with non-modified
Ni/SiO2 samples, two types of commercial silica gel (SIG-A and SIG-C), differing
in textural parameters, were applied as sources of silica support [3]. Detailed
description of the preparation procedure is reported in our recent paper [4].
Preliminary reduction of the precursors in an as-prepared state (without
calcinations) was performed in a laboratory set-up using a quartz reactor by
means of a “dry reduction” method at 430°C for 5 h with 1:1 = H2:N2 gas
mixture, at a flow rate of 10 l/h and heating rate of 1.5°C/min. After cooling
down to room temperature, the reduced precursors were impregnated with
pure paraffin oil in order to avoid catalyst passivation, due to the
exceptional pyrophority of the metallic nickel.
Partial hydrogenation of a sunflower oil was performed in a 1000 cm3 glass
reactor Series 5100 (Parr, USA), computer coupled with Mass Controller F201C and Pressure Meter F-502C (Bronkhorst, Nederland) under the
following conditions: oil mass - 900 g; catalyst concentration - 0.06 wt. %
Ni with respect to the amount of oil; stirring rate - 1200 rpm; hydrogenation
temperature - 160°C and H2 pressure - 0.2 MPa. The activity of the catalysts
was evaluated by measuring the changes in the Refraction Index at 50°C
(RX-5000α, Atago) of the starting oil and periodically collected partially
hydrogenated oil. The quantity of the consumed hydrogen during the
process was determined by post processing integration of the differential
data from the Mass Flow Controller F-201C.
The temperature programmed reduction (TPR) experiments were
accomplished by a 5%H2/Ar gas mixture, at flow rate 20 cm3/min and
heating rate 10°C/min in the temperature range 50−900°C, using Thermo
Scientific TPRDO1100 system. Two TPR procedures were used: 1. Normal
TPR and 2. TPR after reduction of the samples at 430oC for 2h, denoted as
ReTPR.
RESULTS AND DISCUSSION
A diminution of the Refraction Index (RI) value of the crude oil (1.46368)
and the quantity of the consumed
hydrogen as a function of hydrogenation
time for the studied catalysts are
represented in Figure 1. It can be seen
that the value of RI at the end of the
hydrogenation reaction downs to the
level of 1.45495 (MgNi/SIG-C),
1.45582
(MgNi/SIG-A),
1.45674
(Ni/SIG-A)
and
1.45783
(Ni/SIG-C).
Figure 1. The changes in the RI
and the volume of the consumed The obtained results are in accordance
hydrogen vs. the reaction time
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with the quantity of the consumed hydrogen (cm3) at the end of the reaction,
namely: MgNi/SIG-C (61395) > MgNi/SIG-A (54868) > Ni/SIG-A (48013)
> Ni/SIG-C (40632). The comparison of the hydrogen consumption at one
and the same hydrogenation time (70 min) normalized for the amount of the
consumed hydrogen by Ni/SIG-C (most inactive catalyst) reveals 1.65, 1.87
and 2.23 times greater values for Ni/SIG-A, MgNi/SIG-A and MgNi/SIG-C
catalysts, respectively. The obtained data point out the dominant
hydrogenation activity of the MgNi/SIG-C catalyst.
As we shown in previous paper [5], the higher activity of non-modified
Ni/SIG-A catalyst was ascribed to the facilitated reduction of the Ni2+
species at 430ºC and to the creation of adequate number of accessible Ni0
active sites on the surface of catalyst. The lower catalytic activity of Ni/SIGC catalyst was attributed to its pore system which doesn’t provide the
accessibility of the reactant molecules involved in the hydrogenation
reaction (triacylglicerols and/or hydrogen) to the active Ni0 sites [5].
A possible interpretation of the catalytic activity for Mg-containing catalysts
may be found in TPR experiments accomplished by two consecutive
procedures.
Figure 2.
The TPR
profiles (A)
and ReTPR
(B) of the
Mgmodified
precursors
The normal TPR profile of MgNi/SIG-A sample is
characterized by a symmetric profile, temperature maximum (Tmax) at 446°C
as well as a high-temperature shoulder at ∼600°C (Fig. 2A). On the
contrary, the TPR profile of MgNi/SIG-C is not symmetric, but displayed a
well-resolved Tmax at 431°C and a negligible high-temperature shoulder at
∼600oC. Calculation of total peak area for both samples show 17.1% higher
reducibility of Ni2+ species in MgNi/SIG-C solid compared to MgNi/SIG-A.
Due to the fact that chemical analyses of precursors confirm similar
concentration of Ni2+ for both samples, a possible explanation can be found
in the existence non-reducible Ni species in sample MgNi/SIG-A which
cannot be reduced in the applied temperature range.
ReTPR profiles of pre-reduced at 430°C/2h precursors (Fig. 2B) suggest a
facilitated reduction of Ni2+ species up to 430°C in MgNi/SIG-C sample.
The smaller the area under the ReTPR curve means smaller amounts of
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reducible species. Consequently, that means higher reducible efficiency in
first run (up to 430°C) and large amount of easily reducible species. Only
11.8% of MgNi/SIG-C precursor remains unreduced vs. 26.1% for
MgNi/SIG-A. Due to the fact that preparation catalyst procedure was also
conducted at Tmax=430°C, it is correct to assume that the higher MgNi/SIGC activity originated from higher amount of Ni0 generated through applied
reduction process.
It is worth noting that, the higher hydrogenation activity of MgNi/SIG-C
can be related not only to the presence of larger number of Ni0 active sites
on the catalyst surface but also to larger average pore diameter of
MgNi/SIG-C precursor (15.1 nm) compared to MgNi/SIG-A (9.2 nm) [6].
Larger pore diameter allows faster diffusion of the triacylglycerol molecules
through the pore system of the catalyst, reflecting on the faster rate of the
reaction and higher hydrogenation activity.
CONCLUSION
Magnesium presence in MgNi/SIG-C catalyst contributes to the formation
of appropriate pore system and easy reducible Ni2+ species at temperature
up to 430°C which generates sufficient number of accessible Ni0 active sites
on the surface of the most active catalyst for the sunflower oil
hydrogenation.
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ABSTRACT
The mesoporous TiO2 films were prepared by dip coating technique
combined with the evaporation-induced self-assembly method using
selected polymer templates. Influence of specific surface area, pore size,
(nano)crystal structure and morphology of TiO2 films on the photocatalytic
behaviour was investigated. In addition, particular process parameters were
considered in decolorisation of organic dyes, such as: thickness of TiO2
films, initial concentration of selected pollutants and number of reaction
cycles.
INTRODUCTION
One of the major global problems is water pollution. The large amount of
organic dyes used in textile manufacturing processes and other industries
represents an increasing environmental danger owing to their toxic,
carcinogenic and mutagenic nature [1].
Due to their numerous favorable properties TiO2 thin films have been
commonly used photocatalysts for degrading a wide range of organic
pollutants. Several techniques and preparation process parameters can be
used in order to obtain photocatalyst with the desired properties.
The evaporation-induced self-assembly method [2-4] using various titania
precursors and templating polymers has been used in order to prepare
mesoporous TiO2 films. It is proposed and shown that the type of polymer
template has a substantial influence on the porosity of the final material [5].
The aim of this study was to investigate the photocatalytic activity of
homogenous and crack-free TiO2 films with templated mesoporosity,
prepared by using two different polymers (Pluronic F127 and PSM02). In
this paper photocatalytic decolorisation of methylene blue (MB) and crystal
violet (CV) was used in order to test photocatalytic activity of the TiO2 thin
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films as a function of porosity, crystallinity, particle size, and thickness
(catalyst dosage).
EXPERIMENTAL
Templated TiO2 thin films were prepared by using silicon wafers as
substrates. Precursor solutions for dip coating were prepared using TiCl4
dissolved in dry ethanol under an inert atmosphere. An alcohol-water
mixture containing either Pluronic F127 or PSM02 polymer was added and
molar ratio between TiCl4 and F127 was adjusted to 1 : 0.001, while the
molar ratio between TiCl4 and PSM02 was 1 : 0.01. These solutions were
stirred at room temperature for 24 hours and the addition of deionized water
led to a molar ratio between selected solution constituents TiCl4 : EtOH :
H2O = 1 : 30 : 10. The TiO2 films were deposited onto silicon substrates by
dip coating combined with the evaporation-induced self-assembly method.
Calcination of the TiO2 films was carried out at 450 °C for 15 min. The

physico-chemical characterization of the catalysts were conducted using textural
(BET), structural (XRD) and morphological (SEM/TEM) analyses. Photocatalytic
efficiency of mesoporous TiO2 thin films was tested in the decolorisation reactions
of MB and CV over a broad range of initial concentrations and reaction cycles.
Changes in concentrations of organic dyes were monitored by using UV/VIS
spectra. Catalyst dosage in each photocatalytic test was 28±2 mg. The organic
dyes, like methylene blue and crystal violet, were selected as model pollutants in
photocatalytic test reaction. In order to establish the equilibrium of potential
sorption process, thin films were tested during 12 h. The UV lamp (ROTH Co.)
characterized with following working features: 16W, 2.5 mW/cm2 and λmax = 366
nm was used.

RESULTS AND DISCUSSION
BET surface areas of TiO2 films obtained by the dip coating technique in the
presence of F127 and PSM02 templates after calcination at 450 °C are
shown in Table 1. The characteristics of pore system in titania thin films can
be related to the applied preparation method, used polymer template and
titania precursor, calcination temperature and finally substrate surface
properties. The specific surface area may have a significant effect on the
photocatalytic efficiency of titania thin films [5]. The TiO2 film templated
with F127 exhibits BET surface area of 48 m2/m2 and pore size up to 10 nm,
while titania based thin film with PSM02 poses BET surface area of 20
m2/m2 with pores of 22 nm in size (Table 1). In accordance with developed
pore system and larger BET surface area, TiO2 film templated with F127
has shown higher efficiency in photocatalytic decolorisation of selected
organic dyes comparing with titania based film templated with PSM02 (Fig.
3). The XRD analysis (Fig. 1) indicated the presence of TiO2 in anatase crystal
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phase with a small amount of nonstoichiometric Ti2O3. The crystallite size of
anatase phase, calculated by Scherrer’s equation, was found to be 12 nm (Table 1).
The XRD pattern of TiO2 film was recorded exclusively for the film of an adequate
thickness to obtain reliable data (TiO2 - F127, thickness of 270 nm). It is expected
that the crystal phase composition of TiO2 - PSM02 film, after the calcination at the
same temperature (450 °C), is also crystalline and characterized with high amount
of anatase crystal phase.
Table 1. Textural and structural properties of titania thin films
Average pore Crystal phases
Crystallite
BET surface
size
size (nm)
area
(nm)
(m2/m2)
TiO2 – F127 48
10
TiO2 anatase / 12
Ti2O3
TiO2
– 20
22
/
/
PSM02

Photocatalyst
– polymer

FE-SEM micrographs, the top view, show that TiO2 film prepared by
using PSM02 polymer as a template, leads to formation of crack-free
mesoporous TiO2 films with larger pores (20-22 nm) (Fig. 2b) compared to
the films prepared by using Pluronic F127 polymer (8-10 nm) (Fig. 2a).
Figure 1.
The XRD pattern of TiO2F127 thin film with
thinckness of 270 nm [5]

The images of cross-section of the TiO2 films prepared by using PSM02
polymer indicated the elliptical shape of pores, and a lower level of their
interconnectivity. On the other hand, the polymer Pluronic F127 used for
film preparation resulted with a cubic-like porosity in the titania film surface
with interconnected mesopores ordered in a short range.

a)

Figure 2.
FE-SEM
images of ordered
mesoporous titania
thin films
templated with
different polymer
matrices: a) F127,

b)
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BET specific surface area, pore size and level of pores connectivity all
together affect photocataytic activity of titania thin films. It can be observed
that photocatalytic decolorisation process of selected dyes is the most
effective when thicker mesoporous TiO2 films (higher catalyst dosage) with
larger specific surface area (TiO2-F127, 48 m2/m2) was used. Also, under
the same experimental conditions, the photocatalytic degradation of MB is
faster compared to the degradation of CV (Fig. 3). Most likely, this effect is
a consequence of different structures of the organic dyes.
MB PSM02
CV PSM02
MB F127
CV F127

1.0

Figure 3.
Decolorisation kinetics of
MB and CV using
mesoporous titania thin films
(TiO2 - F127 and TiO2 PSM02)

0.8

C/C0

0.6

0.4

0.2

0.0
0

5

10

15

20

Illumination time (h)

CONCLUSION
The dip coating technique was proved to be effective and relatively simple
technique to obtain desired morphology of ordered mesoporous TiO2 thin
films. Complete degradation/decolorisation of the selected organic dyes was
achieved. The obtained kinetic data of photodegradation reactions were
correlated with the properties of TiO2 thin films (specific surface area, pore
size and shape, and crystallite size).
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ABSTRACT
Diatomite supported nickel catalyst precursors (Ni/D) were prepared by the
precipitation-deposition (PD) method using different nickel salts such as
nitrate, chloride, acetate and formate. The effect of counter ions (NO3-, Cl-,
CH3COO-, and HCOO-) on the texture of prepared samples was studied. For
determination of the textural characteristics mercury intrusion porosimetry
(MIP) and N2 physisorption techniques were used. MIP and physisorption
data (pore volume, pore size distribution, porosity as well as N2 adsorptiondesorption isotherms and BET surface area) showed that counter ions were
found to have a profound effect on the microstructure and porosity
characteristics of Ni/D precursors. An order of the counter ions effect on the
textural characteristics of prepared precursors was determined.
INTRODUCTION
High loading silica supported nickel catalysts are used extensively in
processes of edible oils hydrogenations. These catalysts are often prepared
by Ni ion deposition from aqueous solutions onto proper support, followed
by a suitable thermal activation procedure corresponding to reduction step.
The nature of deposition method and the choice of precursor complex
control the formation of isolated supported phases (nickel basic carbonate)
or of supported intermediate phases (nickel hydrosilicates). The
hydrogenation activity of the catalysts depends not only on the distribution
of nickel as basic carbonate and silicate, but also on the accessibility of free
metal surface area in suitable pore dimension [1]. The pore structure of
supported catalyst controls transport phenomena and governs selectivity in
edible oils hydrogenations.
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The choice of nickel precursor salt, in other terms, the choice of the counter
ions accompanying Ni cation, is crucial as it governs the solubility of salt
and its ability to decompose during reduction. In the following activation
step the precursor must be fully transformed into metal particles without
leaving side species that may modify the properties of the support. For
transition metals nitrate, chloride and sulfate anions are generally selected as
counter ions, due to their commercial availability and low price.
The aim of this work was to prepare Ni/D catalyst precursors by DP method
with well developed textural parameters. The effect of four Ni salts
containing NO3-, Cl-, CH3COO-, and HCOO- anions on the textural
characteristics of catalyst precursors was examined.
EXPERIMENTAL
Catalyst precursors were prepared using PD method. Precipitation of nickel
was performed by addition of anhydrous sodium carbonate (Na2CO3) to a
solution containing corresponding nickel salt and magnesium nitrate. The
deposition of formed Ni-precipitates onto diatomite support (D) was carried
out by addition of hot aqueous suspension of D to slurry containing Niprecipitates. The same preparation procedure was employed for all the
samples. Afterwards, the samples were aged, filtered, washed and finally
dried at 110°C overnight. The resultant pale green materials were used as
catalyst precursor samples. The sample code, Ni content and yield of the
samples as well as preparation procedure are summarized in Table 1.
Table 1. Ni content, yield and PD procedure used to obtain Ni/D samples
Sample
PD procedure
a
b
c
Code
Nicontent Yield Ni salt
Ni/SiO2d Ni/Mg TPe TAf tAg
/wt%

Ni-N/D
Ni-Cl/D
Ni-Ac/D
Ni-F/D

36.3
36.2
36.6
36.6

/molmol-1 /molmol-1

/g

7.89
8.26
7.99
7.96

1

Ni(NO3)2
1.00
2
NiCl2
1.00
3
Ni(CH3COO)2 1.00
4
Ni(HCOO)2 1.00

10
10
10
10

/°C /°C /h

90
90
90
90

90
90
90
90

1
1
1
1

a
N: nitrate, Cl: chloride, Ac: acetate, F: formate; b Ni content was determined gravimetrically with
dimethylglyoxime; c 1 Carlo Erba reagents min. assay: 99%, For analysis; c 2 Carlo Erba reagents
min. assay: 98%, For analysis; c 3 Alfa Aesar: 99+%; c 4 Alfa Aesar: CAS 3349-06-2; d SiO2 content
in diatomite was: 97.9wt%; e Precipitation temperature; f Aging temperature; g Aging time.

Mercury porosimetry was performed on a Porosimeter Model 2000
equipped with the Macropore unit Model 120 manufactured by Carlo Erba.
Nitrogen adsorption-desorption isotherms were measured at -196°C on a
Sorptomatic 1990 (Thermo Finnigan) after the sample had been degased at
110°C for 16 h.
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a

/gcm-3 /%

0.391
0.246
0.228
0.118
1.018

1.19
1.39
1.48
1.72
0.65

220
220
272
74
692

47
34
33
20
66

Cumulative pore volume; bAverage pore diameter;
c
Bulk density; dTotal porosity; e D support.

0.3
0.2
0.1
0.0

20

2
3

15
10

4

5
10

100

1000

Relative pore volume (%)

Ni-N/D
Ni-Cl/D
Ni-Ac/D
Ni-F/D
De

/cm3g-1 /nm

Cumulative volume (cm3g-1)

RESULTS AND DISCUSSION
Porosimetry Results
Table 2 presents MIP data for prepared precursor samples and diatomite
support. The intrusion curves of all precursors, which correspond to
cumulative pore volume of the precursors and histograms of the chosen
precursors Ni-N/D and Ni-F/D, are presented in Fig. 1. The histograms are
used to elucidate distribution of pore sizes in a selected range.
0.5
35
Table 2. Summary of MIP data
1 Ni-N/D
(macro- and mesoscale pore sizes)
2 Ni-Cl/D 30
0.4 1
3 Ni-Ac/D
Pd
Sample Vcuma Daverageb dbc
4 Ni-F/D
25

0

Pore diameter (nm)

Figure. 1. Pore size distribution (PSD)

cumulative and histograms
Significant differences are observed.
Sample Ni-N/D shows a much larger cumulative intrusion volume with
pores distributed in a pattern resembling a monomodal structure. This
sample is very porous (total porosity: 47%, Table 2), with a large percentage
(59 vol%) of pores in the 130-320 nm range. In the sample obtained from
formate (Ni-F/D), it is obvious an overall decrease in cumulative intrusion
volume and a significant reduction in percentage of large pores. In
comparison with the support, precursors exhibit reduced porosity and
cumulative intrusion volume (Table 2). This is consistent with predictions
made for samples with high Ni content (Table 1) that are expected to
contain filled pores and reduced pore volumes.
N2 Physisorption Results In order to obtain porous parameters including
specific surface area and pore volume in meso- and microscale pore sizes,
N2 adsorption-desorption isotherms were measured using liquid N2 (196°C). Fig. 2 compares the isotherm curves for the diatomite support and
samples prepared with the highest (Ni-N/D) and the lowest (Ni-F/D)
specific surface area. Values of the specific surface area (BET method),
mesopore surface area (t-plot de Boer-Lippens method), micropore volume
(Dubinin and Raduskevich method) and total pore volume at P/P0 = 0.98 are
listed in Table 3.
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As can be seen from Fig. 2, the isotherms of the samples Ni-N/D and
Ni-F/D cannot be classified as typical although they mostly resemble type II
according to IUPAC classification. Isotherms for the precursors Ni-Cl/D
and Ni-Ac/D (not shown) are very similar in shape to those that are shown
in Fig. 2. A distinct increase in nitrogen volume in the low P/P0 region
indicates the presence of micropores associated with mesopores. The
amount of nitrogen adsorbed increases gradually and hysteresis loops are
observed when P/P0 > 0.42, indicating the existence of many meso- and
macropores in the precursor samples as determined also by the results of
porosimetry studies. Specific surface area (SBET) was greatly enhanced after

Ni-N/D
Ni-Cl/D
Ni-Ac/D
Ni-F/D
De
a

/m2g-1

/m2g-1

/cm3g-1 /cm3g-1

224
208
223
177
26

22.8
11.6
7.8
9.3
–

0.201
0.170
0.161
0.150
0.073

0.086
0.078
0.085
0.071
0.010

BET surface area; bSurface area in mesoscale pore
sizes; cTotal pore volume; dMicropore volume, The
difference between values of Vtotal and Vmicro
corresponds to the meso-pore volume; e D support.

180

Volume adsorbed (cm3g-1)

Table 3. Summary of N2 physisorption
data (meso- and microscale pore sizes)
Sample SBETa Smesob Vtotalc Vmicrod

150

1 Ni-N/D
4 Ni-F/D
0D

120
90
60

1
4

30
0
0
0.0

0.2

0.4

0.6

0.8

1.0

Relative pressure (P/P0)

Fig. 2. Nitrogen adsorptiondesorption isotherms
deposition Ni-precipitates onto diatomite support increasing in the following
order Ni-N/D ≥ Ni-Ac/D > Ni-Cl/D > Ni-F/D >> D, as shown in (Table 3).
CONCLUSION
Nickel precursors supported on diatomite were prepared by PD method. The
results showed that Ni-precipitates deposited from different nickel salts
significantly affect the textural characteristics of the precursors. The sample
from nitrate had the best textural properties among the studied precursors
and therefore it can be expected that the catalyst prepared on its basis will
show better characteristics in comparison to others.
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ABSTRACT
A heterogeneous base catalyst (CaO/γ-Al2O3) for biodiesel production from
sunflower oil was prepared by the impregnation method. The catalyst was
characterized by means of MIP and XRD methods. The catalytic activity of
the nitrate-derived CaO/γ-Al2O3 was determined in relation to the
calcination temperature ranging from 425 to 500°C. The reaction was
carried out in a batch type of reactor equipped with a reflux condenser. The
maximum yield of biodiesel of almost 95% was achieved with the catalyst
calcined at 475 °C under the following reaction conditions: reaction
temperature of 60 °C, methanol to oil molar ratio of 12/1, reaction time of
5 h.
INTRODUCTION
Biodiesel, fatty acid methyl esters (FAMEs) derived from renewable
resources such as vegetable oils or animal fats is expected to be one of the
biomass-base alternative fuel for diesel fuel due to its numerous advantages
such as: renewability, high biodegradability, low SOx particulate matter
content and lack of aromatic compounds.The classical method of biodiesel
production is based on triacylglycerols transesterification to FAMEs.
Homogeneous base catalysts are the most conventional catalyst used in the
biodiesel production. Transesterification with heterogeneous base catalysts
is one of the very promising alternatives for producing biodiesel from
vegetable oils. Kouzu et al. [1] used Ca-based catalysts such as CaO,
Ca(OH)2 and CaCO3 as solid catalysts in the production of biodiesel from
soybean oil with the biodiesel yield of 93, 12 and 0%, respectively.
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Alumina supported CaO-based catalyst has also been used for production of
biodiesel from vegetable oils [2]. It should be noted that catalytic activities
most of them are not as high as those of the homogeneous catalysts. In
addition, information regarding the influence of the thermal treatment of the
catalyst in the final step of its preparation such as temperature and time
duration of the calcination on their activity is quite scarce.Therefore, the aim
of this study was to examine the effect of calcination temperature on the
yield of biodiesel in the methanolysis of sunflower oil over the CaO/γ-Al2O3
catalyst.
EXPERIMENTAL
Catalyst preparation
CaO/γ-Al2O3 samples were prepared according to the wet impregnation
(WI) method [3], using Ca(NO3)2·4H2O as precursor salt, γ-Al2O3 (spherical
shape, 1-3 mm in diameter) as support, and water as medium. The sample
designation, CaO content and preparation procedure are shown in Table 1.
The calcination was performed in the nitrogen atmosphere (N2 flow: 10
dm3/h) using a tube vertical furnace (Carbolite Furnaces CTF 12/75,
Eurotherm 818P). The calcined samples were kept in a desiccator in the
presence of silica and KOH pellets to avoid water and CO2 contact with the
Table 1. CaO content and preparation procedure for CaO/-γAl2O3 samples
Sample
Preparation procedure
WI
Calcinations
a
b
c
d
CCa ( NO3 )2 tWI TWI TD tCe
TCf
Designation
CaO*
/wt%

Ca-425/γ-Al2O3
Ca-450/γ-Al2O3
Ca-475/γ-Al2O3
Ca-500/γ-Al2O3
a

10.2
10.9
10.1
9.6

/wt.%

50
50
50
50

/h

/°C

/°C

/h

/°C

2
2
2
2

30
30
30
30

120
120
120
120

4
4
4
4

425
450
475
500

Impregnation salt concentration; bWI time; cWI temperature; dDrying temperature eCalcination
time; fCalcination temperature; *Gravimetric determination of calcium as CaC2O4·H2O.

samples.
Catalyst characterization
Mercury intrusion porosimetry (MIP) was carried out on a Porosimeter 2000
series (Carlo Erba Strumentazione). Powder X-ray diffraction (XRD)
patterns were collected by means of the Philips, PW 1710 diffractometer
(Cu Kα radiation).
Transesterification procedure
The activity of the prepared catalysts was examined in the methanolysis of
sunflower oil. All transesterification runs were performed in a 250 ml threeneck glass flask equipped with a reflux condenser and a magnetic stirrer.
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Experiments were conducted under the following conditions: catalyst
loading of 0.5 wt.% CaO (relative to the amount of oil), methanol/oil molar
ratio of 12/1, reaction temperature of 60 °C and reaction time of up to 5 h.
After each interval, fractions of reaction mixture were captured for HPLC
analysis. Reaction mixture was analyzed off-line by an Agilent 1100 Series
HPLC (Zorbax® 5 µm Eclipse-XDB-C18 80 Å, LC Column 150 x 4.6 mm).
RESULTS AND DISCUSSION
Mercury porosimetry results are summarized in Table 2. The results
indicated that the parameters of the porous structures such as pore volume,
surface area and porosity of the samples were gradually increased with an

Ca-425/γ-Al2O3
Ca-450/γ-Al2O3
Ca-475/γ-Al2O3
Ca-500/γ-Al2O3
γ-Al2O3e
a

/cm3g-1 / m2g-1

/nm

/%

0.322 59
0.350 65
0.455 89
0.482 97
0.620 125

20
20
20
16
16

50
53
59
63
69

Cumulative pore volume; bSurface area; cAverage pore
diameter; dTotal porosity; eCommercial-Rhone Poulenc.

0.7

Cumulative volume (cm3g-1)

Table 2. Summary of MIP data
Sample
Vcuma SHgb Dav.c Pd

0.6

1 Ca-425/γ-Al2O3
2 Ca-450/γ-Al2O3
3 Ca-475/γ-Al2O3
4 Ca-500/γ-Al2O3
0 γ-Al2O3

0

0.5 4
3
0.4
2
1
0.3
0.2
0.1
0.0

10

100

1000

10000

Pore diameter (nm)

Figure. 1. Pore size
di ib i
increase in calcination temperature.
The XRD patterns of CaO/γ-Al2O3 catalyst samples calcined at different
temperatures and γ-Al2O3 support are shown in Fig. 2. Commercial support
showed XRD reflections at 2-theta corresponding to the γ-Al2O3 in cubic
phase (JCPDS 50-0741). XRD patterns of the calcined samples (Ca-500/γAl2O3 not shown) were pronounced at similar 2-theta due to the γ-Al2O3
support. As indicated in Fig. 2, the typical XRD reflections indexed to
Ca(NO3)2 for the samples which were calcined at lower temperatures (425
and 450 °C). This observation indicated that the impregnated precursor was
not decomposed completely on the sample surface at temperatures below
450 °C. With increase in the calcination temperature from 450 to 475 °C,
the characteristic reflections corresponding to Ca(NO3)2 disappeared and the
well-defined diffraction reflections corresponding to CaO became more
intensive in the XRD pattern.
Figure 3 shows the yield of FAME versus calcination temperatures after
reaction time of 5 h. It was clearly seen that the activities of the samples
were strongly influenced by the calcination temperatures. With respect to
the yield to FAME, the calcination temperature of 475 °C appeared to be
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Fig. 2. XRD patterns of CaO/γ-Al2O3 Fig. 3. Yields of FAME produced by
the sunflower oil methanolysis
samples and γ-Al2O3 support
most beneficial. However, the very low FAME yield was observed with the
sample calcined at temperatures above 475 °C (Ca-500/γ-Al2O3). It might be
because of the crystallite aggregation caused by the increased degree of
sintering of the active metal particles and/or the lack of strong basic sites
where the methanolysis occurs [2].
CONCLUSION
The effect of different calcination temperatures for the nitrate-based CaO/γAl2O3 catalyst was discussed in terms of the characteristics and activity of
the catalysts. The results indicated that the catalyst sample calcined at 475
°C (Ca-475/γ-Al2O3) exhibited higher activity in the methanolysis of
sunflower oil compared to the samples calcined at lower (425 °C and 450
°C) and higher (500 °C) temperatures. Consequently, the following order of
catalyst activity was established:
Ca-475/γ-Al2O3 > Ca-450/γ-Al2O3 > Ca-425/γ-Al2O3 >> Ca-500/γ-Al2O3
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ABSTRACT
Multi-component sorption studies are essential to identify the applicability
of red mud as a low-cost sorbent for the simultaneous removal of metal ions
from wastewaters. Sorption kinetics of Co2+ and Sr2+ionswas studied, at
their different molar ratios in the mixture. The pseudo-second-order rate
model best described the kinetics of metal sorption from binary metal
systems. The increase of initial concentration of each cationin the mixture
provoked its increased sorption capacity, but decreased sorption rate.
Co2+sorption was superior in terms of both the rate and the capacity,
therefore exertedstrong inhibitory effect on Sr2+sorption.
INTRODUCTION
Due to high efficacy and low-cost, sorption processes can be applied for the
decontamination of liquid radioactive wastes [1]. Nowadays, wastes and byproductsfrom various industries are studied as potential sorbents [2]. Red
mud, an alkaline by-product of alumina industrial production from bauxite
ore, is an example of heterogeneous mineral material interesting for
environmental applications [3].
In the previous study, alkaline red mud from “Birač” Alumina Factory
(Bosnia and Herzegovina) was found to be a promising sorbent for 60Co and
90
Sr ions [4]. Thesetwo radioactive isotopes go hand in hand as products of
nuclear reactor operations: 60Co isa corrosion product, while 90Sr occurs by
fission of uranium and plutonium. Therefore, multi-component sorption
studies are required to identify the capabilities and limitations of red mud as
a low-cost sorbent for the simultaneous removal of these metal ions from
wastewater.
In this paper, time dependant sorption of 60Co and 90Sr was examined using
mixtures with different molar ratios of selectedcations.
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EXPERIMENTAL
After settling, the liquid phase above red mud particles was
decanted,whereas the solid residue was dried at 105oC and homogenized in
the mortar. Stock solutions of Co2+ and Sr2+ions (2.10-3 mol/dm3) were
prepared by dissolving Co(NO3)2·6H2O and Sr(NO3)2salts, in deionized
water. Simulated liquid wastes with different molar ratios of two
cations(Co2+: Sr2+ = 1:2, 1:1 and 2:1) were prepared from stock solutions,
keeping the overall cation concentration constant (2.10-3 mol/ dm3). The
initial pH of each mixture was adjusted to 5, with a few drops of 0.01
mol/dm3 HNO3. The effect of contact time on the amount of cations
removed was determined by equilibrating 0.1000 g of red mud with 20.00
cm3 of mixture solutions, on the laboratory shaker.At different time
intervals ranging from 15 min to 48 h, one of the batches was taken for
solid/liquid separation. Sorbedcation concentrations were determined by
Perkin Elmer 3100 Atomic Absorption Spectrometer, as differences
between initial and final concentrations.
RESULTS AND DISCUSSION
The amounts of Co2+ and Sr2+sorbedat various time intervals from the mixed
solutions are presented in the Fig. 1. It can be observed that thesorption onto
red mud wasgenerally fast during first hours of contact, followed by a
slower reaction step.With the increase of initial concentration of each
cation,equilibration time increased as well. Equilibrium times for Co2+
sorption were 6 h for 1:2 molar ratio to Sr2+, and 24 h for the ratios 1:1 and
1:2. Sorption of Sr2+ reached equilibrium in 6 h and 30 h, for Co2+: Sr2+
molar ratios 2:1 and 1:1, respectively, whereas for the ratio 1:2 sorbed
amounts of Sr2+ slightly increased during the second day of equilibration.
Applicability of several kinetic models for the interpretation of experimental
results was tested. Highest correlation coefficients (R2) between the model
and the experimental results were obtained using the pseudo-second-order
kinetic equation [5]:
(1)
where k2 (g/(mmol min)) is the pseudo-second-order rate constant, qe
(mmol/g) the amount of cationsorbed at equilibrium, and qt is the amount of
cationsorbed at any time t. Calculated kinetic parameters are presented in
Table 1. Calculated sorption capacities increased along with the initial
concentration of a particular cation, whereas the rate constants decreased.
From binary solutions,Co2+ was sorbed more selectively on red mud surface,
showing higher qe and k2 values. Consideringequimolar mixture, Co2+
sorption capacity was almosttwice theamount of Sr2+sorbed (0.203 mmol/g
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and 0.117 mmol/g, respectively). The equilibrium sorbed amounts from
single metal solutions (initial cationconcentration 10-3mol/dm3) were found
to be 0.206 mmol/g for Co2+ and 0.197 mmol/gSr2+[4].
M o la r ra tio
2+
2+
C o :S r
1 :1
2 :1
1 :2

0 ,2 5
0 ,2 0
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B)
M o la r r a t io
2+
2+
C o :S r
1 :1
2 :1
1 :2

0 ,1 5

0 ,1 0

0 ,0 5

2+

Sr sorbed amount (mmol/g)

0 ,2 0

0 ,0 0
0

500

1000

1500

2000

2500

3000

t ( m in )

Figure 1. Effect of contact time on competitive Co2+ (A) and Sr2+
(B)sorption by red mud.
Table 1.The parameters of pseudo-second-order kinetic model
for competitive Co+2 and Sr2+ sorption onto red mud
Sr2+
Co2+
Molar
ratio
qe
qe
k2
k2
R2
R2
Co:Sr
mmol/g g/(mmolmin)
mmol/g g/(mmolmin)
1:2
0.134
0.412
0.99
0.205
0.015
0.98
1:1
0.203
0.128
0.99
0.117
0.033
0.98
2:1
0.275
0.043
0.99
0.045
0.227
0.99
Foreach binary system, total sorption capacity remainedrelatively constant
(Σqe = 0.326±0.006 mmol/g).Individual and overall sorbed amounts are
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Equilibrium sorption (mmol/g)

presented in Fig. 2. The results demonstrate that the presence of Sr2+ ions in
the mixture did not interfere with Co2+ sorption. Conversely, Co2+ inhibited
removal of Sr2+.
CONCLUSION
2+
2+
Co
Sr
With the increase of the initial
0,35
concentration of a particular
0,30
cation in the mixture,its
(33,5%)
sorption capacity increased,
(100%)
0,25
whereasthe
corresponding
(55,7%)
0,20
pseudo-second-order
rate
(100%)
constant
decreased.
(71.0%)
0,15
Considering
experimental
(100%)
0,10
conditions applied in this
study, red mud can be utilized
0,05
for simultaneous removal of
0,00
and
Sr2+cations.
Co2+
2Co:1Sr
1Co:1Sr
1Co:2Sr
Molar ratio of cations
However, coexisting Sr2+ions
did not affect Co2+ sorption
Figure 2. Individual and overall amounts capacity, while Co2+exerted
of Co2+andSr2+sorbed by red mud
strong inhibitory effect on
from binary mixtures.
Sr2+ removal.
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ABSTRACT
The kinetic of isothermal microwave extraction of caffeine from guarana
seed in aqueous solution at 333, 338 and 343 K was investigated. The
concentrations of the extracted caffeine in aqueous solution were
determined by UV-VIS spectrophotometry. Model fitting method was used
for determining kinetic model of caffeine extraction in conditions of
microwave heating. It was found that the kinetic of caffeine extraction can
be modeled by first-order kinetics model. The kinetic parameters,
Ea(kJ/mol) and A(min-1) of caffeine extraction were also determined.
Applying isoconversional method it was established that kinetic of caffeine
extraction from guarana seed is an elementary kinetic process. Furthermore,
the mechanism model of caffeine extraction was suggested.
INTRODUCTION
Guarana (Paullinia cupana, Sapindaceae) is a shrubby, woody plant that
grows in the areas with tropical heat and torrential rains [1]. Guarana seeds
contain
large
amounts
of
methylxanthines
(caffeine,
theophylline and theobromine), tannins, saponins, polysaccharides, etc. [2].
Extract from guarana seed is widely used for its antibacterial, antifungal,
antioxidant, anti-depressant and stimulant effects [3]. Nowadays caffeine
extraction is carried out by conventional methods using different organic
solvents (water, chloroform, methylene chloride), water organic solvent
mixtures (water-ethanol) or by supercritical fluid extraction with carbon
dioxide.
Since to our knowledge there are no data available on the kinetic of caffeine
extraction from guarana seed using microwave heating, the aim of this paper
is to examine the isothermal extraction of caffeine from guarana seed with
water using microwave heating.
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EXPERIMENTAL
For the purpose of studying the kinetics of caffeine extraction from guarana
seed, powder form (dp ≤ 500 µm), (Grass Hut Treasures LLC, USA) is used.
Distilled water was used as solvent. The extraction method is performed
with batch method, as follows. In typical experiment, the 1 g of guarana
seed powder was suspended in 80 mL of distilled water. The suspension was
stirred continuously maintaining constant temperature (333, 338 and 343 K)
in a microwave reactor (CEM, model Discovery, USA). At predetermined
time intervals, aliquots were taken from the reaction mixture. Caffeine
concentration in aliquot solution was determined by spectrophotometric
method using caffeine calibration curve that was prepared using known
caffeine standards. The UV-VIS absorption spectrum of caffeine water
solution was recorded using spectrophotometer Agilent, model 8453, USA.
The kinetic model of caffeine extraction was evaluated applying modelfitting method [4]. The kinetics complexity of extraction was established by
the Friedman isoconversional method [5].
RESULTS AND DISCUSSION
The experimentally obtained isothermal kinetic curves of caffeine extraction
in the aqueous solution (the dependence of concentration versus time) at
different temperatures are shown in Figure 1.
Kinetic curves are
333 K
identical in shape, so it
338 K
343 K
is easy to recognize
C
three
characteristic
shapes of the changes
in concentration of
caffeine
on
time.
These shapes are a
linear, convex and a
saturation stage or
Time (min)
plateau.
With
increasing
Figure 1. The dependence of caffeine
temperature
of
concentration on time
extraction, the slope of
the linear change is growing, length of the convex changes is reducing and
the value of the reached caffeine concentration at plateau increases.
By applying the model fitting method it was determined that the kinetics of
isothermal caffeine extraction under microwave heating can be kinetically
modeled by first-order kinetics model, and can be described by equation:
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[-ln(1-C/Cm)]= kM·t, where kM is the model rate constant.
If kinetics of extraction can be described by first-order kinetics model, than
the dependence [-ln(1-C/Cm)] on time should give straight lines. The
dependence of [–ln(1-C/Cm)] on time for the caffeine extraction under
microwave heating at different temperatures is shown in Figure 2.
The dependence of
333 K
338 K
[-ln(1-C/Cm)] on time at
343 K
all
investigated
temperatures
gives
straight lines which
allows calculation of
the model rate constant
and
kinetic
(kM)
parameters
of
extraction, namely, the
activation energy (Ea)
Time (min)
and
preexponential
Figure 2. The plot of [–ln(1-C/Cm)] versus
factor (A). The model
time for extraction of caffeine
rate constants for all
investigated
temperatures were calculated from the slopes of these lines. Since model
rate constant is increasing with temperature, the kinetic parameters has been
determined by applying the Arrhenius equation.
The effects of temperature of extraction on the kM values and kinetic
parameters Ea(kJ/mol)
and A(min-1), are given
in Table I.
By applying Friedman’s
isoconversional method
it was established that
activation energy is
independent on the
degree
of
caffeine
extraction (Figure 3)
C/C
which indicates that the
kinetic
of
caffeine
Figure 3. Dependence of Ea on degree of
extraction from guarana
extraction
seed is an elementary
kinetic process. According to this, kinetic of caffeine extraction under
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microwave heating is significantly faster than conventional extraction, and it
is not limited by diffusion of water to caffeine molecule, but by the speed of
caffeine dissolution in water.
Table 1. The effect of temperature on the kM values and kinetic parameters of

T (К)
333
338
343

caffeine extraction
R2
kM (min-1)
Ea (kJ/mol)
0,9958
0,408
49,6
0,9937
0,541
0,9875
0,671

A (min-1)
2,41 x 107

CONCLUSION
Extraction of caffeine from guarana seed under isothermal
microwave reaction conditions is significantly faster than conventional
extraction. Caffeine extraction from guarana seed in aqueous solution is an
elementary kinetic process. It was found that the kinetic of extraction can be
modeled by first-order kinetics model. The values of the kinetic parameters
are: Ea=49,6 kJ/mol and A=2,41 x 107 min-1.
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ABSTRACT
Kinetics of miniemulsion RAFT polymerization of styrene in the presence
of oil-soluble radical initiator AIBN mediated by benzyl dithiobenzoate
(BDB) and polystyrene dithiobenzoate (PSB) was studied was studied. The
kinetic data were compared with results obtained for bulk styrene
polymerization carried out in analogous conditions and miniemulsion BDBmediated polymerization initiated by water-soluble initiator – potassium
persulfate.
INTRODUCTION
Emulsion and miniemulsion free-radical polymerization are preferable
techniques for synthesis of various commercial polymers. The developing of
controlled radical polymerization has broaden capabilities of these processes
allowing easy control of particle size distribution, molecular weight
characteristics of the polymers formed and even the macromolecular
architecture [1]. In particular, reversible addition-fragmentation chain
transfer (RAFT) polymerization is a versatile approach resulting in
realization of macromolecular design in conditions of both homogeneous
and heterogeneous polymerization [2]. Its mechanism includes reactions of
chain initiation, propagation and termination and the specific reactions of
reversible chain transfer with formation of intermediate radicals:
Pn• + ZC(=S)SR ⇔ Int1• ⇔ R• + ZC(=S)SPn (pre-equilibrium)
Pm• + ZC(=S)SPn ⇔ Int2• ⇔ Pn• + ZC(=S)SPm (core-equilibrium), Keq;
cross- termination:
or
Pn• + Int2• → Polymer, kt′
Pn• + Int1• → Polymer
and self-termination of these radicals [3]:
or
Int2• + Int2•→ Polymer, kt″
Int1• + Int1•→ Polymer
The most of publications devoted to miniemulsion RAFT polymerization
are focused at the choice of appropriate agent for controlled synthesis

300

PHYSICAL CHEMISTRY 2014

C-21-P

polymerization conditions [2]. Meanwhile, there is still lack of information
about kinetic features of this process and its similarity and distinction from
bulk polymerization except two publications devoted to styrene
miniemulsion polymerization mediated by polystyrene dithiobenzoate [4, 5].
The main goal of this study was to compare kinetic regularities of styrene
polymerization in the presence of low and high molecular weight RAFT
agents for bulk and miniemulsion polymerization conditions.
EXPERIMENTAL
For bulk polymerization, a series of styrene solutions containing the same
AIBN concentration 0.111 mol/L and various concentrations of RAFT
agents (benzyl dithiobenzoate (BDB): 0.019, 0.039, 0.075, and 0.150 mol/L
or polystyrene dithiobenzoate (PSB): 0.006, 0.009, 0.015, and 0.075 mol/L)
were prepared. Solutions were poured in ampoules, degassed and sealed.
Polymerization kinetics was studied by calorimetry under isothermal
conditions at 70 oC. PSB was synthesized via bulk polymerization using 0.1
mol/L BDB and 0.01 mol/L AIBN; Mn = 6100, PDI = 1.27.
For miniemulsion polymerization, sodium dodecyl sulfate (SDS, 3 wt. %)
was dissolved in water, mixed with monomer phase containing AIBN
(0.111 mol/L with respect to styrene), hexadecane (4.6 wt. %) and BDB or
PSB (0 – 0.15 mol/L with respect to styrene), and miniemulsified with
ultrasonifier during 15 min. The obtained miniemulsion was charged into
reactor HWS-Labortechnik, bubbled with nitrogen and heated at 70 oC;
kinetics was studied by gravimetry.
Molar mass characteristics were determined by GPC in THF at 35oC using
PS standards for calibration. Molar mass characteristics were determined by
a Waters liquid chromatograph equipped with a RI410 refractive index
detector and three columns packed with ultrastyragel with pore dimensions
104, 105  إand a Waters Styragel HR 5E linear column in THF at 35oC using
PS standards for calibration.
RESULTS AND DISCUSSION
Kinetic features of styrene polymerization in bulk and miniemulsion
initiated by AIBN (0.111 mol/L) in the presence of both BDB and PSB
differ noticeably (as example, see Fig. 1).
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In the case of low molecular mass RAFT
agent (BDB), in bulk polymerization (Fig.
1a): 1) no induction period is observed on
kinetic curves; 2) the increase of BDB
concentration causes rate retardation,
which is due to both cross- and selftermination of intermediate radicals; 3)
time, min
auto-acceleration is suppressed only when
[BDB]0 ≥ [AIBN]0; 4) the limited
conversion are achieved slowly, while in
Conversion, %
miniemulsion polymerization (Fig. 1b): 1)
the induction period is observed, its
duration increase with rise of BDB
concentration,
i.e.
steady-state
is
established at higher polymerization time
comparing to bulk process; 2) the
time, min
retardation is most pronounced at high
BDB concentration comparing to bulk
polymerization; 3) the values of limited
Figure 1. Kinetics of styrene conversion fall drastically with rise of
BDB
concentration;
the
limited
RAFT polymerization in the
conversions
are
achieved
more
rapidly
presence of BDB (a) in bulk
comparing to bulk polymerization. In
and (b) miniemulsion. a)
contrast to AIBN initiated miniemulsion
[BDB]0×102 = 2 (1), 3.9 (2),
7.5 (3), 15 (4); b) [BDB]0×102 polymerization, the use of potassium
= 0 (1), 2 (1, 7), 3.9 (3), 7.5
persulfate
(KPS)
even
at
lower
(4), 15 (5), 22.5 mol/L (6);
concentration allow to increase noticeably
initiators: AIBN (1 – 6), KPS polymerization rate and limited conversion
(7).
(Fig. 1b, curve 7).
In the case of polymeric RAFT agent (PSB), polymerization in bulk is also
retarded; however mainly due to cross-termination of intermediate radicals.
In general, the polymerization rate at steady-state is higher comparing to
BDB-mediated polymerization, and auto-acceleration is suppressed at lower
concentrations of PSB. In miniemulsion polymerization the rate of the
process is lower comparing to reaction in the absence of PSB. Retardation is
also less pronounced in contrast to BDB-mediated process: induction period
disappeared, while limited conversions are achieved already after 1 h from
starting polymerization. According to Fukuda equation [6], polymerization
rate Rp is described as: (Rp,0/Rp)2= 1+ 2(kt′/kt)Keq[RAFT]0+(kt′/kt)Keq2×
×[RAFT]02. The different shape of kinetic curves in bulk and miniemulsion
under the similar experimental conditions allow to conclude that the
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contribution of intermediate termination reactions in rate retardation in these
systems is different. According to our previous results no Int1 can be
detected in styrene – BDB- AIBN system [7], while a low concentration of
Int2 slowly appears after some time from starting of heating. The estimation
shows that at high RAFT agent concentration both termination reactions
give contribution to rate retardation, while at low RAFT agent concentration
cross-termination prevails. The slow establishing of steady state may be
caused by increase of probability of termination reactions with participation
of Int1 in small droplets comparing to bulk polymerization. This conclusion
is in agreement with kinetics of miniemulsion polymerization in the
presence of PSB, in which steady-state is established more rapidly due to
absence of Int1 and with analysis of MWD of polymers formed: the
presence of low molecular weight fraction in BDB-mediated and its absence
in PSB-mediated miniemulsion polymerization. Essentially, that replacing
of AIBN by KPS resulted in increase of polymerization rate; hence the
contribution of intermediate termination reactions becomes lower.
CONCLUSION
The kinetic analysis revealed that kinetic features of miniemulsion styrene
polymerization depends on the nature of RAFT agent (i.e. start of
polymerization either from pre- or core-equilibrium) and of initiator (oil- or
water-soluble). These results give a powerful tool to govern the kinetic
regularities of miniemulsion RAFT polymerization.
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ABSTRACT
In this paper the interfering effect of analgesic metamizole on the reaction of
tetracycline with the Cu(II)/H2O2 reagent at pH 8.2 was described. It was
observed that metamizole had an inhibitory effect on the tetracycline
degradation with Fenton like reagent, which indicates its higher reactivity
with Cu(II)/H2O2 system. The reactions occure at the drugs concentration
levels which are expected after oral administration.
INTRODUCTION
Metamizole
(sodium
salt
of
the
1-phenyl-2,3-dimethyl-4methylaminomethane
sulphonate-5-pyrazolone;
dipyrone,
analgin,
novalgin) is widely used as an analgesic drug and tetracycline is antibiotic
which is used in patients allergic to penicillin. In many cases, patient is
treated simultaneously with a few drugs representing different groups.
Metamizole can produce allergy and chemical intolerance [1]. The system
of hydrogen peroxide and Cu (II) ions is known as Fenton like reagent
which generates highly reactive oxygen species. The production of reactive
oxygen species is the process which is permanently occurred in human
cells.Therefore, it is interesting to investigate simultaneous reaction of these
two drugs with Fenton like reagent.
EXPERIMENTAL
The stock solution of tetracycline (1.00x10-4 mol/dm3) was freshly prepared
by dissolving the required amount of tetracycline-hydrochloride
,C22H24N2O8·HCl, (Sigma-Aldrich) in deionised water. The stock solution of
metamizole (1.00x10-4 mol/dm3) was obtained by dissolving the required
amount of metamizole-sodium C13H16N3O4SNa·H2O in deionized water.
The solution of Cu(II) (1.00x10-4 mol/dm3) was prepared by dissolving
CuCl2·2H2O (Merck) in deionised water. Hydrogen peroxide solution (1.00
mol/dm3) was prepared just before use from a 35% commercial reagent
(Merck). The tris-HCl buffer (pH 8.2) was obtained by mixing the solutions
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of tris(hydroxymethyl)aminomethane (1.0 mol/dm3) and HCl (1.0 mol/dm3)
in the appropriate ratio. The reaction rate was followed
spectrophotometrically
by
Perkin-Elmer
Lambda
15 UV/VIS
spectrophotometer connected to a thermocirculating bath.
RESULTS AND DISCUSSION
In our previous paper [2] we have reported that degradation of tetracycline
occurs when the solution of antibiotic is mixed with Cu(II), H2O2 and trisbuffer at pH 8.2. Investigating the selectivity of this reaction we have found
that microgram quantities of metamizole have shown a strong interfering
effect.

Figure 1.Absorption spectra of
the mixtures: 1) metamizoleH2O2-Cu(II)-tris buffer pH 8.2,
2)tetracycline-H2O2-Cu(II)-tris
buffer pH 8.2.

The absorption spectra of the
reaction mixtures of tetracycline
and metamizole with Fenton
like reagent at pH 8.2 are
presented on Figure 1. Reaction
time is 1.5, 3.5 and 6 minutes
from the start. The reactants
concentrations are: tetracycline
4.67x10-6 mol/dm3, metamizole
4.00x10-6 mol/dm3; Cu(II)
0.67x10-5 mol/dm3;
H2 O 2
1.33x10-2 mol/dm3; tris-buffer
0.2 mol/dm3 (pH 8.2) and
t=25°C. In the reaction of
metamizole with Cu(II)/H2O2
during first 10 minutes,
absorption band below 300 nm
was observed.

On the other hand, the reaction system consisted of tetracycline and
Cu(II)/H2O2 at the same pH has shown a strong absorption at 375 nm which
decreases in the first 10 minutes. As shown in our previous work [2], this
absorption band originated from tetracycline in weak alkaline solution. The
decline in absorbance at 375 nm with time is a result of degradation of
tetracycline which occures in the presence of Cu(II)/H2O2 reagent. On the
Figure 2. absorption spectra of the mixture of tetracycline and metamizole
with H2O2/Cu(II) is presented. Reaction time is 1.5, 3.5 and 6 minutes from
the start and reactant concentrations were: tetracycline 4.67x10-6 mol/dm3,
metamizole 4.00x10-6 mol/dm3; Cu(II) 0.67x10-5 mol/dm3; H2O2 1.33x10-2
mol/dm3; tris-buffer 0.2 mol/dm3 (pH 8.2) and t=25°C.

305

PHYSICAL CHEMISTRY 2014

C-22-P

Comparing the rates of the
absorbance decreasing at 375 nm for
the reaction without and with
metamizole (Figure 1. and Figure 2.) it
can be concluded that 4.00x10-6
mol/dm3 of metamizole significantly
inhibits the reaction of tetracycline
with Cu(II)/H2O2 reagent.
The changes in the reaction rates in
Figure 2.Absorption spectra of
the presence of metamizole can be
the mixture:tetracyclineexplained by the fact that reactive
metamizole-H2O2- Cu(II)-tris
oxygen species obtained by catalytic
buffer pH 8.2.
degradation of H2O2 with Cu(II) ions
can react with metamizole too.
On the Figure 3. kinetic curves for
the
different
metamizole
concentrations are presented. The
rates of the reaction were calculated
as the slopes of the initial tangents to
the absorbance-time curves, dA/dt
[3]. At selected and constant
concentrations of the other reactants,
indicated in Figure 3. caption,
t / min
reaction rate depended only on
Figure 3. Kinetic curves for
metamizole concentration. The slope
metamizole
3
concentrations:1)0.00mol/dm ,2)1.33x of the curve dA/dt=f(Cmetamizole)
10-6 mol/dm3,3) 3.33x10-6mol/dm3,4) indicates a negative pseudo-first
6.00x10-6 mol/dm3.The concentrations order with respect to metamizole in
of the other reactants were:
the
range
of
metamizole
tetracycline,4.67x10-6
concentrations of 0.47 µg/cm3 to
3
-5
3
mol/dm ,Cu(II),0.67x10 mol/dm ;
2.11 µg/cm3.
-2
3
0.75

Absorbance

0.70

0.65

4

3

0.60

2

0.55

0.50

1

0.45

1

2

3

4

5

H2O2 1.33x10 mol/dm ; tris-buffer
0.2mol/dm3; pH 8.2; t=25°C.

The equation (1) was used for the calculation of the relative rate constant at
298K, 303K and 308K (Table 1.):
dA/dt = kr · C-1 Metamizole
(1)
By using Eyring equation,
k
k
∆H ∓ 1
∆S ∓
ln r = ⋅ + ln B +
T
R
T
h
R
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and dependence ln(kr/T)=f(1/T), activation enthalpy and activation entropy
for the activated complex generated in the mixture of tetracycline and
metamizole with Fenton like reagent were obtained. Free activation enthalpy
and activation energy Ea at 298K were calculated from the equations:
Ea = ∆H ‡ + R · T
∆G ‡ = ∆H ‡ - T · ∆S ‡
and obtained values are given in (Table 2.).

(3)
(4)

The reaction is characterized with the value of the activation enthalpy which
is expected for reactions in an aqueous solution. The large negative value of
the activation entropy resulted in high positive value of the Gibbs energy of
activation. All of this calculated thermodynamic parameters support the fact
that the reaction of the tetracycline with Cu(II)/H2O2, monitored at 375 nm,
is significantly slow in the presence of metamizole.
Table 1.The relative rate constant kr
T/ K
(kr ± SDa) x 107 / mol dm-3min-1
298
0.91 ± 0.12
303
1.39 ± 0.10
308
1.82 ± 0.09
a
SD, standard deviation of the 3 different metamizole
concentrations.
Table 2.Thermodynamic parameters of the
activated complex for the metamizole-tetracycline
reaction with Fenton-like reagent at pH 8.2.
T (K)
Ea,
∆S ‡,
∆G ‡,
∆H ‡,
-1
-1
-1 -1
kJ mol
J mol K
kJ mol-1
kJ mol
298

55.5

53.0

- 202.0

113.2

CONCLUSION
It was found metamizole
had a strong inhibitory
effect on the reaction of
tetracycline with Fenton
like reagent. Metamizole
has excellent redox
properties and can be
easily oxidized. This
characteristic could be
important for its higher
reactivity
with
Cu(II)/H2O2 reagent in
weak alkaline solution.
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ABSTRACT
Amorphous Fe37.5Ni17.5Cr5Co15B15Si10 alloy undergoes step-wise
crystallization in temperature range 380-450 oC, corresponding to formation
of different iron based phases. In order to determine kinetic triplet for
crystallization of individual phases, the complex crystallization curve was
deconvoluted into four steps. Overall values of kinetic parameters were
determined using Kissinger’s and Ozawa’s methods, while effective values
of activation energy at different values of α were determined using Ortega’s
isoconversional method. It was observed that kinetic model α0.53(1-α)1.11
best describes crystallization of α-(Fe, Ni) phase
INTRODUCTION
Iron based amorphous alloys have been a focus of extensive research in
recent time due to their favorable properties including good soft magnetic
properties, which are determined by magneto-elastic and annealing-induced
anisotropies, good mechanical properties, high electrical resistivity, and
high corrosion resistance [1, 2].
These materials are thermodynamically and kinetically metastable and tend
to transform to more stable form under high pressure or high temperature, or
as a result of prolonged activity at moderate temperature. Structural
transformations could lead to loss of functional properties or to formation of
nanocrystalline structure manifesting superior functional properties. Precise
control of crystallization process could be used to create material with
targeted properties. As part of our multidisciplinary study of the effect of
chemical composition on crystallization mechanism of Fe-based amorphous
alloys, kinetics and mechanism of crystallization of (Fe, Ni) phases was
investigated by deconvolution of the complex process of crystallization of
Fe37.5Ni17.5Cr5Co15B15Si10 amorphous alloy.
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EXPERIMENTAL
Ribbon-shaped samples of amorphous Fe37.5Ni17.5Cr5Co15B15Si10 alloy were
prepared using standard procedure of rapid quenching of a melt on a rotating
disc (melt spinning method). Differential scanning calorimetry (DSC)
measurements were conducted using DSC-50 analyzer (Shimadzu, Japan) at
constant heating rates of 5, 8, 11 and 14 oC/min under nitrogen atmosphere,
with a flow rate of 20 mLmin-1. Calibration of the instrument was performed
for each heating rate.
RESULTS AND DISCUSSION
DSC measurements revealed that the alloy was thermally stable up to
temperatures of around 380oC when step-wise crystallization occurred.
Crystallization manifests as two overlapping peaks, the first around 393oC
and the second around 427oC. Based on peak shape, these processes involve
several overlapping steps, which correspond to crystallization of different
iron based phases, with α- and γ-(Fe, Ni) phases appearing first in the
amorphous matrix, followed by iron-nickel silicate and Co23B6. In order to
determine kinetic parameters of their crystallization, complex crystallization
peaks were deconvoluted, using Gaussian-Lorentzian cross-product
function, into individual steps (Fig 1. a).
a)

b)

Figure 1. Deconvoluted DSC curve at heating rate β = 8 oC/min (a); Values
of effective activation energy at different conversion degrees, α, for
individual crystallization steps (b).
Application of Ortega’s isoconversional method [4] showed, for the first
three steps, constant values of effective activation energy over the whole
course of process, indicating single-step processes (Fig 1. b). The fourth
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step exhibited abrupt decrease of effective activation energy with
conversion degree, which suggested that this step consists of more than one
step.
Overall values of Arrhenius parameters for crystallization of α-(Fe,Ni)
phase (Step 1) were determined using Kissinger’s [5] and Ozawa’s [6]
methods (Table 1.). Obtained values are relatively high, which originates
from simultaneous correlated movement of a large number of atoms.
Table 1. Kinetic parameters for crystallization of α-(Fe, Ni) phase,
determined using Kissinger’s and Ozawa’s methods
Kissinger
Ozawa
Ea (kJ/mol)
454 ± 14
443 ± 14
lnA
82 ± 3
81 ± 3
In addition to Arrhenius parameters, conversion function was determined to
complete kinetic description of the process. Šesták-Berggren function in the
form α0.53(1-α)1.11 was found to corresponds to crystallization of α-(Fe, Ni)
phase, which was further validated using Master plot method, in which
experimental and theoretical master curves are compared [7], and PerezMaqueda’s criterion, which is based on the independency of kinetic
parameters on heating rate [8].
a)

b)

Figure 2. Validation of the determined kinetic triplet of the crystallization
of α-(Fe,Ni): Master plot (a) and Perez-Maqueda’s criterion (b).
Master plot showed full accordance between theoretical and experimental
curves (Fig. 2 a), while application of Perez-Maqueda’s criterion on data
from all heating rates yielded plots corresponding to straight line,
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confirming validity of the obtained kinetic triplet (Fig. 2 b). Kinetic model
in this form could be associated with process controlled by nucleation,
growth of nuclei and their branching and interaction [9].
CONCLUSION
Thermal analysis of amorphous Fe37.5Ni17.5Cr5Co15B15Si10 alloy showed
step-wise crystallization process in the temperature range 380-450 oC.
Complex crystallization curve was deconvoluted into individual steps,
wherein the first step corresponds to formation of α-(Fe, Ni) phase. Kinetic
parameters for that process were determined using isoconversional and nonisoconversional methods. It was found that conversion function in the form
α0.53(1-α)1.11 best describes crystallization of α-(Fe, Ni) phase,
corresponding to a process controlled by nucleation, growth of nuclei, and
their branching and interaction.
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ABSTRACT
A novel type of hydrodynamic cavitation device based on combination of
Ventury tube and orifice was constructed. The effects of temperature (298318K), molar ratio CH3OH/triglyceride (M=3-12) and catalyst concentration
(Cc=0.5-1.5) on the kinetics of transestrification of sunflower oil with
methanol was investigated.
It was found that the kinetics of
transestrification of sunflower oil can be modelled by the kinetics of first
order chemical reaction. The values of kinetic parameters were calculated:
Ea = 56 kJ mol-1 and ln(A/min-1) = 22. It was shown that neither molar ratio
M>3 nor the catalyst concentration Cc>0.5% have influence on the kinetics
of transestrification of sunflower oil in conditions of hydrodynamic
cavitation.
INTRODUCTION
Biodiesel can be produced by various different conventional method such as
alkali catalysts, acid catalysis, lipase catalysis etc [1,2]. The oil (fat) and
alcohols are immiscibly, so that their reaction takes place at the interface in
a very slow process. Gogate et all [3] presented possibilities for significant
acceleration of numerous chemical reactions in liquids phase by applying
cavitations. With that in mind, in this paper kinetics of transestrification of
sunflower oil with methanol in conditions of hydrodynamic cavitation was
investigated.
EXPERIMENTAL
Materials: Sunflower oil produced from Dijamant-Zrenjanin, R.Serbia,
Methanol, p.a, purchased from Carlo Erba, Italy and sodium methoxide,
p.a., purchased from Acros, USA. Transestrification of Sunflower oil was
carried out in newly constructed hydrodynamic device which was based on
combination of Ventury tube and orifice.
The effect of temperature on the kinetics of transesterification was carried
out maintaining the following reaction conditions: M =3.0, Cc=1%, reaction
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time t=1min within temperature range T = 298 – 328 K. The effect of
molar ratio CH3OH/triglyceride on the kinetics of transestrification was
investigated under the following reaction conditions: T = 298K, Cc=1%,
t=1min by varying M within the range M=3-12. In order to determine the
effect of catalyst concentration on kinetics of transestrification, Cc was
varied within the range 0.5%-1.5%,
under the following reaction
conditions: T = 298K, M=3, t=1min.
Degree of transestrification (DT) was determined by gas chromatography
[4] and calculated as:
weightbiodisel
MWb
(1)
biodiselconcentration(%)
DT =
weightoil × 3
MWo
where: MW = ∑ MWi × x i is the mean molecular weight of the

biodiesel/oil. The MWb is the mean molecular weight of the biodisel which
was calculated averaging the individual molecular weights (MWi) of each
methylester, according to biodiesel fatty acid alkyl ester analysis (xi) and the
MWo is the mean molecular weight of the oil, which was calculated
averaging the individual molecular weights (MWi) of each constituents
triglyceride according to the fatty acid oil analysis (xi).
RESULTS AND DISCUSSION
Figure 1 presents, as an example, conversion curves of sunflower oil
transestrification in the conditions of hydrodynamic cavitation.
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Figure 1. Conversion of sunflower oil
curve transestrification
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By applying the model fitting method we found that conversion curves of
sunflower oil transesterification can be modelled by the kinetics of first
order chemical reaction. The dependence -ln[1-DT] vs. time are presented
in Figure 2.
The dependence -ln[1-DT] on time, at all investigated temperatures, gives
straight line at whole range of DT, which enables to calculate the constant
rate of transesterification (k) in the field of cavitation. Since the constant
rates increase in accordance with the Arrhenius equation, the kinetic
parameters were calculated : Ea = 56 kJ mol-1 and ln (A/min-1) = 22.
Table 1 presents the effect of molar ratio on the kinetics of transesterification.
Table 1. Effect of molar ratio on the degree
of transestrification
M
3
4
6
9
12

DT, %
100
100
100
100
100

As can be seen from the
results presented in Table 1,
it is easy to see that the
values of the degree of
transestrification
of
sunflower oil are practically
independent of the molar
ratio of in the conditions of
hydrodynamic cavitation.

The effect of catalyst concentration
transestrification is given in Table 4.

on

the

kinetics

of

As obviously, in the
conditions
of
hydrodynamic cavitation
the catalyst concentration
Cc, %
DT, %
does not have
any
0.5
100
influence on the degree of
0.7
100
transestrification
of
1.0
100
sunflower oil.
1.2
100
Dramatic increase in the
1.5
100
rate of transestrification of
sunflower oil (more than 500 times) in the conditions of hydrodynamic
cavitation in comparison with the conventional conditions can be explained
with the ability of cavitation device to disperse reacting molecules to nonsized particles. As a consequence of that reacting species are almost ideally
mixed and the interface significantly increases. Due to that, the rate of
Table 2. Effect of catalyst concentration on
the degree of transestrification
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transestrification becomes very high even at room temperature and is
possible at stoichimetry ratio of methanol and triglyceride M=3 and minimal
catalyst concentration.
CONCLUSION
Hydrodynamic cavitation significantly increases the rate of transestrification
and presents a very efficient method for biodiesel production. The kinetics
of transestrification of sunflower oil with methanol in conditions of
hydrodynamic cavitation can be modelled by the kinetics of first order
chemical reaction. The kinetics of transestrification of sunflower oil in
conditions of hydrodynamic cavitation is independent on molar ratio for
M>3 and catalyst concentration Cc>0.5%.
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BISTABLE PH SWITCHES AND OSCILLATIONS IN
COMPARTMENTALISED ENZYME REACTIONS
A. Taylor
School of Chemistry, University of Leeds
ABSTRACT
The rate-pH dependence of enzyme-catalysed reactions in membranes [1]
was proposed as a possible source of dynamical behaviour including
bistability, oscillations and waves in biology; however, a robust
experimental example of such a system is still lacking. Recent investigations
[2] with the urea-urease reaction suggest this reaction may provide such an
example: propagating fronts were observed in thin layers of the reaction
mixture and bistability has been observed in a flow reactor and in enzyme
loaded gel beads. Here we consider a simple model of the reaction in which
an enzyme-loaded spherical particle exchanging matter (except the enzyme)
with a reservoir containing an aqueous solution of substrate, urea, and acid.
The incoming substrate is transformed in the enzyme-catalyzed process into
a product that reacts with the acid, which leads to higher pH. As a result of
the bell-shaped rate pH curve of the enzyme, rate acceleration is observed.
In simulations, we examine the behaviour of the enzyme loaded cell and
determine the parameters for bistability. We investigate the effect of enzyme
loading and size of the particle on bistability. We also demonstrate that the
transport rate of acid (kH) must be greater than that of urea (ks) for
oscillations in a urease-loaded membrane and discuss why oscillations have
been difficult to achieve experimentally.
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IODINE INORGANIC REACTIONS IN ACIDIC
SOLUTIONS AND OSCILLATING REACTIONS
G.Schmitz 1 and S.D. Furrow 2
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Université Libre de Bruxelles, Ecole Polytechnique, Av. Franklin
Roosevelt, 50, 1050 Brussels, Belgium (gschmite@ulb.ac.be).
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ABSTRACT
In order to propose mechanisms of complicated chemical systems, it is
necessary to study simpler subsystems. The mechanism we have proposed
for the Bray-Liebhafsky (BL) oscillating reaction is based on kinetic studies
of several reactions of iodine compounds between them and with hydrogen
peroxide. Because the reactants of the non-catalysed Briggs-Rauscher (BR)
oscillating reaction are the same as those of the BL reaction plus malonic
acid, we propose now to extend the mechanism of the BL reaction to the BR
reaction. With this aim, we add radical reactions of iodine compounds and
of malonic acid. The choice of these reactions is based on our recent study
of the unusual kinetics of the iodate reduction by high concentrations of
hydrogen peroxide.
FOREWORD
"… to conduct my thoughts in such order that, by commencing with objects
the simplest and easiest to know, I might ascend by little and little to the
knowledge of the more complex…" This sentence by René Descartes in
"Discourse on Method" was already at the top of our communication to the
conference PHYSICAL CHEMISTRY 2012 and we continue to apply it to
ascend by little and little to the understanding of the Bray-Liebhafsky [1-3]
and Briggs-Rauscher [4-9] oscillating reactions. This involves studies of
simpler systems, namely the reaction of iodine and its oxidation levels I(+1),
I(+3) and I(+5) between them and with hydrogen peroxide.
INTRODUCTION
The Briggs-Rauscher (BR) oscillations are usually observed in acid systems
containing iodate, hydrogen peroxide, an organic reducing compound like
malonic acid (MA) and a metal-ion catalyst (Mn++ in the original recipe).
However, BR oscillations are also observed in systems without metal-ion
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catalyst provided the hydrogen peroxide concentration is sufficiently high
[10]. On the other hand, the Bray-Liebhafsky (BL) oscillations are observed
in acid systems containing only iodate and hydrogen peroxide. Although
these oscillations are different from the BR oscillations and are observed
under different conditions, we believe that the components of the BL
reaction mechanism form a subset of the BR reaction mechanism. In other
words, we try to build a BR mechanism adding reactions to our BL
mechanism [3].
BRAY-LIEBHAFSKY SIMULATIONS
Our BL mechanism is shown schematically in Figure 1 and includes
reactions (1) - (12) in Table I. Most of the rate constants were obtained from
independent studies of subsystems.

Figure 1. Black part: representation of the BL mechanism; down arrows
correspond to reductions and up arrows to oxidations. Red part: initiation of
the BR radical reactions.
The rate constant k+1 is known from studies of the Dushman reaction at low
iodide concentrations [11, 12]. k-1 was measured by two different techniques
[13, 14]. Recalculation of the raw results of these works and new
measurements by one of us (S. Furrow) give k-1 = 160 ± 20. The sum R1 +
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R2 + R3 gives IO3- + 2I- + 3H+ = 3IOH. The thermodynamic equilibrium
constant of this reaction, corrected for the effect of the ionic strength, is
k+1k+2k+3/(k-1k-2k-3) = 1.4×109 [3]. The rate of IOH disproportionation [14,
15] gives k-2k-3/k3 = 25 and, with the known values of k1 and k-1, k2 = 4×109.
I2O is an intermediate compound with a quasi-stationary concentration.
Thus, the results depend only on the ratio k-2/k3. k3 = 107 was used so that
[I2O] remains very small but values ten times smaller or larger give the
same results. k-3 is an essential parameter of the model. Its value is adjusted
to obtain good simulations of the kinetics of the iodine oxidation by
hydrogen peroxide [3] and must be revised if other parameters of the model
are modified. The value of k-3 gives k-2/k3 = 25/k-3. The rate law of reaction
R4 is k4 [IOH][I-] - k-4 [I2]/[H+] were k-4 was measured independently [3,
14] and k4 is calculated from the equilibrium constant of R4 corrected for
the effect of the ionic strength. Reaction R5 in the former version of the
model is now split into two reactions, R5 and R6. The existence of the
intermediate compound IOOH was proved formerly [16] and its importance
in the modified model will appear hereafter. A recalculation of the results
obtained by Liebhafsky [17] for the IOH reduction by hydrogen peroxide
gives k5k6/(k-5+ k6) = 23. The BL simulations depend only on this value but
the BR simulations depend also on the ratios k-5/k6 and k13/k6 that are
parameters of the model. The ratio k7/k3 is adjusted to the kinetics of the
iodine oxidation by hydrogen peroxide [3]. Reaction R8 is the sum of two
partial reactions, OIOH + OIO- ' I2O4H- (8a) and I2O4H- + H2O2 → IO3- +
OIOH + H2O (8b) [18] giving r8 = k8[OIOH]2[H2O2]/([H+](1+ 8[H2O2]))
where k8 = k8ak8bKa/k-8a, 8= k8b/k-8a and Ka is the acidity constant of
OIOH. Reaction R9 of the 2011 model [3] has nearly no effect under the
conditions of this study. The kinetics of reaction R10 was discussed
formerly [19]. Reaction R11 is an empirical reaction added to the model to
represent the perturbing effect of oxygen on the BL oscillations [3]. It has
probably a radical mechanism that remains not elucidated. The simulations
in Fig.2 were obtained using r11 = 3500 [O2][I-][H+] and a rate of oxygen
escape from the solution equal to 5×10-5([O2] - 2.5×10-4). r11 was neglected
for the BR simulations.
Numerical simulations of many subsystems and of experimental BL
oscillations at 50° were presented before [3]. At 25°, the periods are long
and the produced oxygen perturbs heavily making the observation of BL
oscillations very difficult. However, one of us (S.F.) succeeded in obtaining
the more or less reproducible oscillations shown in Fig.2a. The numerical

322

PHYSICAL CHEMISTRY 2014

D-02-SL

Absorbance at 462 nm

0.1

Absorbance at 462 nm

simulations using reactions R1 -R12 in table I shown in Fig.2b support
further the proposed model.
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Figure 2. BL oscillations at 25°. Initial conditions [HClO4]o = 0.030M,
[KIO3]o = 0.035M, [H2O2]o = 0.16 M, [I2]o = 3E-4M. Experimental results
(a) and numerical simulation (b).

107 d[I2]/dt (mol/l.s)

IODATE REDUCTION BY HYDROGEN PEROXIDE
The BL oscillations are explained
by non radical reactions. On the
8
other hand, the BR oscillations are
suppressed by radical scavengers
6
[8] and an extension of the BL
mechanism to the BR reaction
4
requires at least one reaction
2
producing radicals. We have
discussed this question formerly
0
[10, 19] and proposed that it is
0
0.01
0.02
reaction R13 followed by R14.
[KIO3]
The radical reactions of iodine
Figure 3. Initial rates of the iodate
compounds are much less known
reduction. Experimental results for
than the non radical reactions so
[HClO4]o = 0.1 M and [H2O2]o = 1 M (o)
that reactions R15 to R17 are
or 2 M (x) and simulated values (──).
speculative. R14 + R15 is a chain
reaction reducing iodate to OIOH and R16 + R17 is a chain reaction
reducing OIOH to IOH so that iodate is finally reduced to I2. R18 to R21 are
chain breaking reactions. Figure 3 gives examples showing that the model
R1 - R21 is able to explain the main features of the iodate reduction by high
concentrations of hydrogen peroxide, an order higher than two for hydrogen
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peroxide and lower than one for iodate. Most of the rate constants are highly
uncertain and they were not optimized for these simulations because we
wanted to show that the proposed model can also give BR oscillations with
the same set of rate constants.
SIMULATION OF NON-CATALYSED BR OSCILLATIONS
The third part of the model represents the organic part of the BR reaction
with malonic acid (MAH). Iodomalonic acid (MAI) is an important
intermediate in the BR reaction and the kinetics of reactions R22 and R23 is
well known [6a]. Diiodomalonic acid [9b] should also be considered in a
further version of the model. It is also accepted that the main products of the
malonic acid oxidation, oxalic acid (OA), CO and CO2, are produced by
reactions of organic radicals [9b, c]. Reaction R27 is the simplest possible
representation of these complicated reactions leading to the final products.
We assume that the malonyl radical MA• is produced by reactions R24 and
R25 but other reactions are possible. Reaction R26 producing the radical
HOO• introduces a feedback that destabilized the stationary state (another
feedback passes through IOH and IOOH producing radicals in reaction
R13). At this state, the obtained simulations of the non-catalysed BR
oscillations are only qualitative but the results in Figure 4 are stimulating.
CONCLUSION
The first part of the model in Table 1, reactions R1 to R12, explains the
observed kinetics of many iodine inorganic reactions in acidic solutions and
allows quantitative simulations of the BL oscillations. When the hydrogen
peroxide concentration is high, the model must be completed with radical
reactions explaining the kinetics of the iodate reduction by hydrogen
peroxide. This second part of the model, reactions R13 to R21, is less well
known because information about the reactions of iodine radicals is rare.
The third part represents complicated organic reactions and we have adopted
an oversimplification of them. Much work remains to be done according to
the René Descartes method. We should have information about different
subsystems involving reactions of radical iodine compound and of MA•.
After that, we could introduce metal-ion catalyst reactions to extend the
mechanism of the non-catalysed BR reaction to the classical BR reaction.
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Figure 4. Simulated BR oscillations. [HClO4] = 0.10 M,
[H2O2]o = 2 M, [KIO3]o = 3×10-3 M, [MAH]o = 4×10-3 M.
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Table I. Model for the BL and non-catalyzed BR oscillating reactions.
Mass action rate laws are uses except when indicated in the text. The rate
constants values (mol/l.s) are taken from the literature or estimated (values
in italic) for the presented simulations.
R1
R2
R3
R4
R5
R6
R7
R8

Reactions
IO3- + I- + 2 H+
IOH + OIOH
OIOH + I- + H+
I2O + H2O
2 IOH + H+
I2O + H2O + H+
+
I2 + H2O
IOH + I + H
IOOH + H2O
IOH + H2O2
IOOH → I- + H+ + O2
I2O + H2O2 → IOH + OIOH
OIOH + H2O2 → IO3- + H+ + H2O

R9
R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27

OIOH + H2O2 → IOH + O2 + H2O
IO3- + H+ +H2O2 → OIOH +O2 +H2O
I- + H+ + ½ O2 → IOH
IO3- + H+
IO3H
H2O2 + IOOH → IO• + HOO• + H2O
IO3- +H+ +HOO• → OIO•+ O2 + H2O
OIO• + H2O2 → OIOH + HOO•
OIOH + HOO• → IO• + O2 +H2O
IO• + H2O2 → IOH + HOO•
2 HOO• → H2O2 + O2
2 OIO• + H2O → IO3- + H+ + OIOH
OIO• + HOO• → OIOH + O2
2 IO• + H2O → IO3- + I- + 2 H+
Enol
MAH
Enol + I2 → MAI + I- + H+
MAH + IO• → MA• + IOH
MAI + IO• → MA• + I2O
MA• + H2O2 → MAH + HOO•
2 MA• → OA, CO, CO2 …
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k+
1300
3.0×109
1×107
2.0×109
800
0.2
1.52×107
See text
k8 = 2.2×105
0.2
1.3×10-7
See text
2.8×109
0.1
1×105
100
5×109
9.8
9×105
5×109
~ (k18×k19)1/2
1×108
0.0039
9.1×105
2×106
1×105
1×103
1×108

k160
2.53
9.9×107
0.0017
10

α8 = 20
2.5×10-5
1010
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METHOD OF NONLINEAR DYNAMICS:
PHENOMENOLOGICAL APPROXIMATE MAPINGS
K.R. (Stevanović) Hedrih
Mathematical Institute SANU, Belgrade, Serbia and
Faculty of Mechanical Engineering University of Niš, Serbia
ABSTRACT
Phenomenological approximate mapping as an universal method of
nonlinear dynamics is presented. The basic idea given by Mihailo Petrović
and elaborated in his two books entitled: Elements of mathematical
phenomenology and Phenomenological mappings is applied here on one
physicochemical reaction system and a mechanical system. In particular, in
both nonlinear systems the local dynamic nonlinear phenomena around
stationary states are analyzed by the phenomenological approximate
mappings. A general table with phenomenological linear and nonlinear
approximate mappings around singular states is presented.
INTRODUCTION
Mihailo Petrović (May 6, 1868, Belgrade - June 8, 1943, Belgrade) is
Serbian mathematician and scientist and one of three doctoral students of
important French and World scientist Jules Henri Poincaré (29 April 1854,
Nancy - 17 July 1912, Paris, France). He is author of two books: Elements
of Mathematical Phenomenology [1], 1911, and Phenomenological
Mappings [2], 1933. In these books it is shown that between numerous
elements of mathematical phenomenology, mathematical and qualitative
analogies are important for solution of scientific problems in different areas
of sciences. Also, phenomenological mapping of nonlinear dynamical
phenomena from one to the other system is useful method for transfer
results and new knowledge about nonlinear dynamics from well known,
already investigated system to the other not yet investigated system.
In this paper, a phenomenological approximate mapping as universal
approximate method for investigation of phenomena that appear in vicinity
of singular points or stationary states are presented and applied on several
complex systems with nonlinear (one reaction system, one mechanical
systems and an electrical system).
Combination of two methods: the phenomenological approximate mapping
in local area around singular states and Lyapunov’s theorems of system
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stability give power analytical tool for investigation nonlinear dynamics of
complex nonlinear system kinetic states.
In this paper phenomenological approximate mappings around singular
points or stationary states are presented, as universal approximate method
for investigation of nonlinear dynamics through separate investigation
properties of each local nonlinear phenomenon in complex nonlinear
dynamics with numerous nonlinear phenomena.
The physic-chemical system dynamic is nonlinear kinetics of two
concentrations a and b of species A and B with a cubic autocatalitic
reaction in an open reactor (Continuous Stirred Tank Reactor - CSTR).
The mechanical system dynamics is nonlinear dynamics of a heavy mass
particle along rotate circle around vertical axis with eccentricity and with
constant velocity.

METHOD OF PHENOMENOLOGICAL APPROXIMATE
MAPINGS
EXAMPLE 1. Let us consider nonlinear dynamics of two concentrations
a and b of species A and B with a cubic autocatalitic reaction in an open
reactor (Continuous Stirred Tank Reactor - CSTR):
A + 2B → 3B
(v = kab 2 ) ,
(1)
The time evolution of the concentrations of species A and B denoted by a
and b, are described by the following first order nonlinear differential
equations (for detail see References: [3]):
da
db
= k f (ao − a ) − kab 2 ,
= k f (bo − b ) + kab 2
(2)-(3)
dt
dt
where a0 and b0 are constants as a consequence of permanent inflow of
them and outflow of surplus of reaction mixture. Hence, the volume of
reaction mixture in stationary state is also constant.
In the stationary states da = 0 and db = 0 . From these conditions it is possible
dt

dt

to obtain one linear algebra equations and one nonlinear algebra cubic
equation in the following form (see Refs. [3] and [4]):
(ao − as ) + (bo − bs ) = 0 , as3 − 2 pas2 + qas − βao = 0
(4)-(5)
where the following denotations are introduced:
k
⎡k
2⎤
p = [ao + bo ] , q = ⎢ f + (ao + bo ) ⎥ , β = f
(6)
k
⎣k
⎦
Cubic equation (5), in general case, posses three roots, which can be
denoted by as , s = 1,2,3 . Taking into account linear algebra equation (4)
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there
is
corresponding
pair
of
stationary
state
concentrations as , bs = (ao − as ) + bo , s = 1,2,3 . These pairs of roots as ,
and bs = (ao − as ) + bo , s = 1,2,3 present three possible stationary states or
singular points considered nonlinear reaction system described by the first
order nonlinear differential equations (2)-(3). Obtained equation (4) valid
for stationary state in the form: (ao + b0 ) = (as + bs ) .
From the first order nonlinear differential equations (2)-(3), is:
(7)
[(ao + bo ) − (a + b )] = 1 ⎡⎢ da + db ⎤⎥
k f ⎣ dt dt ⎦
and taking into account that a0 and b0 are constants, integration of (7) give:

[(a + b ) − (ao + bo )] = [(a(t0 ) + b(t0 )) − (ao + bo )]e− k [(a +b )−(a +b )](t −t ) (8)
where a(t0 ) and b(t0 ) are initial concentrations of species A and B. If we
f

o

o

0

take at initial moments t0 = 0 , that ao and bo are concentrations of species
A and B, a(t0 ) = a(0) = a0 and b(t0 ) = b(0 ) = b0 , then we obtain that
(a + b ) = (ao + bo ) = (as + bs ) , s = 1,2,3 if cubic algebra equation posses three
real roots. This relation is valid at initial state, at stationary states and at
arbitrary states for special case that initial values of concentrations a = a(t )
and b = b(t ) of species A and B are a(t0 ) = a(0 ) = a0 and b(t0 ) = b(0 ) = b0 .
As all cubic equations, equation (5) has either one real and two conjugate
complex solutions, or three real ones for as , s = 1,2,3 . Consequently in the
considered nonlinear reaction system there are two cases of solutions: *one
case is nonlinear dynamics of two concentrations a and b of species A and
B, with only one stationary state defined by a pair as = a1 and bs = b1 , s = 1 ;
*other case is nonlinear dynamics of two concentrations a and b of species
A and B, with three stationary states defined by three pairs as ,
bs = (ao − as ) + bo , s = 1,2,3 . Roots of cubic algebra equation (5) is possible

to obtain graphically by graph of function: F (a ) = a 3 − 2 pa 2 + qa − βao , for
different values of parameters k f , k , ao and bo or p , q , ao and β .
Special case is when two roots are equal (double root). In second case, when
the
stationary
states
are
defined
by
three
pairs
as ,
bs = (ao − as ) + bo , s = 1,2,3 , system posses trigger of coupled singularities.
Depending of values of parameters k f , k , ao and bo three stationary states
will appear and coexist all together. They will appear or disappear in related
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bifurcation points. From this point of view, k f , k , ao or bo are bifurcation
parameter.
For investigation nonlinear phenomena and nonlinear dynamics around
stationary states is possible to applied phenomenological approximate
mappings in local area around stationary each state using approximation of
the system of nonlinear differential equations by linearization or by
nonlinear approximations. After applications of the phenomenological
approximate mapping by linearization from system (2)-(3) of nonlinear
differential equations around stationary state defined by two stationary
concentrations as , bs , s = 1,2,3 of species A and B we obtain the following
aproximation:
da
2
≈ − k f − k [(ao − as ) + bo ] (a − as ) + − 2kas [(ao − as ) + bo ] (b − bs ) , s = 1,2,3 (9)
dt
db
2
(10)
≈ k [(ao − as ) + bo ] (a − as ) + − k f + 2kas [(ao − as ) + bo ] (b − bs )
dt

or after introducing denotation

⎛ ∂f (a, b ) ⎞
pa , s = ⎜
⎟
⎝ ∂a ⎠

⎛ ∂f (a, b ) ⎞
=⎜ 1
⎟
⎝ ∂a ⎠

⎛ ∂f (a, b ) ⎞
qb ,s = ⎜ 1
⎟
⎝ ∂b ⎠

, s = 1,2,3

b =bs =( ao − as )+bo

⎛ ∂f (a, b ) ⎞
pb ,s = ⎜
⎟
⎝ ∂b ⎠
qa ,s

= − k f − kbs2 = −k f − k [(ao − as ) + bo ]

2

a = as

= −2kas bs = −2kas [(ao − as ) + bo ] , s = 1,2,3

a = as

b=bs =( ao −as )+bo

a = as

2
= kbs2 = k [(ao − as ) + bo ] , s = 1,2,3

(11)

b =bs =( ao − as )+bo

a = as
b =bs =( ao −as )+bo

,
= −k f + 2kas bs = −k f + 2kas [(ao − as ) + bo ] s = 1,2,3

in the form:
~
~ db
~
da~
~
(12)-(13)
≈ pa , s a + pb , sb ,
≈ qa , s a~ + qb ,s b , s = 1,2,3
dt
dt
Two roots of the characteristic equation of the system (12)-(13) are:
1
1
(14)
λs ,1/ 2 = ( pa ,s + qb ,s ) ∓
( pa,s + qb,s )2 − 4( pa,s qb,s − pb,s qa,s ) , s = 1,2,3
2

2

Results of the phenomenological approximate mapping of system nonlinear
differential equations (2)-(3) by linearization around stationary state defined
by two stationary concentrations as , bs , s = 1,2,3 of species A and B in the
form of the system (11)-(12) is possible present in the form of a linear
differential equation second order in the form:
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d 2 a~
da~
+
2
δ
+ ωs2 a~ ≈ 0 , s = 1,2,3
(15)
s
dt 2
dt
~
where a~ = a − as and b = b − bs are concentrations of species A and B
measured from corresponding stationary values, and
(16)
2δ s = ( pa ,s + qb ,s ) , ω s2 = ( pa ,s qb ,s − pb ,s qa ,s ) , s = 1,2,3
With aim to investigate nonlinear phenomena, we shall examine behaviour
of the considered system in the vicinity of stationary states, that is, we shall
examine the stability of the nonequilibrium stationary states. After
phenomenological approximate mapping by linearization of the system of
first order nonlinear differential equations (2)-(3) around stationary state
defined by two stationary concentrations as and bs , s = 1,2,3 , obtained
approximate first order linear differential equations are obtained in the form
(12)-(13).
After introduce new coordinate of concentrations starting measurement from
~
stationary state, as + a~ and bs + b into the system of first order nonlinear
differential equations (2)-(3), and taking into account, relations valid for
stationary concentrations as , bs , s = 1,2,3 of species A and B for arbitrary
initial conditions:
k f (ao − as ) + kas bs2 = 0 and k f (bo − bs ) − kasbs2 = 0
(17)
the system of first order nonlinear differential equations appear in the
following form:
~
~
da~
= k (as − a~ ) b − 2bs b − a~ (k f + kbs2 )
(18)
dt
~
~
~
~
db
(19)
= −k (as − a~ ) b − 2bs b − k f b − ka~bs2
dt
~
in which a~ and b are small and local coordinate around stationary state.
Then is possible to produce better phenomenological approximate mapping
around stationary state, using nonlinear approximation, taking account that
~
these local coordinates a~ and b are small.
In Table 1., linear and non-linear phenomenological approximate mappings of

[

]

(

) (

)

nonlinear differential equations as well as approximations of solutions in vicinity
of singular points are presented for general case. Details are visible from middle
and right hand column.
Table 1. Linear and non-linear phenomenological approximate mappings by use
approximation of nonlinear differential equations as well as approximations of solution in
local area of system kinetic parameters
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Phenomenological approximate mappings by linearization - Linear
phenomenological approximate mappings in local area around
singular point N ϕ , v , s = 1,2,3,4....
s s s

(

)

Differential equations

dϕ
= f (ϕ , v )
dt

Phenomenological
approximate mappings of
system differential
equations around in local
area around singular point
N ϕ ,v ,

dϕ ⎛ ∂f (ϕ , v ) ⎞
⎛ ∂f (ϕ , v ) ⎞
⎟
ϕ +⎜
v
=⎜
⎟
dt ⎜⎝ ∂ϕ ⎟⎠ ϕ =ϕ s
⎝ ∂v ⎠ ϕ =ϕ s

s(

s

s)

s = 1,2,3,4....
by

ϕ (= )ϕ s + ϕ

;

dv
= f1 (ϕ , v )
dt

dϕ ⎛ ∂f (ϕ , v ) ⎞
1 ⎛ ∂ 2 f (ϕ , v ) ⎞
⎛ ∂f (ϕ , v ) ⎞
⎟
ϕ +⎜
ϕ2 +
v + ⎜⎜
=⎜
⎟
⎟
dt ⎜⎝ ∂ϕ ⎟⎠ ϕ =ϕ s
2! ⎝ ∂ϕ 2 ⎟⎠ ϕ =ϕ s
⎝ ∂v ⎠ ϕ =ϕ s
v =vs

v = vs

v = vs

dv ⎛ ∂f1 (ϕ , v ) ⎞
⎛ ∂f (ϕ , v ) ⎞
⎟
=⎜
ϕ +⎜ 1
v
⎟
dt ⎜⎝ ∂ϕ ⎟⎠ ϕ =ϕ s
⎝ ∂v ⎠ ϕ =ϕ s

+

v = vs

1 ⎛ ∂ 2 f (ϕ , v ) ⎞
1 ⎛ ∂ 2 f (ϕ , v ) ⎞
⎜
⎟
⎟
ϕv +
v 2 + 2 ⎜⎜
2! ⎜⎝ ∂v 2 ⎟⎠ ϕ =ϕ s
2! ⎝ ∂v∂ϕ ⎟⎠ ϕ =ϕ s
v=vs

v = vs

v = vs

N s (ϕ s , v s ) , s = 1,2,3,4....

;

dϕ
= f (ϕ , v )
dt

dv
= f1 (ϕ , v )
dt

v = vs

Phenomenological approximate mappings by nonlinear approximation
- - Non-linear phenomenological approximate mappings in local area
around singular point

v =vs

⎡
⎤
⎛ ∂ 3 f (ϕ , v ) ⎞
1 ⎢⎛ ∂ 3 f (ϕ , v ) ⎞
⎟
+ ⎢⎜⎜
ϕ 3 + 3⎜⎜
ϕ 2v ⎥⎥ +
2
⎟⎟
3! ⎝ ∂ϕ 3 ⎟⎠ ϕ =ϕ s
⎝ ∂ϕ ∂v ⎠ ϕ =ϕ s
⎢⎣
⎥⎦
v=vs
v =vs
⎡
⎤
⎛ ∂ 3 f (ϕ , v ) ⎞
1 ⎢ ⎛ ∂ 3 f (ϕ , v ) ⎞
⎥
⎟
⎟⎟
+ ⎢3⎜⎜
ϕv 2 + ⎜⎜
v3⎥ + .......
3
3! ⎝ ∂ϕ∂v 2 ⎠⎟ ϕ =ϕ s
⎝ ∂v
⎠ ϕ =ϕ s ⎥
⎢⎣
v = vs
v=vs
⎦

,

()

v = vs + v

⎛ ∂ 2 f1 (ϕ , v ) ⎞
dv ⎛ ∂f1 (ϕ , v ) ⎞
⎛ ∂f (ϕ , v ) ⎞
⎟⎟
ϕ2 +
=⎜
v + ⎜⎜
ϕ +⎜ 1
⎟
⎟
2
dt ⎜⎝ ∂ϕ ⎠⎟ ϕ =ϕ s
⎝ ∂v ⎠ ϕ =ϕ s
⎝ ∂ϕ
⎠ ϕ =ϕ s
v =vs

v =vs

v =vs

⎛ ∂ 2 f1 (ϕ , v ) ⎞
1 ⎛ ∂ 2 f1 (ϕ , v ) ⎞
⎟⎟
⎟
+ ⎜⎜
v 2 + 2 ⎜⎜
ϕv +
2
2! ⎝ ∂v∂ϕ ⎟⎠ ϕ =ϕ s
⎝ ∂v
⎠ ϕ =ϕ s
v =vs

v =vs

⎡
⎤
⎛ ∂ 3 f (ϕ , v ) ⎞
1 ⎢⎛ ∂ 3 f (ϕ , v ) ⎞
⎟
ϕ 2v ⎥⎥ +
ϕ 3 + 3⎜⎜ 1 2
+ ⎢⎜⎜ 1 3 ⎟⎟
3! ⎝ ∂ϕ
∂ϕ ∂v ⎟⎠ ϕ =ϕ s
ϕ =ϕ s
⎠
⎝
v =vs
v =vs
⎣⎢
⎦⎥
+

Phenomenological
approximate mappings of
differential equations
around in local area
around singular point
, s = 1,2,3,4....

d 2ϕ dϕ ⎛ ∂f (ϕ , v ) ⎞
d 2ϕ dϕ ⎛ ∂f (ϕ , v ) ⎞
⎛ ∂f1 (ϕ , v ) ⎞
⎛ ∂f (ϕ , v ) ⎞
⎛ ∂f (ϕ , v ) ⎞
⎛ ∂f1 (ϕ , v ) ⎞
−
−
⎜
⎟
+⎜
⎟
⎜
+⎜
−
−
⎟
⎟
⎜
⎟
⎜
⎟
dt 2
dt ⎜⎝ ∂ϕ ⎟⎠ ϕ =ϕ s ⎝ ∂v ⎠ ϕ =ϕ s ⎝ ∂v ⎠ ϕ =ϕ s
dt 2 dt ⎜⎝ ∂ϕ ⎟⎠ ϕ =ϕ s ⎝ ∂v ⎠ ϕ =ϕ s ⎝ ∂v ⎠ ϕ =ϕ s
v=v
v =v

ϕ (= )ϕ s + ϕ v (= )v s + v

(

s

s

)

s = 1,2,3,4....

v = vs

v =vs

v = vs

1* for

* for

⎛ ∂f1 (ϕ , v ) ⎞
⎛ ∂f (ϕ , v ) ⎞
>0
⎟
⎜⎜
⎟⎟
⎝ ∂v ⎠ ϕ =ϕs ⎝ ∂ϕ ⎠ ϕ =ϕ s
v =v s

v = vs

v =vs

δ <ω

⎛ ∂f1 (ϕ , v ) ⎞
⎛ ∂f (ϕ , v ) ⎞
>0
⎟
⎜⎜
⎟⎟
⎝ ∂v ⎠ ϕ =ϕ s ⎝ ∂ϕ ⎠ ϕ =ϕ s
v = vs

v =vs

v = vs

v =v s

(

ϕ (t ) = e−δt A cost ω 2 − δ 2 + B sin t ω 2 − δ 2
Stable centre type singular point

)

δ >ω
ϕ (t ) = e −δt (ACht δ 2 − ω 2 + BSht δ 2 − ω 2 )

ω

(

)

By asymptotic method Krilov-Bogolybov-Mitropolyski
Phenomenological approximate solution is proposed in the form:

⎛ ∂f1 (ϕ , v ) ⎞
⎛ ∂f (ϕ , v ) ⎞
⎜⎜
⎟⎟
q2 = ⎜
>0
⎟
⎝ v ⎠ ϕ =ϕ s ⎝ ∂ϕ ⎠ ϕ =ϕ s

ϕeδt = ~x = a cosψ + εU1 (a,ψ ,τ ) + ε 2U 2 (a,ψ ,τ ) + …

v =vs

⎛ ∂f (ϕ , v ) ⎞
⎛ ∂f (ϕ , v ) ⎞
⎛ ∂f1 (ϕ , v ) ⎞
⎟⎟
+⎜
± 2δ = − ⎜⎜
⎟
⎜
⎟
⎝ ∂ϕ ⎠ ϕ =ϕs ⎝ ∂v ⎠ ϕ =ϕs ⎝ ∂v ⎠ ϕ =ϕs
v =vs

δ

ϕ (t ) = e −δt A cos t ω 2 − δ 2 + B sin t ω 2 − δ 2
d 2ϕ
dϕ
⎛ ϕ .dϕ ⎞
+ 2δ
+ ω 2ϕ = F ⎜
⎟
dt
dt 2
⎝ dt ⎠

No stable saddle type singular point
2* for

v =vs

>0

v = vs

approximate solution
a*
<

Stable centre type singular point
Differential nonlinear approximate equation

b*

v =vs

v = vs

⎛ ∂f (ϕ , v ) ⎞
⎛ ∂f1 (ϕ , v ) ⎞
⎛ ∂f (ϕ , v ) ⎞
⎟⎟
2δ = − ⎜⎜
+⎜
⎜
⎟
⎟
⎝ ∂ϕ ⎠ ϕ =ϕ s ⎝ ∂v ⎠ ϕ =ϕ s ⎝ ∂v ⎠ ϕ =ϕ s

>0

approximate solution
a*

v = vs

ω 2 = −⎜

v = vs

⎛ ∂f (ϕ , v ) ⎞
⎛ ∂f1 (ϕ , v ) ⎞
⎛ ∂f (ϕ , v ) ⎞
⎟⎟
2δ = − ⎜⎜
+⎜
⎜
⎟
⎟
⎝ ∂ϕ ⎠ ϕ =ϕ s ⎝ ∂v ⎠ ϕ =ϕ s ⎝ ∂v ⎠ ϕ =ϕ s

s

v = vs

v =vs

ω 2 = −⎜

s

⎛ ∂f1 (ϕ , v ) ⎞
⎛ ϕ .dϕ ⎞
⎛ ∂f (ϕ , v ) ⎞
ϕ = F⎜
⎜⎜
⎟⎟
−⎜
⎟
⎟
⎝ dt ⎠
⎝ ∂v ⎠ ϕ =ϕ s ⎝ ∂ϕ ⎠ ϕ =ϕ s

⎛ ∂f1 (ϕ , v ) ⎞
⎛ ∂f (ϕ , v ) ⎞
⎟⎟
⎜⎜
ϕ=
−⎜
⎟
⎝ ∂v ⎠ ϕ =ϕ s ⎝ ∂ϕ ⎠ ϕ =ϕ s

by

s

v = vs

v =vs

N s (ϕ s , v s )

Phenomenological
approximate mappings of
differential equation
solution around in local
area around singular point
N ϕ ,v ,

⎡
⎤
⎛ ∂ 3 f (ϕ , v ) ⎞
1 ⎢ ⎛ ∂ 3 f1 (ϕ , v ) ⎞
⎥
⎟
3⎜
v3⎥ + .......
ϕv 2 + ⎜⎜ 1 3 ⎟⎟
3! ⎢ ⎜⎝ ∂ϕ∂v 2 ⎟⎠ ϕ =ϕ s
∂v
ϕ =ϕ s
⎝
⎠
v =vs
v =vs
⎣⎢
⎦⎥

v =vs

>0

da
= εA1 (a,τ ) + ε 2 A2 (a,τ ) + …
dt
dψ
= p + εB1 (a,τ ) + ε 2 B2 (a, v ) + …
dt
2π

∫U
0
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(

)

A1 (a.τ ) = −

2π ~
~
~
1
~ ~
F e −δ τ {a cosψ }, e −δ τ {− ap sinψ } eδ τ sinψdψ
2πp ∫0

B1 (a.τ ) = −

2π ~
~
~
1
~ ~
F e −δ τ {a cosψ }, e −δ τ {− ap sinψ } e δ τ cosψd
2πpa ∫0

~⎛

εF ⎜ ~x e −δt ,
⎝

(

)

~
d~
x −δt ⎞
x ⎞
~ ⎛ d~
e ⎟ = εF ⎜ ~
x , ,τ ⎟
dt
⎠
⎝ dt ⎠

Right column of Table 1 contain method of phenomenological approximate
nonlinear mapping, and corresponding solution using asymptotic method KrilovBogolyubov-Mitroposlski [5]. Also for linearized phenomenological mapping in
left culms Lyapunov method for investigation stability of the stationary states.

EXAMPLE 2. Let us consider a mechanical system with nonlinear
dynamics of a heavy mass particle along rotate circle around vertical axis
with eccentricity and with constant velocity. Using analogous method as in
example 1, and generalized method of phenomenological linear and
nonlinear approximate mappings presented in Table 1, in Table 2 results for
example 2 are presented [6].
CONCLUSION
Presented application of phenomenological approximate mappings in
vicinity of stationary states of two nonlinear dynamics, in two disparate
systems, first physic-chemical system and other pure classical mechanical
system show that Petrović’s theory is universal for investigation of
nonlinear dynamic properties.
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Table 2. Phenomenological approximate mappings around singular pointsexamples of linearization around singular points of a trigger of coupled three
singular points
Dynamical model
Parameters
g sin α
θ =Ω ,
λ=

Ω 2rez =

ε=

θ = Ωt

θ =Ω

Ω

Ω

ϑ = Ωt

ϑ = Ωt

M

N
2a

m1

Ω2

O

e

g sin α ,
2

2l/3

O

ll

m1

ϕ

L

K

ϕ

ϕ

A
m2

ϕ

C

mg

m2

2a

ϕ

mg

B

γ

ϕ

C

e.

ϕ

O

P

m3

Differential
equation
Phase trajectory

ϕ + Ω 2 (λ − cos ϕ )sin ϕ = 0
ϕ 2 = ϕ 02 − 2Ω 2 − λ (cos ϕ − cos ϕ 0 ) +

ϕ + Ω 2 λ − cos ϕ sin ϕ − Ω 2ε cos ϕ = 0

1
(cos 2ϕ − cos 2ϕ 0 )
4

ϕ 2 = ϕ 02 − 2Ω 2 − λ (cos ϕ − cos ϕ 0 ) +

1
(cos 2ϕ − cos 2ϕ 0 )
4

− Ω ε (sin ϕ − sin ϕ 0 )
2

1

1

f1 ( x , e1 )

b ( x)

f2 ( x , e1 )

c ( x)

f3 ( x , e1 )

0.5

1.2

f4 ( x , e1 )

d ( x)

f5 ( x , e1 )

e ( x)

f6 ( x , e1 )

0.4

f7 ( x , e1 )

k ( x)
n ( x)

20

15

10

5

0

5

10

15

20

f8 ( x , e1 )
12

f9 ( x , e1 )

p ( x)

f10

( x , e1 )

i( x)

f11

( x , e1 )

f12

( x , e1 )

j ( x)

0.5

o ( x)
t ( x)
− 1

f13

( x , e1 )

f14

( x , e1 )

f15

( x , e1 )

f16

( x , e1 )

1
− 20

Singular points

2

2

a ( x)

−

x

8

4

0

4

2

20

−

x

12

12

f (λ s ) = 0

1* λ > 1 Stable centre type points
ϕ = 0 , ϕ = 2kπ , s = 0,±1,±2,±3,....

λ4s − 2λλ3s + λ2 + ε − 1 λ2s + 2λλs − λ2 = 0

0

s =2 k

s =2 k +1

1

+ 1)π

12

1.2

2

ϕ s = sπ , s = 0,±1,±2,±3,....

No stable saddle points
ϕ = π ,ϕ
= (2k

8

0.4

ϕ s = arccos λs

, s = 0,±1,±2,±3,....

2* λ < 1 No stable saddle points

ϕ s = sπ , s = 0,±1,±2,±3,....
Stable centre type points
ϕ s = ± arccos λ + 2sπ , s = 0,±1,±2,±3,....
Trigger of coupled three singular points
ϕ = 0 and ϕ = ± arccos λ
1, 3

0

Approximation of
differential
equation around
singular point – a
linearization as a
phenomenological
approximate
mapping system
dynamics in local
area around
singular poit

Trigger of coupled three singular points

ϕ0 = 0 and ϕ1,3 = ± arccos λ m for λ < 1

1*

ϕ0 = 0 ,

ϕ s = arccos λs

ϕ + Ω 2 (λ − 1)ϕ = 0

Trigger of coupled three singular points
ϕ = ϕ and ϕ = ± arccos λ
0

2*

ϕ1,3 = ± arccos λ

ϕ ⇒ ϕ1,3 + ϕ

1* No stable saddle type singular point

λ <1

00

1, 3

1, 3

1* ϕ 0 = ϕ 00 ,
ϕ + Ω 2 λ − cos(ϕ00 + ϕ ) sin (ϕ00 + ϕ ) − Ω 2ε cos(ϕ00 + ϕ ) = 0

ϕ + Ω 2 (1 − λ )ϕ = 0
Approximation of
differential
equation solution
around singular
point – a
linearization as a
phenomenological
approximate
mapping system
dynamics in local
area around
singular poit

f (λ s ) = 0

λ4s − 2λλ3s + λ2 + ε − 1 λ2s + 2λλs − λ2 = 0

2*

ϕ1,3 = ± arccos λ1,3 ϕ ⇒ ϕ1,3 + ϕ

ϕ + Ω 2 λ − cos(ϕ1,3 + ϕ ) sin (ϕ1,3 + ϕ ) − Ω 2ε cos(ϕ1,3 + ϕ ) = 0

ϕ0 = 0 , for

ϕ (t ) = AChΩt λ − 1 + BShΩt λ − 1

1* No stable saddle type singular point

ϕ (t ) = AChqt + BShqt

2*Stable centre type singular point

ϕ0 = ϕ00 ,

ϕ1,3 = ± arccos λ1,3 , ϕ ⇒ ϕ1,3 + ϕ
ϕ (t ) = A cos pt + B sin pt

2*Stable centre type singular point

ϕ1,3 = ± arccos λ , for λ < 1

ϕ ⇒ ϕ1,3 + ϕ
ϕ (t ) = A cos Ωt λ − 1 + B sin Ωt λ − 1
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INTERMITTENT OSCILLATIONS IN
BRAY-LIEBHAFSKY REACTION SYSTEM
I. Nuša Bubanja1, S. Anić1,2 and Lj. Kolar-Anić1,2
1

2

Faculty of Physical Chemistry, University of Belgrade, Belgrade, Serbia
Institute of Chemistry, Technology and Metallurgy, University of Belgrade,
Department of Catalysis and Chemical Engineering, Belgrade, Serbia

ABSTRACT
Intermittent oscillations have been experimentally detected in the simplest
homogeneous oscillatory chemical reaction, the Bray-Liebhafsky one, under
open reactor (Continues well Stirred Tank Reactor, CSTR) condition
without additional outflow of gaseous phase or any other additional
perturbation of the reaction system. In experimental investigations, the
temperature was control parameter, while the other parameters such as
initial concentration of reactants in reactor, stirring rate and specific flow
rate of the reactants into reaction mixture at CSTR were kept constant.
INTRODUCTION
The intermittent oscillations are phenomenon that can be found only in the
nonlinear reaction systems.[1] In general, in such systems, can be observed
that nearly periodic motion is interrupted by occasional irregular highamplitude bursting oscillations or quiescent periods with none or very lowamplitude oscillations (gaps). The times between restored regular
oscillations are statistically distributed, much like a random variable, even
though the system is completely deterministic. The mentioned phenomenon
was already obtained in the Bray-Liebhafsky (BL)1 [2-4] reaction system
under CSTR conditions when additional outflow of gaseous phase was
present in experimental setup [5,6] as well as when U-tube for removing the
surplus of reaction mixture was filled by the sintered glass [6]. In the current
experiments intermittent oscillations were systematically investigated
without additional outflow of gaseous phase and with simple U-tube for
regulation of outflow of reaction mixture (Fig.1). Temperature was the
control parameter.

1

The BL reaction is the homogeneous oscillatory chemical reaction where hydrogen
peroxide decomposes into the water and oxygen in the presence of iodate and hydrogen
ions.
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Figure 1. Schematic view of the entire experimental setup under CSTR
conditions used in studies of the complex dynamical states of the BL
reaction system.
EXPERIMENTAL
We have investigated a version of the BL reaction in which sulfuric acid
was the source of H+ and potassium iodate was the source of IO3− - ions. Our
attention was focused on the specific temperature-controlled evolution of
the BL reaction carried out under CSTR or open reactor conditions (Fig. 1).
Experiments were carried out at the temperature range from 61.0 oC to 64.7
o
C with smallest step of 0.1oC. For homogenization of the reaction mixture,
a magnetic stirrer (σ = 900 rpm) was used. Amounts of species in the reactor
were controlled by peristaltic pumps. Three of the channels were used to
deliver the reactants (aqueous solutions of potassium iodate, sulfuric acid,
and hydrogen peroxide) and one channel of the other pump was used to
remove the surplus volume of the reaction mixture through a U-shaped glass
tube. In this way, the volume of the reaction mixture was maintained
constant at 22.2 mL. The working Pt electrode was connected to doublejunction Ag/AgCl reference electrode. An electrochemical device (PCMultilab EH4 16-bit ADC) coupled with a personal computer was used to
record the potential-time evolution of the BL oscillator.
RESULTS AND DISCUSSION
It has been found that the smallest temperature change has a big influence
on dynamic states of the BL reaction, particularly in the vicinity of the
bifurcation where unstable nonequilibrium stationary state becomes the
stable one (Fig. 2). There, the intermittent oscillations appear in narrow
region of temperatures. At T = 64.7 oC (Fig 2.a) we can see the sustained
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oscillations, whereas at T = 61.0oC (Fig. 2.e), the stable steady state is
found. In between, different complex intermittent oscillatory states (Fig. 2.
b, c, d), are obtained. As the temperature decreases total duration of gaps
increases and total duration of bursts decreases, where bursts were defined
as packages of large-amplitude oscillations and gaps were considered as
periods between burst, or as packages of small-amplitude oscillations.
Hence, the temperature dependence of the ratio between total duration of the
bursts and the gaps, QB/G is analyzed (Fig. 3).
720
750

(a)

720
750

(b)

720
750

(c)

720
750

(d)

720
750

(e)

0

50

100

Time (min)
Figure 2. The oscilograms for BL reaction mixture in CSTR reactor with
the following concentrations of reactants: [KIO3]0 = 3.46 10-2 M, [H2SO4]0 =
7.72 10-2 M, [H2O2]0 = 2.40 10-1 M at temperature value: T = 64.7 oC (a), T
= 63.7 oC (b), T = 63.5 oC (c), T = 63.3 oC (d) and T = 61.0oC (e). Only the
segments of 100 minutes are given, although the experimental monitoring
was longer.
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CONCLUSION
In our presented investigation of the BL reaction under CSTR reactor
conditions, where the temperature was control parameter, while the other
parameters were taken as constant, intermittent chaos has been observed.
For the first time, intermittent dynamic states were detected without any
additional perturbation of the BL reaction system, so it could be concluded
that this phenomenon is the specific property of the system.
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ABSTRACT
Transient perturbation of cholesterol levels, such as cholesterol elevation
following food intake, affect the Hypothalamic-Pituitary-Adrenal (HPA)
axis activity. However this effect is not easily studied experimentally and
therefore remains poorly understood. We use mathematical modeling to
investigate how gradual perturbations of cholesterol levels affect the
dynamics of HPA axis hormones. For this purpose, externally induced
cholesterol pulses of finite duration and with normally distributed intensity
profile were used. Our study shows that pulse intensity, duration and the
position of cholesterol discharge maximum with respect to the position of
the maximum of cortisol daily rhythm of secretion are critical determinants
of the perturbation effect on the HPA axis dynamics.
INTRODUCTION
The Hypothalamic-Pituitary-Adrenal (HPA) axis integrates the function of
the hypothalamus, pituitary and adrenal glands through the action of steroid
and peptide hormones, which are transported across the whole organism by
the circulation system, on their corresponding receptors [1]. This complex
nonlinear system functions under conditions far from thermodynamic
equilibrium, and HPA axis hormones exhibit complex daily rhythms, with
ultradian oscillations (period of 20 minutes to 2 hours), superimposed on
circadian oscillations (period about 24 hours). The complex dynamics of the
HPA system is an integral part and a necessary prerequisite for proper
functioning of the entire organism. Qualitative changes in the HPA axis
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dynamics and loss of dynamic regulation can lead to metabolic and
neuropsychiatric diseases.
In this work, we study the effects of gradual, externally induced cholesterol
surges on the HPA axis dynamics using mathematical modeling and
numerical simulations. For this purpose, a low-dimensional model with five
dynamic variables is used [2]. The dynamical variables are cholesterol,
which is the only precursor of all steroid hormones, and HPA axis
hormones: the corticotropin-releasing hormone (CRH), adrenocorticotropic
hormone (ACTH), cortisol (CORT) and aldosterone (ALDO).
NUMERICAL SIMULATIONS
Numerical simulations were performed in MATLAB, using the ode15s
solver based on the Gear algorithm for integration of stiff differential
equations. In all simulations absolute and relative tolerance errors were
3×10-20 and 1×10-14, respectively. To emulate the dynamics of the
unperturbed system, the following values of kinetic rate constants (ki, i = 1 –
13) were used: k1 = 1.748×10-4 M min-1, k2 = 1.830×10-8 M min-1, k3 =
6.090×10-11 M min-1, k4 = 1.830×104 min-1, k5 = 7.442 M-1 min-1, k6 =
5.954×10-2 M-1 min-1, k7 = 1.260×1014 M-2 min-1, k8 = 7.050×1012 M-2 min-1,
k9 = 3.553×10-2 min-1, k10 = 1.100×10-1 min-1, k11 = 5.350×10-2 min-1, k12 =
4.100×10-1 min-1, k13 = 1.350×10-1 min-1. Initial concentrations were:
[CHOL]0 = 3.4·10-4 M, [CRH]0 = 1·10-12 M, [ACTH]0 = 8·10-8 M, [CORT]0
= 4·10-8 M and [ALDO]0 = 5·10-9 M. Parameters of the circadian function D
were: d1 = 0.88524 и d2 = 0.957. Time is given in hours (h) and molar
concentration in M = mol dm – 3.
To simulate gradual and transient cholesterol surges, such as cholesterol
entry into the blood circulation following food intake, which takes place
through a series of biochemical processes in the digestive tract and the liver,
and may last even several hours; cholesterol pulses of finite duration and
normally distributed intensity profile were introduced by modifying the rate
constant k1 in the following way:

k1 = 1.748 × 10-4 × (1 + А × N(τ, σ))
−τ 2

(Eq1)

1
t−B
2
e 2σ , τ =
(Eq2)
C
σ 2π
Here, A defines the intensity of the perturbation and is equal to 0 for the
unperturbed system; B is a timing-related parameter that determines the
position of the maximum of the normal distribution, i.e. the time (in hours)
at which maximum discharge will take place; σ is the standard deviation of
the underlying intensity distribution that defines the spreading of the pulsed
N (τ , σ ) =
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signal; C is a parameter through which the half-width and the intensity of
the perturbation can be simultaneously changed; and t is the actual time
during the day (in hours) in one circadian cycle.
In numerical simulations, the cholesterol pulse starts at the beginning of the
numerical simulation, and its concentration gradually increases over time,
reaching a maximum at the time specified by B. Thereafter, the
concentration will gradually decrease, to the same value as before the rise of
cholesterol level (Fig. 1 (CP)). The rate at which cholesterol is discharged is
determined by the standard deviation σ – being fast when σ is small and,
slow when σ is big.
RESULTS
The model shows that perturbation intensity (represented here by the
parameter A), the pulse width (represented here by the standard deviation
σ), and the time of discharge (represented here by the parameter B), are all
relevant modulators of the HPA axis activity. While the effect of
perturbation intensity is easy to understand intuitively (data not shown), the
effect of pulse distribution and maximum discharge time is not easily
predicted. We therefore show in Fig. 1 examples where these parameters
were varied. When the position of the maximum of distribution is close to
the maximum of the circadian oscillation, low values of σ increase the
amplitude of ultradian oscillations (Fig. 1 (a1)). As the parameter σ increase,
the effect of increasing the amplitude decreases (Fig. 1 (a2)) and for even
higher values of σ the oscillations begin to be suppressed (Fig. 1 (a3)).
Results presented in Fig. 1 show that the effect of the perturbation on the
HPA axis dynamics depends on the total intensity of the perturbation, the
steepness of the pulse, but also of the relative position of the discharge
maximum with respect to the phase of the circadian cortisol oscillation. The
HPA axis dynamics is least perturbed when perturbation is applied during
the active phase, i.e. during the downstream part of circadian oscillation
(Figure 1(b1) and 1(b2)). In that case, only abrupt perturbations, with high σ
values alter the amplitude of ultradian oscillations (Figure 1 (b3)).
CONCLUSION
A mathematical model was developed that can be used to study in silico the
effect of gradual cholesterol discharge on the HPA axis dynamics. An
important step forward was made by moving from modeling instantaneous
perturbations, to modeling gradual perturbations whose intensity profile has
the form of a normal distribution, which better reflects the situation in vivo.
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Figure 1. Temporal evolution of cortisol for gradual perturbations with
cholesterol pulses of the same intensity, but different pulse width and
maximum discharge time. Graph (WP) - the unperturbed HPA system.
Graph (CP) - the cholesterol pulse applied in (b3). Graphs (a1-a3) and
(b1-b3) show the effect of cholesterol pulses on the HPA axis dynamics
when: А = 1, С = 15, B = 8 (a1-a3) and B = 14 (b1-b3). The pulse width
was: (а1) and (b1) σ = 0.1; (а2) and (b2) σ = 0.25; (а3) and (b3) σ = 2.
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ABSTRACT
The stochastic model of the oscillatory dynamics in the CO oxidation
reaction over the supported Pd nanoparticles (the driving force of
oscillations is the formation and consumption of the subsurface oxygen on
the metal nanoparticle) has been proposed. Furthermore it is necessary to
take into account the contribution of COads diffusion over the support onto
the active metal particle surface (reverse spillover) giving the additional
source of COads flux to the particle through its perimeter. The dependence of
the oscillatory dynamics on the size and surface roughening of the supported
particle has been studied. The presence of COads spillover determines the
character of surface waves over the Pd nanoparticle – oxygen wave
propagates from the central region of the particle to the perimeter, and the
COads reverse wave moves from the perimeter, always enriched by COads, to
the center of the particle. If the density of nanoparticles on the support is
enough high, the synchronization of oscillations between neighboring Pd
nanoparticles only due to diffusion of COads over the support surface is
possible.
INTRODUCTION
The catalytic properties of the supported metal nanoparticles differ
drastically from those of the massive metals [1-3]. In particular, the shape
and surface morphology of the metal nanoparticles are very sensitive to the
changes in the composition of the reaction media (pressures of the reagents
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and temperature). Furthermore, spillover (diffusion of the adsorbed species
over the support surface) can substantially influence the catalytic activity
and selectivity of the reactions under consideration. The theoretical study of
supported catalysts is a rather complicated problem, and an analysis of
reaction performance on the small particles almost inevitably requires use of
atomic scale computer simulations taking into account the intrinsic
heterogeneity of nanoparticles. The most effective tool for simulation of the
spatiotemporal dynamics of adsorbed species on real catalytic surfaces,
whose structure and properties can change under the influence of the
reaction, are now the stochastic methods based on the Monte-Carlo
technique permitting one to obtain the qualitatively new results [4].
MODELS AND TECHNIQUES
The model of oscillatory dynamics of the CO + O2 reaction over the
supported Pd nanoparticle has been studied by means of Monte-Carlo
technique. Thereto we combine the stochastic model for the imitating the
supported nanoparticle with dynamically changing shape and surface
morphology [5] and the usual kinetic Monte-Carlo approach to model the
CO oxidation reaction over the Pd(110) single crystal [6]. Furthermore,
according to [7] considering the kinetic features of CO oxidation reaction
over Pd/Al2O3, it is necessary to take into account the contribution of COads
diffusion over the support onto the active metal particle surface (reverse
spillover) giving the additional source of COads flux to the particle through
its perimeter. This can manifest as size-dependent reactivity of the
supported catalysts, especially at the small sizes. The amount of COads
reaching the active nanoparticle is defined through the collection zone [7],
which depends on the mean diffusion length of COads on the support and on
the density of nanoparticles.
As a model of the catalytic metal particle we shall consider the Kossel
crystal located on a neutral support. The initial active particle consist of the
finite number of elementary cells (metal atoms) situated in the columns of
the cubic lattice. The surface morphology of the particle is defined by
distribution of heights of the metal atom columns and can be changed due to
the thermal diffusion of the surface atoms. The metal atoms attract the
nearest neighboring ones and the atoms of the support. The attraction is
characterized by energies: Jmm, the interaction energy between the nearest
neighbor atoms situated at the same level and one on the lower, Jms, the
interaction energy between the metal atom and the rigid support underneath.
To model the diffusion of the metal atoms over the metal and support
surfaces the Metropolis algorithm [8] has been used. The diffusion proceeds
via transfer of the randomly chosen surface metal atom from any column
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onto one of the neighboring ones (for the boundary atoms it might be the
cell of the support surface).
The following mechanism of the reaction was used for simulations [6]:
1) O2(gas) + 2* → 2Oads;

4) Oads + *v → [*Oss];

2) COgas + * ↔ COads;

5) COads + [*Oss] → CO2(gas) + 2* + *v;

3) COads + Oads → CO2(gas) + 2*;

6) COgas + [*Oss] ↔ [CОads*Oss];

7) [СОads*Oss] → CO2(gas) + * + *v,
where * and *v – are the active centers of the surface and subsurface layers,
respectively. CO can adsorb both over the surface of particle and the support
(desorption coefficient of COads from the support was assumed several times
higher than that from the palladium particle) and then diffuse through the
support (intensity of diffusion was assumed several times higher than that
over the palladium particle). Oxygen can adsorb only on the available
centers of the palladium particle, preferably on the terraces.
RESULTS AND DISCUSSION
The influence of both reaction parameters (rate coefficients and intensity of
diffusion) as well as particles characteristics (size, degree of roughening,
etc.) on the oscillatory behavior and chemical pattern formation over the
particles surface has been studied. Before each simulation run the surface of
nanoparticles was roughened at T = 500K. Decreasing of the particles linear
size to less than ~ 7 nm, (depending on the chosen set of parameters) leads
to the disappearing of oscillations. The main reasons for that phenomenon
are the following: 1) decreasing of the particles size leads to the roughening
(increasing of the defects concentration) of its surface and, hence, to the
deficit of the available centers for oxygen adsorption; 2) the influence of the
additional flux of COads from the particles perimeter shifts the interval of
oscillations to the higher values of the oxygen partial pressure. This
influence is especially important for the small particles, at the increasing of
the size (in our case > 40 nm) this influence is negligible, the period and the
amplitude of oscillations coincide with that for the large rigid lattice without
any roughening [6]. The presence of the COads reverse spillover determines
the character of concentration waves over the surface of Pd nanoparticle –
oxygen wave propagates from the central region of the particle to its
perimeter, and the COads wave moves from the perimeter, always enriched
by COads to the centre of the particle. In the cases when the collection zones
overlapped (e.g., the density of the particles on the support is high enough)
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the synchronization of oscillations between neighboring local oscillators
(nanoparticles) due to COads diffusion over the support seems to be possible.
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ABSTRACT
Over the last decade the biggest advances in physics, physical chemistry,
and bio-chemistry have come from thinking smaller. This research takes an
interdisciplinary approach to the elucidation of the momentum transfer
phenomenon as well as the electron transfer phenomenon, at wellcharacterized developed, both, rigid and deformable liquid-liquid interfaces.
The considered scales are micro, nano and atto, using various theoretical
approaches. Micro scales may cover more or less classical chemical
engineering insight, while nano and atto scales focus on modern molecular
and atomic engineering.
INTRODUCTION
The objective of this research was a try to provide a new or different
approach to elaborate the complex phenomena that occur at developed
liquid-liquid interfaces. Since some phenomena that occur, for example,
during the processes of breaking of emulsions or double emulsions, and
coalescence are not well understood the introduction of theoretical models
known in electrodynamics are needed. Such an approach can contribute to
the deeper elucidation of the complex phenomena that occur at smaller
separations, because the forces of electrical origin become dominant
compared to the forces of mechanical origin, for example the terms
electrical forces and electrical interfacial potential (EIP) could be more
appropriate than the terms mechanical forces and interfacial tension.
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Hence, for easier understanding of the physical events at developed liquidliquid interfaces it was necessary to develop new concepts. The first is a
concept of an entity, and the corresponding new classification of finely
dispersed systems; this concept permit consideration of the electron transfer
phenomenon beside the classical heat, mass, and momentum transfer
phenomena commonly used in chemical engineering. The second concept is
an introduction of almost forgotten basic electrodynamics element the
memristor (M), and the corresponding memristive systems; this concept is
needed because the fundamental electrodynamics elements, the resistor (R),
the inductor (L), and the capacitor (C) are not sufficient for a satisfactory
explanation of complex phenomena at developed liquid-liquid interfaces.
Using these two concepts, and taking into account electron and momentum
transfer phenomena, as well as electro-mechanical analogies, a theory of
electroviscoelasticity was proposed and applied to the selected emulsions
and double emulsions. Now the electrodynamics elements are: the capacitor
C and the memristor M as electroelastic elements, and the inductor L and the
resistor R as electroviscous elements.
The theory of electroviscoelasticity was experimentally corroborated using
the developed and constructed liquid-liquid contact cell for EIP
measurements, and the nuclear magnetic resonance (NMR) spectrometer for
energetic analysis [1-3].
The selected representative system, either electroviscoelastic droplet or
droplet-film structure submerged into the other immiscible liquid phase,
which is emulsion or double emulsion, could be considered as the particular
example of memristive systems [2].
THEORETICAL CONCEPT OF AN entity
A new concept, based on entities, has been developed and applied for the
elucidation of the electron and momentum transfer phenomena at, both,
rigid and deformable interfaces in finely (micro, nano, and atto) dispersed
systems. Hence, an entity can be defined as the smallest indivisible element
of matter that is related to the particular transfer phenomena. Therefore, an
entity can be a differential element of mass/demon, an ion, a phonon as
quantum of acoustic energy, an infon as quantum of information, a photon,
or an electron [1-3].
THEORETICAL CONCEPT OF a memdiode OR a memristor
Based on the definition of a “missing” basic element memristor for
electrical circuit analysis, and taking into account four fundamental circuit
variables, electric current i, electromotive force v, charge q, and magnetic
flux φ the set of fundamental functional relations is given by:
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(1)
dv = Rdi; dq = Cdv; dϕ = Ldi; dϕ = Mdq; dϕ = vdt; dq = idt;
Hence, the memristor as a current-controlled device is defined with the Eqs.
(2) and (3), where w is the state variable of the device and R is a generalized
resistance that depends upon the internal state of the device. In 1976 Chua
and Kang generalized the memristor concept to a much broader class of
nonlinear dynamical systems, named memristive systems, described by the
Eqs. (4) and (5), where w is a set of state variables and R and f can, in
general, be explicit functions of time .
dw
dw
v = R (w )i (2) and
= i (3); v = R (w, i )i (4) and
= f (w, i ) (5)
dt
dt
Further on, when an incidental uniform physical field, for example
electromagnetic, is applied on the system emulsion/droplet or double
emulsion/droplet-film-structure, causing the motions of both electrons and
ions, than the memristance may be obtained as:
⎡ µR
⎤
(6)
M (q ) = Rbul ⎢1 − i 2int q(t )⎥
D
⎣
⎦
where Rint is the low resistance at the interface and close to the interface
layers, Rbul is the much higher resistance in the bulk layers, µi is the average
ion mobility, D is the thickness of the considered fragment/”device” [2].
ELECTROMECHANICAL ANALOGY AND NANORHEOLOGY
Marangoni instabilities of the first and second order and possible electrical
analogues were derived, and analyzed; also a number of various constitutive
models of liquids were considered to help establishment of a new
constitutive model of liquids, which is convenient to support developed
electrified interfaces-small separations [1-3].
THEORY OF ELECTROVISCOELASTICITY-PREVIOUS WORK
The first model is the stretching tensor model, where the normal and
tangential forces are considered, only in mathematical formalism, regardless
to their origin, mechanical and/or electrical. The second model is classical
integer order van der Pol derivative model:
dv ⎛ 1
1
⎞
+ ⎜ − α ⎟v + γv 3 + ∫ vdt = − 2 An cos ωt
C
(7)
dt ⎝ R
L
⎠
where v is the overall potential difference at the junction point of the
spherical capacitor C and the plate, L is the inductance caused by potential
difference, and R is the ohm resistance (resistance of the energy
transformation, electromagnetic into the mechanical or damping resistance),
t is the time; α and γ are constants determining the linear and nonlinear parts
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of the characteristic current and potential curves. A nonhomogeneous
solution may be obtained only when Eq. (7) is linearized, where A is the
amplitude, and ω is the frequency of the incident oscillation. Finally, the
third model comprise an effort to generalize the previous van der Pol
differential equations, both, linearized and nonlinear; where the ordinary
time derivatives and integrals are replaced by the corresponding fractionalorder time derivatives and integrals of order p<2 (p = n - δ, n = 1, 2, δ << 1).
EXPERIMENTAL CORROBORATION
In order to justify and corroborate more general approach the obtained
calculated results were compared to those experimentally measured using
the representative liquid-liquid system [1-3].
RESULTS AND DISCUSSION
Now, according to the presented electrohydrodynamic approach, emulsions
and double emulsions will be considered as the particular example of
memristive systems! More details, foundations and development of this
research can be found in CHISA (1987-2014), PHYSICALl CHEMISTRY
(1992-2012), and references [1-3]..
IMPLICATIONS AND CONCLUSIVE REMARKS
Adhesive processes, rupture processes, coalescence, colloid and interface
science, chemical and biological sensors, electro-analytical methods,
biomedicine (hematology, genetics, electroneurophisiology).
The basis for extension of transfer phenomena, including electron transfer,
in Colloid and Interface Science & Chemical Engineering!
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ABSTRACT
The influence of the chemically inert alkali metal cations Li+ and Cs+ on the
Bray–Liebhafsky (BL) oscillatory reaction dynamics is investigated by the
addition of different concentrations of lithium and cesium sulfate in the
reaction mixture. Beside the common sulfate ion and expected modification
of the system acidity, one small effect is observed connected with the
dimension of investigated cations. Larger cation has more impact on the BL
reaction dynamics. Since it is known that cations are chemically inert and do
not affect BL chemical reaction, the observed effect may be related with the
changed extent of water hydrogen bonding and the specific role of bulk
water in reaction mechanism.
INTRODUCTION
Bray-Liebhafsky reaction is the periodic decomposition of hydrogen
peroxide in acidic solution in the presence of potassium iodate [1]. The
reaction may be described with the periodical domination of two complex
processes [1, 2]:
2 IO3– + 2 H+ +5 H2O2 = I2 + 5 O2 + 6 H2O, ∆G0 = -464.02 kJ/mol (1)
(2)
I2 + 5 H2O2 = 2 IO3– + H+ + 4 H2O, ∆G0 = - 482.58 kJ/mol
Despite that both processes are thermodynamically favorable, process (2)
(without present iodate) and at the acidity of the BL reaction, does not
significantly occur for hours! It is seems obvious that process (2) need large
activation energy. Despite of this, process (2) in BL becomes periodically
dominant one. It can indicate that during the BL reaction the specific energy
barriers are efficiently overcame enabling formation of reactive components
and facilitated iodine oxidation. In the process of molecular activation,
water can play important role since it is present in high excess and due to
large heat capacity may efficiently store energy released in chemical
reactions. The role of water structuredness and the extent of hydrogen
bonding on various processes are under examination [3,4]. The structure of
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hydrogen bonds may be affected by presence of various ions due to their
effective radius and electrostatic interaction with water dipoles In this work
we investigated the effects of different chemically inert Li+ and Cs+ cations
by the addition of the corresponding sulfate salts to the BL reaction mixture.
EXPERIMENTAL
For the investigation of the influence of Li+ and Cs+ cations on BrayLiebhafsky reaction dynamics, alkali metal sulfates: Li2SO4 (from Merck)
and Cs2SO4 (from Fluka) are used. The Bray-Liebhafsky reaction is
composed of KIO3, H2SO4 and H2O2 (all from Merck). The used chemicals
were of PA grade. Deionized water (18 MΩ cm) was applied for preparing
all solutions.
The Bray-Liebhafsky reaction mixture is formed of 18.5 ml potassium
iodate [KIO3] = 0.1012 M, 6.5 ml sulfuric acid [H2SO4] = 0.192 M, and 0.5
ml hydrogen peroxide [H2O2] = 10.45 M. The temperature of all
experiments was maintained constant at Texp = 63.0 ± 0.5 0C using circular
thermostat (Julabo F12 circulator). The reaction mixture was stirred with the
magnetic stirrer at 220 rpm. The temporal evolution of BL system was
recorded by means of a Pt electrode and Hg/Hg2SO4 reference electrode
(Schott Instruments).
For comparing the effects of different cations, lithium and cesium sulfate
concentrations of 3.04·10-3 M, 6.08·10-3 M, 12·10-3 M and 17·10-3 M are
prepared. The BL reaction is perturbed after five regular oscillations, by
addition of 0.5 ml Li2SO4 or Cs2SO4 of mentioned concentration and the
effects on reaction dynamics is investigated.
RESULTS AND DISCUSSION
The perturbation of BL system, after five oscillations, with lithium or
cesium sulfates is represented in figure 1. In all experiments, before addition
5
of sulfates, mean period τ1-5 = t1-5/5 and average amplitude A1− 5 = ⎛⎜ ∑ Ai ⎞⎟ / 5
⎝ i =1 ⎠
for the first five oscillations are determined and compared with the
corresponding values after perturbation. After the addition of alkali sulfates,
the time of the prolonged monotonous evolution τind2, the mean period τ6⎛ 10 ⎞
10=t6-10/5, and average amplitude A6 −10 = ⎜ ∑ Ai ⎟ / 5 , for the next five
⎝ i =6 ⎠
oscillations are determined. Results obtained for different concentration of
Li+ and Cs+ ions are presented in Table 1.
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Figure1. The characteristic
oscillogram representing the
effects of added sulfates,
t1-5 – the duration of the first
five unperturbed oscillations,
τind2 – prolonged period of
monotonous evolution and
t6-10 – the duration of the five
oscillations after addition of
M2SO4, (where M is Li or
Cs).

As shown in Table 1., Cs+ as the larger cation (ionic radius 0.167 nm), than
Li+ cation (ionic radius 0.076 nm) slightly favor monotonous evolution by:
increasing second induction period, slight diminishing the amplitude of
oscillations and extending the average oscillatory period.
Table 1. The effects of various Li+ and Cs+ concentrations on the BL
reaction parameters: τind2/τ1-5 , A6-10 / A1-5 and τ6-10 / τ1-5.

Li+ and Cs+
ions
concentration
/ 10-3 M
6.08
12.16
24
34

τind2/ τ1-5

A6-10/ A1-5

τ6-10/ τ1-5

Li+

Cs+

Li+

Cs+

Li+

Cs+

1.54
1.80
2.60
3.21

1.56
1.98
2.80
3.51

1.31
1.27
1.50
1.67

1.21
1.23
1.44
1.58

1.30
1.40
1.70
1.96

1.28
1.45
1.80
2.18

One of the reasons for the influence of salts is related with the effect of
common ion (SO42-). Because the BL reaction is conducted in sulfuric acid,
addition of sulphates reduces the system acidity. However, added LiSO4 and
CeSO4 are strong electrolytes and because of the same stoichiometric
concentrations, contribution of sulfate anion should be the same in
corresponding experiments. The second possible reason is related with ion
activity (effective concentration) and may be different due to the
dependence of the activity coefficients of the ion size [5]. According to
Debye-Hückel theory and its modifications [5], the largest activity
coefficient belongs to Li+ and decreases for larger cations. In other words,
Li2SO4 should be more “active” in the BL system than the salts with larger
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cations. In practice, the opposite trend is observed, suggesting that different
salt activities are not the main explanation for the presented results. From
obtained results it can be concluded that larger cations slightly enhace
monotoneous evolution and thus decrease the contribution of oxidative
process (2). One possible explanation is that larger cation, Cs+, has more
impact on the BL reaction mechanism due to their breaking effects on the
extent of hydrogen bonding. Whether ions are marked as structure makers or
breakers depends of how the extent of hydrogen bonds differs from that in
pure water. According to Marcus [4], structure making ion is Li+, structure
breaking ions are K+, Rb+ and Cs+ whereas Na+ is a border– line– ion
separating two groups. Such interpretation of results support the idea that
changed dynamics of hydrogen bonds may influence the specific reaction
pathways. This aspect of chemical oscillators is not well understood and
deserves further investigations.
CONCLUSION
Effects of chemically inert Li+ and Cs+ ions on the BL reaction dynamics
are investigated by comparing the changes of the oscillograms provoked by
the same amount of added lithium and cesium sulfates. Beside, common ion
effect resulted in alternating system acidity, one newly effect is found.
Observed effect is related with different size of investigated cations. Larger
cation Cs+ has more impact on BL dynamics, than two time smaller Li+ ion.
Since cations are not directly involved in chemical reactions, we proposed
that investigated cations influence the reaction mechanism by differently
changing the structure of surrounding water and hydrogen bond dynamics.
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ABSTRACT
By numerical examinations of dynamic states that can be simulated by the
model of the Bray-Liebhafsky (BL) oscillatory reaction and well-known
bifurcations that appear at the borders between the stable and unstable steady
states, we have found interesting merging of saddle loop, supercritical and
subcritical Andronov-Hopf bifurcations resulting in their annihilation. As
the BL reaction is described by the model having six variables, relatively
simple bifurcations produce complex scenario of their merging and many
problems related with their detection.
INTRODUCTION
Bifurcations between stable and unstable steady states, where oscillatory
evolution emerges in function of a control parameter, were systematically
analyzed by Andronov [1] in two variable systems. Nevertheless, in general,
the nonlinear reaction systems in chemistry, physical chemistry and
biochemistry are multi-variable ones and their dynamic states are functions
of all of these variables. In such complex systems the determination of
bifurcations is not easy.
In the case of simple reaction systems Maselko and other
authors [2-5] explained how bifurcations can be distinguished
experimentally and numerically. For this purpose, it is useful to observe
both the amplitudes and the time period of the periodic orbits emerging in
bifurcation points, as well as the presence or the absence of hysteresis.
The numerical analysis of bifurcations is performed here on the six-dimensional
model of the Bray-Liebhafsky (BL) oscillatory reaction system in open reactor
(continuously stirred tank reactor - CSTR) [6]. As the control parameters are taken
specific flow rate, j0, and initial concentration of hydrogen peroxide, [H2O2]in. The
BL oscillatory reaction, that is, the hydrogen peroxide decomposition in the
presence of iodate and hydrogen ions:
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+

3
2H 2 O 2 ⎯⎯⎯
→ 2H 2 O + O 2
is a very complex process where the numerous intermediate species such as
I2, I–, HIO, HIO2 and I2O take place.

IO , H

NUMERICAL INVESTIGATIONS
We were using MATLAB program package for numerical simulation of the
time series obtained by the model of the BL oscillatory reaction (Table 1)
under isothermal CSTR conditions (T = 60.0 oC). System of the ordinary
differential equations was integrated using the ode15s algorithm with
variable step. In all simulations relative and absolute error tolerance values
were 3 × 10-14 and 1 × 10-20, respectively. Both, initial iodate and hydrogen
ions concentrations were 4.74 × 10−2 M and 9.58 × 10−2 M respectively.
Initial concentrations of intermediate species were [I2]0= 1 × 10−5 M,
[I−]0 = 1.7×10−8 M, [IOH]0 = 9.2×10−8 M, [IO2H]0 = 3.2 × 10−7 M and
[I2O]0 = 5.3 × 10−10 M, whereas initial hydrogen peroxide concentrations,
which are set to be equal to inflow hydrogen peroxide concentration, varied
from 0.0300 M to 0.0370 M. An attempt to perform bifurcation analysis
using MATCONT [7], program which utilize methods of numerical
continuation, was inefficient in detection of the bifuractions due to system
complexity.
RESULTS AND DISCUSSION
Specific flow rate for several inflow hydrogen peroxide concentrations in
the range 0.0069 M ≤ [H2O2]in, ≤ 0.0175 M was varied systematically. As
the result of that, Andronov-Hopf (both supercritical and subcritical) and
saddle loop bifurcations were found (Figure 1). We have also found that, for
low inflow hydrogen peroxide concentration (in the range
0.0069 M ≤ [H2O2]in, ≤ 0.0075 M), three transformations of interest occur
simultaneously. One is the transformation of supercritical to subcritical
Andronov-Hopf bifurcation, during which several complex mixtures of
these two bifurcations were obtained, second is the complex transformation
of supercritical Andronov-Hopf bifurcation to saddle-loop one, while the
third transformation is the merging of these two complex bifurcations
obtained on different sides of oscillatory region into the one before their
annihilation (Figure 2.).
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Figure. 1. Dynamic states of
the BL reaction as function of
the control parameters j0 and
[H2O2]in. The open (□) and
solid (■) squares indicate
supercritical and subcritical
Andronov-Hopf bifurcation
points, respectively. Crosses
(×) denote saddle loop
bifurcation point.
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Figure 2. Evolution of the bifurcations with respect to initial
concentration of hydrogen peroxide (a) 0.0071, b) 0.00691 and c) 0.0069M).
By full squares (■) and full cycles (●), the stable steady states and the
envelopes of oscillations obtained at given j0 (the stable limit cycle) are
denoted, respectively, whereas the crosses (×) represent the position of
unstable limit cycles.

To prove that the stable steady state transforms to unstable one through
supercritical Andronov-Hopf bifurcation, we have analysed the dependence
between the square of amplitudes and j0 as the control parameter [1, 3]. We
determined the subcritical Andronov-Hopf bifurcation as one in which
large-amplitude oscillations do not change amplitude and period
significantly in a vicinity of bifurcation point as one vary flow rate,
whereas, saddle loop bifurcations is determined by the fact that the periods
of oscillations is linearly proportional to the logarithm of bifurcation
parameter displacement. [5] In all cases the hysteresis was examined by
changing the initial iodine concentrations.
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Here, it is found that with decreasing of hydrogen peroxide concentration in
inflow, the bifurcation diagrams obtained in respect to flow rate at selected
[H2O2]in, have changed their shapes.
With decreasing of [H2O2]in, (Figs. 2b)), the supercritical Andronov-Hopf
bifurcation totally enter into the subcritical one, such that with decreasing
control parameter j0, the large limit cycle suddenly changed to stable steady
state as it is the case of the simple subcritical Andronov-Hopf. Inside the
subcritical Andronov-Hopf, the supercritical Andronov-Hopf is present too
and it can be found with increasing j0. However, the strong influence of
right bifurcation where with decreasing of [H2O2]in, the supercritical
Andronov-Hopf bifurcation totally enter into the saddle-loop one, is
obvious. Branches of two supercritical Andronov-Hopf bifurcations become
connected and as a result an isola is formed.
In Fig 2c it can be seen that with further decreasing of [H2O2]in isola
diminishes and finally vanish. The merged subcritical Andronov-Hopf and
saddle-loop bifurcations gives the interesting dynamic outline where the
unique hysteresis is found. The oscillatory region disappears when these
deformed (untypical) subcritical Andronov-Hopf and saddle loop
bifurcations collide and annihilate each other. This is the end of oscillatory
domain in the considered parameter plane.
ACKNOWLEDGEMENT
This investigation was supported by the Ministry of Education and Science
of Republic of Serbia, under the projects No. 172015 and 45001.
REFERENCES
[1] Andronov A. A., Vitt A. A, Khaikin S.E., Theory of Oscillations.
Pergamon, New York, 1966.
[2] Maselko J. J., Chem. Phys., 1982, 67, 17-26.
[3] Hopf E, Ber. Math.-Phys. Klasse Sachs. Akad. Wiss. Leipzig 1942, 94, 122
[4] Bar-Eli K., Brøns M., J. Phys. Chem. 1990, 94, 7170-7177.
[5] Gaspard P., J. Phys. Chem. 1990, 94:1-3
[6] Kolar-Anić Lj., Čupić Ž., Schmitz G., Anić S. Chem. Eng. Sci.,, 2001,
65, 3718-3728.
[7] Dhooge, A., Govaerts, W., Kuznetsov, Y. A., Mestrom, W., Riet, A. M.,
& Sautois, B. (2006). MATCONT and CL MATCONT: Continuation
toolboxes in matlab. Universiteit Gent, Belgium and Utrecht University,
The Netherlands

359

PHYSICAL CHEMISTRY 2014

D-10-P

GHOST OF THE LOST FIXED POINT IN A MODEL OF
THE BRAY-LIEBHAFSKY REACTION
Ž. Čupić1, S. N. Blagojević2, S. M. Blagojević3 S. Anić2 and A. IvanovićŠašić1
1

IChTM− Department of Catalysis and Chemical Engineering,University of
Belgrade, Njegoševa 12,
2
Institute of General and Physical Chemistry, Studentski trg 12−16,
3
Faculty of Pharmacy,University of Belgrade, Vojvode Stepe 450,

ABSTRACT
Dynamic states of numerically simulated Bray−Liebhafsky reaction in a
continuously fed well stirred tank reactor were further investigated by the
Poincaré 1D maps in the vicinity of the bifurcation where fixed point
vanishes. Ghost of the lost fixed point was found and its influence on the
long term dynamics is analyzed.
INTRODUCTION
The model of the Bray−Liebhafsky BL reaction [1] under isothermal
continuously fed well stirred tank reactor (CSTR) conditions [2] was used to
analyze variety of dynamic states. Numerical simulations have shown that
various simple and complex periodic as well as various types of chaotic
oscillatory states were obtained for different values of the flow rate j0 as
control parameter [3]. Poincaré or 1D maps were used to make a distinction
between periodic and aperiodic (chaotic) motion in phase space [4], [5].
Maps with small number of discreet points correspond to periodic dynamic
states, while complex patterns with infinite number of points in maps
indicate chaotic states, which occur when previously stable periodic orbit
loose its stability. The subject of present work is the behavior of the BL
system in the vicinity of bifurcation, where periodic orbit loose its stability
by the annihilation with unstable periodic orbit.
METHODS
All calculations were performed using MATLAB program package. The
differential equations derived from the model were integrated using the
ode15s solver. Relative and absolute error tolerance values of 3 × 10−14 and
1 × 10−20 were used in all simulations. Initial values of the concentrations
were: [IO3−]0 = 0.0474 mol dm−3, [H+]0 = 0.0958 mol dm−3, and [H2O2]0 =
0.155 mol dm−3. We analyzed time series of iodide ion concentrations,
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obtained for different values of the flow rate j0 as control parameter in the
interval of the dynamical states between 21 and 11. For typical Poincaré
map, time series with 2×106 data points at time interval of about 2000 min
were appropriate in most cases.
The maps obtained in this way are generated by extensively long movement
of the system over the attractor, achieved after long enough transient
periods. Although the Poincaré maps of chaotic systems are very useful,
Poincaré maps of periodic systems give limited amount of information
about the phase space surrounding periodic orbit. Thus, additional insight in
system dynamics is needed. For this purpose new form of 1D maps is
invented, enabling one to record movement over the manifold and hence
named “manifold 1D maps” to be distinct from classical Poincaré maps,
which will be assigned here as “attractor 1D maps”.
RESULTS AND DISCUSSION
In Fig. 1, overlapping attractor 1D maps (circles) and manifold 1D maps
(crosses) are given for flow rate values j0 = 4.861 × 10−3 min−1 (Figure 1a),
4.870 × 10−3 min−1 (Figure 1b), 4.8710 × 10−3 min−1 (Figure 1c) and
4.882310 × 10−3 min−1 (Figure 1d). In corresponding narrow flow rate
interval, dynamics is changing between periodic states 2111 (Figure 1a) and
11 (Figure 1c) and (Figure 1d), passing through chaotic oscillations of the
mixed mode form with long sequences of 11 and sporadically occurring 21
oscillations. Small number of points (circles in Figure 1 a, c and d) in the
attractor 1D map confirms periodicity.
Existence and stability of the periodic orbits in phase space is directly given
by the existence and stability of the fixed points in corresponding Poincaré
1D maps. Once we have 1D map, fixed points are easily identified as the
cross-points (FPu - unstable and FPs - stable fixed point in Figure 1 c and d)
between the map and the main diagonal. Moreover, the stability of the fixed
point is uniquely determined by the slope of the tangent on the 1D map in
the fixed point. If the slope magnitude is higher than one, fixed point is
unstable. However, attractor 1D maps are not so easily constructed if the
simple periodic states are obtained. Instead of the 1D maps, only several
distinct points are obtained in these cases, without indication of the 1D
object embedding the points (note attractor 1D maps - circles in Figures 1 a,
c and d).To accomplish insight into the system dynamics, new form of 1D
maps “manifold 1D maps” is introduced here.
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Figure 1. Overlapping attractor 1D maps (circles) and manifold 1D maps
(crosses) for the flow rate: (a) j0= 4.861 × 10−3 min−1, (b) j0= 4.870 × 10−3
min−1, (a) j0= 4.8710 × 10−3 min−1 and (a) j0= 4.882310 × 10−3 min−1. Time
interval of about 2000 min. FPu - unstable, FPs - stable fixed point.

The new manifold 1D maps are obtained from sequences of short
simulations with initial conditions (concentrations) systematically varied in
very small steps. In present study, small changes of hydrogen peroxide
initial concentrations were used. The initial concentrations of all other
species were generated by one, long enough, preliminary simulation,
ensuring that attractor is reached by the end, in the same way as in classical
attractor 1D maps. Thus, in generated sequences of short numerical
simulations, movement over the manifold is recorded. The 1D maps are then
generated in the same way as previously described elsewhere [5] for
classical Poincaré maps.
From the plot of the manifold 1D map it is obvious that periodic dynamics
obtained for the highest value of the flow rate is a consequence of the
stability of the only fixed point (FPs in Figure 1d). With decreasing flow
rate values, first, new unstable fixed point occurs and then, two fixed points,
stable and unstable one, (FPs and FPu in Figure 1c) approach to each other
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and finally merge (Figure 1b), before they annihilate (Figure 1a).
Annihilation of the fixed points in the map, corresponds to the annihilation
of the stable and unstable periodic orbits in the phase space.
Before the merging and annihilation, the time needed to achieve periodic
state becomes longer and longer since more and more cycles is needed to
reach fixed point. For the critical values of the control parameter 1D map
exactly touches the main diagonal. Theoretically, this point could be
achieved only in infinite time. However, immediately after the annihilation,
system exist in the vicinity of the main diagonal for a very long time, taking
very large number of cycles, eventually passing by and then, moving away
from the fixed point.
The reason for so long cycling in small part of the phase space is the vicinity
of the main diagonal. One say that ghost of the stable fixed point is still
present after the annihilation and attracts dynamical system keeping it close
to the main diagonal for a very long periods.
CONCLUSION
By means of “manifold 1D maps”, generated here, we found and explain
unexpected long term behavior of the BL system in the vicinity of the
bifurcation point where one of the fixed points vanishes. Ghost of the fixed
point remained to attract trajectories and hold them in nearby phase space
for a very long time.
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ABSTRACT
Direct borohydride fuel cells (DBFCs) are electrochemical devices that convert
the chemical energy contained in sodium borohydride (NaBH4) directly into
electric energy. An alkaline solution of NaBH4 is generally used as the fuel for
the DBFC, whereas oxygen (O2) or hydrogen peroxide (H2O2) are used as the
oxidant. Most of the research on the DBFC is focused on the development of
inexpensive electrocatalysts that are able to efficiently catalyse the fuel cell
reactions. The present paper briefly reviews the main studies that the Lisbon
electrochemistry group has carried out in the last few years in the development
of new electrocatalytic materials for NaBH4 oxidation and for O2/H2O2
reduction. These contributions have substantially increased the interestof the
fuel cells scientific community in the DBFC, pushing the DBFC to the initial
steps of commercialisation stage.
MOTIVATION
Fuel cells (FCs) are electrochemical devices that convert chemical energy into
electricity. The electron flow is generated from spontaneous redoxreactions
occurring at the electrodes. As long as fuel and oxidant are supplied to the FC
compartments, the device can operate in continuous mode. Typical FCs use
hydrogen (H2) as the fuel and oxygen (O2) as the oxidant. However, safety
issues and the high costs involved in gas storage in pressurised containers have
led some researchers to drive their focus to room-temperature liquid-feed FCs.
It was almost a decade ago when our Lisbon electrochemistry group started its
pioneering work in the research and development of the direct borohydride fuel
cell (DBFC). It uses a sodium borohydride (NaBH4) aqueous solution as the
fuel and oxygen (O2) or hydrogen peroxide (H2O2) as the oxidant. When H2O2
is used as the oxidant, the reactants storage, thermal management and internal
processing is simplified. Additionally, it makes the DBFC a promising solution
for space, underwater, and specific terrestrial applications where O2 is not
available [1].
Our initial studies intended to learn about the fundamentals of the anodic
oxidation of NaBH4 [2-4]. Later, to decrease the current cost of the NaBH4 fuel,
our group investigated its electrosynthesis [5], which required the development
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of analytical methods for the NaBH4 determination [6,7]. Next step involved
the optimisation of the DBFC operation, by tuning the fuel, oxidant, and
membrane compositions [8-10]. For the last few years, our group has prepared,
characterised, and studied new materials for the anode [11-16] and for the
cathode [17-20], looking for high electrocatalytic activity at lower prices.
These contributions have increased the interest in the DBFC, as it is well
expressed by the large increase in the number of publications observed in the
last decade.Figure 1
shows the number of
papers concerning the
DBFC until 2010.
These advances are
expected to push the
DBFC to the initial
steps
of
commercialisation
stage. The advantages
of high energy density
and room temperature
operation
suggest
future use of the
DBFC for portable
Figure 1.Evolution of the number of publications
applications (e.g., cell
concerning the DBFC until 2010 [1].
phones, laptops).

ELECTROCATALYSTS FOR BH4- OXIDATION
NaBH4 is a solid white powder that was traditionally used as a specialty
reducing agent in the manufacture of pharmaceuticals and as a bleaching agent
in the manufacture of paper. But for the last decade it gained increasing
importance as hydrogen/energy carrier. It is considered as hydrogen (H2) carrier
when it is used to generate H2 by taking advantage of its hydrolysis reaction
(Eq. 1).
BH4- + 2H2O → BO2- + 4H2
(1)
NaBH4 can also be used as an energy carrier, by directly powering a DBFC as a
liquid fuel (dissolved in NaOH aqueous solution). In that case, the BH4- anodic
oxidation is given by Eq. 2.
BH4- + 8OH- → BO2- + 6H2O + 8e(E0 = -1.24 V vs. SHE)
(2)
However, most electrode materials are simultaneously catalytic for the BH4hydrolysis and for its oxidation reaction. That means that, in practice, the
reaction defining BH4- oxidation will be that given by Eq. 3,
(3)
BH4- + xOH- → BO2- + (x-2)H2O + (4 - x/2)H2 + xe-
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with x being the actual number of exchanged electrons, known as thecoulombic
number.
In order to better understand the mechanism and fundamentals of the BH4oxidation reaction (BOR) in alkaline media, in our initial studies we used cyclic
voltammetry (CV) [2], chronopotentiometry (CP) [3], chronoamperometry
(CA) and chronocoulometry (CC) [4] using a solid gold (Au) disc electrode. Au
was selected because it is considered to have a coulombic number close to 8,
therefore allowing the calculation of kinetic and diffusional parameters without
the influence of the parasitic BH4-hydrolysis reaction.
Although Au is of interest for fundamental studies, its price makes it
prohibitive for practical applications. Moreover, BOR kinetics in Au are
relatively slow when compared to that in platinum (Pt) electrodes, although the
latter is also catalytic for BH4- hydrolysis. In that sense, our group has looked
for low-cost materials that are simultaneously catalytic for BOR and inactive
for the BH4- hydrolysis.
Azinc (Zn) anode was tested for BOR using CV, CA, and CP
measurements[11].CV results indicated a number of exchanged electronsof 4.A
possible mechanisminvolves initial oxidation of Zn (Eq. 4) followed by partial
oxidation of BH4- to hydroxyborohydride (BH3OH-) (Eq.5).
Zn + 2H2O → ZnO22- + 4H+ + 2e(4)
(5)
BH4- + 2OH- → BH3OH- + H2O + 2eTo enhance the kinetics of BOR, our group engaged in studying several Pt
alloys. Carbon-supported Pt0.75M0.25 (with M = Ni or Co) electrocatalysts were
studied for BOR using CV and linear scan voltammetry with rotating disc
electrode (LSV RDE) [13]. Main kinetic parameters (charge transfer
coefficients, number of
electrons
exchanged,
standard heterogeneous
rate
constants
and
activation energies) for
BH4- oxidation were
determined. Pt0.75Ni0.25/C
electrocatalyst was found
to be more active for
BOR than Pt0.75Co0.25/C,
with both of them
showing superior activity
than Pt/C.
On the basis of improved
Figure 2.CVs of PtDy alloy electrodes in
three-dimensional
0.03 M NaBH4 + 2 M NaOH solution at a scan
hydridic
factors
of
rate of 0.1 V s-1 and temperature of 25 ºC.
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composite electrocatalysts, it is believed that Pt alloyed with rare earth
(RE)materials can lead to increased catalytic activity. Therefore, several Pt-RE
alloys, with RE being cerium (Ce), holmium (Ho), samarium (Sm) and
dysprosium (Dy) were tested for BOR [12,15]. An average value of 2
exchanged electrons was found for these electrodes. Figure 2 shows CVs
obtained for PtDy intermetallic alloys with different compositions, with
Pt0.4Dy0.6 showing superior activity.
Considering the beneficial addition of the RE elements, we have replaced Pt
noble metal by inexpensive nickel (Ni) in the alloy electrodes. Ni-RE alloys,
with RE being Ce, Sm, and Dy were then synthesised and successfully tested
for the BOR [14,16]. The Ni-REalloys showed good activity and low
overpotentials for BOR, at relatively low electrode cost.

ELECTROCATALYSTS FOR O2 / H2O2 REDUCTION
The oxygen reduction reaction (ORR) proceeds either by 4-electron or by 2electron mechanism, with former being the desirable mechanism in fuel cells.
4-electron direct reduction of O2 to hydroxyl ion (OH-) is represented by Eq. 6.
O2 + 2H2O + 4e- → 4 OHE0 = 0.40 V vs. SHE
(6)
while 2-electron mechanism includes two successive 2-electron processes with
hydroperoxide ion (HO2-) as intermediate. This mechanism involves 2-electron
reduction of O2 to HO2-(Eq. 7), with HO2- intermediate species undergoing
subsequent 2-electron reduction to OH- (Eq. 8).
O2 + H2O + 2e- → HO2- + OHE0 = -0.08 V vs. SHE
(7)
0
HO2 + H2O + 2e → 3OH
E = 0.88 V vs. SHE
(8)
Pt represents the most commonly used electrocatalyst in fuel cells due to its
high activity and stability, though having disadvantage of high cost and limited
supplies. Manganese dioxide (MnO2) has been pointed out as a potential
alternative cathodic material due to its abundance, low cost and high
electrocatalytic activity [18,21]. Namely, activity of MnO2-based
electrocatalysts for the ORR in alkaline medium was found to be lower than
that of Pt, Au and Ag in pure NaOH solution, but activity of MnO2-based
electrocatalyst changed only slightly in the presence of traces of BH4- while that
of Pt, Au and Ag decreased [21].Electrocatalysts of MnO2 supported on
activated carbon (AC) were prepared by low-temperature (ltMnO2/AC) and
high-temperature (htMnO2/AC) procedures [18]. Kinetic study of the ORR at
two electrocatalysts revealed that 2 electrons were exchanged at the ltMnO2/AC
and 4 at the htMnO2/AC, with significantly higher current densities observed
for the htMnO2/AC. Furthermore, Tafel slopes were found to be quite different
for the two electrocatalysts, i.e., 140 and 64 mVdec-1 for ltMnO2/AC and
htMnO2/AC, respectively. The obtained valuesindicated small contribution of
the activated carbon in electrocatalysis of the ORR as Tafel slope for the
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ORRat pure carbon is close to 30 mV dec-1 [18]. Apparent activation energy
was evaluated to be 44.2 kJmol-1, which is in good agreement with that reported
for the ORR on carbon-supported MnOx electrocatalysts in strong alkaline
media [18]. The observed differences in the ORR mechanism and current
densities could be due to the presence of different manganese oxide phases in
the two prepared electrocatalysts, i.e., due to the crystalline structure and
surface concentration of Mn3+ ions.
The two electrocatalysts tolerance to presence of BH4- was also investigated. In
the presence of NaBH4 in the alkaline supporting electrolyte, the activity of
ltMnO2/AC for the ORR was significantly suppressed, while that of
htMnO2/AC remained high. Yet, evaluated number of transferred electrons for
htMnO2/AC was somewhat lower ranging from 2.6 to 3.8. The electrocatalyst
high BH4- tolerance was further supported by only slight change in the ORR
onset potential value upon addition of BH4- to the supporting electrolyte. The
onset potential was found to shift for only 0.15 V, while onset potential at
carbon-supported Pt electrode shifted for 1 V upon the addition of BH4- [17].
htMnO2/AC high electrocatalytic activity for the ORR in alkaline media, as
well as its good BH4- tolerance, strongly suggests potential application of this
electrocatalyst as cathode material in DBFCs.
The H2O2 electroreduction in acidic media proceeds via two parallel pathways:
direct (Eq. 9) and indirect one (Eq. 10 followed by Eq. 11) [17].
H2O2 + 2H+ + 2e- → 2H2O
E0 = 1.77 V vs. SHE
(9)
2H2O2 → 2H2O + O2
(10)
+
0
E = 1.23 V vs. SHE
(11)
O2 + 4H + 4e → 2H2O
Furthermore, direct H2O2 reduction reaction is known to proceed via two
parallel mechanisms in acidic media [17]. The first, “normal” mechanism,
which commonly occurs at more negative potentials, consists of two
consecutive steps, as described by Eq. 12 and Eq. 13.
H2O2 + H+ + e- → OHads + H2O
(12)
+
OHads + H + e → H2O
(13)
For higher overpotentials (more negative) this reaction path proceeds at higher
current densities. At lower overpotentials, the reaction mechanism involves
adsorbed hydroxyl groups, OHads, as catalytic species (Eq. 14).
(14)
H2O2 + OHads + H+ + e- → 2OHads + H2O
Additional production of OHads through this reaction (Eq. 14) makes the
mechanism autocatalytic. Increase of current densities with decrease of
overpotential is characteristic for this reaction path.
The direct pathway is preferable because of lower activation barrier and
therefore faster kinetics of the H2O2 reduction as a 2-electron process than the
4-electron O2 reduction. Also, the standard electrode potential for the direct
reduction of H2O2 is higher than that for O2 reduction (1.77 V against 1.23 V
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vs. SHE), so the direct H2O2 reduction yields larger DBFC cell voltages.
Conversely, the indirect pathway implicates gas management making cell
system more complex. Therefore, cathode materials selectively catalysing H2O2
electroreduction via direct pathway are required.
The study of carbon-supported Pt-alloys (Pt0.75M0.25/C, with M = Ni or Co) as
electrocatalysts for H2O2 reduction in a 0.03 M H2O2+ 0.1 M HClO4solution
revealed comparable activity with that of Pt/C electrocatalyst, with
Pt0.75Co0.25/C exhibiting the best performance [17]. The number of electrons
transferred at the Pt/C electrode was found to be close to 1, whereas at the
Pt0.75Ni0.25/C and Pt0.75Co0.25/C electrodes the number of transferred electrons
was close to 2 and 1.7, respectively, in accordance with the proposed 2-electron
mechanism for H2O2 reduction at metal surfaces in acidic media. H2O2
reduction reaction at the three investigated electrocatalysts proceeds by both
“normal” as well as the autocatalytic mechanism. Namely, autocatalytic
mechanism was observed to be the main one at Pt0.75Ni0.25/C, while “normal”
H2O2 reduction was predominant process at Pt0.75Co0.25/C and of Pt/C.
Our latest research focus the development of cathode materials for H2O2
reduction in alkaline media,which may be represented by Eq. 8 or Eq. 15.
(15)
H2O2 + 2e- → 2OHThe studied materials include pure ceramic specimens, i.e., perovskite oxides,
as opposed to the usual carbon-supported electrocatalysts, thus avoiding crosscontributions of the support materials [19,20]. The first study performed on
button type electrodes of LaCoO3 (LC), La0.84Sr0.16CoO3 (LSC),
La0.8Sr0.2Fe0.8Co0.2O3 (LSCF), and La0.7Sr0.3MnO3 (LSM) revealed the highest
activity for H2O2 reduction in alkaline solution of LSM, while other three
materials showed minimal (LC) or none (LSC, LSCF) electroactivity [19].
Number of 0.8 electrons involved in H2O2 reduction at LSM at 25 ºC was
evaluated from chronopotentiometric measurements. Latest study involved
La2NiO4 ceramic discs, but it indicated vague activity of the studied perovskite
for H2O2 reduction in alkaline media, requiring further clarification prior to its
potential use as cathode in DBFCs [20].

DIRECT BOROHYDRIDE FUEL CELLS
Membrane separator presents another key component of the DBFC,also
affecting its efficiency. The membrane is particularly important when H2O2
solution is used as the oxidant, as the two liquid reactants need to be efficiently
separated. These fuel cells are usually known as direct borohydride/peroxide
fuel cells (DBPFCs) and are described by Eq. 16(the sum ofEq. 2 and Eq. 9).
BH4- + 4H2O2 → BO2- + 6H2O
E0 = 3.01 V vs. SHE
(16)
Within our work, several different commercially available membrane
separators were tested in a laboratory DBPFC with Pt cathode and Pt anode,
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and evaluated cell parameters are summarised in Table 1. The highest peak
power density of 96 mW cm-2 was reached employing Nafion N117 membrane
at a potential of 0.60 V and current density of 160 mA cm-2 [9]. However, these
values were observed to decrease during long-term cell operation. Conversely,
cation- and anion-exchange membrane, CMI-7000S and AEM-7001, showed
higher stability and durability [10]. Furthermore, the highest energy density of
171Whkg-1and specific capacity of 448 Ahkg-1 were obtained for DBPFCs
using CMI-7000S membrane, confirming better performance of this separator.
Table 1.Electrochemical parameters of the DBPFCs
employing the studied membrane separators [9,10].
Cell voltage Current density
Open- Short circuit
Peak power
Specific Energy
at peak
at peak power
circuit
current
capacity density
density /
power
density
/
voltage density /
/Ahg-1 /Whkg-1
mWcm−2
density /V
mAcm−2
/V
(mAcm−2
AMI-7001S
CMI-7000S
Nafion N117
Nafion 115CS
Nafion NRE-212
IONAC MC-3470
IONAC MA-3475

1.79
1.75
1.84
1.86
1.81
1.77
1.76

188
230
348
321
259
291
251

49
56
96
87
79
86
67

0.60
0.55
0.60
0.60
0.60
0.60
0.60

82
101
160
145
132
144
112

423
448
76
69
66
37
31

129
171
45
41
39
22
19

Operational parameters influencing the DBFC performance include the anolyte
and catholyte composition, as well as operating temperature. Experimental
results showed that the best lab DBPFC performance, employing two Pt
electrodes and a Nafion N117 membrane, was obtained with anolyte containing
1.0 M NaBH4 + 4.0 M NaOH and a catholyte containing 5.0 M H2O2 + 1.5 M
HCl [8]. Generally, increase of the cell peak power density was observed with
increase of the temperature from 25 to 65°C [8,11,14,15,19]. Table 2
summarises cell parameters obtained employing different studied anode and
cathode materials with the mentioned fuel and oxidant compositions at 25 °C. It
could be noticed that DBPFC employing materials studied in our group often
outperform the cell employing benchmark Pt electrodes.
Table 2.Electrochemical parameters of the DBPFCs
employing the studied cathode and anode materials [8,11,14,15,19].
Cathode

Anode

Pt
Pt
Pt
Pt0.5Dy0.5
Pt
Pt0.4Dy0.6
Pt
Zn
Ni0.95Ce0.05
Pt
Prussian
Pt
Blue @ Pt
LSM
Pt

Open
Peak power Cell voltage at Current density at Short circuit
circuit
density /
peak power
peak power
current density
voltage /V mWcm−2
density /V density/mAcm−2
/mAcm−2

1.74
1.73
1.73
2.14
1.95

98
186
298
470
58

0.50
0.44
0.50
1.10
0.45

196
423
595
426
129

394
/
/
1050
/

1.79

116

0.70

165

/

1.00

8.2

0.30

28

52
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ABSTRACT
Electrochemical oxidation of HCOOH was studied on single metal Pt, Pt/C
and Pd black catalysts, on bimetallic surfaces of Pt-Au and Pd-Au bulk
electrodes as well as on Pt-Co/C, Pt-Au/C and Pt-Pd nanocatalysts. The
electrocatalysts were characterized by cyclic voltammetry and COads stripping, while the HCOOH oxidation was examined under the potentiodynamic and potentiostatic conditions. The results indicate that the ensemble
effect is crucial for high selectivity of Pt-based surfaces toward dehydrogenation path. The enhancement of HCOOH oxidation rate on Pd-based surfaces was reached through electronic modification exhibited by the second
metal. Our results also point out that the self-poisoning of the electrocatalyst
by COads produced by the incomplete CO2 reduction is related to the
strength of the Pt- and Pd-adsorbate bond, which has to be considered in
designing of an electrocatalyst for HCOOH oxidation.
INTRODUCTION
Polymer electrolyte membrane fuel cell (PEMFC) using formic acid as a
fuel, i.e. direct formic acid fuel cell (DFAFC) is a viable power generator
for portable electronic devices [1]. Its advantages over direct methanol fuel
cell (DMFC) are higher theoretical open circuit voltage, lower crossover of
HCOOH through the polymer membrane compared to CH3OH and nontoxicity of HCOOH. A problem that still needs to be resolved is the activity
and stability of the anode electrocatalyst.
It is generally accepted that on Pt surface HCOOH oxidizes to CO2 via a
dual path mechanism [2,3,4]. Direct path is dehydrogenation of HCOOH
molecule without forming of COads. Indirect path comprises dehydration of
HCOOH molecule with the formation of COads and its further oxidation to
CO2. In order to prevent poisoning of the catalyst by COads, the dehydrogenation path has to be predominant. This can be achieved by combining Pt
with some other metal performing its role through (i) bifunctional mecha-
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nism, (ii) electronic effect, or (iii) ensemble effect [5]. Bifunctional mechanism is operative when the second metal is capable to adsorb oxygen-containing species at lower potentials than Pt, thus facilitating the oxidation of
COads formed on Pt sites. Electronic effect refers to the modification of the
electronic structure of Pt atoms, generally resulting in change of the adsorption ability of Pt. If this modification weakens the bond between Pt and
COads, the electronic effect reduces Pt poisoning. The ensemble effect is
based on the fact that the dehydration path requires at least three contiguous
Pt atoms, whereas the dehydrogenation path requires at most two Pt atoms
[6]. Therefore, when large Pt surface is interrupted by foreign atoms, dehydrogenation path is favored and COads formation is suppressed.
Contrary to Pt, investigation of HCOOH oxidation on Pd indicated that the
reaction on this metal proceeds exclusively through the dehydrogenation
reaction path, since no poisoning COads could be detected under the potentiodynamic conditions [7]. Despite this, slow deterioration of the activity of
Pd anode during the DFAFC operation was reported [8].
SINGLE METAL Pt AND Pd ELECTROCATALYSTS
Polarization curves of HCOOH oxidation on polycrystalline Pt [9] and Pt/C
nanocatalyst [10,11] show well-established feature of this reaction. At low
potentials HCOOH oxidizes through the direct path with the simultaneous
formation of COads in the indirect path [2]. Increasing coverage of COads
reduces the number of Pt sites available for the direct path, and the current
density reaches a plateau. Subsequent formation of oxygen containing
species on Pt enables the oxidative removal of COads. As more Pt sites are
being released, the HCOOH oxidation current increases until Pt-oxide,
inactive for HCOOH oxidation, is formed. This results in the current peak.
In the backward sweep the sharp raise of HCOOH oxidation current coincides with reduction of Pt oxide. The currents are much higher than in the
forward sweep, because Pt surface is freed of COads.
Potentiodynamic polarization curves of HCOOH oxidation on Pd black
[12,13] showed no significant hysteresis between the anodic and the cathodic direction, thus indicating low poisoning by COads. This is in accord with
the literature data [7] about the predominance of the dehydrogenation path.
Based on the above mentioned bifunctional, electronic and ensemble effect,
various types of bimetallic Pt-Au, Pt-Co, Pd-Au and Pt-Pd catalysts were
prepared and investigated [9-13] in order to enhance the activity of Pt and
Pd catalysts for HCOOH oxidation.
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Pt-Au ELECTROCATALYST
Polycrystalline Pt and Au electrodes were electrochemically modified by
sub-monolayers of Au and Pt, respectively [9]. These surfaces served as the
model catalysts to establish the role of the ensemble and the electronic effect
in the HCOOH oxidation, since Au cannot provide oxygen containing
species necessary for the bifunctional effect. It was assumed that electronic
modification of Pt by Au atoms will be favoured on Au electrode modified
by Pt, because all the Pt atoms are in contact with Au substrate, while on Pt
electrode modified by Au only the Pt atoms contacting the circumference of
Au islands can be altered by the presence of Au. On both types of the Pt-Au
surfaces the surface fraction of Pt was varied between 0.14 and 0.86.
In addition to the model
catalysts, Pt-Au/C nanoparticles were prepared by
simultaneous reduction of
Au and Pt precursors in
the presence of high area
carbon and by reduction of
Pt precursor on already
prepared Au/C nanoparticles [10]. The Pt:Au surface ratio of on the prepared nanoparticles was
0.70:0.30, 0.55:0.45 and
0.30:0.70.
Since the cyclic voltammogram of Pt-Au electrodes show characteristics of
both Pt and Au surfaces,
the Pt:Au surface ratio was
determined by using the
charges for the oxide
reduction of the pure Pt
and Au surfaces. A negative shift in the peak potential for the Pt oxide
Fig 1. Stripping voltammograms of COads and reduction on Au surfaces
the first subsequent cyclic voltammograms
modified by Pt with resrecorded in 0.1 M H2SO4; v = 20 mV s–1.
pect to the peak position
on pure Pt was found, which imply that Au substrate exhibits an electronic
influence on Pt atoms deposited on it. The same behaviour was also
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observed for the Pt-Au/C nanoparticles. The onset and the peak potentials
for the COads oxidation on bare Pt and on Au modified Pt electrode are
similar. This result as well as the same peak potentials for the Pt oxide
reduction on these two surfaces confirms the assumption that the electrochemical behavior of bare Pt and Pt partially covered by Au are similar due to
lack of the electronic modification of Pt by Au. The COads oxidation on Au
modified by Pt and on Pt-Au nanoparticles is delayed with respect to Pt
(Fig.1a and 1b) and the peak potential is as more positive as the Pt surface
fraction decreases. Stronger adsorption of CO and OH species on Pt in contact with Au has also been reported for the bulk and surface Pt-Au alloys
[14] and ascribed to the electronic interactions.
On bimetallic Pt-Au
surfaces the HCOOH oxidation takes place exclusively at Pt sites, because
Au is inactive for the
oxidation of organic molecules before the oxide
region. As Pt surface fraction decreases, the plateau
corresponding to HCOOH
dehydrogenation increases and transforms to
peak (Fig.2a). Also, the
peak corresponding to the
reaction on the Pt sites
released after COads oxidation decreases and even
vanishes on the curve for
surfaces with the Pt fraction below 0.3. The backward scan for the same
surfaces is almost retraced with the forward one,
which shows that Pt is not
Fig.2 a) Potentiodynamic polarization curves
poisoned by COads. This
in 0.1 M H2SO4 + 0.5 M HCOOH and
indicates that dehydrogeb) Decay of the HCOOH oxidation.
nation path overcomes the
dehydration path as the size of Pt domains on the Pt-Au surface decreases
(ensemble effect). The HCOOH oxidation rate is similar on Au modified Pt
and on Pt modified Au surfaces with a similar Pt fraction, although they
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differ in electronic modification of Pt atoms. This leads to a conclusion that
the ensemble effect is crucial for high selectivity of Pt-Au surfaces toward
dehydrogenation path.
When the activities of Pt-Au surfaces and bare Pt were compared at the
potential of 0.4 V, all of them calculated per Pt surface area, it was found
that the most active Au electrode modified by Pt sub-monolayer and the
most active Pt-Au/C nanocatalyst exhibited about fifty and forty times
higher current densities than bulk Pt and Pt/C nanocatalyst, respectively. It
is interesting that the Pt-Au/C catalyst with Pt fraction of 0.30, which was
found to be the most active under the potentiodynamic conditions, in a chronoamperometric test lost its activity rapidly (Fig.2b). The potentiodynamic
curve recorded for this catalyst after the activity loss show a profile typical
for dehydrogenation of HCOOH without poisoning by COads. Thus, instability of Pt islands on the Au surface is not responsible for the activity loss.
However, deactivation by COads produced by the CO2 reduction can not be
excluded. The reason for so rapid poisoning of the catalyst with Pt fraction
of 0.30 could be the strongest electronic modification of Pt by neighboring
Au atoms because in this catalyst the Pt surface fraction is the lowest and
consequently the number of Pt atoms in close contact with Au is the highest.
Pt-Co ELECTROCATALYST
Bulk Pt3Co and Pt3Co/C and PtCo/C nanocatalysts were investigated for the
COads and HCOOH oxidation [11]. Pt3Co alloy with Co electrochemically
leached from the surface (“Pt skeleton”) was employed to separate
electronic effect from the ensemble and bifunctional effects of Co.
The oxidation of COads on Pt3Co commenced earlier than on Pt. This can be
attributed to the weaken bond between Pt and COads, but also to the
facilitated COads oxidation by the oxygen-containing species adsorbed on Co
atoms. The COads oxidation on Pt3Co with “Pt skeleton” structure was
similar as on Pt surface indicating that bifunctional mechanism is stronger
than the electronic modification of Pt by Co.
The onset potentials for the HCOOH oxidation on Pt3Co alloy and on Pt
were similar. COads was present on both electrodes, but the coverage was
lower on Pt3Co than on Pt. As a consequence, the HCOOH oxidation current density at 0.4 V was about seven times higher on Pt3Co. On “Pt skeleton” and bulk Pt the indirect path is predominant over the direct path and the
coverage by COads is substantial. This suggests that the enhanced activity of
Pt3Co alloy compared to Pt is caused by the ensemble effect. The comparison of COads and HCOOH oxidation on Pt3Co/C and PtCo/C with the same
reaction on Pt/C were qualitatively the same as on bulk materials.
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Pd-Au ELECTROCATALYST
Polycrystalline Au electrode was modified by electrodeposition of thin Pd
films ranging from 1 to 17 monolayer (ML) equivalents [12]. The COads
stripping charge was used for the determination of the Pd surface area. The
cyclic voltammograms of Pd-Au films show that hydrogen adsorption/
desorption charge increases with increasing Pd thickness. The potentials of
Pd-oxide formation and Pd-oxide reduction on Pd modified Au films are
slightly more positive comparing to Pd black (Fig.1c and 1e). Au substrate
also influences oxidation of COads on Pd. The onset potential of COads
oxidation on 1 ML Pd-Au is more positive than on Pd black, while with
increasing Pd thickness it shifts negatively and approaches the onset potential on Pd black. Stronger bonding of the adsorbates on Pd in contact with
Au than on pure Pd originates in the electronic modification of Pd by Au, as
predicted by Norskov’s group [15].
Potentiodynamic polarization curves of HCOOH oxidation on Pd black and
Pd-Au show enlarged activity with increasing Pd thickness, reaching a
maximum current density at 4 ML Pd-Au film (Fig.2a). At the thicker Pd
layers the activity slowly decreases and the position of the maximum shifts
positively reaching a potential of the plateau on Pd black. However, the
current densities on the thickest Pd-Au film are still three times higher than
on Pd black. The potential of maximum current is well below the potential
for Pd-oxide formation, so the water-surface interactions could explain the
deactivation of Pd for HCOOH adsorption and oxidation [14]. Bonding of
HCOOH molecule with Pd on Pd-Au surfaces is also stronger than on pure
Pd, which explains higher HCOOH oxidation rate on Pd-Au.
The results of the chronoamperometric stability test of Pd black and Pd-Au
electrodes (Fig.2b) reveal that the least active surface of Pd black exhibits
the lowest activity loss of 35 %. The highest activity loss of even 80 % was
detected on 4 ML Pd-Au, which is the surface with the highest currents
under the potentiodynamic conditions. After the stability test, 4 ML Pd-Au
was subjected to the potential cycling. It was shown that the activity
increased over cycling suggesting that deactivation at 0.3 V is caused by
accumulation of a species that can be oxidatively removed from the surface.
It was postulated that this species is COads formed in the electrochemical
reduction of CO2, which is the product of HCOOH oxidation [16]. The
experiments with the electrochemical reduction of CO2 dissolved in the
electrolytes supported this assumption.
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Pt-Pd ELECTROCATALYST
Pd black was modified by 0.02–0.12 ML of Pt by spontaneous displacement
method [13]. The COads stripping charge was used for the determination of
the electrochemical active surface area. The activity of Pt-Pd catalysts for
the COads oxidation is similar to Pd black (Fig.1d and 1e). Although the
COads stripping peaks for pure Pt and Pd are separated by ca. 0.2 V, the
COads stripping for the Pt-Pd catalysts show a singular peak.
Modification of Pd black by sub-monolayer of Pt significantly enhances its
activity for HCOOH oxidation (Fig. 2a). With increasing of Pt coverage
from 0.02 to 0.08 ML the maximum current density raises, but further
increase in Pt coverage leads to a gradual decrease in the activity. The hysteresis between the forward and backward scans on Pt-Pd catalyst is minor,
indicating that direct path in HCOOH oxidation predominates.
The current-time transients presented in Fig.2b show that the initial activity
of Pt-Pd is much higher compared with Pd black. However, the activity loss
of even 75% was observed for Pt-Pd catalyst over 25 min.
The activity of the most active modified surfaces toward HCOOH oxidation
in potentiodynamic and potentiostatic conditions is presented in Fig.2a and
2b. Pt-Au binds the HCOOH molecules too strongly and the poisoning by
COads formed as the product of CO2 reduction is more intense than on Pt-Pd
and Pd-Au catalysts. Rational synthesis and optimization of catalytic properties of nanoparticles consisting of an Au core, covered by a Pd shell, onto
which Pt clusters are deposited is challenge for the future investigation.
CONCLUSION
A high selectivity of Pt-based surfaces toward dehydrogenation path is
reached on Au and Pd surfaces modified by a low amount of Pt.
Electronic modification of Pd and Pt by Au substrate causes their
stronger interactions with HCOOH and CO, thus increasing HCOOH
oxidation rate, but also accelerating the poisoning by COads formed in the
incomplete reduction of CO2 as the reaction product. Therefore, the
activity and the stability of the electrocatalyst have to be balanced.
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ABSTRACT
Mo2C nanoparticles supported on two different carbon materials, carbon
nanotubes and carbon xerogel, were prepared and characterized using XRD,
SEM and TGA. These were subsequently tested as electrocatalysts for
hydrogen evolution reaction in acid media. Using linear scan voltammetry
main reaction parameters were determined including Tafel slope, charge
transfer coefficient and exchange current density. Durability of the two
materials was also investigated and proved to be satisfactory.
INTRODUCTION
Hydrogen (H2) is seen as a clean fuel as no greenhouse gases are evolved
during its use [1]. Still, main current methods for H2 production employ
fossil fuels. Water electrolysis represents a simple and clean method for H2
production, but this process is too expensive at the moment. Its high price
results from high overpotential needed to operate the electrolysis cell and
consequently, high energy consumption during the process. Overpotential
value is related to electrode materials properties. Two characteristics crucial
for a material to be accepted as a suitable electrocatalyst for hydrogen
evolution reaction (HER) are its electrocatalytic activity and its stability.
Transition metal carbides (TMC) are known to have platinum (Pt)-like
electronic and catalytic properties, but significantly lower cost [2].
Furthermore, grafting of these materials on to a high-surface area
conductive support increases their activity.
EXPERIMENTAL
Molybdenum carbide (Mo2C) nanoparticles were grafted on both carbon
nanotubes (CNTs) and on carbon xerogel (CXG). First, aqueous solution of
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ammonium molybdate (0.788 g in 6 ml) was added dropwise to the carbon
support (1 g), following a modified incipient wetness impregnation method,
and the mixture was homogenised in an ultrasonic bath for 30 min. The
samples were next dried at 110 ºC overnight. Carburisation was achieved in
a tube furnace increasing the temperature from ambient to 800 ºC at 13 ºC
min-1 rate under nitrogen flow, and then holding it at 800 ºC for 2 h. CNTs
were purchased from NANOCYL™ (NC3100 series) and pre-treated with
hydrochloric acid [3] prior to impregnation, while CXG was prepared by an
adapted literature procedure [4].
Electrocatalysts structures were examined by XRD analysis with Philips
1050 Bruker D8 Advance with CuKα1,2 radiations in 10-80° 2θ range.
Content of Mo2C in the electrocatalysts was determined performing TGA
with TA SDT 2960 at a heating rate of 10 ºC min-1 under the air flow. The
morphology was examined by SEM using JEOL JSM 7001F microscope.
The working electrodes were prepared by uniformly depositing the
corresponding catalytic ink on conductive substrates and drying them under
vacuum at 120 ºC overnight. The catalytic inks were prepared by mixing
Mo2C/CNT or Mo2C/CXG electrocatalyst powder (95%) with
poly(vinylidene fluoride) binder (5%) in N-methyl 2-pyrrolidone solvent.
The electrocatalyst loading on the electrode was 8.2 and 6.3 mg cm-2 for
Mo2C/CNT and Mo2C/CXG, respectively. Geometric area of the substrate
was used to calculate the current densities.
Electrochemical measurements were done in a single-compartment glass
cell with a Pt counter electrode and saturated calomel electrode (SCE) as
reference. The electrocatalysts were tested for HER by recording linear
sweep voltammograms (LSV) in 0.1 M HClO4 aqueous solutions at a scan
rate of 0.5 mV s-1 and at temperature of 25 ºC. Durability tests were done
using chronopotentiometry (CP) by recording the overpotential needed to
drive 10 mA cm-2 current density for 2 h.
RESULTS AND DISCUSSION
Formation of α-Mo2C on to CNTs and on to CXG was confirmed by XRD
analysis. The amount of carbide formed was similar for both carbon
supports (ca. 27%). However, SEM images showed quite different
morphology of the two electrocatalysts, Fig. 1. Mo2C nanoparticles are
observed to be dispersed on CNTs, while particles were found to be
agglomerated in the case of Mo2C/CXG.
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Figure 1. SEM images of Mo2C/CNT (left) and Mo2C/CXG (right).
Polarization curves presenting current density, j, as a function of potential,
E, were recorded for the two studied electrocatalysts with similar current
densities obtained, Fig. 2. These were further used for construction of Tafel
plots presenting dependence of overpotential, η, on log j (Eq. 1),
η = a + b log j =

2.3RT
2.3RT
log j0 −
log j
αnF
αnF

(1)

where b is the Tafel slope, R is
the universal gas constant, T is
temperature, α is charge transfer
coefficient, F is the Faraday
constant and j0 is the exchange
current density. Similar b values
of 338 and 348 mV dec-1 were
obtained for Mo2C/CNT and
Mo2C/CXG, respectively. These
values were found to be
significantly
higher
than
expected values for HER in acid
media and generally higher than
values reported when using
other non-Pt electrocatalysts [5].
Accordingly, low α values of
Figure 2. Polarization curves of two
0.16 were obtained for the two
studied electrocatalysts in 0.1 M HClO4
Mo2C/C electrocatalysts,. j0
values of 2.56 and 3.93 x 10-2
-2
mA cm were obtained for HER at Mo2C/CNT and Mo2C/CXG,
respectively. Value of j0 mainly depends on the electrode material, on its
composition, structure and some physical parameters such as surface
roughness. j0 value can also be influenced by adsorbed species, electrolyte
composition and temperature. Table 1 summarizes the obtained parameters
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for HER at the studied electrocatalysts. Values of overpotential necessary to
drive current density of 300 mA g-1 (η300) were also compared with lower
value obtained for Mo2C/CXG indicating its higher activity for HER. This
was further supported by higher specific current density value (j300) obtained
at Mo2C/CXG than at Mo2C/CNT at the same overpotential of 300 mV.
Table 1. Direct comparison of HER activity of two different carbonsupported Mo2C electrocatalysts in acid media at 25 ºC.
Catalyst
η300
j300
j0 x 10-2
R2
b
α
-1
-1
-2
(mV) (mA g ) (mV dec )
(mA cm )
Mo2C/CXG
238
450
348
0.16
3.93
0.99
Mo2C/CNT
333
249
338
0.16
2.56
0.99
Durability tests showed good performance for the two electrocatalysts. The
overpotential necessary to drive a current density of 10 mA cm-2 was found
to be stable at 40 and 50 mV for Mo2C/CNT and Mo2C/CXG, respectively.
CONCLUSIONS
Mo2C electrocatalysts supported on CNTs and on CXG were prepared and
found to have similar composition and structure, but distinctively different
morphology. Evaluation of HER activity of the two electrocatalysts in acid
media indicated higher activity of Mo2C/CXG compared to Mo2C/CNT.
Furthermore, durability tests showed a constant and stable overpotential
necessary to drive 10 mA cm-2 over 2 h.
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ABSTRACT
Electrooxidation of phenol in acidic solution was investigated on modified
bentonite-based glassy carbon electrode (GCE). The modification of
bentonite was performed in two steps. First bentonite was acid treated and
then nickel species were incorporated in acid-treated betonite. Incorporation
of nickel species was achieved by either impregnation with Ni(NO3)2×6H2O
or by impregnation-decomposition method using nickel acetylacetonate
[Ni(acac)2]. The change in phase and chemical composition was monitored
by XRD. The electrochemical behavior was tested by cyclic voltammetry.
The higher current density and lower potentials of phenol oxidation wave
were obtained for acid-treated bentonite based GCE, while presence of
nickel led to better stability of modified GCE regarding electrode fouling.
INTRODUCTION
Electrochemical oxidation processes have been recognized as an alternative
method for treating wastewaters containing organic molecules. The
oxidation of various organic pollutants at different electrode materials has
been extensively investigated [1]. Phenol is the most commonly investigate
compound as model organic compound in electrooxidation processes [2, 3].
Many electrode materials suffer from electrode fouling by formation of
insulating polymeric film during electrooxidation of phenol. Modification of
the electrode surface is one of approaches to overcome the problem of
electrode fouling. Clays modified using oxidation/reduction species have
proven to be good electrode surface modifiers [4, 5].
The goal of this work was to incorporate nickel in acid treated bentonite and
apply these materials as GCE modifiers in the electrochemical oxidation of
phenol.
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EXPERIMENTAL
Bentonite from seldom investigated deposit Mečji Do Serbia (< 75 µm) was
used as raw material (MD). First benonite was treated with 1 M HCl at 70
ºC for 30 min and designed as MDA. Incorporation of nickel species into the
acid-treated bentonite was performed by either impregnation with
Ni(NO3)2×6H2O or by impregnation-decomposition method using nickel
acetylacetonate [Ni(acac)2] [4]. The sample was impregnated with 0.5 M
Ni(NO3)2×6H2O at 300 °C for 2h and designed as MDA/Ni(NO3)2. The
impregnation-decomposition procedure with Ni(acac)2 was performed at
430 °C in order to transforme Ni(acac)2 into NiO. The procedure was
repeated until mass ratio of Ni/MDA of 0.1 was reached. This sample was
designed as MDA/Ni(acac)2.
The XRD analyses of were performed using Philips PW 1710 X-ray powder
diffractometer with a Cu anode (λ=0.154178 nm). The GCE surface was
coated with 10 µl of homogeneous mixture of each modified bentonite and
carbon black dispersed in Nafion® solution and applied as working
electrode [4]. The reference electrode was Ag/AgCl, KCl (3M), while a
platinum foil served as a counter electrode. The electrooxidation of phenol
was investigated in 10 mM phenol + 0.1 M H2SO4. The device used for
electrochemical measurements was 797 VA Computrace Metrohm.
RESULTS AND DISCUSSION
The main minerals identified in
all samples were smectite (S),
cristobalite (Cb), quartz (Q) and
feldspar (F) (Fig. 1) [6]. In the Ni
containing samples d001 value
was 0.97 nm characteristic for
dehydrated smectites caused by
applied heat treatment. Among
impregnated
simples
only
MDA/Ni(acac)2 showed new
reflections at around 43.1º and
37.1º 2θ characteristic for nickel
Figure 1. XRD patterns of: (1) MD; (2)
oxide [6].
MDA; (3) MDA/Ni(NO3)2 and (4)
Cyclic voltammograms (CV)s
MDA/Ni(acac)2.
were obtained for GCE modified
with each of modified bentonite in acidic phenol solution. The polarization
rate was 10 mVs-1 in the range of potential from hydrogen evolution at –0.3
V to oxygen evolution at 1.1 V. CVs were first obtained in 0.1 M H2SO4.
The freshly prepared electrodes were then tested under the same conditions
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in 10 mM phenol + 0.1 M H2SO4. CVs were similar for all investigated
electrodes and for clarity sake only CVs for MDA/Ni(acac)2 are presented in
Figs. 2. The CV obtained in the supporting electrolyte (dashed line in Fig.
2a) is presented together with the first cycle recorded in phenol containing
solution (solid line in Fig. 2a). In Fig. 2b ten successive cycles in phenol
containing solution are presented.

Figure 2. CVs of the MDA/Ni(acac)2: (a) 0.1 M H2SO4 (dashed line) and
the first cycle in phenol containing solution (solid line); (b) Succesive
cycles in phenol containing solution. Arrows indicate changes during
cycling.
During electrooxidation of phenol in the first cycle the phenol oxidation
wave and pair of waves that correspond to the reduction of hydroquinone
and catechol were obtained for all synthesized electrode materials. During
successive cycling additional pair of waves that correspond to hydroquinone
and catechol oxidation was registered [5]. Successive cycling increased the
current density of waves associated with phenol oxidation products. On the
other hand, successive cycling resulted in decreased intensity of the phenol
oxidation wave for all investigated electrodes. Differences between
electrochemical parameters obtained for GCE coated with different
materials are summarized in Table 1.
Table 1. Electrochemical parameters of investigated modified electrodes.
Modifier
E[mV]
j I[mAcm-2]
jX[mAcm-2] (jI-jX)/jI [%]
MD
939
1.06
0.24
77.4
MDA
863
3.40
2.18
35.9
MDA/Ni(NO3)2
878
2.07
1.49
28.0
MDA/Ni(acac)2
868
3.87
2.99
22.7
Where: E –potential of phenol oxidation peak, jI and jX – current density at phenol oxidation
peak, in the first and tenth cycle, respectively.

The current density for phenol oxidation wave increased in following order
MD<MDA/Ni(NO3)2<MDA<MDA/Ni(acac)2. The higher current densities
for MDA based electrodes might be induced by better accessibility to active
sites for phenol oxidation. Also, potential at phenol oxidation wave shifts
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toward lower potentials in MDA based electrodes. Such finding indicates
better electrode activity. Incorporation of nickel in modified bentonite based
GCE resulted in improvement of the stability of these electrodes. The
introduction of nickel by impregnation/decomposition method in MDA was
found to be the most promising modification regarding the use of
investigated modified bentonites in surface coating of GCE.
CONCLUSION
Electooxidation of phenol was investigated on glassy carbon electrode
(GCE) coated with raw (MD), acid-treated bentonite (MDA) and acid-treated
bentonite impregnated with either Ni(NO3)2 (MDA/Ni(NO3)2) or nickel
acetylacetonate
(MDA/Ni(acac)2). Phenol oxidation process on all
synthesized electrode materials showed similar response with difference in
electrochemical parameters. The higher current density and lower potentials
of phenol oxidation wave were obtained for MDA based GCE. The
incorporation of nickel species into MDA caused better stability of modified
GCE regarding electrode fouling. The GCE modified with MDA/Ni(acac)2
was more stable than GCE modified MDA/Ni(NO3)2. The presence of
nickel has important role in the stability of the GCE in the phenol
electrooxidation process and further investigation of this phenomenon is still
in progress.
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ABSTRACT
The influence of Nafion on oxidation of glucose on gold electrode in 0.1 M
NaOH solution was investigated. The presence of Nafion on the surface of
gold electrode decreased the rate of glucose oxidation in alkaline solution.
The mechanism of glucose oxidation is not changed by the presence of
Nafion.
INTRODUCTION
The electrooxidation of sugars, particularly glucose, was investigated for
applications in glucose sensors as well as fuel cells for cardiac pacemakers.
The enzyme-based glucose sensors are developed and thoroughly
investigated and so far showed good sensitivity and selectivity. However,
major drawback of enzyme-based glucose sensors is their lack of stability of
enzymes. For this reason the investigation on non-enzymatic glucose
sensors raised a great interest. The practical application of non-enzymatic
sensors is hindered by their lack of selectivity and fouling of the electrode
[1]. The gold electrode showed good electrocatalytic activity for glucose
oxidation in neutral and alkaline electrolytes. The gold electrode also shows
high sensitivity toward chloride ions in neutral solutions [2], what makes
this electrode inadequate for application under physiological conditions. The
modification of gold electrode by different metal ad-layers showed some
improvement [3]. Nafion (perfluorinated sulphonate ionomer) has negative
charge, so foreign species such as ascorbic acid, paracetamol, uric acid, etc.
are readily repelled [4]. The aim of this paper was to the investigate
influence of Nafion on glucose oxidation on gold electrode in alkaline
solution.
EXPERIMENTAL
Glucose oxidation on gold electrode was investigated in a 0.1 M NaOH in a
three-electrode glass cell with Ag/AgCl (sat’d) as a reference electrode,
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while a platinum foil served as a counter electrode. The influence of Nafion
was investigated on Nafion covered gold electrode. The droplet of solution
of Nafion (5 wt. %) was placed on the gold electrode. After evaporation of
solvent Nafion film was formed on the electrode surface. Device used for
the electrochemical measurements was a 757 VA Computrace Metrohm.
RESULTS AND DISCUSSION

Figure 1. Voltammograms of bare gold electrode (left) and Nafion covered
gold electrode (right) in 0.1 M NaOH without (dashed) and with 10 mM
glucose (solid).
The cyclic voltammograms of Au electrode in 0.1M NaOH (Fig.1) show
peaks of gold oxide formation and reduction at 0.30 and 0.05 V,
respectively. The cyclic voltammogram recorded in the presence of glucose
is presented at the same figure. The anodic peak at -0.6 V is followed by
broad peak at approximately 0 V. The peak at -0.6 V is ascribed to the
formation and adsorption of intermediate compounds, while the other peak
represents the direct oxidation of glucose in the anodic direction (II). This
peak has a large left shoulder indicating the occurrence of several reactions
[5]. The cathodic peak on the negatively going sweep corresponds to direct
oxidation of glucose in cathodic direction. The direct oxidation of glucose
occurs after the oxides are removed from the surface of the electrode. The
AuOH sites are considered to be the active species for glucose oxidation.
Therefore, the rate of glucose oxidation depends on the number of AuOH
sites. The oxidation of glucose starts with the formation of AuOH, and
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proceeds until gold oxide is formed at sufficiently high positive potentials
and the current of glucose oxidation decreases. In negative going sweep the
catalytic oxidation of glucose starts again as soon as gold oxide is reduced
and AuOH sites are formed again.
Cyclic voltammograms at different scan rates were recorded in order to
investigate the kinetics of glucose oxidation. Plotting log i vs. log v shows
that peak II is controlled by diffusion (slope close to 0.5). However, the
same plot for peak I shows two slopes. At higher scan rates (150 - 500 mVs1
) the slope is close to 0.5 indicating diffusion controlled process. However,
at lower scan rates (10 - 100 mVs-1) the obtained slope amounts 0.17
indicating a mechanism with numerous adsorbed species and products
formed [6]. The current density of re-oxidation peak III decreases and the
peak position shifts toward negative direction with increased scan rates,
which indicates the poisoning of the electrode surface [7]. The potentials of
peaks I and II are proportional to the logarithm of scan rate. From the slope
of the Ep vs. log v curve, the Tafel slope can be obtained. The obtained
Tafel slopes amount 50 and 56 V dec-1 for peaks I and II, respectively, what
indicates that a two-electron transfer process is the rate limiting step for
these reaction. The current function (ip/v1/2) of peak I decreases with v,
which is characteristic of a coupled chemical reaction following the electron
transfer (EC mechanism) [8]. This type of mechanism occurs quite
frequently in organic compounds which undergo electrochemical oxidation
or reduction and produce a reaction species (radical or radical ions) that tend
to dimerize. The current function of peak II shows slower decline indicating
that process is not free from kinetic complications.
The cyclic voltammogram of Nafion covered gold electrode (Au/Nafion)
exhibited additional anodic peak in comparison to CV of bare gold electrode
(Fig. 1). This peak appeared in the potential region of hydrogen desorption.
Upon successive addition of increasing amounts of glucose this peak started
to diminish followed by the appearance of new peak at somewhat higher
potentials. This peak might be associated to the adsorption and partial
oxidation of glucose. The oxidation of glucose and formed gluconolactone
at higher potential are clearly separated, although the obtained currents are
about five times lower than currents obtained on bare gold electrode. At the
reverse sweep the peak of reduction of gold oxide gradually decrease and
two separated peaks of oxidation of glucose/glucose products appeared.
Plotting log i vs. log v shows that peak II is controlled by diffusion (slope
close to 0.5). As in the case of bare gold electrode, this plot for peak I
showed two slopes. At higher scan rates (150 - 500 mVs-1) the slope is close
to 0.8 indicating mixed controlled process. At lower scan rates (10 - 100
mVs-1) the obtained slope amounts 0.3 what suggests a mechanism with
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numerous adsorbed species and products formed. The current function
(ip/v1/2) of both peaks decreases with v which is characteristic of a coupled
chemical reaction following the electron transfer (EC mechanism).
CONCLUSIONS
The influence of Nafion on oxidation of glucose on gold electrode in
alkaline solution was investigated. The presence of Nafion on the surface of
gold electrode lead to decrease of the rate of glucose oxidation in alkaline
solution. The decrease of reaction rate is consequence of reduced
concentration of glucose and OH ions at the electrode surface. It seems that
the mechanism of glucose oxidation is not changed by the presence of
Nafion.
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ABSTRACT
A novel efficient differential pulse voltammetric (DPV) method for
determination of the gallic acid (GA) was developed by using an
electrochemical sensor based on [Cu2tpmc](ClO4)4 immobilized in PVC
matrix and coated on graphite (CGE). The proposed method is based on the
gallic acid oxidation process at formed reversible [Cu2tpmcGA]3+ complex
at the electrode surface. Voltammogram of sensor recorded in a HNO3 as a
supporting electrolyte at pH 2, resulted with two linear calibration curves
(for higher and lower GA concentration range) measured in 2.5x10-7 to
1.0x10-4 M of GA. The detection limit at CGE was 1.48x10-7M.
INTRODUCTION
Gallic acid (GA), a type of phenolic acid, is occurring in plants in the form
of free acids, esters, catechin derivatives and hydrolysable tannins [1]. As
one of the most biologically-active phenolic compounds of plant origin,
gallic acid is commonly used in the pharmaceutical and food industry. GA
serves as a standard for determining the phenol content of various analytes
by the Folin-Ciocalteau spectrophotometric method and the results are
reported in gallic acid equivalents. The measurement of “total phenols” is a
good indication of the level of antioxidants present in the sample [2].
Besides other methods, electrochemical methods were also employed for
phenolic compounds determination in various types of samples. Cyclyc,
differential pulse and adsorptive stripping voltammetric techniques on
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glassy carbon electrode (GCE) were mostly used in reported works [3]. The
main disadvantage of GCE used for this purpose was polymerization and
adsorption of investigated and other species on the electrode itself.
We examined application possibility of simple and efficient sensor for rapid
differential pulse voltammetric determination of GA at low concentrations,
based on previously synthesized [Cu2tpmc](ClO4)4 complex immobilized in
a PVC matrix. Intention was to find an efficient voltammetric sensor
resistant to polymerization on the electrode surface due to its modification.
EXPERIMENTAL
Electrode preparation: The initial macrocyclic ligand N,N’,N’’,N’’’tetrakis(2-pyridylmethyl)-1,4,8,11-tetraazacyclotetradecane (tpmc) and the
next synthesized [Cu2tpmc](ClO4)4 complex which was electroactive sensor
material, were prepared by the procedure described in literature [4,5].
Electrode was prepared in the way reported before [6]. The membrane
coated on graphite was allowed to dry in air over night and activated by 10-4
M GA solution for about 24 h in order to GA molecules to be captured and
formed [Cu2tpmcGA]3+ complex ion.
Electrochemical measurements: Cyclic and differential pulse voltammetric
measurements were carried out with a conventional three-electrode
electrolytic cell on a Metrohm 797 VA Computance instrument (Herisau,
Switzerland). The triple-electrode system consisted of a working electrode,
graphite electrode modified with PVC membrane with activated dinuclear
Cu(II)/tpmc complex as sensor component, a reference Ag/AgCl, KCl (3 M)
(Model 6.0728.010) and an auxiliary separate platinum rod electrode
(Model 6.0340.000). The cyclic and the differential pulse voltammograms
of standard GA solutions were recorded in the potential range from 0.0 to
1.0 V, using a scan rate of 100 mV/s (for CV) and 10mV/s (for DPV), a
modulation time of 40 ms, and a pulse amplitude of 50 ms.
RESULTS AND DISCUSSION
Cyclic voltammograms of 10-4 M GA in HNO3 solution as supporting
electrolyte (pH about 2) at graphite and graphite coated with activated
[Cu2tpmc](ClO4)4 complex immobilized in PVC matrix (CGE) are
presented in Fig. 1, a and b. Voltammogram analysis revealed that the peak
current decreases in every next cycle due to absorption and polymerization
of GA on the bare electrode surface. On the other hand, coating of the
membrane over the graphite prevents polymerization (b) graph, Fig.1.
Cycling at coated electrode barely changed the shape of the
cyclovoltammograms.
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Figure 1. Cyclic voltammetric profiles resulting from the electrochemical
oxidation of 10-4 M gallic acid in HNO3 solution (pH about 2) at bare
graphite (a) and coated graphite electrode (b); scan rate of 100 mV/s
Differential pulse voltammetry (DPV) was selected as a suitable
electroanalytical technique for determination of GA because of its low
background currents and low detection limits. DPV study at electrodes with
and without complex in PVC matrix at the large GA concentration in 10-2 M
HNO3 showed that response of the CGE came only from the dinuclear
copper/tpmc complex immobilized in a polymer matrix. The optimal
modulation time of 40 ms and pulse amplitude of 50 ms were chosen taking
into account the width and height of the peak of quantitation (0.5V).
Differential pulse voltammograms of various concentrations of GA from
1.0x10-4 to 2.5x10-7M recorded on CGE were showed in Fig.2 (a).

Figure 2. DPV of CGE with GA added in concentration of 2.5x10−7 –
1x10−4 M, pH = 2 (a); calibration curves for GA (b).
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The calibration curve was constructed by plotting the current density of first
anodic peak vs. the concentration of GA. There are two resulting calibration
linear plots (Fig. 2 (b)). The higher concentration range is described by the
regression equation: Ip (10-7 A) = 5.06x104xCGA + 6.8209, where Ip is the
current density of first anodic peak and CGA is the concentration of gallic
acid expressed in mol/L (correlation coefficient, r = 0.9528). The lower
concentration range is expressed by the relationship: Ip (10-7 A) =
3.895xCGA + 1.14x106(r = 0.9857), and with detection limit (LOD) of GA
determination of 1.48x10-7 M. The limiting point, 2.63x10-7 M vs. 6.9310-7
A, is obtained by extrapolating of the linear plots. The relative standard
deviation for a GA concentration of 5x10-5 M was 0.25% (n = 3).
CONCLUSION
The present study is related to the application of complex [Cu2tpmc](ClO4)4
immobilized in PVC matrix as a modifier and coated on graphite electrode
as a sensor material employed for determination of the gallic acid.
Electroactive [Cu2tpmcGA]3+ is used as a sensor material for determination
of low concentrations of GA at simple coated CGE by sensitive DPV
technique. The proposed electrode exhibited the advantage of simple
preparation, good reproducibility and electrochemical surface stability.
Detection limit obtained by proposed electrode is comparable with those
one previously reported in the literature for the determination of GA.
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ABSTRACT
A solution is proposed to remove the major inconvenience caused by
corrosion of stainless steel implants in human body fluids by coating with
thin films of composite polymer-antibiotic-bioactive glass nanostructures.
Electrochemical corrosion studies of the coatings under conditions which
simulate their biological interaction with the human body were performed.
The equivalent electrical circuits that fit the plots of the electrochemical
impedance were found. The results support the unrestricted usage of coated
stainless steel as a cheap and proper alternative for human implants
manufacture.
INTRODUCTION
A significant progress has been observed in development of the materials
for different specific applications in medicine and biology [1]. These
materials have the ability to behave similar to specific biological tissue.
Stainless steel is a very popular metallic material because of its relatively
low cost, ease of fabrication and reasonable corrosion resistance [2].
However, stainless steel is susceptible to a number of localized corrosions,
such as crevice and pitting, intergranular and stress corrosion cracking.
Shortcomings of stainless steel materials during implantation have been
reported [3] due to their high nickel content and to the aggressive biological
effects. The corrosion products include iron, chromium, nickel and
molybdenum and because of their effects [4], stainless steel is used just as
temporary implants to help bone healing, as well as fixed implants like in
artificial joints.
Here, a solution is proposed to remove the inconvenience caused by
corrosion of stainless steel implants in human body by coating with thin
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films of polymer-antibiotic-bioactive glasses nanostructures. The resistance
to corrosion of the stainless steel implants coated using high sensitive
electrochemical methods has been investigated. Electrochemical
measurements involving corrosion and electrochemical impedance
spectroscopy studies were carried out in physiological solutions in order to
investigate the corrosion behavior of the medical grade stainless steels, bare
or covered with different bioactive films, and to compare their performance
with that of the titanium electrode. The corrosion resistance parameters were
inferred and compared. The involved electrochemical parameters were
estimated and the electrical parameters of the circuits were found out by
fitting the experimental data via equivalent electric circuits.
EXPERIMENTAL
For the deposition of composite polymer-antibiotic-bioglass coatings onto
316 L stainless steel substrates, MAPLE technique was applied. MAPLE
was developed after 1998 [5], compulsory for the transfer of delicate
materials. A suspension of 0.5% bioglass and 2% doxycycline in a solution
of 3% PMMA in chloroform was prepared and frozen. This composition
kept at a constant temperature with a liquid nitrogen cooler served as a
target for a thin layer deposition on 316L stainless steel substrates. The
optimum MAPLE conditions were: 550 mJ/cm2 laser fluence, 5000
subsequent laser pulses for the deposition of each structure, substrates
placed at 0.03 m separation distance from target.
Electrochemical impedance spectroscopy (EIS) analysis was carried out
three times for each sample in the same freshly filled electrochemical cell
using PC-controlled system Autolab PGSTAT 100 Eco Chemie by means of
FRA 4.9 software. An alternating voltage with 0.01V amplitude was
applied, scanning from 10,000 Hz to 0.1 Hz with 10 points per frequency
decade, and auto-integration time of 5
s. The software calculates and records
the real and imaginary parts of
electrochemical impedance (Zreal and
Zimag) together with the phase and
represents them in Nyquist and Bode
diagrams. Based upon the principles of
electrochemical spectroscopy, the
equivalent electric circuit that best fits
Figure 1. EIS plot of PMMAthe experimental data was found with
Dox-BG61/316L
thin films after
the help of FRA 4.9 software and
0, 1, 3, 7, 21 and 35 days of
optimum electrical parameters were
immersion in SBF.
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obtained: electrical resistance of the solution, charge transfer resistance and
constant phase element.
RESULTS AND DISCUSSION
The electrochemical evolution of the
samples under conditions which
simulate their biological interaction
with the human body was analysed. To
this purpose, samples of PMMA-DoxBG61 thin films were introduced in
SBF at 37° C and the electrochemical
Figure 2. The equivalent circuit
impedance spectra were recorded after
Rs(Q1R1) .
different immersion times. All
measurements were performed in triplicate, in the same single compartment
electrochemical cell, freshly filled with appropriate solutions. The EIS plots
(the Nyquist diagrams) for all electrodes were recorded in the open circuit
potential (OCP) configuration presented in Figure 1. The equivalent
electrical circuits that fit the plots of electrochemical impedance were found
using FRA 4.9 software.
The Nyquist diagram for bare stainless steel electrode is a semicircle with a
very large radius that means the sample behaves like pure capacitive
impedance suggesting the presence on the surface of a highly stable film.
The equivalent circuit is the Randles circuit from Figure 2. The charge
transfer resistance reaches a high
value of 9752.17 kΩ/cm2, while the
capacitance has a very small value
of 23.59 µF/cm2.
After 3, 7 or 21 days of immersion
in SBF, the Nyquist diagrams show
Figure 3. The equivalent circuit
two semicircles that suggest two
Rs(Q1[R1(R2Q2)]).
simultaneous processes: the BG61
dissolution in SBF and the adsorption of some electrolyte ions on surface.
The equivalent circuit is Rs(Q1[R1(R2Q2)]) from Figure 3. The BG61
dissolution process is characterized by decreasing of the charge transfer
resistance and increasing of the capacitance; a large decrease in the
roughness factor n value shows the flat surface degradation due to bioglass
dissolution.
In the same time, the condensation and repolymerisation of a SiO2-rich layer
on surface, the migration of PO43− and Ca+ ions through this layer followed
by adsorption on surface forming a carbonated hydroxyapatite HCA film
take place. The parallel group [R2Q2] corresponds to this outer layer.
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After 35 days of immersion in SBF, we get a single time constant Nyquist
diagram, and the growing of HCA layer only takes place. The new apatitelike layer has an n factor of 0.86 and presents a high charge transfer
resistance. This evidence points to the formation on surface of a highly
stable compact film, with characteristics close to pure capacitive impedance
that shields implant against environmental agents. The EIS fitting generated
an equivalent circuit Rs(Q1R1) (figure 2).
CONCLUSION
The formation of a hydroxyl carbonate apatite superficial layer was
evidenced on PMMA-Dox-BG61/316L samples after immersion in SBF at
37° C as an effect of ions exchange with the fluid, concurrently with the
bioglass decomposition. PMMA is not dissolved in SBF but remain on 316L
surface. Electrochemical impedance spectroscopy measurements
demonstrated that, as an effect of immersion in biological fluids, the
stainless steel corrosion is slowed down and the metal ions release into the
body is inhibited. More precisely, the nanostructured PMMA-DoxBG61/316L coating ensures the preservation of the stainless steel surface
bioactivity and serves as an efficient shield against corrosion.
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ABSTRACT
A new electroanalytical method for sensitive detection of ochratoxin A
(OTA), a common toxic contaminant in various kinds of plants products,
was reported. A four-step reaction protocol was elaborated to modify the
gold electrode and obtain the sensing substrate. All the steps of the
immunosensor elaboration and the immunochemical reaction between
ochratoxin A and the surface-bound antibody were interrogated using cyclic
voltammetry (CV) and electrochemical impedance spectroscopy (EIS). The
impedance change, due to the specific immuno-interaction at the
immunosensor surface was utilized to detect ochratoxin A. The increase in
electron-transfer resistance (Ret) values was proportional to the
concentration of OTA in the range of 1–20 ngmL−1, with a detection limit of
0.5 ngmL−1.
INTRODUCTION
Ochratoxin A (OTA) is a mycotoxin produced by Aspergillus ochraceus and
Penicillium verrucosum, known to contaminate a variety of food
commodities, such as cereals, coffee beans, beans, grapes, dried fruit. OTA
is one of the most toxic compound and widespread from the ochratoxins
group. Studies have shown that this molecule can have several toxicological
effects such as nephrotoxic, hepatotoxic, neurotoxic, teratogenic and
immunotoxic and it is believed to cause increased oxidative stress at a
cellular level [1-4]. The concerns about OTA contamination lead to the
development of high-performance detection techniques for quality
assessment.
In this work a new electroanalytical method were developed based on a
four-step reaction protocol to modify the gold electrode for sensitive
determination of OTA.
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EXPERIMENTAL
Prior to modification, polycrystalline Au electrode was subjected to
electrochemical pretreatment by applying 10 potential cycles between 0.0
and 1.5 V/pseudo Ag reference electrode, with 100mVs−1 scan rate, in 0.5M
sulfuric acid, until the CV characteristic for a clean Au surface is obtained.
The gold electrode was first
modified using bovine serum
albumin, creating a layer that
prevents non-specific binding of
OTA on gold and then was
activated
with
N-(3dimethylaminopropyl)-N’ethylcarbodiimide
/
NHydroxysuccinimide solution. The
ochratoxin A antibody was
immobilized and then OTA
Figure 1. EIS Nyquist spectra of
samples were added.
each
modification electrode step.
The electrochemical measurements
were carried out with a computercontrolled Autolab PGSTAT100 potentiostat/galvanostat (Eco Chemie, The
Netherlands). Screen-printed Au electrodes (SPCEs) were obtained
DropSens (Spain). The electrodes
incorporate a conventional threeelectrode
configuration,
which
comprises a disk-shaped Au working
(1.6-mm diameter, ca. 0.02 cm2
geometrical area, and roughness factors
Figure 2. Equivalent circuit.
of 1.2–1.4), Au counter and silver
pseudo-reference electrodes. The impedance spectra were recorded using a
sinusoidal ac potential perturbation of 10 mV (rms), in the frequency range
104 to 0.1 Hz, superimposed on a dc potential of +0.128 V, the potential of
the redox ferri/ferrocyanide couple [Fe(CN)6]4−/3−, and readings were taken
at 20 discrete frequencies per decade. The impedance spectra were plotted in
the form of Nyquist plots. All measurements were performed in a solution
of 1mM ferri/ferrocyanide couple (1 + 1 mixture) in KCl 0.1 M, as
background electrolyte at room temperature.
RESULTS AND DISCUSSION
EIS can give detailed information on the dielectric constant and barrier
properties of the layer changes in the modification process. Figure 1 shows
the Nyquist impedance spectra observed upon the stepwise modification
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process. The bare Au electrode reveals an extremely small semicircle
domain (red curve), implying a very low electron-transfer resistance R1 of
the redox probe. After the electrode was grafted with BSA-EDC-NHS film,
the R1 was significantly increased (green curve), due to the deposition of an
organic layer on the electrode surface with negatively charged terminal
carboxylic groups COO− which acts as an electrostatic barrier that repels
the [Fe(CN)6]4−/3− anions and hinders the ability of the redox probe to
access the layer and regards the electron transfer kinetics between the redox
probe and the electrode. Subsequently, antibodies were covalently combined
onto the BSA-EDC-NHS modified electrode and a remarkable drop in the
R1 was observed (blue curve). It is likely that the covalent attachment of the
antibody to the carboxyl terminus will neutralize the negative charge of
BSA-EDC-NHS modified electrode. Afterwards, the R1 increased when the
immunosensor was used to detect the OTA (light blue curve), the OTA
binding to surface-bound Ab could offer additional negative charges.
The impedance data were fitted to equivalent circuit shown in the Figure 2 that
includes the solution resistance (Rs), the electron transfer resistance (R1), the
constant phase element (Q) and the Warburg impedance element (W).
Ideally, W and Rs represented the bulk properties of the electrolyte solution
and diffusion features of the redox probe in solution and, thus, are not
affected by modifications of the electrode surface. The changes in R1 were
much larger than those in other impedance components. Thus, R1 was a
suitable signal for sensing the
interfacial properties of the
prepared immunosensor during all
these assembly procedures.
The equivalent circuit parameters
of the fitting curves for the various
steps of the immunosensor
elaboration and the
immunochemical reaction between
antibody and ochratoxin A were
determined.
Figure 3. The calibration curve.
To evaluate the immunochemical
reaction between Ab and OTA, we exposed the Ab/BSA-EDC-NHS/Au
electrode to various concentrations of OTA.
It was found that the diameter of the Nyquist circle increased with the
adding of OTA. The difference between R1 before and after incubation with
OTA is considered the analytical signal. As it can be seen in Figure 3, there
is a steady linear increase in ∆R1 as OTA concentration increases. This is
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the calibration curve which allows to determine the OTA concentration of
any solution if its ∆R1 is known.
CONCLUSION
A new label-free, highly sensitive, cost-effective and fast EIS
immunosensor for OTA detection was developed. The casting of the
protective BSA layer on the gold electrode prevents any nonspecific binding
between OTA and the gold surface, thus enhancing the specificity of the
biosensor. The specific Ab–OTA interaction induces an increase in electron
transfer resistance showing a greater impedance signal, without any
amplification step. The detection of OTA was achieved in EIS on a linear
range between 0.01 and 5 ng/mL.
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ABSTRACT
Bentonite clay from seldom investigated locality Mečji Do (MD) in Serbia
was organomodified. The organomodification was performed with
benzyltrimethylammonium (BTMA) bromide and obtained sample was
denoted as BTMA-MD. The clay sample (either Na-enriched clay or
BTMA-MD) was deposited as a thin film on glassy carbon electrode (GCE)
and tested toward electrooxidation of p-NP. Modification of GCE with
BTMA-MD significantly increased current density and enhanced the
electrode stability at p-NP oxidation wave in comparison to bare GCE and
GCE electrode modified with Na-enriched clay.
INTRODUCTION
Bentonite clay dominantly consists of smectite minerals. Smectite can be
modified with quaternary alkylammonium cations leading to material
(organoclay) with different surface properties in comparison with raw clay
[1]. Recent papers reported the investigation of organoclays as electrode
materials for the detection of ascorbic and uric acids [2], methylparathion
pesticide [3], mesotrione herbicide [4], etc.
Phenol and its derivatives, have toxic effects on humans, animals and plants,
even at very low concentrations. In particular, p-nitrophenol (p-NP) is
included in the US Environmental Protection Agency List of Priority
Pollutants. [5]. Based on these facts, wastewater treatment and detection of
p-NP in effluents are two major research directions. Electrochemical
methods have lately received considerable attention in the determination of
phenolic compounds due to advantages like fast response, cheap
instrumentation, simple operation, etc. Determination of pollutants using
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clay-modified electrode has attracted the attention of electrochemists
because of their common availability and their unique properties [6].
In this work bentonite clay from seldom investigated locality Mečji Do in
Serbia was modified with benzyltrimethylammonium (BTMA) bromide and
the obtained material was denoted as BTMA-MD. Electrochemical
investigation toward the electro-oxidation of p-NP was performed on a
glassy carbon electrode (GCE) support with thin film of homogenously
deposited clay (either Na-enriched or BTMA-MDs).
EXPERIMENTAL
The following chemicals were used as received: benzyltrimethylammonium
(BTMA) bromide (Alfa-Aesar) with a purity of 98% and p-NP p.a. (CIBA).
Bentonite clay was obtained from Mečji Do, Serbia. It was crushed, ground
and sieved through a 74 µm sieve. The Na-enriched bentonite (Na-MD) and
organoclay (BTMA) were prepared by previously described procedure [7].
The introduced amount of BTMA cations in reaction mixture was equal to
CEC value of Na-MD.
X-ray diffraction (XRD) patterns of the powders of Na-MD and the BTMAMD were obtained using a Philips PW 1710 X-ray powder diffractometer
with a Cu anode (λ=0.154178 nm).
In order to prepare modified electrodes the mixture of clay sample (Na-MD
or BTMA-MD) and 10 mass % of carbon black (Vulcan XC72, Cabot
Corporation) was homogeneously dispersed in original Nafion® solution
(Sigma-Aldrich) using an ultrasonic bath. The 5 µL of the obtained
dispersion was dropped onto the GCE surface. The solvent was removed by
evaporation at 90 °C. The obtained electrodes were used as working
electrodes, the reference electrode was Ag/AgCl in 3 M KCl and Pt foil was
the counter electrode. The device used for the electrochemical
measurements was 797 VA Computrace, Metrohm (Herisau Switzerland).
Cyclic voltammograms (CVs) were recorded at the potential scan rate of 10
mVs-1 in 0.1 M H2SO4 solution.
RESULTS AND DISCUSSION
The XRD patterns of investigated samples are presented in Figure. 1.
The investigate samples dominantly consists of smectite with minor
quantities of associated minerals like cristobalite, feldspar and quartz [8].
The larger smectite d001- value of the BTMA-MD indicated that the
interlamellar spacing of smectite was expanded by the intercalated BTMA
cations.
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The obtained d001 value of
1.47nm corresponded to
monolayer arrangement of
BTMA cations between
smectite layers [9].
The
electrochemical
behavior of p-NP on the
freshly prepared bare and
clay modified GCE was
studied using multisweep
cyclic voltammetry and the
obtained CVs are presented
in Figure. 2.
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Figure. 1. XRD of investigated clays (S = Smectite,
Cb = Cristobalite, F = Feldspar,
Q = Quartz).

Figure. 2. CVs in 10 mM p-NP+0.1 M H2SO4 of (a) bare GCE electrode (80
times enlarged scale) and clay-based electrodes: (b) Na-MD; (c) BTMA-MD.
The scan rate was 10 mV s-1. Arrows indicate changes during cycling.
The obtained currents for bare GCE were 15-26 times lower than the
currents obtained for clay-modified GCE. Also, bare GCE displayed a rapid
loss of activity. The obtained current densities at p-NP oxidation wave in the
first and tenth cycle are summarized in Table 1.
Table 1. Current densities at p-NP oxidation wave in the first (I) and tenth
(X) cycle and relative decrease of current density after ten cycles.
Sample
jI[mA cm–2]
jX[mA cm–2]
(jI-jX)/jI [%]
Bare GCE
0.13
0.02
84.6
Na-MD
2.03
0.56
72.4
BTMA-MD
3.36
3.00
10.8
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Modification of GCE with Na-MD or BTMA-MD significantly increased
current densities at p-NP oxidation wave in comparison to bare GCE. Also,
it can be observed (Table 1) that incorporation of BTMA cations in structure
of smectite dramatically improved stability of clay modified electrode.
CONCLUSION
Bentonite clay from seldom investigated locality Mečji Do (MD) in Serbia
was
Na-enriched
(Na-MD)
and
organomodified
with
benzyltrimethylammonium (BTMA-MD). The XRD data confirmed
monolayer arrangement of BTMA intercalated in smectite. The glassy
carbon electrode (GCE) containing either Na-MD or BMA-MD clay, was
tested in the electrooxidation of p-NP in acidic media. The results indicated
that the incorporation of BTMA into smectite enhanced the electrode
stability toward the electrooxidation of p-NP in comparison with bare GCE
and modified GCE containing Na-MD. The current density for the p-NP
oxidation wave was highest for BTMA-MD.
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INTRODUCTION
The pollution of surface waters by heavy metals is considered hazardous to
human health and the environment [1]. The EP using ion-exchange resin
was revived by Strathmann and Kock [2] for treating effluents containing
lead ions. However, few works have been reported on the study of the
phenomena governing the process of this method as well as the correlation
between them. In this respect the present work was undertaken to investigate
the correlation between the properties of the bivalent metallic cations and
their transfer processes using electropermutation (EP) from diluted
solutions. In this study, four metallic cations which exist frequently in
wastewaters namely Cd(II), Zn(II), Pb(II) and Mg(II) were selected
EXPERIMENTAL
The EP process was realized using a laboratory Plexiglas cell with five
compartments, all of which had the same dimensions.The width, the length
and the thickness were 2.3, 3.3 and 1 cm respectively. These compartments
were separated by cation exchange membranes (CEMs) and anion exchange
membranes (AEMs) with an effective area of 7.59 cm2, equal to the area of
each platinized-titanium electrode. The central compartment was packed by
wet cation exchange resin (CER) and fed with the same solution under
opened circuit mode.
The initial concentration of the fed was 10-3 eq.L-1 for each metallic cation.
The applied current density and the flow rate of the fed solution were 10
mA.cm-2 and 3 mL.min-1 respectively. The nature of regenerating acid
solutions was HNO3, HCl and H2SO4.
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RESULTS AND DISCUSSION

Influence of the cation-exchange membrane nature

The removal of the metal cations is followed by measuring their transfer
flow. The significance of the transfer is different from one metallic cation to
another, but for all the tested CEMs, the transfer flux follows the order:
JPb(II) >JCd(II) ≥ JZn(II) >JMg(II). Based on what Kielland and Marcus [3] have
reported, the classification of metallic cations in terms of decreasing
hydration ionic radius follows the order: rMg(II) >rZn(II) ≥ rCd(II) >rPb(II). Thus,
we conclude that the significance of the transfer of metal cations varies in
the opposite direction of their hydration radii
Table 1: Average molar flux (J) and transport number (tM(II)) of metallic
cations through different CEM in EP process.
CEM
J(10-8 mol.s-1) and tM(II)
Cd(II)
Zn(II)
Pb(II)
Mg(II)
CMX 2.742 0.069 2.424 0.061 3.422 0.087 1.815 0.046
CDS 2.618 0.066 2.358 0.059 3.170 0.080 1.588 0.040
N-117 2.548 0.064 2.367 0.060 2.998 0.076 2.180 0.055
The transfer flux results (Tab.1) show that, except for Mg(II) with N-117,
the importance of transfer flux of metallic cations in terms of the nature of
CEMs follows the order: JM(II)(CMX) >JM(II)(CDS) >JM(II)(N-117). For the
metallic cations transfer, the membrane CMX seems to be more efficient
compared to the others.
Influence of the nature of electro-regeneration cation

The results presented in Table 2 show that, the EP process gives removal
rates varying between 89 and 99 %. The order of removal rates variation in
terms of the nature of cation of electro-regeneration is:
(H+)
(NH4+) >
(Na+). It is important to note that this order is similar
>
to the metallic cations order transfer.
Table 2: Removal rate (RR) of metallic cations by EP process with different
electro-regeneration cation. CEM: CMX; Co-ion: NO3-.
ElectroRR(%)
regeneration Cd(II) Zn(II) Pb(II) Mg(II)
cation
H+
99.6
99.5
99.8
99.2
+
Na
92.2
91.5
94.9
89.5
95.7
92.1
97.4
90.1
NH4+
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are lower than 0.4. That is opposed to the case
Calculated values of
of aqueous solution where it is greater than unity, as shown in the literature
DPb
= 1.34
[4]:
DMg
CONCLUSION
- The importance of the metallic cations transfer through the CEMs tested
changes according to the same order of their affinities towards the IEMs:
JPb(II) >JCd(II)≥JZn(II) >JMg(II).
- The transfer order of the metallic cations varies in reverse order of the
hydration ionic radius of these cations: rMg(II) >rZn(II) ≥ rCd(II) >rPb(II).
- The transfer flux of the metallic cations based on the nature of CEMs
follows the order: JM(II)(CMX) >JM(II)(CDS) >JM(II)(N-117).
- The nature of the electro-regeneration cations has a neat influence on
their transferred quantities and removal rates which are in the order: (H+) >
(NH4+) > (Na+).
- The obtained removal rates were in the range 89 - 99%.
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ABSTRACT
Antioxidant (AO) activity of three phenolic natural compounds, namely
delphinidin, malvin and pelargonidin, was determined using direct current
polarographic assay based on decrease of anodic current originating from
hydroxoperxydroxomercury(II) complex formed in alkaline solutions of
hydrogen peroxide at potential of mercury oxidation. The slope of the
dependence between the percentage of the decrease and volume of gradually
added samples (linear part) were used to express AO activity. Delphinidin
showed the highest AO activity (33±5 %/µmol) followed by pelargonidin
(28±1 %/µmol) and malvin (24±1 %/µmol). The experimental results
obtained are in good agreement with the existing literature data.
INTRODUCTION
The pigments anthocyanins, one of the most widely distributed classes of
flavonoids in plants, possess ability to scavenge free radicals; their most
common aglycon forms are anthocyanidins delphinidin and pelargonidin
(Fig. 1). Different substituents in ring B of these compounds are considered
to be responsible for differences in their antioxidant (AO) activity.
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Figure 1. Anthocyanidins (a. delphinidin & b. pelargonidin) and
anthocyanin (c. malvin)
Actually, many assays have been applied to determine AO activity of
phenolics including anthocyanins and anthocyanidins. Direct current (DC)
polarographic assay based on decrease of anodic current originating from
hydroxoperhydroxomercury(II) complex (HPMC) formation in the alkaline
solutions at potential of mercury oxidation has recently been developed and
optimized [1]. Until now this assay has been applied on various samples,
both phenolics and non-phenolics [1-3]. However, the AO activity of
delphinidin, malvin and pelargonidin has not been evaluated before with DC
polarographic assay. Hence, this study aims to give an insight into AO
activity of selected natural products using the aforementioned assay,
comparing the experimental data with the results for other classes of
phenolic compounds (benzoic acids and their cinnamic analogues, flavonons
and flavan-3-ols) previously obtained using the same assay.
EXPERIMENTAL
The current-potential (i-E) curves were recorded, as described previously
[1], using the polarographic analyser PAR (Princeton Applied Research),
model 174A, equipped with X-Y recorder (Houston Omnigraphic 2000). A
dropping mercury electrode (DME) with a programmed dropping time of 1 s
as working electrode, saturated calomel electrode (SCE) as a reference and a
Pt-foil as auxiliary electrode were used. Polarograms were recorded from
potential of 0.1 V towards negative direction with a scan rate of 10 mV/s.
Samples (4 mM) were gradually added (5 aliquots of 50 µL) into 20 mL of
starting 5 mM hydrogen peroxide (Merck Darmstadt, Germany) in Clark &
Lubs (CL) buffer (pH 9.8). The solutions of delphinidin chloride, malvin
(malvidin-3,5-diglucoside) and pelargonidin chloride (Sigma-Aldrich,
Munich, Germany) were prepared immediately before i-E curves recording.
RESULTS AND DISCUSSION
The AO activity of delphinidin, malvin and pelargonidin were assessed
using DC polarography. As an example, polarograms of 5 mM solution of
hydrogen peroxide in CL buffer (pH 9.8) recorded before and after the
addition of 5 aliquots of malvin are showed herein (Fig. 2). Remaining
anodic limiting current (ilr) obtained upon addition of natural products tested
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was compared with height of initial limiting current (il0), while percentage
of il decrease was calculated upon each addition. A dose-dependent effect
on HPMC anodic current was observed. Plot of percentage of il decrease
calculated upon each addition vs malvin concentration is also shown (Fig. 2,
insert).

Figure 2. Polarographic curves obtained by gradual addition of malvin (4
mM) in 5 aliquots of 50 µL in 20 mL of buffered (CL buffer, pH 9.8)
solution of 5 mM hydrogen peroxide. Insert: percentage of decrease of
anodic limiting current (il) vs malvin added (µmol).
The slope of the linear part of dose-response curves has been used as
criterion of AO activity. The highest activity has been ascribed to
delphinidin with three OH groups in B ring (33±5 %/µmol) followed by
pelargonidin with only one OH group (28±1 %/µmol). The degree of
hydroxylation in the B ring is likely to affect AO activity as previously
showed by other assays [4,5]. Lower activity of malvin (24±1 %/µmol) is
also in accordance with the existing literature data [4]. Indeed, sugar moiety
is believed to decrease the AO ability of anthocyanins. It's worth noting that
these experimental data are in good agreement with those one obtained
using standard spectrophotometric DPPH [4] and EPR superoxide anion
radical assays [5]. According to DC polarographic assay used, these
anthocyanidins exhibited lower AO activity than flavan-3-ols, but
significantly higher than cinnamic and benzoic acids (Fig. 3) [1-3].
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Figure 3. Antioxidant activity of various natural products assessed by DC
polarographic anodic wave of hydroxoperxydroxomercury(II) complex
(HPMC).
CONCLUSION

According to the best of our knowledge, this is the first report of AO activity of
selected natural products assessed by polarography. Further studies will include
computational approach aiming to give detailed insight into observed antioxidant
potential of common anthocyanidins and anthocyanins using DC polarographic
anodic wave of hydroxoperxydroxomercury(II) complex (HPMC).
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ABSTRACT
The effect of the dipolar aprotic solvent, acetonitrile (ACN), on the
micellization of cationic surfactant, cetyltrimethylammonium bromide,
CTAB, was studied by conductance method. Specific conductivity of CTAB
in ACN−water (10/90 v/v) binary mixtures was measured in the temperature
range of 20.0−35.0 °C. The critical micelle concentrations, CMC were
estimated from the dependence of the specific conductivity on surfactant
concentration. It was found that the CMC is temperature dependent.
Moreover, the values of CMC decreased to a certain minimum and then
increased with the temperature, displaying a U-shaped behavior.
INTRODUCTION
Cetyltrimethylammonium bromide, CTAB is cationic surfactant widely
used as antiseptic, solubilizing agent for pharmaceuticals, in electrophoresis
of proteins, in hair conditioning products, and so forth. Becouse of its
amphiphilic nature, the CTAB molecules aggregate to form micelles in
solution. The minimum concentration at which the phenomenon of
micellization starts is the so-called critical micelle concentration, CMC.
Micellization is higly dependent on different factors: solvent nature,
additives such as cosolvent and cosurfactants, temperature, etc.
It is well known that the behavior of a surfactant solution is greatly
influenced by the presence of even very small amounts of organic
compounds. A particular organic additive may affect the process of
micellization either by being incorporated into the micelles or by modifying
the solvent-surfactant or solvent-micelle interaction. The investigation of
cosolvent influence on micellar and physicochemical properties of
surfactants has wide interests in both the fundamental and in the applied
research, considering significant application of surfactants in water-free or
water-poor media (as lubricants or cleaners).
In our earlier work [1] we reported the effects of cosolvent (propylen glycol,
PG) on the micellization of CTAB in PG−water (30/70 v/v) binary mixture.
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In the present paper our study is extended to the ACN since this additive is
generally used in the mobile phase in micellar liquid chromatography and
micellar electrokinetic chromatography. In these techniques, CMC is
nesessary to predict solute retention (and hence the separation selectivity).
Also, ACN as cosolvent can be used in different industrial processes
including surfactants. Thus, in this work, determination of the CMC of
CTAB in ACN−water (10/90 v/v) binary mixture at different temperatures
(20.0−35.0 °C) by conductometric measurements, was achieved.

EXPERIMENTAL
The conductivity measurements of the examined surfactant system were
carried out with digital conductivity meter HI8820N (Hanna instruments,
Portugal) with the accuracy ±0.5%, and with the matching HI17684W probe
that uses the 4-ring method. Specific conductivity values of each set
containing 15 different CTAB concentrations at a fixed solvent composition
were taken at different temperatures (20.0, 25.0, 30.0 and 35.0 °C). A
circulating water bath was used for maintaining those temperatures within
uncertainties of ± 0.2 °C.
RESULTS ANS DISCUSSION
The CMC value of CTAB in ACN−water (10/90 v/v) binary mixture was
determined from inflection in plot of specific conductivity, κ against
concentration of CTAB, cCTAB at a given temperature. The obtained plot, κ
= f(cCTAB) is a curve which consists of two segments (premicellar and
postmicellar); each plot shows the single break point, at a certain
temperature. The data points above and below the inflection were fit by the
least square method (R ≥ 0.998 in all cases) to two equations of the form: κ
= A + S×cCTAB, and by two equation solving, the point of intersection, CMC
was obtained.
Fig. 1. shows representative conductivity versus concentration for CTAB in
ACN−water (10/90 v/v ) mixture, at T = 20.0 °C. The obtained CMC were:
1.55 mmol L−1 (20.0 °C), 1.41 mmol L−1 (25.0 °C), 1.56 mmol L−1 (30.0 °C)
and 1.76 mmol L−1 (35.0 °C).
The CMC decreased to a certain minimum point and than increased with
temperature increase (Fig. 2.). Fig 2. is 3rd-order polynomial function fitted
to the CMC (R = 1). Minimum of function correspond to CMC* = 1.403
mmol L−1 and T* = 24.3 °C. The reduced both CMC and temperature, CMCr
= CMC/CMC* and Tr = T/T*, for examined surfactant system were
determined from CMC* and T*. Moreover, the effect of temperatures on the
CMC can be shown by the power low: ln|CMCr−1| = ln A + n ln|Tr − 1|. The
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obtained characteristic exponent, n is 1.5. This quantity is a bit higher than
CTAB−water system value [3].
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Figure 1. Plot of specific conductivity, κ versus total concentration of
CTAB, cCTAB in ACN−water mixture (10% (v/v)) at 20.0 °C
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Figure 2. CMC of CTAB in ACN−water mixture (10% (v/v)) as a function
of temperature
CONCLUSION
Micellization of CTAB in ACN−water (10/90 v/v) binary mixtures is
affected by temperature. In the examined temperature range of 20.0 − 35.0
°C, the CMC decreases to a minimum value and then increases, displaying
U-shaped behavior. The obtained both minimum CMC and temperature are
CMC* = 1.403 mmol L−1 and T* = 24.3 °C. Furthermore, the temperature
CMC dependences can be described by a power low between CMCr and Tr
from which the characteristic exponent n = 1.5 is obtained.
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ABSTRACT
The electrochemical behavior of Quinoxaline (QUI) was investigated by
cyclic (CV), differential pulse (DPV) and square wave (SW) voltammetry
using glassy carbon (GCE) and boron doped diamond electrode (BDDE).
Chloride, acetate, phosphate and ammonia buffers (pH 2.0-10.0) were used
as supporting electrolytes and pH influence on electrochemical behavior of
QUI was analyzed. The reduction of QUI occurs as quasi-reversible reaction
in acid medium, reaching the full reversibility in alkaline solutions.
Reduction process involves the transfer of two electrons and two protons at
the pyrazine ring of quinoxaline. In acid solutions QUI reduction product is
further oxidized in one electron process irreversibly. The nature of electrode
processes was found to be controlled by diffusion.
INTRODUCTION
Quinoxaline, also called as benzopyrazine (Fig. 1.) is heterocyclic
compound containing benzene and pyrazine ring. Pyrazines are stable,
colorless compounds soluble in water [1,2]. QUI exists in three different
forms in solutions, depending on pH value. Theoretically [2], at pH<1.2
both nitrogen atoms are protonated, in pH range 1.2 − 4.0 one nitrogen atom
is deprotonated, while at pH > 4 both of them are deprotonated. The
electrochemical behavior of quinoxalines is significantly influenced by the
pH due to the protonation of its electroactive groups.
As a result of this the shift of the peak
potential can be observed. QUI represents the
basic part in the structure of some antibiotics
[1], preparations for smoking cessation
(Varenicline),
antiglaucoma
agents
(Brimonidine) [3,4] and recently it has been
used as an antineoplastic drug [1] in cancer
Figure 1. QUI structure
treatment.
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EXPERIMENTAL
The voltammetric measurements were performed with an µAutolab analyzer
(EcoChemie, Utrecht, The Nederlands). Three-electrode system was
employed: Ag/AgCl as reference electrode, Pt-auxiliary electrode, and GCE
and BDDE electrodes as working electrodes. Before each experiment the
GCE and BDDE were manually polished using the aqueous slurry of Al2O3
powder (particle size 0.05µm) on a smooth polishing pad, rinsed with
bidistilled water and then sonicated in absolute ethanol. To improve the
electroanalytical response, after polishing, BDDE was either cathodically or
anodically pretreated to obtain hydrogen or oxygen-terminated electrode [3].
Cathodic and anodic pretreatment were done in 0.25 moldm-3 H2SO4 by
applying the potential of -1.5 V and +1.2 V for 60 s, respectively. Chloride,
acetate, phosphate and ammonia buffers were used as supporting
electrolytes. An appropriate volume of supporting electrolyte of different
pHs were placed in electrochemical cell, de-aerated for 10 minutes with
high purity nitrogen and QUI stock solution was added to make its final
concentration of 1×10-4 moldm-3, 2×10-5 moldm-3 and 5×10-5 moldm-3 for
CV, DPV and SW, respectively. The cyclic voltammograms were recorded
at scan rate ranged 10 − 100 mVs-1. The experimental parameters for DPV
were: pulse width 50 ms, scan rate 5 mVs-1 and pulse amplitude 50 mV. For
SWV the following conditions were selected: frequency 25 Hz and potential
increment 2 mV, corresponding to an effective scan rate of 50 mVs-1, and
the pulse amplitude of 100 mV.
RESULTS AND DISCUSSION
The redox behavior of 1×10-4 moldm-3 QUI was initially studied by CV in
0.1 moldm-3 acetate buffer pH 5.4. The cyclic voltammograms were
recorded in three successive scans starting from 0.0V, towards -1.35 V and
reversing to the positive potential limit of +1.45 V, at a scan rate 100 mVs-1.
Both electrodes showed similar behavior. On the first negative-going scan,
one cathodic peak (Ic) was obtained at Ep ~ -0.6 V. Changing the scan
direction, one main anodic peak (Ia) appeared at Ep ~ -0.5 V and one
additional anodic peak (IIa) at potential Ep = +0.15 V at GCE, and Ep =
+0.25 V at BDDE were noticed. Recording the cyclic voltammograms in the
opposite direction starting from 0.0 V going to +1.45 V and reversing to 1.35 V under the same conditions, the second anodic peak (IIa) was not
present in the first scan, but it appeared in the second and third scan (Fig.
2.). All recorded CVs at different pH values indicate the same behavior at
both electrodes: the irreversibility of process represented by second anodic
peak (IIa), and the partial reversibility (increasing with pH) of the process
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represented by cathodic and first anodic peaks (Ic and Ic). The reduction
peak (Ic) exists at all investigated pH values, and the peak potential was
shifted to more negative values with increasing pH.
The linear dependence of Ep vs. pH
was
obtained
following
the
equations: Ep,Ic = -0.339 V - 0.051 V
× pH at GCE, and Ep,Ic = -0.330 V 0.059 V × pH at BDDE. Both slopes
of 51 mV and 59 mV suggested the
same number of electrons and
protons involved in the reduction
process. Analyzing the difference
between peak potential and halfheight peak potential, the number of
-4
-3
electrons transferred in the rate
Figure 2. CV of 1×10 moldm
QUI, pH 5.4; (---) first, (−) second determining step is found to be n =
2, suggesting that the reduction
and (⋅⋅⋅) third scan in the positive
direction at scan rate of ν=100mVs-1 occurs with the transfer of two
electrons and two protons.
Cyclic voltammograms were recorded at different scan rates ranged from 10
to 100 mVs-1. A linear dependence of logIp,Ic vs. log ν was obtained at all
investigated pH using both electrodes. The corresponding slopes which
were always less than 0.5 indicated the diffusion controlled process.
The oxidation peak (Ia) exists also at all investigated pH values, and the
peak potential was shifted to more negative values with increasing pH. The
linear dependence of Ep vs. pH with slopes of 57 mV(at GCE) and 53 mV
(at BDDE), as well as the difference between peak potential and half-height
peak potential, also suggested that two electrons and two protons are
involved in this redox process. Second oxidation peak (IIa) is present at both
electrodes at pH < 7. Its peak potential and intensity are pH dependent.
Results indicate that the process is irreversible, diffusion controlled, and
involves the transfer of one electron and one proton.
The width at the half height of the DPV peaks Ic and Ia representing redox
process at the pyrazine ring recorded in 0.1 moldm-3 acetate buffer pH 3.6,
indicates the transfer of two electrons what is in accordance with the results
obtained by CV. Second DPV anodic peak, IIa, showed the width at the half
height of W1/2~120mV indicating that the oxidation of the QUI reduction
product occurs with the transfer of one electron.
Square wave voltammetry is a powerful technique with possibility to reveal
if the electron transfer reaction is reversible or not, based on sampling the
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current in positive and negative-going pulses at the same time, so peaks that
correspond to the reduction and oxidation may be obtained at the same time
in the same scan. SW voltammograms were recorded at pH 2.15, 3.6 and
8.0. One peak corresponding to peak Ic was obtained in total cathodic
current. In acid medium peak current in backward component was lower
than in forward one, while at pH 8.0 forward and backward current
components were equal, confirming redox process to be quasi-reversible
reaction in acid medium, reaching the full reversibility in alkaline solutions.
To investigate the oxidation process, SW voltammograms were recorded in
the opposite direction. In the backward component of the IIa peak current, a
small peak appears with lower peak current in backward component than in
forward one, indicating the process being not completely irreversible as
suggested by CV, but more likely, quasi-reversible.

CONCLUSION
According to the results obtained, the redox mechanism of QUI at GCE and
BDDE was postulated and presented in the Scheme 1. The mechanism
established could be very useful and recognizable for further studies of
structurally similar compounds containing this ring.

Scheme 1. Electrochemical redox mechanism of QUI
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ABSTRACT
Study of the electroreduction behavior and adsorption of seven
cephalosporins at the mercury electrode surface has been performed using
Adsorptive Stripping Differential Pulse Voltammetry (AdSDPV). The
Quantitative Structure Property Relationship (QSPR) study of the
cephalosporins adsorption at the mercury electrode, based on the density
functional theory B3LYP/6-31G(d,p) calculations of molecular parameters,
explains well the process of adsorption of the examined cefpodoxime
proxetil, cefotaxime, desacetylcefotaxime, cefetamet, ceftriaxone,
ceftazidime, and cefuroxime axetile. QSPR study defined that
cephalosporins with lower electron density on the nitrogen atom of the N-O
bond, lower charge of sulphur in the thiazine moiety, higher principal
moment of inertia and higher number of hydrogen bond accepting groups
should express high adsorption on the mercury electrode.
INTRODUCTION
Methoxyimino cephalosporins are semi-synthetic β-lactam antibiotics
bearing methoxyimino group in the side chain at C7 position, which is
reducible at mercury electrode. The modern voltammetric techniques for
electrochemical study and determination of low concentrations of
cephalosporins in vivo are based on the adsorptive accumulation of
cephalosporins at DME and solid electrodes as well. [1-6].
The reduction mechanism of the metoxyimino cephalosporins at DME was
established and reported in our previous papers [7-11]. Now we extend our
AdSDPV study on structurally related ceftriaxone, ceftazidime, and
cefuroxime axetile and performed QSPR study on the whole
cephalosporin’s data set. To our knowledge, there is no experimental or
theoretical study on the relationship between cephalosporine structure
properties and electrochemical behavior.
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EXPERIMENTAL
Cephalosporins (CEF) were from Sigma and all chemicals were of
analytical grade quality. The Britton-Robinson (BR) universal buffer was
prepared from stock solutions of 0.04M boric, orthophosphoric and acetic
acids with the appropriate volumes of 0.2M NaOH.
Selection of dominant molecules/ions species at experimental pH 2.0-3.5
have been performed using the Marvin 5.5.1.0 program. The minimum
energy conformations of the analyzed compounds were obtained by using
the B3LYP hybrid functional included in the 3-21G basis set (B3LYP/321G). Molecular descriptors of the obtained molecular models were
computed by MarvinSketch 5.1.5.0, Chem3D Ultra 7.0.0 and CS Gaussian
98 (B3LYP/6-31G (d, p) programs. The experimentally determined slope
(∆ip/∆v) and the computed molecular parameters of the examined
cephalosporins were used to build the Partial Least Square regression (PLS)
- QSPR model and to examine electrochemical adsorption and electroreduction mechanism of the cephalosporins.
RESULTS AND DISCUSSION
The mechanism of the metoxyimino cephalosporins at DME confirmed that
cephalosporins reduction was mostly complicated by the effects of
adsorption at the electrode surface.
The symmetrical shape of voltammetric peaks of cefpodoxime, cefotaxime,
desacetylcefotaxime and cefetamet, as well as the pronounced maxima of
the curves presenting the current intensity vs. pH, indicated the strong
adsorption of these compounds at mercury surface. The linear dependence
of ip vs. v is also characteristic for adsorption controlled processes, and the
higher slope is obtained when the adsorption is more pronounced. The
experimentally obtained slopes (∆ip/∆v, Table 1) indicates the
electrochemical adsorption at the mercury electrode for some
cephalosporins investigated. It is obvious that the adsorption prevails in an
acid medium. The differences observed between the investigated
compounds are the consequence of specific adsorption and different
orientation of these molecules at the mercury surface. It was established that
more the bulky C7 substituent was, the adsorption was more pronounced.
Since all these compounds possess the 2-aminothiazole ring at C7, which is
planarly oriented to the mercury surface, it may be assumed that this ring
has a great role in adsorption. The presence of NH3+ group of aminothiazole
ring in acid medium, contributes to the adsorption, due to the electrostatic
forces with mercury surface in the negative potential range. Also, the
presence of electron donors, as nitrogen and oxygen atoms in the side chain,
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increases the adsorption of metoxyimino cephalosporins, due to the electron
density increase of thiazole ring.
Although the substituent in C2 and C3 position shows less contribution to
the adsorption related to C7 substituent, the presence of these different
structures causes the difference in adsorption characteristics. Therefore,
more complex structure of cefpodoxime proxetile and ceftriaxone related to
desacetilcefotaxime and cefetamet explains more strongly pronounced
adsorption.
The QSPR study of ceftriaxone, cefpodoxime proxetile, ceftazidime,
cefotaxime, desacetilcefotaxime, cefuroxime axetile, and cefetamet
adsorption at the mercury electrode, was performed by use of the PLS
regression. In the QSPR study, the experimentally determined slope
(∆ip/∆v), obtained with use of the AdSDPV technique on the mercury
electrode, were used as dependent variables, while the computed molecular
parameters of the examined compounds were considered as independent
variables. Optimal combination of the most relevant descriptors (HBA,
Electron Density of Nitrogen of the N-O bond (ED(N)), PMIY, HBA-HBD,
PSA, MR, ClogP, Radius, and Mulliken Charge of Sulphur in the thiazine
moiety (Chrg(S)) for QSPR models building were selected on basis of the
R2, Q2, RMSEP values of the obtained PLS models. The PLS-QSPR-model
with three significant components, R2=0.990, Q2=0.907, with the lowest
RMSEP (4.074) and the highest r2 (Obs vs. Pred; 0.995), was selected for
further study (Table 1). The obtained statistical parameters of the PLSQSPR model pointed on a good prognostic capacity of the developed QSPR
model (Table 1). Prediction of the slope (∆ip/∆v), with use of the developed
PLS-QSRR-model, can be applied to the other related cephalosporins.

Table 1. Observed and QSPR-predicted electrochemical adsorption on the
mercury electrode (slope (∆ip/∆v)).
Slope (∆ip/∆v)
QSPR-Predicted slope
Compound
[µAV-1S]
(∆ip/∆v) [µAV-1S]
Ceftriaxone (+/-, +)
134.07
131.172
Cefpodoxime
proxetile
65.80
70.531
Ceftazidime
35.56
33.735
Cefotaxime
17.40
22.870
Desacetilcefotaxime
16.30
19.774
Cefuroxime axetile
14.43
10.052
Cefetamet
13.70
9.126
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Total Charge Density Maps on the molecular orbital surfaces have
confirmed higher electron densities around the nitrogen of the
cephalosporins with lower adsorption on the mercury electrode surface, such
as cefotaxime, desacetilcefotaxime, cefuroxime-axetile, and cefetamet.

CONCLUSION
Our AdSDPV study of the electro-reduction behaviour and adsorption of
metoxyimino cephalosporins on a mercury electrode surface has been
extend on a different, but structurally closely related cephalosporins,
ceftriaxone, ceftazidime, and cefuroxime axetile.
The QSPR study defined the influence of the most significant molecular
parameters on adsorption at the mercury electrode surface.
Prediction of the electrochemical adsorption (∆ip/∆v) with use of the PLSQSPR model is a very helpful tool which could be applied to the other
related cephalosporins.
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ABSTRACT
The interaction between Varenicline (VAR) and DNA was investigated by
square wave voltammetry (SWV) using DNA-modified glassy carbon
electrode as biosensor in acetate buffer pH 4.6. A SW voltammogram of
DNA layer at DNA-electrochemical biosensor showed two anodic peaks
corresponding to the oxidation of deoxyguanosine (Ep = +1.03V), and
deoxyadenosine (Ep = +1.28V). A SW voltammogram of VAR shows one
peak (Ep = +0.22V) due to the oxidation of Varenicline reduction product.
Binding interaction was investigated by incubating DNA-electrochemical
biosensor for 10 min in the VAR solution. Recorded SW voltammogram
showed change in intensity of the VAR, deoxyguanosine and
deoxyadenosine peaks due to the interaction.
INTRODUCTION
The development of an electrochemical DNA-biosensor that can be used to
sense in vivo oxidative damage of DNA is of crucial importance. In health
preventing perspective, detection of in vivo oxidative damage to DNA can
be very useful for screening the effect on DNA caused by different
oxidizing substances, especially carcinogens. For this purpose voltammetric
methods are very suitable since they are inexpensive and fast procedures.
Electrochemical DNA-biosensors can be used to investigate the interaction
of drug substances with double helix DNA in order to determine the type of
the specific interaction between drugs and DNA base pairs, and to elucidate
electrochemical mechanism of the interaction. This kind of research helps
understanding the real action scenario that occurs in living cell [1].
There are two main binding modes between drugs and DNA: covalent and
non-covalent. The most common mode of non-covalent binding is
intercalation. Intercalation results from insertion of a planar aromatic system
between dsDNA base pairs [2]. An electrochemical biosensor for detecting
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DNA-drug interaction consists of an electrode with DNA layer on its
surface. DNA-electrochemical biosensors enable the study of the interaction
of DNA immobilized on the electrode surface with analytes in solution, with
DNA acting as a promoter between the electrode and the substance under
study. Interactions of the surface-confined DNA with a DNA damaging
agent are converted, via changes in electrochemical properties of the DNA
recognition layer, into measurable electrical signals [3].
VAR was used as model molecule for investigation of DNA-drug
interaction. VAR is quinoxaline derivative. Quinoxaline is planar aromatic
molecule and represents the basic part in the structure of some anticancer
drugs [4]. According to the structure and activity of similar compounds the
interaction of VAR and DNA may be predicted.

EXPERIMENTAL
In this study square wave (SW), and cyclic voltammetry (CV) were used.
The measurements were performed with µAutolab analyzer (EcoChemie,
Utrecht, The Nederlands) in three-electrode system containing glassy carbon
working electrode (GCE), Ag/AgCl reference and Pt-auxiliary electrode.
Acetate buffer pH = 4.6 was used as supporting electrolyte. The DNAelectrochemical biosensor was prepared by successively covering the GCE
surface with three drops of 100 µgmL-1 DNA solution in 0.1 moldm-3
acetate buffer, pH 4.6. After placing each drop on the top of the electrode
surface, the electrode was dried under a flux of N2, and the multilayer DNA
biosensor was formed.
Varenicline modified GCE was prepared by immersing the electrode in 100
µgmL-1 VAR solution in 0.1 moldm-3 acetate buffer, pH 4.6, for 10 min
without potential applied. After washing in water in order to remove the
unbound varenicline molecules, modified electrode was placed in pH 4.6,
0.1 moldm-3 acetate buffer electrolyte and SW voltammogram was recorded.
Before each experiment the GC electrode surface was polished manually
with aqueous slurry of Al2O3 powder (ø 0.05 µm) on a smooth polishing
pad, then sonificated for 2 min in ethanol. All reagents were p.a. purity
grade. Standard of VAR was kindly donated by ALIMS. Double-stranded
calf thymus DNA was purchased from Sigma-Aldrich.
RESULTS AND DISCUSSION
Electrochemical behavior of VAR was studied by using CV. In the whole
pH range one cathodic peak with Ep ranged from -0.4 V at pH 2.0 up to 0.90 V at pH 12.0, appears when the potential was scanned within the range
of 0.00 V to -1.20 V. Changing the scan direction slightly pronounced
anodic peak appeared at potentials similar to the cathodic peak, indicating
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the quasi-reversibility of the process. With further increasing of positive
potential, second anodic peak appeared at Ep ranged from 0.4 V at pH 2 to
0.03 V at pH 8. Recording the cyclic voltammograms in the opposite
direction, starting from 0.0V, going to +1.6V and reversing to -1.2 V under
the same conditions, the second anodic peak was not present in the first
scan, but it appeared in the second scan. According to this result and having
in mind that reduction process is not fully reversible, second anodic peak
probably corresponds to the irreversible oxidation of VAR reduction
product formed at GCE surface during the first scan.
The scan rate studies were carried out to assess whether the process at the
electrode surface was under diffusion or adsorption control. Using the
concentration of 2.5×10-4 moldm-3 of VAR at different pH values, the
voltammetric peak currents were followed as the scan rate was varied over
the range of 5 - 100 mVs-1. The linear response of Ip vs. scan rate was
obtained (Ip ( A) = 233 ν (Vs-1) + 6.905, r=0.994, pH=4), indicating the
adsorption nature of the electrode process. This was confirmed by the slope
of the plot of the logarithm of the peak current vs. logarithm of the scan rate
which was between 0.5 and 1.0 what is characteristic for the adsorption
controlled processes.
Varenicline strong and irreversible adsorption on the surface of electrode
was used for making varenicline-modified electrode. Varenicline modified
GCE was prepared by placing the 20 L drop of 100 µgmL-1 VAR solution
for a 10 min accumulation
period without potential
applied. Recorded SW
voltammogram of VAR
adsorbed on GCE showed
one peak (Ep = +0.22V) due
to oxidation of VAR
reduction product (Fig.1.).
SW voltammetry method
was
optimized
for
electrochemical oxidation of
DNA layer at DNAelectrochemical biosensor
using experimental design.
Figure 1. SW voltamograms in 0.1 moldm-3 Optimal conditions: pH 4.6,
frequency 25 Hz, potential
acetate buffer pH 4.6: VAR (⋅⋅⋅), DNA (-⋅-)
increment 1 mV, and pulse
__
and DNA-VAR interaction ( ), buffer(---),
amplitude 5 mV, were
obtained. SW voltammogram of DNA layer at DNA-electrochemical
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biosensor showed two anodic peaks corresponding to the oxidation of
deoxyguanosine, dG, (Ep = +1.03 V), and deoxyadenosine, dA, (Ep =
+1.28V) as presented in Fig.1.
Interaction was studied by comparing SW voltammograms obtained on
Varenicline modified GCE, DNA modified GCE and incubating DNAelectrochemical biosensor for 10 min in the 100 µgmL-1 VAR solution (0.1
moldm-3 acetate buffer, pH 4.6). Recorded SW voltammogram showed
decreased peaks of the VAR (∆Ip = 10 nA), deoxyguanosine (∆Ip = 17 nA)
and deoxyadenosine (∆Ip = 42 nA ) due to the binding interaction. The
effect of the incubation time on the DNA-VAR interaction was also
investigated.

CONCLUSION
The decrease of VAR peak intensity indicates its consummation from the
adsorbed layer. The decrease of DNA oxidation peaks may be attributed to
the mechanism that involves condensation and formation of more rigid
structures due to the intercalation of VAR into DNA strands [5] what leads
to the conformational changes in the DNA structure.
All these results proved the interaction between DNA and VAR at modified
glassy carbon electrode. This study used simple electroanalytical
methodology and showed the potential use of DNA/GCE biosensor for
investigation of DNA-drug interaction and potential genotoxic effects.
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ABSTRACT
The hydrogen evolution reaction on cobalt electrode in aqueous chloride
solutions was studied by performing current-potential measurements. The
experiments were made in the 17.5-46.5°C temperature range. The pH of
the studied solutions varied in the range 1.90 to 6. The cathodic polarization
curves were plotted at different angular speed rotating disc electrode varying
from 500 to 5000 rev/min. From this study it was found that the reaction
proceeds via the Butler-Volmer mechanism and the kinetic parameters of
the process were determined.
INTRODUCTION
The relative position of cobalt and hydrogen in the scale of standard
potentials leads to a continuous competition for the deposition of these two
elements. Hydrogen evolution weakens the current efficiency of cobalt and
creates polarization phenomena [1]. The preferred orientation and the
mechanical behavior of deposits, their hydrogen content and internal
stresses depend primarily on the deposition rates of cobalt and hydrogen [2].
Depending on the pH and on the applied potential or current, the hydrogen
evolution reaction occurs simultaneously with cobalt electrodeposition [3].
EXPERIMENTAL
A temperature-controlled cell used. The working electrode was a cobalt (“J.
M. products”, 99.99% purity) rotating disk embedded in a Teflon tube. A
platinum rod was used as the counter electrode; the reference electrode was
a SCE. The supporting electrolyte was sodium chloride. The pH value was
adjusted from 1 to 6, by using HCl and the experiments were carried out at
temperatures ranging from 17.5 to 46.5 °C. The cobalt disk electrodes were
polished with abrasive papers (grade 600 and 1200), then with 6 and 1
micrometer diamond pastes. Finally, the electrodes were washed for 10
minutes with acetone under an ultrasonic field, rinsed with deionised water,
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just before the experiment. The electrolyte was flushed for 15 minutes by an
argon flow before the electrochemical studies, which were carried out using
a potentiostat-galvanostat EG&G PAR Model 273.

RESULTS AND DISCUSSION
A series of experimental stationary polarisation curves obtained at pH = 1.9
are reported on figure 1. The proton reduction wave starts from E = - 0.6
V/SCE, whereas the Nernst H2/H+ equilibrium potential is equal to – 0.36
V/SCE. The proton reduction is slow and limited by diffusion only at very
negative potentials, and can be considered as a quasi-reversible reaction.

Figure 1 : The steady polarization curves related to the hydrogen evolution
on a rotating cobalt disc electrode, for various electrode rotation speeds.
Temperature : 17,5 °C, electrolyte : NaCl 1M, pH=1,90, 1: neutral NaCl
solution (1M), 2 :500 rpm, 3 : 1000 rpm, 4 : 2000 rpm, 5 : 3000 rpm, 6 :
4000 rpm, 6 : 5000 rpm.
A well known procedure [4], involving the study of the dependence of i on
ω, makes it possible to determine kinetics data from the mixed region of the
i(E) curve. Moreover, for cathodic overpotentials ηc < -2.3RT/2(1−α)nF, it
is not necessary to consider both the forward and backward reactions, and
the equation i(ω) simplifies to: 1/i = 1/iact,H2/H+ + 1/i∞,H+ (1)
Thus, taking into account the expressions of iact,H2/H+, the activation current
density related to the H2/H+ couple, and i∞,H+, the convective diffusion
(2)
current density limit of H+: iact,H2/H+ = i0exp(-(1−αH+)Fη/RT)
1/6
+
2/3 1/2
i∞,H+ = 1.61ν /nF(H )0DH+ ω ,
(3)
equation (1) becomes:
1/i = 1/i0exp(-(1−αH+)Fη/RT) + 1.61ν1/6 /nF(H+)0DH+2/3ω1/2 (4)
Plots of 1/i versus f(1/√ω) reported on figure 2 were drawn for several
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values of the potential selected in the range –0.85 to –1.01 V/ECS. The
currents used to construct figure 2 were corrected for base line current.

Figure 2: ic-1 (A-1cm²) vs ω-0,5( rad-0,5 s0,5) curves related to hydrogen
evolution on a rotating disc electrode, for various cobalt electrode
potentials: 1: - 1.01 V/SCE, 2: -0,948 V/SCE, 3: -0,90 V/SCE, 4: -0,875
V/SCE, 5:- 0,85 V/SCE, 6: - 0,80 V/SCE.
These plots are linear and reasonably parallel, in keeping with equation (4).
They intercept the 1/i axis at negative values which correspond to the
activation current density. The corresponding (i, η couples of values
reported on table 1 are used to obtain the Tafel plot related to the H2/H+
exchange.

Table 1: A series of (i, η) values related to the H2/H+ exchange.
-0.650
-0.588
-0.540
-0.514
-0.494
η/ (V)
I / (A cm-2) 0.256

0.098

0.054

0.041

0.032

The exchange current density obtained is i0,H+/H2 = 4.2 10-5A.cm-2, the
cathodic transfer coefficient computed from the slope is 0.33. This value is
comparable to that found by Peraldo Bicelli [5] The kinetics of the reduction
of the proton on a cobalt electrode can be described by a classical ButlerVolmer equation [6]:
Ic (A/cm ²) = - i0, H + / H2 exp [- βnFη / RT] = - 4.2 10-5 exp [ -0.33 Fη / RT ]
The plot of the limiting current density of convective diffusion of proton in
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function of the square root of the angular speed of rotating disc electrode
shows that the Levitch’s law is checked for each temperature and the
diffusion limited current density of the reduction of the proton increases
with temperature. The plot of the limiting current density of convective
diffusion of proton in function of the square root of the angular speed of
rotating disc electrode shows that the Levitch’s law is checked for each
temperature and the diffusion limited current density of the reduction of the
proton increases with temperature. The values of the diffusion coefficient of
the proton, at different temperatures, are reported in Table 2. Values are
comparable to those in the literature [7].

Table 2: values of diffusion coefficients of proton at different temperatures
Température/°C
17,5
28,5
36
46,5
D105/cm2s-1
4,70
5,5
6,2
7,05
The variation of the diffusion coefficient with temperature satisfies the
Arrhenius law. The quantity ln (D/cm ²/s) is a linear function f (1/T):
ln (D / cm ² / s) = 1270.2 T-1 - 5.6369
The value of the activation energy of the proton diffusion calculated from
the slope of the line is 10.56 kJ / mol.

CONCLUSION
The kinetics of the reduction of the proton on a cobalt electrode can be
described by a classical Butler-Volmer equation. The exchange current
density mesuared in NaCl 1M, at pH=1,90 and temperature = 17,5 °C was
equal to 4.2 10-5A.cm-2, the cathodic transfer coefficient computed from the
slope is 0.33. The values of the diffusion coefficient of the proton, at
different temperatures, were determined and the value of the activation
energy of the proton diffusion calculated is 10.56 kJ / mol.
REFERENCES
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ABSTRACT
High conducting polyaniline (PANI) nanofibres deposited onto glassy
carbon support were studied in sulphuric (1mol dm-3 H2SO4) and
hydrochloric (1mol dm-3 HCl) acid by both potentiodynamic and complex
impedance methods. A large charge storage capacity was obtained in each
of investigated acid solutions, particularly in HCl one. For instance, specific
capacity amounting to 340 Fg-1 was observed potentiodynamically in 1mol
dm-3 HCl at a scan rate of 10 mVs-1.
INTRODUCTION
Over the past years, the use of polyaniline (PANI) in various fields of
advanced technology including electronics, catalysis, energy storage,
sensors, biochemistry and so on, was the focus of active research. Thanks to
an electrochemical reversibility of redox reactions, stability in various
environments and significantly lower cost compared to metal-based oxides,
PANI has attracted enormous interests in the field of supercapacitor
applications [1]. The aim of this study was to examine the capacity storage
performance of polyaniline nanofibers prepared by oxidative polymerization
of aniline using an oxidizing agent KJO3 in a strong acidic solution.
EXPERIMENTAL
PANI nanofiber structures were synthesized by a facile method described in
a previous report [2]. KJO3 (0.432 g) was added to an aqueous solution of
1.25 mol dm-3 hydrochloric acid (12 ml) followed by addition of 0.48 ml of
aniline under stirring for 10 minutes. The reaction mixture was filtered and
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washed thoroughly with distilled water and acetone, and finally isolated
PANI precipitate was dried in a vacuum oven at 40 oC overnight.
For electrochemical investigations, the working electrode was made from
the synthesized material (85%), carbon black (10%) and
poly(vinylidenefluoride) (PVDF) binder (5% PVDF solution)
homogeneously mixed in N-methyl 2-pyrrolidone. The slurry was treated
for about 40 min in an ultrasonic bath, deposited homogeneously on a
conductive support, and dried under vacuum at 120 oC for 4h. The
electrolytes were 1 mol dm-3 HCl and 1mol dm-3 H2SO4.
Both cyclic voltammetric (CV) and impedance measurements were
performed in a three-electrode type electrochemical cell, with the Pt as
counter electrode, and saturated calomel electrode (SCE) as reference
electrode, connected to Gamry PCI4/300 Potenstiotat/Galvanostat.
Impedance measurement was performed within the frequency range
between 10-2-105Hz by applying an AC signal of 5mV amplitude.

RESULTS AND DISCUSSION
As reported previously [2], the PANI has dominantly nanofibrillar
morphology, and displays the high electronic conductivity of 2.69 S cm-1.
Figure 1 shows the cyclic voltammograms obtained by potentiodynamic
cycling of PANI at 20mVs-1 in the potential range between -0.2 and 0.8V
vs. SCE in aqueous solutions of 1mol dm-3 HCl and 1mol dm-3 H2SO4.
The
presence
of
the
pseudocapacitive
cathodic
and
anodic peaks is associated to the
reversible redox processes of PANI
in acidic aqueous medium [3]. The
first couple of oxidation/reduction
peaks positioned at ~0.27/0.06 V vs.
SCE corresponds to transition
between reduced leucoemeraldine
and emeraldine salt. The broad peak
positioned at 0.5 V vs. SCE is
generally attributed to the formation
of
benzoquinone
degradation
Figure 1. Potentiodynamic cycling
products and formation of crossof PANI in acidic electrolytes
linked polyaniline chains by direct
during first ten cycles
reaction between parts of the
polyaniline chain itself . Further oxidation of emeraldine salt is associated
by further doping by ions so pernigraniline salt is obtained [3]. However,
potential was swept up to 0.8V vs. SCE in order to avoid PANI
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overoxidation and thus ensure excellent stability of capacity upon initial
cycling as evidenced by overlapping of CV curves. Having in mind that
electrochemical capacitance is proportional to the area under the CV curves,
obviously, somewhat better charge storage of PANI was achieved in HCl
than in sulfuric solution.
Figure 2 shows the CVs of PANI in 1mol dm-3 HCl and 1mol dm-3 H2SO4
recorded at different scan rates. The CVs kept its basic shape at all scan
rates, indicating stable and reproducible capacitance behavior. The values of
capacity obtained by integration of corresponding CV curves are presented
in Table 1.

Figure 2. Cyclic voltammograms of PANI in 1 mol dm-3 HCl (left) and
1mol dm-3 H2SO4 (right) recorded at different scan rates
Table 1. Specific gravimetric capacitance (Fg-1) of PANI calculated
from cyclic voltammetry measurements at different potential scan rates.
Scan rates/ Anodic capacitance / Fg-1
Cathodic capacitance Fg-1
-1
mVs
HCl
H2SO4
HCl
H2SO4
10
340.6
264
314.3
240.8
20
323,4
251
310.3
238.1
30
307.9
237
299.4
228.9
50
279.4
220
273.8
215.3
100
227.2
192
222.8
189.2
Specific capacitance decreases with the increase of the scan rate, which is a
common behavior of all supercapacitor, attributed to limited ability of ions
to penetrate into surface pores at higher current rates. At the scan rate of 10
mVs-1, capacity in HCl solution amounted to 340 Fg-1 which is in the range
of N-doped carbonized PANI-based materials [4]. Higher capacitance in
HCl was evidenced at all scan rates and can be attributed to lower charge of
Cl- ions vs. SO42- ions [3]. The lowest efficiency, expressed as the ratio of
cathodic and anodic capacitance at 10 mVs-1, can be attributed to the
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formation of some higher amount of irreversible pernigraniline form upon
cycling compared to the one formed at higher sweep rates.
The differences in the charge storage abilities in HCl and H2SO4 solutions
was observed also by impedance measurements. Figure 3 shows the
frequency dependence of capacity in both acidic aqueous electrolytes at a
common applied voltage of 0.47 V
vs SCE. As found by CV method,
higher capacities in HCl solutions,
may
originate
from
easier
accessibility of Cl ions to the pores
of PANI surface. From Figure 3 it
can be observed that the capacitance
value still remains high up to 1Hz
which is very important from the
practical pont of view.

CONCLUSION
Figure 3. Capacitance vs.
The nanofibrous PANI synthesized
frequency
by a simple chemical oxidation route
was shown as promising material for supercapacitor applications. It's high
pseudopacitance performance in acidic aqueous electrolytic solutions
originate from a very high electronic conductivity and developed surface
rich in active redox groups. Additionally, the choice of acid counterion is
the factor of charge storage capability. Namely, specific capacities of PANI
at 10mVs-1 amounted to 340 Fg-1 in HCl and 264 Fg-1 in H2SO4.
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DELIVERY SYSTEMS FOR TRANSPORT OF DRUGS
INTO THE SKIN AS STUDIED BY EPR
M. Šentjurc
Jožef Stefan Institue, Ljubljana, Slovenia
ABSTRACT
Kinetic EPR (electron paramagnetic resonance) imaging methods and EPR
oximetry are applyedto the investigation of different delivery systems for
transport of drugs into the skin. As the delivery systems water solutions,
hydrophilic gel and liposomes of different composition and size were used.
The in vitro and iv vivo results are compared.
INTRODUCTION
Skin is a barrier which protects the body from injuriesdue to chemicals,
microorganisms, sunlight or bumps. Therefore the transport of chemicals,
especially hydrophilic substances, into the skin is strongly hindered. To
overcome the barrier function of skin it is necessary to find the appropriate
delivery system to facilitate the transport of the drug or skin care substances,
into or even through the skin. Different delivery systems have
beendeveloped such as liposomes, nanoparticles, micoremulsions,
hydrogels, ointments, etc and their efficacy have been investigated [1].
One of the methods by which the efficacy of the delivery system could be
measured is EPR.Two methods have been used to follow the transport of
drugs into the skin in different delivery systems. One, applicable in vitro on
skin slices is one-dimensional EPR imaging(1D-EPRI) together with the
reduction kinetic imaging[2,3,4] and the other is EPR oximetry which is
applicable in vivo[5,6].
EXPERIMENTAL
Delivery systems Water solution, hydrophilic gel prepared from
hydroxyethylcellulose,liposomes composed of dimyristroyl- or dipalmitoylphosphatidylcholine (DMPC or DPPC) and hydrogenated or nonhydrogenated soya lecithin (HSL and NSL) at different concentrations of
cholesterolin multilamelar liposomes were prepared.
EPR imaging (1D-EPRI) and reduction kinetic imaging methodsThe
water soluble nitroxide spin probe ASL (spin labeled tempocholine) was
used as a model of a hydrophilic drug. The delivery system was put in the
contact with the surface of the skin slice (stratum corneum, fresh pig ear
skin)and placed into the spectrometer.
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1D-EPRI[2]: Magnetic field gradient of 0.25 T/m was applied in the
direction orthogonal to the skin surface.Due to the diffusion of the spin
probe into the skin the line-shape of 1D-EPRI spectra became asymmetric.
For a quick reference, asymmetry of the spectra (l = l1/l2, Fig. 1A) was
measured and alteration of l with time after being in contact with the
delivery system,the transport parameter ∆l = l30-l5min,was determined. For
more precise determination of the transport the experimental spectra has to
be fitted with the spectra evaluated from the corresponding concentration
profiles of the spin probe in the tissue sample.
Reduction kinetic imaging[3,4]: The method explores the ability of tissue
to reducenitroxides to non-paramagnetic hydroxylamines (EPR invisible).
The kinetics of the spin probe reduction was determined by measuring the
intensity decrease of the EPR spectra with time after application of the
delivery system with the probe to the skin. The reduction kinetics and
evolution of the concentration profiles were calculated separately for
liposome entrapped spin probes and for the released one using a three
compartment model: reservoir of the delivery system (thread with
liposomes), epidermis and dermis, taking into account that in the
compartments the transport of the entrapped and the released probes and the
decay rates ofliposomes are different.
B.

A.

epidermis

l =l1/l2

l(30) = 0.79

t = 30 min

l1

dermis

0.1

5 min

0.05

C(x,t)/C(0,0)

t = 5 min

C(x,t)/C(0,0)

l(5) = 0.91

epidermis

dermis

0.1

l2

0.00

0

150 300

450 µm

30 min

0.05

0.00

0

150 300 450 µm

Figure 1. A.) EPR spectra in presence of 0.25 T/m magnetic field gradient 5
and 30 min after application of liposomes to the skin. B.) Reduction kinetic
concentration profile in epidermis and dermis 5 and 30 min after application
of liposomes to the skin separately for released■, entrapped● and total ▲
spin probe.
EPR oximetryAs a model of a drug a blood flow modifying agent, benzyl
nicotinate (BN) was introduced into the delivery system. The response of
organism was followed by measuring the partial pressure of oxygen (pO2) in
the skin by EPR oximetry, using lithium phtalocyanineparamagnetic
probeinserted into the skin. When BN penetrates into the skin it increases
oxygen concentration at the site of the probe and the line width of the EPR
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spectra broadened due to the interaction between oxygen and probe (the
line-width is proportional to pO2.
RESULTS
EPR imaging results on pig ear skin (in vitro measurements)From Table 1
one can see that cholesterol (Ch) strongly influences the transport of ASL
into the skin. Diffusion into the dermis and changes in asymmetry parameter
lwere observed only for liposomes composed of phospholipid:cholesterol
ratio 7:3 or 1:1 (mol:mol) and were not observed for nonhydrogenated soya
lecithin (NSL) liposomes. On the other side the size of liposomes does not
influence the transport significantly as long the diameter of liposomes is
more than 100 nm [3,4] .
Table 1. Influence of liposome composition and size on the transport
parameter (∆l) and parameters used in the calculation of the EPR spectra
amplitude decrease of the hydrophilic spin probe ASL, which was applied to
the skinentrapped in liposomes. k2 = rate of liposome disintegration,D =
diffusion coefficient. In thread and dermis k2 is below 0.1.
sample
ASL in water
DMPC:Ch (10:0)mol:mol
DPPC:Ch(10:0)mol:mol
DMPC:Ch(7:3)
DPPC:Ch(7:3)
DMPC:Ch(5:5)
DPPC:Ch(5:5)
HSL:Ch(5:5)MLV
HSL:Ch(5:5)-200 nm
NSL:Ch(5:5)

∆l
(l30-l5min)
0.00
0.00
0.00
0.04±0.02
0.08±0.02
0.08±0.02
0.11±0.02
0.08±0.02
0.06±0.02
0.00

k2 (10-3s-1)
epidermis
14.0 ± 4.0
3.0±1.5
10.0±1.0
7.2±0.8
10.0±1.0
7.2±0.8
7.6 ±0.8
6.4±0.6
3.5±1.5

thread
14±4
1.5±0.2
0.6±0.2
1.6±0.2
1.6±0.2
1.3±0.2
1.7±0.2
2.2±0.3
1.7±0.3
1.1±0.3

D (10-7cm2s-1)
epidermis
dermis
0.33±0.06
<1
0.7±0.2
<1
0.8±0.2
<1
10.0±4.0
3.5±1.0
13.0±4.0 12.0±4.0
11.0±4.0
5.1±1.0
13.0±4.0 14.0±4.0
15.0±5.0
4.9±1.0
13.0±4.0
4.8±1.4
1.6±0.4
<1

Rate constant of ASL reduction k1 = 1 l mol-1s-1 is taken to be the same in the
epidermis and dermis, while the concentration of the reducing agent in the
epidermis is 3x10-2 mol/l and in the dermis 9x10-4 mol/l, as calculated from the best
fit to the reduction kinetic curve for ASL in water (Data taken from ref. 3 and 4).
Results of EPR oximetry in mice (in vivo measurements) In Fig. 2.the
changes in partial oxygen pressure (∆pO2) in mice after application of BN
applied to the skin in hydrogel or in liposomes of different composition
(HSL or NSL with 50 mol% cholesterol) is shown. The effect of BN was
evaluated by lag-time (tlag), time needed for maximum pO2 increase (tmax),
maximal increase of pO2and overall effectiveness expressed by the area
under the response time curve (AUC)[5].
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The composition of delivery system significantly affects the time when BN starts
to act and to a lesser extend the maximum increase of pO2 and effectiveness of BN
action. BN in HSL:Ch (5:5)liposomes, which show maximal transport into the skin
in iv vitro experiments, starts to act immediately after application, while other
delivery systems show a pronounced delay in BN action.
A.
B.
4
3

∆ pO 2 (mm Hg)

∆ pO2 (mmHg)

20
HSL
NSL
HG

2
1

tmax

15
10

∆pO2max

tlag

5

0
0

20

40

60

80

100

t (min)

0

0

20

40

60

80

100

t(min)

Figure 2. A.The time course of pO2 in mouse skin after application of
0.83% wt/wt BN in HSL:CH (5:5 mol%)▲, NSL:CH (5:5 mol%) ●,
hydrophilic gel ■. B. Designation of parameters measured.
DISCUSSION
BN is well known vasodilator that can penetrate through the stratum corneum
barrier. Therefore it is not surprising that its action is observed with all delivery
systems used. According to our results the main influence of the systems is to
accelerate BN action.
In vivo results confirm previous in vitro findings observed with HSL and NSL
liposomeswith 50 mol% cholesterol. For HSL liposomes it was typical that after the
maximum was reached, the pO2 decreased only to certain level, which was
maintained for a prolonged period, indicating sustained release of liposomes, while
NSL liposomes achieved maximum only after 40 min and after 60 min there is no
more effect. According to in vitro measurements HSL enables the transport of
entrapped substance deeper into the skin, while NSL liposomes only into the stratum
corneum. This could explain faster response of organism after application of HSL.
LITERATURE
[1] Y.S.R. Elnaggar, W.M. El-Refaie, M.A. El-Massik, O.Y. Abdallah, J.
Control Release, 2014, 180 10.
[2] F. Demšar, P. Cevc, M. Schara, J. Magn. Res. 1986, 69, 258.
[3] K. Vrhovnik, J. Kristl, M. Šentjurc, J. Šmid-Korbar, Pharm. Res. 1998, 15, 525.
[4] M. Šentjurc, K. Vrhovnik, J. Kristl, J. Control Release 1999, 59, 87.
[5] J. Kristl, Z. Abramović, M. Šentjurc, AAPS Pharm Sci, 2003, 5, Article
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ABSTRACT
Certain DNA sequences that are guanine- or cytosine-rich can form fourstranded structures called G-quadruplexes and i-motifs, respectively.These
tetraplex DNA forms have recently received great attention because such
sequences are often found in a genome.
An anticancer therapy has been proposed that targeted telomerase with Gquadruplex binding ligands that stabilize G-quadruplex structures and inhibit
telomerase activity. Moreover, the unique structure of tetraplexes has also
stimulated development of new bioanalytical assays. Current activities of our
research group related to above mentioned applications of DNA tetraplexes are
reported in this contribution.

INTRODUCTION
Many important genomic regions, especially in gene promoters and telomeres,
consist of repeating sequences potentially able to form tetraplexes on both DNA
strands [1]. Namely, G-rich strands are able to form G-quadruplexes whereas
complementary C-rich strands can adopt i-motif structure [2]. Intramolecular Gquadruplexes exhibit four-stranded structures containing folded DNA strand, with
G-tracts in parallel or antiparallel orientations. This arrangement is stabilized by
metal cations (e.g. Na+, K+) bound in a central channel
of quadruplex and by

nonbonded attractive
interactions between neighboring G-tetrads. Four
guanines that form the tetrad are held together on a
plane, interacting via Hoogsteen bonding (Fig. 1A).
Different G-quadruplex structures exist, depending on
the orientation of the strands and the syn/anti
conformations of guanines [3]. The C-rich strand forms
the so-called i-motif with intercalated C-C+ base pairs
Figure 1.
(Fig. 1B). Folding into i-motif architecture is a more
Tetraplex DNA
demanding process since it must be preceded by
structures: (A) Gprotonation of cytosines [2,4]. The stability of the iquadruplex, (B) i-motif.
motif depends on pH, and C-rich repeats may fold into
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a stable i-motif at slightly acidic pH. There are different possible i-motif structures
with different intercalation and looping topologies [4].
These tetraplex DNA forms have recently received great attention because G-rich
(G - guanine) and C-rich (C-cytosine) sequences are often found in a genome e.g.,
in telomeric DNA or in oncogene promoter regions, and because of their potential
links to mechanisms that relate to cancer and other diseases. An anticancer therapy
has been proposed that targeted telomerase with G-quadruplex binding ligands. A
number of small molecules have been reported in recent years that stabilize Gquadruplex structures and inhibit telomerase activity [5,6].
On the other hand, the unique structural features of tetraplexes have also stimulated
development of new bioanalytical assays for several targets [6,7]. Analyte induced
intramolecular folding of a flexible single-stranded specially designed DNA
molecule properly labeled with reporter groups into a compact G-4 or i-motif
DNA structure is a structural transition leading to the development of a
molecular device that generates an analytical signal [7,8].
Here, we report current developments of our research group related to above
mentioned applications of DNA tetraplexes.

SMALL LIGANDS CAPABLE OF TELOMERASE INHIBITION
Taking advantages of the ability of some ligands to bind G-rich sequences and to
stabilize G-quadruplex structures, new strategies in the anticancer therapy have
been developed [5]. One is based on the inhibition of telomerase, a reverse
transcriptase that is active in most cancer cells. Ligand that induces folding of
telomeric DNA (primer for telomerase) into G-quadruplex conformation may
inhibit telomerase. As a consequence, telomerase cannot effectively elongate
telomeric DNA that leads to telomere shortening and death of tumor cells [5]. In
accordance with a second strategy, which concerns stabilization of G-quadruplexes
in gene promoter regions, small ligand molecules may stop the growth of cancer
cells by interacting with promoter G4 structures and blocking gene expression.
Both strategies are driving forces in the anticancer drug discovery research and
provide motivation for design of new selective G-quadruplex ligands [6].
We recently reported new DNA interacting papaverine derivatives (ligands 1 and 2,
Fig. 2), which bind to G-quadruplex with a much higher affinity than to single- and
double-stranded DNAs [9-10]. The ligands exhibited remarkable cytotoxicity and
ability to inhibit telomerase activity [11].
The common feature of G-quadruplex ligands is presence of planar aromatic
system that enables G-4 binding mode consisting in stacking of ligand on the plane
of exposed guanine tetrad (end-stacking). However, not only the presence of such
Figure 2. G-4 DNA
ligands: 1 and 2 –
papaverine oxidation
products, 3photoizomerizable
E,E-isomer, 4,5 –
carbazole derivatives.
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structural constituents determines the strength and the mode of interaction, but also
the spatial arrangement of these groups may affect binding affinity and preferences
of the ligand. For example, the cis-trans photoisomerization is a suitable tool that
allows controlled manipulation of the ligand conformation [12,13]. We have shown
that the quadruplex-binding affinity could be switched by light, e.g., the E,E and
E,Z isomers of ligand 3 interacted with parallel and antiparallel tetraplexes
exhibiting different binding selectivity. The E,Z-3 showed higher binding
preference for c-myc DNA (a propeller-type quadruplex), whereas the E,E-3
favorably interacted with telomeric DNA (a basket-type quadruplex). The presence
of quadruplex DNA hampered photoisomerization of quadruplex-bound ligand
[15]. Another group of synthesized ligands contained carbazole scaffold that is
recognized as bioactive component (ligands 4 and 5, Fig. 2). They showed G-4
binding affinity, potential telomerase inhibition and fluorescence properties that
depended on the interaction with DNA [14,15].

FLUORESCENT PROBES WITH TETRAPLEX DNA MOTIFS
Structural changes associated with the formation of tetraplex assemblies upon
binding K+ ions by oligonucleotides possessing sequences of human telomere DNA
or thrombin binding aptamer (TBA), led to the development of potassium-sensing
oligonucleotide (PSO) probes, in which two fluorescent dyes were attached to both
termini of a particular oligonucleotide [16-23]. The combination of dyes included
fluorescence resonance energy transfer (FRET) [17,18,22,23] and excimer
emission approaches [16,19-21]. The structural changes upon binding K+ ion could
be monitored by a fluorescence technique. These systems showed a very high
preference for K+ over Na+ ion, which was suitable for fluorescence imaging of the
potassium concentration gradient in a living cell [23]. In the case of human
telomere DNA, it was also possible to follow the polymorphism of its tetraplex
structures. To mimic cellular conditions, the interactions between oligonucleotides
or fluorescent probes bearing human telomere sequence and positively charged
DODAB lipid monolayer at the air–aqueous interface were studied by surface film
balance and fluorescence measurements [24,25].
A pH sensor was constructed with cytosine-rich c-myc sequence labeled with
pyrene at both termini. The monomer fluorescence of pyrene labels underwent
quenching upon i-motif formation at pH below ca. 7.0 [26]. Another sensor based
on RET sequence showed in preliminary study a pH-depended excimer emission.
Another fascinating feature of G-4 DNAs is their ability to form DNAzymes with
peroxidase activity. After binding of hemin, the complex can catalyze oxidation of
suitable substrates by H2O2 [8]. Attempts to exploit this system for telomerase
detection were recently reported. Improvement of catalytic activity of the system
based on human telomeric sequence was attained in the presence of Brij 58
surfactant and by applying a thermal treatment procedure (heating/rapid cooling) to
prepare G-quadruplex/hemin complexes [27]. Further studies to improve sensitivity
of the assay by application of fluorogenic substrates are in progress.
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ABSTRACT
The interactions of the anticancer drug Triapine®, and its Fe, Cu, and Ga
complexes, with human serum albumin (HSA), were investigated. The drugbinding affinities for HSA were studied by electron paramagnetic resonance
(EPR) spin labeling technique, using 5-, and 16-doxyl stearic acids. The
results indicate that Triapine does not bind to HSA, which may account for
its reported high cytotoxicity. The Ga(III) and Fe(III) complexes show the
same behavior as Triapine, whereas the redox active Fe(II) complex appears
to damage the protein via radical oxygen species. Moreover, competition
between the Cu(II) complex and 16-doxyl stearic acid, for the HSA binding
sites, is observed.
INTRODUCTION
Human serum albumin (HSA) is the major protein of blood plasma [1]. It is
a monomeric protein composed of three structurally homologous domains.
Apart from its main physiological role, the transport of non-esterifed fatty
acids, HSA also reversibly binds a wide range of drugs. Consequently, HSA
plays a central role in drug pharmacokinetics and pharmacodynamics, since
the drugs that bind to HSA have longer biological lifetimes, and are more
homogenously distributed in the body [2]. However, drugs that do not bind
to HSA may be more potent, as the unbound fraction of the drug exhibits
pharmacologic effects.
HSA contains two major drug-binding sites, I (the warfarin binding site),
and II (the benzodiazepine binding site). These sites overlap with three of
the seven high affinity long-chain fatty acid (FA) binding sites, site I with
FA7, and site II with FA3 and FA4. Therefore, competition between the
fatty acids and drugs for the same binding sites is possible, although
cooperativity and no influence have been observed in some cases [2]. The
binding of FAs to HSA can be studied by electron paramagnetic resonance
(EPR) spectroscopy using spin labeled FAs [3,4]. This technique provides
information about the free and the bound spin labels (SLs), and their
specificity for the binding sites on the HSA protein. Consequently, the effect
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of drug-binding to HSA may be assessed indirectly by measuring the extent
of SL binding to HSA.
In this work, EPR spin labeling was used to investigate the interaction of a
phase II trial anticancer drug 3-aminopyridine-2-carboxaldehyde
thiosemicarbazone (Triapine®, TP), and its metal (Fe, Cu, Ga) complexes,
with HSA. TP belongs to a class of α-N-heterocyclic thiosemicarbazones,
which is currently among the most potent inhibitors of ribonucleotide
reductase (RNR) activity [5]. The RNR enzyme is considered to be a target
for anticancer drugs, since its inactivation stops DNA synthesis and repair.
TP is an excellent metal chelator, and it is proposed that its Fe(II)-form is
responsible for its high cytotoxicity [6].
EXPERIMENTAL
Chemicals. Human serum albumin and spin labeled fatty acids (5-, and 16doxyl stearates) were obtained from Sigma-Aldrich. Triapine, diligand
complexes Ga(III)TP2 and Fe(III)TP2, and the monoligand Cu(II)TP
complex, were synthesized at the Institute of Inorganic Chemistry,
University of Vienna.
Sample preparation. 0.4 µl of 25 mM SL stock solution (in ethanol) was
allowed to dry before the addition of HSA. Control samples contained 0.1
mM HSA in 0.9 % NaCl, pH 7.4 phosphate buffer, and the samples used to
evaluate the effect of drugs on the binding of SLs contained 0.1 mM HSA
and 0.1 mM drug, ([SL] / [HSA] = 3). All samples were incubated for 30
minutes at 22 °C prior to EPR measurements.
EPR spectroscopy. The X-band (9.8 GHz) EPR spectra were recorded on a
Bruker Elexsys-II EPR spectrometer at room temperature under the
following conditions: microwave power 10 mW, modulation amplitude 2 G,
modulation frequency 100 kHz, conversion time 240 ms. Spectra were
analyzed using Bruker Xepr software.
RESULTS AND DISCUSSION
The EPR spectra of 5-, and 16-doxyl stearic acids (5DS and 16DS,
respectively) strongly bound to HSA are fully anisotropic since the SL’s
motion is severely restricted (Figure 1). The amount of the bound SL may
be determined from the intensity of the low-field EPR peak (ILF), and the
amount of the unbound SL is estimated from the intensity of the high-field
peak (IHF).
The effect of TP and its metal complexes on the binding of SLs was
measured in samples containing HSA and drugs in equimolar
concentrations, while the concentration of the SL was three times higher.
The determined ratio of the free/bound SL for the control sample (no drugs),
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and the samples containing the drugs is shown in Figure 2. It is observed
that TP, Ga(III)TP2, and Fe(III)TP2 complexes do not change the extent of
5DS and 16DS binding to HSA. It is expected that the influence of TP and
the Ga complex should be quite similar, since Ga(III)TP2 dissociates in
solution to give the free ligand. The Fe(III)TP2 complex is very stable and
the fact that its presence does not affect the binding of SLs may suggest that
it does not bind to HSA.

Figure 1. Characteristic EPR spectra of a) 5DS/HSA, and b) 16DS/HSA
complexes. ILF and IHF correspond to the low-field and the high-field peak
intensities, respectively. EPR conditions are given in the Experimental section.

Figure 2. The ratio of the free and bound spin labels to HSA in presence of
Triapine (TP), Ga(III)TP2, Fe(III)TP2, Cu(II)TP, and Fe(II)TP2 complexes.

Cu(II)TP decreases the binding of 16DS, but not 5DS. This is in accord with
previous reports that copper thiosemicarbazonate radiopharmaceutical
complexes bind strongly to HSA, either to drug site I, or non-specifically
[7]. Since the binding of 5DS was not decreased by the presence of
Cu(II)TP, it may indicate that this SL found an alternative binding site on
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the protein. Fe(II)TP2 greatly decreases the binding of 5DS and 16DS. The
Fe(II) redox active complex produces reactive oxygen species (ROS) in
solution [6], and it is likely that the ROS damage the protein [8], or at least
cause its fragmentation into subunits. Given that the FA binding sites are
located at the interfaces of the subunits, the SLs cannot bind to the protein.
CONCLUSION
HSA represents a nonspecific transporter of many drugs and therefore
greatly influences their solubility, distribution and biological half-lives.
Here we used EPR spin-labeling to evaluate the binding affinity of Triapine,
and its metal complexes with Fe(II), Fe(III), Cu(II), and Ga(III), for HSA. It
was determined that Triapine does not bind to HSA, which suggests that it is
transported in blood plasma as a free ligand. Among the investigated metal
complexes, only Cu(II)TP exhibits competitive binding for HSA with 16DS.
Developing an easy-to-use and a high through output technique for the
assessment of drug-binding affinity for HSA is still a challenge. Typical
methods, like ultrafiltration, equilibrium dialysis, fluorescence titrations, or
microcalorimetry, require large amounts of both, protein and drug. EPR spin
labeling with the use of selected spin labels, could be an alternative, as it is
highly sensitive and requires only microliter sample volumes.
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ABSTRACT
Tardigrades are phylum of small animals (<0.1 mm to 1 mm) widely
distributed all over the word. Unique adaptabilities allow tardigrades to
survive even in most extreme environments on Earth. However, the
biochemistry behind the adaptation still remains unclear. Up to date, EPR
studies of tardigrades were never performed. We demonstrate that spin-trap
DEPMPO can be successfully applied for in vivo studies of the production
of free radicals in tardigrades. The results show that tardigrades, without any
external influences, produce superoxide anion radical (•O2-). After the
recording procedure, animals remained alive for several days, indicating that
the presence of DEPMPO can be considered as not harmful.
INTRODUCTION
Tardigrades, also known as the “water bears” or “moss bears”, are
cosmopolitan organisms which can be found in different habitats in
terrestrial, freshwater and marine environments. Some species are able to
survive both extreme cold (-273 oC [1]) and extreme hot conditions (+151
o
C [1]). Tardigrades can even survive in space [2]. One of the unique
adaptations involves the state of anhydrobiosis in which tardigrades can
survive for decades [3].
However, it is a surprise that biochemistry of these remarkable processes
remained unexplained. Electron paramagnetic resonance spectroscopy
(EPR), certainly the method of choice for studies of free radicals, was never
used for studying tardigrades.
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For the first time, it has been shown that spin-trap DEPMPO
(5-(Diethoxyphosphoryl)-5-methyl-1-pyrroline-N-oxide) can be used for
in vivo studies in tardigrades. DEPMPO was the spin-trap of choice because
of its ability to simultaneously trap several different free radical species,
providing different signals for each spin adduct. This feature makes spin
trapping technique much more desirable in comparison to specific
fluorescence probes, which are often influenced by other types of free
radicals, redox agents and microenvironments of fluorophores.
EXPERIMENTAL
Eutardigrada species Macrobiotus richtersi (Figure 1) were collected from
leaf litter obtained from the garden in Modena, Italy. Leaf litter was gently
hydrated for 45 minutes, and then sieved. Animals were manually collected
(1000 animals) and stored in refrigerator at +4 oC in pots filled with mixture
of distilled and mineral water Prolom (50/50 % v/v).
Figure 1.
Light microscopy image of
Macrobiotus richtersi. Size of
the animal is approximately
700 µm.

Spin-trap DEPMPO was purchased from Enzo Life Sciences and purified
according to the protocol described by Jackson at al. [4].
EPR spectra were recorded using Bruker Elexsys II E540 X-band
spectrometer. Applied parameters were: microwave frequency 9.85 GHz,
microwave power 15.9 mW, magnetic field center 3425 G, sweep width 200
G, modulation amplitude 2 G, modulation frequency 100 kHz, conversion
time 60 ms, number of accumulations 30.
Animals were cleaned several times in fresh water until the present stable
free radicals originating from humic compounds, which remained from soil,
were removed.
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2 µl of DEPMPO was added to the sample (1000 animals in 28 µl of water).
The sample was stored in gas permeable teflon tubes, and transfered to
quartz cuvettes for the EPR measurement.
RESULTS AND DISCUSSION
Several well-discernable peaks were observed in the EPR spectrum,
doubtlessly showing that tardigrades are producing superoxide anion radical
(•O2-) without the influence of any external factors (Figure 2).
The structure of DEPMPO/OOH spin adduct is shown in Figure 3.

Figure 2. EPR spectra of DEPMPO/OOH spin adduct recorded in
tardigrade sample.

Figure 3. Structure of DEPMPO/OOH spin adduct that exists as
diastereoisomer [5], and simulated DEPMPO/OOH spectrum with added
white noise. Parameters: aP=50.15, aN=13.00, aH β=11.30, αΗ=0.85,
0,35; aP=48.68, aN=13.80, aH β=0.88, αΗ=10.2, 0.41, 0.34; aP=40.80,
aN=13.30, aH β=1.50, αΗ=10.00.
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CONCLUSION
Results from this preliminary study are important because they open whole
new approach for understanding the metabolism of tardigrades.
After the treatment, animals stayed alive for days, thus DEPMPO can be
considered as the trap of choice for in vivo measurements of free radicals
production in tardigrades.
Future studies will examine the effect of different stressful conditions on
free radical production. According to previous results, stressful conditions
could involve extreme temperatures, UV radiation and changes in partial
pressure of gases in solution.
Synergistic approach could be done combining the fluorescence
spectroscopy/microscopy with EPR spectroscopy.
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ABSTRACT
Toxic effects of diazinon and its degradation products, diazoxon and 2isopropyl-6-methyl-4-pyrimidinol (IMP), were investigated in vitro by
determining the inhibition of acetylcholinesterase (AChE), Na+/K+-ATPase
and ecto-ATPase activity in rat brain synaptosomes after 1 hour exposure
toward varying concentrations. Dose-dependent AChE and Na+/K+-ATPase
inhibition was obtained in the presence of diazinon, while diazinon
concentrations below 0.1 mM did not noticeably affect ecto-ATPase
activity. Diazinon oxidation product, diazoxon was found as the most toxic
investigated compound. Diazoxon induced dose-dependent and almost
complete inhibition of AChE, Na+/K+-ATPase and ecto-ATPase at the
highest investigated concentration (0.1 mM), while hydrolysis product of
diazinon, IMP did not remarkably influence their activities.
INTRODUCTION
Organophosphorus pesticides (OPs) are the most widely used pesticides
worldwide and their metabolites are widespread across different
populations. The primary mechanism of OP toxicity is the inhibition of
AChE in the central and peripheral nervous system [1]. Diazinon (O,Odiethyl-O-(2-isopropyl-4-methyl-6-pyrimidinyl phosphorothionate) is a
commonly used thionophosphorous OP to control a variety of insects in
agriculture and household environment [2]. Diazinon can be transformed to
the more toxic diazoxon due to the enzymatic reaction in birds, fish, insects
and mammals [3], while IMP and its hydroxylated metabolities were
reported to be much less toxic as compared to its parent compound diazinon
[4]. Adenosine triphosphatases (ATPases) are a group of enzymes which
play an important role in intracellular functions and critical for cellular
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viability because they control many essential cellular functions, and are
considered to be a sensitive indicator of toxicity [5, 6].
In the present study we investigated in vitro toxicity potential of various
doses of diazinon and its degradation products (diazoxon and IMP) by
determining the activity of AChE and ATPases (Na+/K+-ATPase and ectoATPase ) in rat brain synaptosomes which behave as minicells and represent
a suitable model system for in vitro toxicity evaluation.
EXPERIMENTAL
Synaptosomes were isolated from the brain of Wistar albino rats and
incubated at 37oC for 1 hour in the presence of desired concentrations of
diazinon, diazoxon and IMP. Activities of AChE and ATPases (Na+/K+ATPase and ecto-ATPase) were measured by standard spectrophotometric
methods [7, 8].
RESULTS AND DISCUSSION
The influence of 1 hour exposure to increasing concentrations (within the
range 10-9-10-4 mol/l) of diazinon and its degradation products (diazoxon
and IMP) on the activity of synaptosomal AChE, expressed as a percentage
of the control value (obtained without inhibitor), is presented in Figure 1. It
is clearly apparent that inhibitor efficiency of diazinon, diazoxon and IMP is
quite different. At the concentration of 1 × 10-5 mol/l diazoxon almost
completely inhibited AChE activity (85%), while the same concentration of
diazinon inhibited only 24% activity. The half-maximum inhibition (IC50,
1h) of the enzyme activity was achieved at (6.7 ± 0.2) × 10-8 mol/l of
diazoxon, while the effects of the same concentration of diazinon as well as
IMP on the enzyme activity were negligible. Moreover, the presence of the
highest investigated diazinon concentration (1 ×10-4 mol/l) was not able to
reach half-maximum inhibition. The dependence of Na+/K+-ATPase and
ecto-ATPase activity on various concentrations (10-7-10-4 mol/l) of diazinon
and its degradation products is presented in Figure 2 (a and b). The obtained
results (Figure 2a) show that hydrolysis product of diazinon (IMP) did not
remarkably alter Na+/K+-ATPase activity. Unlike IMP, diazinon and its
oxidation products (diazoxon) inhibited the enzyme in concentrationdependent manner, but with various potencies. The presence of the maximal
investigated diazoxon concentration (1 × 10-4 mol/l) induced almost
complete inhibition, while the same concentration of its parent compound
(diazinon) decreased the enzyme activity approximately 50% related to
control (Figure 2a). The obtained results for ecto-ATPase (Figure 2b) show
similar sensitivity of the enzyme toward diazoxon and IMP as in the case of
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Na+/K+-ATPase, while diazinon did not cause ecto-ATPase activity
inhibition more than 15 %.
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Figure 1. Inhibition of AChE activity in rat brain synaptosomes after 1 hour
exposure to different concentrations of diazinon (1), diazoxon (2) and IMP
(3).
CONCLUSION
In the present work the activities of AChE, Na+/K+-ATPase and ectoATPase have been used to investigate neurotoxic effects of diazinon and its
decomposition products. The results of our study show that diazinon and its
oxidation product, diazoxon, inhibited synaptosomal AChE and ATPases
activity in concentration-dependent manner but with varying potencies.
Diazoxon demonstrated the strongest neurotoxic effect through the
reduction of AChE activity, and the obtained inhibition of Na+/K+-ATPase
and ecto-ATPase suggests ion exchange as well as purinergic signaling
disrupting effect of the oxo analog of diazinon. On the contrary, IMP was
found as a non toxic diazinon metabolite.
Considering the obtained changes of the physiologically important
parameters, synaptosomes, which functionally behave as minicells, could be
recommended as a suitable model system for in vitro toxicity evaluation of
OPs and their degradation products.
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Figure 2. The dependence of rat brain synaptosomal Na+/K+-ATPase (a)
and ecto ATPase (b) activity on increasing concentrations of diazinon (1),
diazoxon (2) and IMP (3).
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ABSTRACT
Cytotoxic activity (IC50) of a series of eighteen 17-picolyl and 17picolinylidene androstene derivatives towards human prostate cancer cell
line (PC-3) was predicted using artificial neural network approach.
Prediction was based on in silico molecular descriptors selected applying
stepwise regression and partial least squares methods. Two excellent neural
networks were established. They can be used for prediction of cytotoxic
activity of structurally similar compounds and can give necessary guidelines
for synthesis of new anticancer agents.
INTRODUCTION
The anticancer activity of 17-picolyl and 17-picolinylidene androstene
derivatives has been proven in our previous studies [1-4]. The effect of these
compounds on cell proliferation has been tested against a wide range of
common cancer cell lines: human breast adenocarcinoma ER+ (MCF-7),
human breast adenocarcinoma ER- (MDA-MB-231), colon cancer (HT-29),
human cervix carcinoma (HeLa) and prostate cancer AR- (PC-3). In
searching for new compounds with increased anticancer activity,
chemometric quantitative structure-activity relationships (QSAR) approach
is welcome because it eliminates trial-and-error element in drug design and
gives us useful guidelines for selection of optimal molecular structure. The
QSAR analysis includes the following steps: molecular structure
optimization, molecular descriptors calculation, descriptors selection, model
generation and model validation.
The study presented in this paper is based on construction of the reliable
QSAR models which can be applied in prediction of cytotoxic activity
(IC50) of 17-picolyl and 17-picolinylidene androstene derivatives against
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human prostate cancer cell line based on calculated molecular descriptors
(topological, physicochemical, electrostatic, pharmacokinetic and
lipophilicity descriptors). The QSAR models were obtained applying
artificial neural networks (ANNs) technique. Prior to ANN analysis, the
descriptors selection was carried out by stepwise regression (SR) combined
with partial least squares (PLS) method.
EXPERIMENTAL
The synthesis and determination of cytotoxic activity of the analysed
compounds towards PC-3 cells line (IC50, µM) are presented in literature [13]. The basic structures of the studied compounds are shown in Figure 1.

Figure 1. Basic structures of (1) 17-picolyl and (2) 17-picolinylidene
androstene derivatives.
Calculations of 250 2D and 3D molecular descriptors were carried out
applying ALOGPS 2.1, MarvinSketch, Molinspiration, PreADMET,
ChemBio3D, Parameter Client Program and ADRIANA.Code software.
Prior to ANN analysis, the output data (IC50) were normalized by min-max
normalization method and scaled in 0.01-0.99 range. Stepwise regression
was carried out in NCSS&GESS software, while ANN and PLS methods
were performed in Statistica 10 program. The descriptors selected by SR
were subjected to PLS analysis. The most important descriptors in PLS were
selected on the basis of variance importance in projection (VIP) values. The
descriptors with VIP value higher than 0.3 were included in ANN analysis.
RESULTS AND DISCUSSION
The SR-PLS descriptors selection method presented the following
descriptors as the most important: skin permeability (SP), Madin-Darby
canine kidney cells permeability (MDCK) and salt solubility (S+SF). These
descriptors served as the input data in ANN analysis. The training set
contained 12 compounds, while test and validation set had 3 compounds
each.
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Self-training multilayer perceptron neural networks method with BroydenFletcher-Goldfarb-Shanno training algorithm was applied to train 1000
networks. The selection of the best predictive model was achieved based on
correlation coefficients for training set (Rtrain), test set (Rtest) and validation
set (Rval), and root mean square errors for training set (RMSEtrain), test set
(RMSEtest) and validation set (RMSEval). According to these parameters,
two ANNs were selected as the best. Their statistical characteristics and
architecture are presented in Table 1.
Table 1. Statistical parameters of the ANNs applied for prediction of IC50.
The hidden activation in MLP 3-4-1 was logistic and in MLP 3-71-1
network was exponential, while output activations were identity (MLP 3-41) and sine (MLP 3-71-1).
Net. name

Rtrain

MLP 3-4-1
MLP 3-71-1

0.9927 0.9937 0.9945 0.0007
0.9909 0.9920 0.9912 0.0008

Rtest

Rval

RMSEtrain RMSEtest RMSEval
0.0002
0.0003

0.0012
0.0010

The comparisons between experimental and predicted IC50 values are
presented in Figure 2A and residuals distribution in Figure 2B.
A

B

Figure 2. Experimental versus predicted IC50 values (A) and residuals
distribution (B).
From the presented results it can be concluded that the established ANNs
excellently predict the cytotoxic activity of the studied compounds. This
was confirmed with correlation coefficients very close to 1, low RMSE
values and with the low magnitude of the randomly distributed residuals
(less than 9 µM).
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Global sensitivity analysis showed the dominant influence of S+SF
descriptor on variations in IC50 for both of selected ANNs.
CONCLUSION
The ANNs with outstanding prediction performance of cytotoxic activity of
17-picolyl and 17-picolinylidene androstene derivatives were established.
Their prediction ability was confirmed with the excellent statistical
measures and with the comparison of the experimental and predicted data,
hence they can successfully be used for prediction of IC50 of structurally
similar compounds.
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ABSTRACT
13
C DP MAS NMR spectroscopy was used for characterization and
quantification of biomolecules present in fruit body of G. frondosa and
mycelium of P. blakesleeanus. Quantitative analysis show higher contents
of polysaccharides in the biomass of G. frondosa.
INTRODUCTION
Polysaccharides, especially β-glucans are marked as main source of
therapeutic significance of certain fungi such as G. frondosa [1]. On the
other hand, in mycelium of P. blakesleeanus amino-sugars are anticipated as
the main carbohydrate (45%); uronic acids about 25%, glucose and fucose
10% and galactose nearly 6%. [2].
Cross-polarization (CP) was established to enhance sensitivity of 13C MAS
NMR spectrum of solid samples. However, for molecular segments with
long aliphatic chains (lipids) undergoing fast, isotropic reorientation, dipolar
interactions are averaged to zero and CP MAS is incapable to observe such
structures. Direct polarization (DP) 13C MAS NMR spectroscopy provide
opportunity to detect both mobile and rigid structures, and represents more
reliable method for characterization of different biomolecules present in the
fungal cells.
The aim of this study was characterization and quantification of
biomolecules present in fruit body of edible fungus G. frondosa and
mycelium of lower fungus P. blakesleeanus, as contrast, by using 13C DP
MAS NMR spectroscopy.
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EXPERIMENTAL
For cultivation of G. frondosa substrate containing wheat straw, wheat and
oak sawdust from the mountain Goč, Serbia and modified natural
clinoptilolite, a suspension based on potassium, was used. The wild type
strain of P. blakesleeanus (Burgeff) (NRRL 1555(-)) was used in this work.
The mycelium was grown as explain in [3].
Solid-state 13C DP MAS NMR spectra of dry fungi samples were acquired
on Brucker MSL-400 spectrometer upgraded with Apollo console (Tecmag,
USA) operating at 100.63 MHz for 13C. Spectra were acquired using singlepulse excitation of 10 µs duration, with high power 1H decoupling, recycle
delay of 30 s, and under MAS rotation of 4 kHz. 13C chemical shifts were
externally referenced to glycine carbonyl signal (176.4 ppm).
RESULTS
Fig. 1 shows 13C DP MAS NMR spectra of fruit body of G. frondosa and P.
blacksleeanus mycelium. Signals in both spectra can be assigned to: 0 - 45
ppm, alkyl-C (mainly lipids and proteins from membranes); 45 - 110 ppm,
O-alkyl-C (polysaccharide moiety); 110 - 160 ppm, aromatic-C (mainly
aromatic amino acids and unsaturated fatty acids); 160 - 200 ppm, COOHC/CONH-C (mainly fatty acids and peptide bonds) [4,5].
Polysaccharides peaks can be found in O-alkyl region (45- 92 ppm), with
the main peak at 72 ppm assigned to C2, C3, and C5 of carbohydrates; and
di-O-alkyl region (90-110 ppm), where region from 99 to 105 ppm is linked
with anomeric C in either α or β configuration [6]. In G. frondosa, main
polysaccharide, identified as grifolan, consisting of (1→3)(1→6)-β-dglucan, shows characteristic resonance at: 103 ppm-C1, 72 ppm-C2, around
76 ppm-C3 and C5, 69 ppm-C4, and 62 ppm-C6 [7]. On the other hand,
broad signal of anomeric C ranged from 90 - 104 ppm in P. blacksleeanus
(Fig. 1b) indicates contribution of different kind of polysacharides [2]. The
signals at 175 ppm (C=O), 55 ppm (C2), and 23 ppm (CH3) may indicate
the presence of chitin. Moreover, the peak of C1 carbon of chitin is
positioned near 104 ppm. The small signal near 83 ppm may arise from C3
carbons (1→3)-α-glucan, although the C4 carbons of chitin has signal near
that chemical shift. Peak at about 55 ppm could originate from N-substituted
alkyl carbon in proteins and peptides [8] and aminosugars [2], but also from
C2 of chitin [9]. In the case of G. frondosa, peak at 83 ppm of C4 originated
from chitin shows negligible intensity indicating minor quantity of this
polysaccharide.
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Figure 1. 13C DP MAS NMR spectra of (a) G. frondosa fruit body; (b) P.
Bleaksleeanus mycelium. Spinning sidebands are labeled with asterisk.
In NMR spectrum of P. blakesleeanus, peak of anomeric carbon shows
small shoulder around 93 ppm that could be attributed to aldoses or
anomeric carbon of α-reducing end units from some oligosaccharides [10].
According to Pizzoferato et al. [5], the bands around 90 ppm are due to the
remaining carbons of the glucidic moiety.
Relative amount of protein/lipids and chitin to polysaccharide component in
fungi samples were calculated as described by Pizzoferrato et al. [5], i.e., by
the ratio of area of peak at 170 and 103 ppm; 20 and 103 ppm, for
estimation protein/polysaccharide proportion, and the peaks at 55 and 103
ppm for comparison of chitin to total polysaccharide content. Results are
given in Table 1, showing that mycelium of P. blacksleeanus has higher
content of COOH/CONH - C and alkyl-C, both signals mainly assigned to
lipids and proteins, than the fruit body of G. frondosa. On the other hand,
the fruit body of G. frondosa shows a higher level of O-alkyl-C, assigned to
polysaccharides.
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Table 1. NMR peak intensity ratios for characteristic spectral regions.
Sample
173/103 ppm
54/103 ppm
20/103 ppm
2.42
0.29
0.45
G. frondosa
3.86
1.16
0.71
P. blacksleeanus
CONCLUSION
Comparison of 13C DP MAS NMR spectra of G. frondosa and P.
blakesleeanus indicate presence of different type and amount of
polysaccharides. Quantitative analysis of deconvoluted NMR spectra reveals
that β-d-glucans are main polysaccharide component in fruit body of G.
frondosa, while P. blakesleeanus contains more peptide and aminosugars
components, as expected.
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ABSTRACT
The aim of experiment was to investigate the influence of two cropping
systems (monoculture and maize-wheat rotation) and three weed control
systems (hoeing, herbicide application and control) on free energy, contents
of chlorophyll and carotenoids, and their relationships with light intensity in
crop. High carotenoids, ∆G of free water, low chlorophyll content and low
potential of light transformation into biosynthetic processes could signify
stress in monoculture. Weed control measures had tendency to decrease ∆G
of bulk water and to increase and decrease ∆G of bound water in
monoculture and rotation, indicating different structural changes.
INTRODUCTION
Interrelationships between factors that affect crop growth are complex.
Stress in agro-ecological system can be quantified by thermodynamics [1].
Plants react to stress by varying in chlorophyll and carotenoid contents,
while some herbicides have positive effects on chlorophyll synthesis [2].
Sun [3] also recognized free energy input by water as a presumable plant
growth factor. Maize monoculture (continuous maize at the same field)
shows negative impact on crop and environment, while rotation with other
crops can decrease number of pathogens and weeds and increase soil
fertility.
The objective of this study was to investigate the influence of two cropping
systems (monoculture and maize-wheat rotation) and three weed control
systems (control, hoeing and herbicide application) on free energy, contents
of chlorophyll and carotenoids, and their relationships with light intensity in
crop.
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EXPERIMENTAL
Experiment with two maize hybrids (ZP 677-H1 and ZP 606-H2) grown in
monoculture and maize-wheat rotation included sub-treatments: control,
hoeing and herbicide application. Chlorophyll a, b and total carotenoids
were determined colorimetrically [4]. Light intensity was measured with
LICor-1000 quantum meter and presented as subtractions between plant top
and middle part and middle part and plant bottom. The difference between
fresh and dry biomass (after drying at 60 °C, 105 °C and 130 °C) referred to
contents of free, bulk and bound water, calculated by sorption isotherm [3]:
where aw is the relative water content achieved after drying at T (60, 105
and 130 °C), R is the gas constant (8.3145 J mol-1 K-1) and ∆G is differential
free energy. The experimental data were statistically processed by
regression analysis.
RESULTS AND DISCUSSION
The highest carotenoids and the lowest chlorophyll contents were recorded
in monoculture (Tab. 1), what could with high ∆G of free water indicate
stress presence [5], tied with endergonic processes and energy spending.
Table 1. Content of photosynthetic pigments and free energy in maize
leaves
Photosyn. pigments (mg g-1)
∆G (J mol-1)
Carot. Chl. b Chl. a Chl. a/b Free w. Bulk w. Bound w.
Treatment
Monoculture
Control 0.42 0.53
0.94
1.78
1.08
10.51
13.65
H1 Herb.
0.74 0.43
0.55
1.27
1.07
9.07
14.34
Hoeing 0.64 0.36
1.03
2.87
0.97
9.03
15.16
Control 0.41 0.67
1.37
2.05
1.09
10.69
11.47
H2 Herb.
0.65 0.55
1.51
2.74
1.10
9.53
15.07
Hoeing 0.36 0.84
1.82
2.15
1.08
9.20
14.85
Rotation
Control 0.42 0.71
1.75
2.47
0.99
9.66
18.57
H1 Herb.
0.38 0.87
1.80
2.06
1.01
10.17
12.58
Hoeing 0.50 0.98
1.85
1.89
1.03
9.67
17.74
Control 0.47 0.60
1.71
2.86
1.11
10.68
15.20
H2 Herb.
0.38 0.81
1.79
2.21
1.07
10.28
12.02
Hoeing 0.46 0.75
1.75
2.34
1.06
9.46
13.07
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Meanwhile, increased contents of chlorophyll a and b were noticed in
hoeing treatment. Together with decreased chlorophyll a/b ratio, it signifies
shade presence [6]. Hoeing and herbicide treatment, compared with control
had tendency to decrease ∆G of bulk water (exergonic reactions), as well as
to increase ∆G of boned water in monoculture and to decrease it in rotation,
indicating different structural changes induced by treatments [7].

Figure 1. Interdependence between light intensity and ∆G at different maize
parts grown in monoculture ( - ∆G free water;  - ∆G bulk water; U ∆G chemically bound water)

Figure 2. Interdependence between light intensity and ∆G at different maize
parts grown in maize-wheat rotation ( - ∆G free water;  - ∆G bulk
water; U - ∆G chemically bound water)
According to regression analysis, correlation between ∆G of free water and
light intensity (top-middle part) in monoculture was significant and positive
(Fig. 1), but negative in rotation (Fig. 2). This could indicate connection
between increased light harvest and higher energy expenditure in
monoculture, as well as energy release in rotation field, which could be
spent on some other processes, such as biosynthesis in coupled reactions [8,
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9]. Only in rotation field, all three ∆G were positively correlated with light
intensity (middle-bottom part), indicating that in shade conditions, much
more of absorbed energy was spent on endergonic reactions.
CONCLUSION
High carotenoids and ∆G of free water, low chlorophyll content and
possibly low potential of light transformation into biosynthetic processes
could signify monoculture as undesirable practice, while increased
chlorophyll content and potential of light transformation to other energy
forms (present in lower ∆G of free water) could denote positive impact of
rotation on maize crop. Moreover, weed control measures with decrease in
∆G of bulk water and fluctuations in ∆G of bound water in monoculture and
rotation could indicate different structural changes.
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ABSTRACT
Analysis of growth and dry matter partitioning in plants grown in different
volume pots indicates that has large differences between those plants.
Manipulation of a level of plant brassinosteroids had slightly influence on
these processes. Those differences are caused by different content of free
energy in whole plants or in plant parts of plants grown in different volume
pots. Also this indicates that the plants grown in small pots are more
susceptible to the stress, and there action is modulated by the inhibition of
the synthesis of brassinosteroids. Noticed differences between plants grown
in different volume pots had parallel changes in photosynthesis parameters.
INTRODUCTION
Interrelationships between factors that affect crop growth are complex. The
redistribution of assimilates from different plant parts a key factor in the
crop yielding and it depends on the plant hormonal status (particularly
brassinosteroids: BRs)[1] and the stress presence [2]. From that point, we
investigated maize (ZP505) by methods of root manipulation [3] and
treating with 24-epibrasinolide (24-EBL) and propiconazole (PZR -as
inhibitor of the brassinosteroids synthesis) [4] during period of suboptimal
temperature (14-19 °C) for the maize growth.
EXPERIMENTAL
Maize plants (ZP505) were grown in half-shade (PARmax≈500µmol photon
cm-2 s-1) one month, in the pots of V=5 l (2/3 so called “5 plants”) and V=11
l (1/3 so called “11 plants”), until the beginning of September 2013, when ½
of 5 l plants grown were replanted in V=11 l pots (so called “5→11 plants”).
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Then samples for analysis of dry matter partitioning and plant growth [5]
and thermodynamic calculations [6] were taken, while the remaining plants
were transferred to full daylight (PARmax1500 mmol photon cm-2 s-1).
After 7 days of light acclimation, 1/3 of plants were treated with 24-EBL
(≈10-6 mol) solution, other 1/3 with PZR (≈10-6 mol) solution and 1/3 were
control (K) plants. Treatment was repeated after 7 days. Then parameters of
chlorophyll a (Chla) fluorescence [7, 8] were measured and calculated. After
2 weeks experiment was finished, with the final Chla fluorescence
measurements, together with the final analysis of growth and
thermodynamic parameters. During experiment, outside temperature was
mainly suboptimal (T=14-19 °C) for maize growth.
RESULTS AND DISCUSSION
Growth analysis indicates that transplantation of maize plants from the
small to larger pots (“5→11 plants”) has the greatest impact on the growth,
while manipulation of the BRs content in plants has only marginal effect on
growth (data not shown), what isn’t obvious by monitoring total fresh
(TFW) and dry weight (TDW) of plants (Table 1). It is notable that during
the experiment the relative leaf mass (ratio of dry mass of leaves against
total dry plant mass; LMR) was reduced and relative root mass (ratio of dry
mass of roots against total dry plant mass; RMR) rose at “5 plants”,
regardless the way of BRs content manipulation in plants (Table 1). In “11
plants” or “5→11 plants”, we noted a slight LMR and relative stem mass
(ratio of dry mass of stem against total dry plant mass; SMR) increase and
RMR decrease; where treatment with PZR slightly emphasizes this trend
(Table 1). In control and plants treated with 24-EBL, ∆G105 values of leaves
and stems at “5 plants” and “5→11 plants” are lower than in “11 plants”,
but in the case of root ∆G105 situation is reversed. In the plants treated with
the PZR situation is inverted, meaning that the inhibition of BRs synthesis
affects the change of free energy in different organs of maize plants (Table
1). Indeed, PZR treatment affected the root volume of “5 plants” (Table 1).
However, if the change in free energy was considered in whole maize plant
(∆G105tot) we note that this parameter is higher in “5 plants”, whereas PZR
treatment (Table 1) increases change of free energy in the “5→11 plants”.
So the “5 plants” have higher free energy values, indicating their higher
susceptibility to the stress, but the reaction is modulated by the inhibition of
BRs synthesis. How applied treatments affect the photosynthesis of maize
estimated by fluorescence of Chla? The “5 l plants” have high values of RC
PS2 activity indicators (Fv/Fm,Fv/F0), except in PZR treated plants, while
the values of the parameters are same in the “11 plants” (Table2). It is
similar in the case of parameters of photochemical efficiency (ФРS2, qP).
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Table 2. Parameters of fluorescence of Chla measured at youngest full
developed leaves of same maize plants as in Table 1
Treatments during
trial

Fv/Fm
(r.u.)

Fv/F0
(r.u.)

Ф РS2
(r.u.)

qP
(r.u.)

NPQ
(r.u.)

RFD730
(r.u.)

3,077
3,217
2,989
3,144
3,376
2,944
3,876

ETR
(µmol
quantum
m-2 s-1)
28,90
49,06
42,43
21,55
28,75
33,56
45,53

Start K 5→11
Start K 5
Start K 11
End K 5→11
End K 5
End K 11
End 24-EBL
5→11
End 24-EBL 5
End 24-EBL 11
End PZR 5→11
End PZR 5
End PZR 11

0,813
0,812
0,794
0,786
0,839
0,793
0,836

4,361
4,361
4,078
3,756
5,250
3,836
5,117

0,091
0,206
0,156
0,100
0,104
0,107
0,180

0,278
0,389
0,383
0,305
0,389
0,389
0,500

0,837
0,792
0,805
0,753
0,785

5,283
3,822
4,137
3,066
3,667

0,151
0,088
0,091
0,153
0,081

0,333
0,389
0,444
0,472
0,389

5,111
3,126
3,182
3,194
2,799

39,35
22,77
27,17
38,55
18,47

6,444
3,788
4,067
4,183
3,485

3,690
4,739
4,335
3,925
4,300
3,711
5,228

All NPQ values (photoprotective processes indicator) were high, indicating
that the plant fight stress (low temperature), regardless of treatment. Finally,
two different indicators of overall photosynthesis (ETR, RFD730) point that
maize plant struggles with stress and the handling of brassinosteroids
content had negative effect on “11 plants”. It is well known that BRs
coordinate optimal plant growth and development (especially in the early
stages) as well as to modulate plant responces to stressful environmental
conditions [1]. Also it is well known that manipulation of plant roots (by
volume change of the pots in which the plants grow) affect the overall
phytohormone balance [3]. Bearing all this in mind, as a result of the
suppression of the level of BRs in plants (treatment with PZR) modulates
described changes of growth, photosynthesis and thermodynamic
parameters, we assume that in the conditions of low environmental
temperatures (with particularly inhibitory effect on photosynthesis of maize
[2]) the interrelationship between BRs and cytokinins (synthesized in the
plant roots) significantly affect the growth and development of maize plants.
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ASSOCIATION OF FEMALE GONADAL HORMONES
AND IMMUNITY IN DEPRESSION
M. Mitić, I. Lukić, J. Đorđević and M. Adžić
Department of Molecular Biology and Endocrinology, VINČA Institute of
Nuclear Sciences, University of Belgrade, Serbia
ABSTRACT
In this study, we examined the influence of immunity on depressive-like
behavior in females in the context of gonadal hormones. We used
neuroinflammatory model of depression elicited by lipopolysaccharide
(LPS) administration on naïve and ovariectomozed (OVX) females and
examined the effects of estradiol (E2) and/or progesterone (P4) replacement
therapy on Wistar rat behavior. LPS induced depressive–like behavior in
both naïve and OVX females. Our behavioral data indicated that E2 and P4
applied alone had opposite effects compared to the E2/P4 combination. The
supplementation of both hormones attenuates detrimental effects of LPSinduced inflammation, particularly through stimulation of noradrenergic
transmission. Overall immune challenge with LPS is able to induce
depressive-like behavior either of naïve or ovariectomized females,
particularly depending on ovarian hormones background.
INTRODUCTION
The vulnerability to depression in women is associated with the hormonal
fluctuations during their life [1]. The negative symptomology associated
with depression is greater in premenstrual and postpartum periods, as well
as after menopause or oophorectomy, when women’s 17β-estradiol (E2)
levels are decreased [2]. Preclinical evidencealso points out that E2 affects
depressive-like behavior. Reduced depressive-like behavior has been found
in females during proestrous, when E2 levels are high, compared to females
in diestrous, when E2 levels are low [3]. Within multifactorial origins of
depression, chronic inflammation has received increasing attention.Elevated
biomarkers of inflammation, cytokines and acute-phase proteins, have been
found in depressed patients [4]. Also, it has been shown that gender is the
risk factor for depression upon administration of some inflammatory stimuli
[5]. To explore the interplay of female gonadal hormones and inflammation
in the etiology of depression, we utilize neuroinflammatory model of
depression elicited by lipopolysaccharide (LPS) administration on naïve and
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ovarioctomozedfemales and examine the effects of E2 and/or progesterone
(P4) replacement therapy on animal behavior.
EXPERIMENTAL
Naïve and ovariectomizedadult 3-month females were administered
intraperitoneally with LPS (dose of 500µg/kg of body mass) and with 17 βestradiol (E2) (10µg/kg) and with progesterone (P4) (4mg/kg). Both steroids
were administered subcutaneously dissolved in sesame oil vehicle. Modified
forced swim test (FST) was used to test depressive-like behavior. Data are
presented as a mean ± SD and analyzed by Two and Three–way ANOVA.
The statistical significance was accepted at p<0.05.
RESULTS AND DISCUSSION
The LPS treatment increased immobility in both naïve (F=21.54, p<0.05)
and ovariectomized females (LPS x OVX interaction, F=149.08, p<0.05)
(Figure 1), and decreased swimming in both naïve (F=6.67, p<0.05) and
ovariectomized females (LPSxOVX interaction, F=107.46, p<0.05).

Figure1. Changes in swimming (S), climbing (C) and immobility(I)
(frequency) in the FST in naïve and ovariectomized (OVX) female upon
immune challenge. Naïve and ovariectomized females were assigned to the
following groups: control (SAL-saline solution, n=14), LPS-group (n=14),
ovariectomized females treated i.p. with saline (OVX+SAL, n=10) and
ovariectomized females treated i.p. with LPS (OVX+LPS, n=10). Data and
presented as mean ± SD, p < 0.05 (* vs SAL, #vs LPS, $vs OVX+SAL).
The climbing behavior was significantly affected both by ovariectomy
(OVX, F=67.09, p<0.05) and upon LPS treatment of OVX females
(LPSxOVX interaction, F=14.67, p<0.05). OVX females treated with
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vehicle or LPS exhibited significantly increase in climbing compared to
controls (p<0.05), to naïve females treated with SAL group (p<0.05) orLPS
(p<0.05).

Figure 2: Changes in swimming (S), climbing (C) and immobility (I)
(frequency) in FST in ovariectomized (OVX) female rats treated with saline
(SAL), lipopolysaccharide (LPS), and hormones (solely E2 and P4 or in
combination E2P4).Ovariectomized females were divided in eight
experimental groups: ovariectomized-control-control group
(OVX+SAL+OIL, n=8), ovariectomized-control-E2 group (OVX+SAL+E2,
n=8), ovariectomized-control-P4 group (OVX+SAL+P4, n=8),
ovariectomized-control-E2P4 group (OVX+SAL+E2P4, n=8),
ovariectomized-LPS-control group (OVX+LPS+OIL, n=8), ovariectomizedLPS-E2 group (OVX+LPS+E2, n=8), ovariectomized-LPS-P4 group
(OVX+LPS+P4, n=8) and ovariectomized-LPS-E2P4 group
(OVX+LPS+E2P4, n=8).Data are presented as mean ± SD, p < 0.05 (* vs
SAL+OIL, #E2P4 vs other groups, & E2P4 vs P4, and % LPS+E2P4 vs
SAL+E2P4).
In Figure 2, P4 administration significantly decreased immobility (F=14.59,
p<0.05) and in parallel increased climbing (F=16.41, p<0.05) of OVX
females. Concomitant treatment with both E2 and P4 significantly increased
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immobility (E2xP4 interaction, F=57.81, p<0.05) while decreased
swimming (E2xP4 interaction, F=48.71, p<0.05) and climbing (E2xP4
interaction, F=4.53, p<0.05). The increase in immobility upon parallel E2
and P4 treatment of OVX rats was significantly higher in comparison to the
control group and to the group treated solely with either E2 or P4 (p<0.05).
Administration of E2 and P4 to OVX females significantly increased
climbing compared to all other LPS groups (E2 x P4 interaction, F=16.36,
p<0.05).Significant decrease in immobility (LPSxE2xP4 interaction,
F=40.78, p<0.05) with concomitant increase in swimming (LPSxE2xP4
interaction, F=22.25, p<0.05) and climbing (LPSxE2xP4 interaction,
F=19.08, p<0.05) was detected upon E2P4 treatment in LPS injected
animals.
CONCLUSION
The current study demonstrates that immune challenge with LPS is able to
induce depressive-like behavior either of naïve or ovariectomized
females.Individual treatment with E2 or P4 of LPS injected OVX rats did
not affect behavior profile. However, when LPS-injected animals were
treated with both hormones we found a significant increase in climbing
compared to other OVX-LPS-groups. These results indicated that
supplementation of both ovarian hormones could attenuate the detrimental
effects of LPS induced inflammation, particularly through stimulation of
noradrenergic transmission.
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FLUOXETINE NORMALIZED NUCLEAR PHOSPHO
ERK1/2 SIGNALING IN STRESSED FEMALES
M. Mitić, I. Lukić, N. Božović, J. Đorđević and M. Adžić
Department of Molecular Biology and Endocrinology,
VINCA Institute of Nuclear Sciences, Belgrade, Serbia,
University of Belgrade
ABSTRACT
A growing body of evidence indicates extracellular signal-regulated kinase
(ERK1/2) participates in various stress-induced responses which isconsider
to beinvolved in pathophysiology of depression. Surprisingly, the effect of
antidepressants on ERKs is almost unexplored, particularly from the
perspective of sexes.In the present study, we investigated the potential role
of cytoplasm-nuclear distribution of phospho-ERK1/2 in the hippocampus
of chronically stressed female and male Wistar rats and if those potential
changes could be attenuated with chronic fluoxetine treatment. In females,
stress induced cytosolic retention of phospho-ERKs, while in
malesitpromoted the nuclear translocation of phospho-ERK 1/2. The effect
of concomitant fluoxetine treatment was more pronounced in stressed
females, with main focus on normalization of its nuclear phospho-ERK 1/2
levels.
INTRODUCTION
Fluoxetine is a widely used antidepressant, which acts via inhibiting 5hydroxytriptamine (5-HT) reuptake in the central nervous system [1,2].
Novel theories propose that signal pathways related to synaptic plasticity
may be the mechanism of antidepressant action in depression [3,4]. The
extracellular signal-regulated kinase (ERK)signaling cascade is
becomingthe focus of much research in theregulation of emotional
responses, since ERK are predominantly found in hippocampus, a brain
region which is implicated in stress response and depression [5,6]. Indeed,
decreased ERK activity and expression found in post-mortem hippocampus
of depressed suicide victims [6], as well as their altered levels in animal
models of depression [6,7]support importance of ERK functioning in the
aetiology of stress related disorders [5,8].
Upon stimulation, ERKs are activated by phosphorylation in the cytoplasm
and then translocated to the nucleus where they can activate a number of
transcription factors, such as Elk1 or CREB, resulting in altered gene
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expression important for synaptic remodeling and long-term changes in
synaptic efficacy. Surprisingly, the effect of antidepressants on ERKs is
almost unexplored, particularly from the perspective of sexes.
The present study aims to investigate the potential role of cytoplasm-nuclear
distribution of phospho-ERK1 and 2 (pERK1/2) in the hippocampus of
chronically stressed female and male rats. We also analyzed if potential
changes in their levels could be attenuated or reversed with chronic
fluoxetine treatment.
EXPERIMENTAL
Adult female and males Wistar rats (3 months old) were divided into four
groups (each consisted of n=10): (I) Control+Vehicle, (II)
Control+Fluoxetine, (III) Stress+Vehicle (IV) Stress+Fluoxetine. The
experiment consisted of two phases and lasted for 6 weeks (42 days). The
first experimental phase (Stress) lasted 21 days, during which animals of
Stress+Vehicle and the Stress+Fluoxetine were submitted to chronic
psychosocial isolation (CPSI). The second experimental phase consisted of
the vehicle or fluoxetine treatment for 21 days, while animals remained in
the CPSI. Fluoxetine was dissolved in water and administered
intraperitoneally (5mg/kg body mass) at daily base between 9:00 a.m. and
9:30 a.m. 24 hours after receiving the final dose animals were sacrificed,
their hippocampi were removed and used for preparation the cytosolic and
nuclear fractions. The levels of pERK1/2 were detected using Western blot
with β-actin as a loading control. Data are presented as a mean ± SEM and
in each gender were analyzed by two-way ANOVA. To determine
statistically significant gender differences we used three-way ANOVA
employing stress, fluoxetine, and gender as the factors. All statistically
significant differences are given as p < 0.05in post-hoc Tukey test.
RESULTS AND DISCUSSION
In females, stress increased cytosolic levels of pERK 1/2 (F=11.67,
F=22.31, p<0.05) (Fig. 1a), while it decreased their nuclear levels (F=4.171,
F=4.852, p<0.05) (Fig. 1b), suggesting decreased nuclear translocation of
pERK1/2, i.e. induced cytosolic retention of pERK 1/2. In males, stress
decreased cytosolic levels of pERK1/2 (F=13.720, F=14.130, p<0.05) (Fig.
1 a), while it increased their nuclear levels (F=53.911, F=36.122, p<0.05)
(Fig. 1b), suggesting elevated nuclear translocation of pERK 1/2 under
stress.Three-way ANOVA revealed significant gender differences upon
stress at the levels ofpERK 1/2 in both cell compartments (gender x stress
interaction cytosol F=3.621, F=3.542, nucleus F=2.121, F=3.923, p<0.05)
(Fig. 1 a and b).
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Figure 1. The levels of nuclear pERK 1/2 protein levels in the cytosol (a)
and nucleus (b) in the hippocampus of control and stressed (CPSI) female
(♀) and male (♂) Wistar rats treated with vehicle (VEH)/fluoxetine (FLU).
Data are presented as mean ± SEM (*vs. CPSI, # vs. FLU treatment, $
female vs. male).
Fluoxetine in stressed females increased cytosolic pERK 1 levels
(F=21.233, p<0.05) (Fig. 1a) and both nuclear pERK 1 and 2 levels
(F=16.722, F=13.071, p<0.05) (Fig. 1b). Overall these results of pERKsboth
cell compartments imply that fluoxetine treatment in stressed females
predominantly up-regulated nuclear ERK signaling. In stressed males,
fluoxetine treatment showed a trend of increase in the nuclear levels of
pERK 1/2 (Fig. 1b), but without statistical significance. Three-way ANOVA
showno significant effects between genders on pERK1/2 upon fluoxetine
treatment in stressed animals (Fig. 1 and b).
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CONCLUSION
Our results provide evidence of gender-specific and compartment dependent
regulation of pERK signaling in response to chronic fluoxetine treatment on
stressed animals. In females, stress induced cytosolic retention of pERK1/2,
while in males it induced opposite effect and promoted the nuclear
translocation of pERK 1/2. The effect of concomitant fluoxetine treatment
was more pronounced in stressed females, with main focus on normalization
of nuclear pERK 1/2 levels.
ACKNOWLEDGEMENT
This work was supported by the Ministry of Science of the Republic of
Serbia, grants no. III41029.
REFERENCES:
[1] Cipriani, P. Brambilla, T. Furukawa, J. Geddes, M. Gregis, M. Hotopf,
L. Malvini, C. Barbui, Cochrane. Database Syst. Rev., 2005, 4,
CD004185.
[2] H.J. Lee, J.W. Kim, S.V. Yim, M.J. Kim, S.A. Kim, Y.J. Kim, C.J.
Kim, J.H. Chung, Mol. Psychiatry, 2001,6, 725-8.
[3] H. Einat, P. Yuan, T.D. Gould, J. Li, J. Du, L. Zhang, H.K. Manji, G.
Chen, J. Neurosci., 2003, 2, 7311-7316.
[4] H.K. Manji, W.C. Drevets, D.S. Charney, Nat. Med., 2001,,7, 541–547.
[5] C.H. Duman, L. Schlesinger, M. Kodama, D.S. Russell, R.S. Duman,
Biol. Psychiatry, 2007, 61, 661-670.
[6] V. Duric, M. Banasr, P. Licznerski, Nat. Med., 2010, 16, 1328-1332.
[7] Č. Todorović, T. Sherrin, M.Pitts, C. Hippel, M. Rayner, J. Spiess,
Neuropsychopharmacology, 2009, 34, 1416-1426.
[8] F. Fumagalli, R. Molteni, F. Calabrese, A. Frasca, G. Racagni, M.A.
Riva, J. Neurochem., 2005, 93, 1551-1560.

489

PHYSICAL CHEMISTRY 2014

F-12-P

INVOLVEMENT OF PREFRONTAL CORTEX CDK5
PATHWAY IN LPS-INDUCED DEPRESSIVE-LIKE
BEHAVIOR IN MALE AND FEMALE WISTAR RATS
Ž. Brkić, I. Lukić, M. Mitić, N. Božović, J. Brašanac, J. Đorđević and
M. Adžić
VINCA Institute of Nuclear Sciences
P.O. Box 522, 11001 Belgrade, Serbia
ABSTRACT
Systemic exposure to inflammatory challenges, such as lipopolysaccharide
(LPS), can induce a central neuroinflammation, which has been associated
with the development of major depressive disorder (MDD). Research data
emphasize not only sex as an important factor in the pathogenesis of MDD
but also point out a disturbance in cyclin-dependent kinase 5 (CDK5)
pathway. Therefore, in this study, we investigated the effects of LPS
treatment on depressive-like behavior as well as on the CDK5 and p35
levels in the cytosol and the nucleus of the prefrontal cortex of Wistar rats.
Our results showed that LPS causes a depressive-like behavior in both
sexes, as well as significant changes in the levels of CDK5 and p35, but
only in the males. Such differences of CDK5 activity could contribute to the
development of depressive-like behavior in males, while in females it seems
that some other mechanisms could be involved in the induction of this
behavior.
INTRODUCTION
Major depressive disorder is among the most prevalent and costly mental
illnesses and many factors can lead to its development [1]. One of the
factors that can be associated with the development of this disorder is
inflammation. For example, systemic exposure to inflammatory challenges,
such as LPS, can induce a central neuroinflammation, which could lead to
the development of symptoms similar to MDD. [2] Furthermore, many
stress-related mental disorders occur more often in females than in males;
specifically, MDD is twice as common in women than in men. There are
also sex-specific differences in response to the treatment of the disorder. [3]
Thus, it is of major importance to consider the sex of the subject as one of
the factors when studying and treating MDD. One of the proteins that has
recently been associated with the development of MDD is cyclin-dependent
kinase 5 (CDK5) [4]. CDK5 is a proline-directed serine/threonine kinase
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that is active only in the central nervous system because of the neuron
specific expression of its activating protein, p35. These two proteins have
been implicated in synaptic plasticity, underlying learning and memory, and
they have been connected to the development of a number of
neuropsychiatric disorders.
Taking all this into consideration, we wanted to investigate whether there
are sex-specific differences in changes of CDK5 and p35 levels in the
cytosol and the nucleus of the prefrontal cortex (PFC) of Wistar rats upon
LPS treatment which leads to the development of neuroinflammation.
EXPERIMENTAL
The experiments were performed on 3 months old Wistar rats, that were
divided into four groups: two control groups consisted of female/male rats
treated with saline solution for seven days and two groups of female/male
rats treated with LPS for seven days. Depressive-like behavior was assessed
by forced swim test (FST), in which immobility, swimming and climbing
were measured during 5 minute sessions. Upon sacrifice, the prefrontal
cortex was isolated from each animal. Cytoplasm and nucleus were prepared
by differential centrifugation, and proteins were analyzed by Western blot
technique. Data were analyzed by two-way ANOVA, followed by post-hoc
Tukey test, and presented as a percentage of control values (female controls,
set as 100%).
RESULTS AND DISCUSSION
Our results indicated a significant effect of LPS on the behavior of treated
animals in both sexes (Table 1); specifically, in FST it increased immobility
(LPS: F=60.75, p<0.05), and decreased swimming (LPS: F=47.17, p<0.05)
compared to the controls. These changes indicate that the development of
depressive-like behavior is induced by LPS.
Table 1. Results of forced swim test (FST). Data are presented as mean ± SD;
significant differences are the results of Tukey test, *p<0.05
FST
Immobility
Swimming
Climbing

Female
Control
23.21± 13.01
34.04±14.18
2.69±2.29

Male

LPS
58.05±1.69*
1.33±1.35*
0.62±0.59

Control
35.21±8.57
21.38±9.54
3.42±2.53

LPS
51.39±6.31*
6.22±4.79*
2.39±2.06

As shown in Figure 1 (a and b), LPS affected CDK5 levels only in males,
causing them to decrease in the cytosol (LPS: F=5.96, p<0.05: LPS*sex:
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F=25.70, p<0.05) (Figure 1a) and increase in the nucleus (LPS: F=57.72,
p<0.05; LPS*sex: F=67.04, p<0.05) (Figure 1b). There was also a
significant sex effect on CDK5 levels in both the cytosol (F=10.71, p<0.05)
and the nucleus (F=9.89, p<0.05), i.e. male controls had significantly higher
levels of CDK5 in the cytosol and lower in the nucleus compared to the
females. These data show an important sex difference in response of Wistar
rats to LPS treatment in CDK5 distribution – in males the effect of the
treatment is notable, while in females it does not affect CDK5 levels
significantly.

Figure 1. Western blot analysis of CDK5 (a,b) and p35 (c,d) protein
levels in the cytosol (a,c) and the nucleus (b,d) of the prefrontal cortex of
female and male Wistar rats treated with saline (control group) and LPS
(500µg/kg). Results are presented as mean ± S.E.M; significant
differences are from Tukey test, *p<0.05 control vs. LPS treatment
As for the levels of p35, LPS affected its levels only in males, decreasing
them in the cytosol (LPS: F=15.68, p<0.05: LPS*sex: 29.99, p<0.05) and
increasing them in the nucleus (LPS: F=43.27, p<0.05; LPS*sex: F=35.95,
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p<0.05) (Figures 1c and 1d). There was a significant sex effect on p35 level
in the nucleus as well (F=8.81, p<0.05), i.e. male controls had significantly
lower nuclear levels of p35 compared to females (Figure 1d). Although
Two-way Anova did not show any effect of sex on p35 distribution in the
cytosol, Tukey test suggested otherwise – that male controls had
significantly higher cytosolic levels of p35 than females (Figure 1c). These
changes suggest that alterations in p35 distribution upon LPS treatment in
males are affected in the same manner as changes in the distribution of
CDK5, which indicates an increased nuclear CDK5 activity in the PFC of
males upon an immune challenge that could be related to LPS-induced
depressive-like behavior.
CONCLUSION
LPS treatment causes nuclear translocation of both CDK5 and p35 in males,
which suggests increased nuclear CDK5 activity in the PFC of males upon
an immune challenge, while it has no effect on the cellular localization of
CDK5 and p35 in females. Such differences of CDK5 activity could
contribute to the development of depressive-like behavior in males, while in
females it seems that some other mechanisms are involved in the induction
of this behavior.
AKNOWLEDGMENT
This study was supported by III41029 project.
REFERENCES
[1] E. J. Nestler, M. Barrot, R. J. DiLeone, A. J. Eisch, S. J. Gold, L. M.
Monteggia, Neuron, 2002, 34, 13–25.
[2] R. Dantzer, J. C. O’Connor, G. G. Freund, R. W. Johnson, K. W.
Kelley, Nat Rev Neurosci, 2008, 9(1), 46–56.
[3] C. Dalla, P. M. Pitychoutis, N. Kokras, Z. Papadopoulou-Daifoti, Basic
& Clinical Pharmacology & Toxicology, 2009, 106, 226–233
[4] W.-L. Zhu, H.-S. Shi, S.-J. Wang, C.-M. Xu, W.-G. Jiang, X. Wang, P.
Wu, Q.-Q. Li, Z.-B. Ding, L. Lu, International Journal of
Neuropsychopharmacology, 2011, 15, 795–809

493

PHYSICAL CHEMISTRY 2014

F-13-P

ANTIOXIDANT ACTIVITY OF LIGNICOLOUS FUNGI
SCHIZOPHYLLUM COMMUNE AND FOMES
FOMENTARIUS: ECO-FRIENDLY vs AIR POLLUTED
ENVIRONMENT
M. Karaman 1, S. Gorjanović 2, M. Glumac 1 and Lj. Janjušević 1
1

University of Novi Sad, Faculty of Sciences, Department of Biology and
Ecology, Novi Sad, Serbia.(maja.karaman@dbe.uns.ac.rs)
2
Institute of General and Physical Chemistry, Belgrade, Serbia.
(desanka.suznjevic@gmail.com)
3
University of Belgrade, Faculty of Chemistry, Belgrade, Serbia.

ABSTRACT
The antioxidant (AO) activity of lignicolous fungi, namely Schizophyllum
commune Fries and Fomes fomentarius (L.) J. Kickx f. 1867, was evaluated
by polarographic assay based on the decrease of anodic current of
hydroxoperhydroxomercury(II) complex (HPMC) formed in alkaline
solutions of hydrogen peroxide at potential of mercury oxidation. The AO
activity of Sch. commune and F. fomentarius collected from eco-friendly
locations (423±26 and 808±56 %/mL, respectively) and exposed to air
pollution (377±12 and 524±17 %/mL, respectively) were compared.
Increase of AO activity induced by air pollution was not observed.
INTRODUCTION
Antioxidant (AO) activity of lignicolous fungi have been intensively studied
for the last two decades. Phenolic compounds such as phenolic acids (e.g.
fumaric, succinic, mallic, 4-hydroxybenzoic, etc.) and flavonoids (e.g. rutin,
quercetin, etc.) [1,2], besides tocopherols, ascorbic acid and its analogues,
carotenoids and terpenoids, have been found. The white-rot split-gill fungus
Schizophyllum commune Fries is one of the world's most widely distributed
lignicolous species. Altough considered inedible in Europe, it is widely
consumed in Mexico and elsewhere in the tropics [3]. Fomes fomentarius
(L.) J. Kickx f. 1867, known as tinder fungus, is a species of plant pathogen
broadly distributed on various tree species in Europe, Asia, Africa and
North America. The species is not considered edible [4].
This work aimed to give an insight into AO activity of the aforementioned
fungal species collected from eco-friendly and air polluted environments by
recently developed polarographic assay HPMC based on the decrease of
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anodic current of hydroxoperhydroxomercury(II) complex (HPMC) formed
in alkaline solutions of hydrogen peroxide at potential of mercury oxidation
[5].

B bb

A

Figure 1. The lignicolous fungi Schizophyllum commune (A) and Fomes
fomentarius (B).
EXPERIMENTAL
The composite samples of Sch. commune were collected from two diferent
locations. The first sample of Sch. commune originated from eco-friendly
locations in Fruška gora mountain (Serbia), while the second one originated
from air polluted sites in the city area of Novi Sad (Serbia).
The individual samples of F. fomentarius were also collected from two
different locations. The first sample originated from eco-friendly location in
Ribnica (Slovenia), while the second one originated from air polluted site in
Ribarsko ostrvo (Serbia).
All collected fungal samples were dried in oven (12 h, at 50 °C). The dried
samples (200 g) were cutted in small pieces and hydrodistilled using the
Clevenger apparatus modified by Montiz (4 h, at 100° C). The
hydrodestillates were extracted with 96% ethanol for 96 h. The solvent was
evaporated, while the dried residues were dissolved in pure dimethyl
sulfoxide (DMSO) to a concentration of 20% (w/V).
The polarographic current-potential (i-E) curves were recorded, as
described previously [5], using the polarographic analyser PAR (Princeton
Applied Research), model 174A, equipped with X-Y recorder (Houston
Omnigraphic 2000). A dropping mercury electrode (DME) with a
programmed dropping time of 1 s as working electrode, saturated calomel
electrode (SCE) as a reference and a Pt-foil as auxiliary electrode were used
in the electrolytic cell. All i-E curves were recorded from 0.1 V vs SCE
towards negative potentials with a scan rate of 10 mV/s. The current
oscillations were damped with instrument filter. Diluted DMSO extracts
(1:4) were gradually added in aliquots of 20 µL into 20 mL of starting 5
mM hydrogen peroxide (H2O2) (Merck Darmstadt, Germany) in Clark &
Lubs (CL) buffer (pH 9.8).
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RESULTS AND DISCUSSION
The AO activity of DMSO extracts of Sch. commune and F. fomentarius
species was determined using the recently developed direct current
polarographic assay based on decrease of anodic current of
hydroxoperhydroxomercury(II) complex (HPMC). Decrease of anodic
limiting current noticed upon gradual addition of the extracts was plotted
against volume. Polarograms obtained by addition of the extracts of Sch.
commune and F. fomes exposed to air pollution are shown on Fig. 2.

A

B

Figure 2. Anodic polarographic curves before (0) and after addition (1-5) of
DMSO extracts of Schizophyllum commune (A) and after addition (1-7) of
DMSO extracts of Fomes fomentarius (B) in aliquots of 20 and 10 µL
respectively in 20 mL of 5 mM H2O2 in CL buffer (pH 9.8). The results
presented refer to samples collected from air-polluted environment.
The slopes of the linear part of obtained plots, i.e. percentage of anodic
currents height decrease per volume of the examined extracts added, were
used as measure of AO activity. The AO activity of Sch. commune and F.
fomentarius DMSO extracts collected from eco-friendly locations (423±26
and 808±56 %/mL, respectively) and exposed to air pollution (377±12 and
524±17 %/mL, respectively) were compared.
CONCLUSION
Increase of AO activity induced by air pollution was not observed. The
further research is required to give more comprehensive insight into AO
activity of these lignicolous fungi putting stress on a large number of factors
including the genetic ones.
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ABSTRACT
The antioxidant (AO) activity of selected crude extracts of the freshwater
sponge Ochridaspongia rotunda (Arndt, 1937) was evaluated in vitro by
direct current polarography for the first time. The novel assay based on
decrease of mercury reduction antioxidant power (MRAP) and the
previously established one based on decrease of anodic current of
hydroxoperhydroxomercury(II) complex (HPMC) in function of gradually
added antioxidants were applied. According to the both assays the methanol
extract exhibited higher AO activity than the acetone one (HPMC: 79±3
%/mL vs 47±2 %/mL; MRAP: 49±3 %/mL vs 28±1 %/mL). The results
obtained indicate that O. rotunda methanol extract may be considered as a
promising resource of novel natural products with potent AO activity.
INTRODUCTION
The freshwater sponge Ochridaspongia rotunda (Arndt, 1937), endemic to
the oldest European Lake Ohrid (30–70 m depth), is considered to be
without relatives in the current living world (Fig. 1) [1]. Most bioactive
compounds from the sponges can be classified as antitumour,
antiinflammatory and antioxidant [2]. Since some of synthetic antioxidants have
been found to be harmful for health, the search for effective antioxidants of
natural origin is of great interest.
In the course of ongoing experiments of Pejin and co-workers [3], the
antioxidant (AO) activity of the sponge O. rotunda was investigated. Herein
we report in vitro AO activity of its selected crude extracts (methanol and
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acetone) determined by polarographic assays based on anodic current of
hydroxoperhydroxomercury(II) complex (HPMC) [4] and cathodic current
of Hg(II) reducton, i.e. mercury reduction antioxidant power (MRAP) [5].

Figure 1. The freshwater sponge Ochridaspongia rotunda (Arndt, 1937).
EXPERIMENTAL
Biological material
The sample of Ochridaspongia rotunda (Arndt, 1937) was collected in Lake
Ohrid in June 2013. Voucher specimen has been deposited in
Hydrobiological Institute, Ohrid, Macedonia.
Extraction
The dried parts of O. rotunda were ground (4 g) and extracted thrice with
methanol and acetone for 1 h at room temperature, respectively. Then the
extracts were evaporated to dryness and stored at –20 °C until further use.
FTIR analysis
Fourier-transform infrared (FTIR) spectra of the extracts tested were
recorded in the attenuated total reflection mode (ATR) using a Nicolet 6700
FTIR Spectrometer (Thermo Scientific).
Polarographic assays (HPMC and MRAP)
Polarographic i-E curves were recorded on Houston Instrument
Omnigraphic 2000 X-Y recorder supplied with the Princeton Applied
Research 174 Polarographic analyser. Dropping mercury electrode (DME)
with programmed time of 1 s was used as a working one. Saturated calomel
electrode (SCE) was used as reference and Pt-foil as auxiliary electrode.
The initial potentials for i-E curve recording in both assays were 0.1 V and
0.2 V vs SCE, respectively. Initial solution for HPMC assay was prepared
by addition of 0.1 mL of 1.00 M H2O2 in 19.9 mL of Clark&Lubs (CL)
buffer of pH 9.8. Aliquots of 50 µL were added to obtain linear decrease of
the anodic limiting current (il). Initial solution for MRAP assay was
prepared by addition of 1 mL of 0.01 M HgCl2 in 19 mL of CL buffer.
Aliquots of 100 µL and 200 µL of the methanol and acetone extracts
respectively were added to obtain linear decrease of cathodic il.
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RESULTS AND DISCUSSION
The well-developed polarographic assay (HPMC) [4] and newly one
(MRAP) [5] were applied to determine AO activity of the sponge O.
rotunda methanol and acetone extracts. Selected polarograms illustrate the
effects of the methanol extract on anodic current of HPMC (A) and cathodic
current of Hg(II) reduction (B), respectively. Decrease of anodic limiting
current (HPMC) and cathodic limiting current (MRAP) vs the extracts
volumes was plotted (Fig. 2). The slopes of the linear part of obtained plots,
i.e. percentage of either anodic or cathodic limiting current height decrease
per volume of the extracts added, were used as a measure of AO activity.

A
B
Figure 2. Influence of the sponge methanol extract gradual addition in 8
aliquots: (A) of 50 µL on anodic polarographic current of 5 mM H2O2; (B)
of 100 µL on cathodic polarographic current of 0.5 mM HgCl2; in CL buffer
(pH 9.8), respectively. Plus sign denotes starting conditions, i.e. i = 0 and
E = 0.1 V vs SCE.
The extracts were proven to be active, but to a varying degree (Fig. 3). O.
rotunda methanol extract exhibited higher AO activity according to both
HPMC and MRAP assays (79±3 %/mL and 49±3 %/mL) than its acetone
extract (47±2 %/mL and 28±1 %/mL).

A
B
Figure 3. Percentage of decrease of anodic (A) and cathodic (B) limiting
current (il) vs volume of the sponge extracts: methanol (●) and acetone (■).
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The FTIR spectra of the extracts tested indicate carbonyl compounds,
alcohols, fatty acids, sterols and no presence of aromatic natural products.
It's worth noting that O. rotunda methanol extract in vitro displayed potent
antibacterial activity (minimum inhibitory concentration /MIC/ 7.5-15.0
µg/mL and minimum bactericidal concentration /MBC/ 15-30 µg/mL),
being more effective than the acetone extract [6]. In addition, the both
extracts in vitro exhibited anti-quorum sensing activity and anti-biofilm
activity (under review).
CONCLUSION
This preliminary screening of the sponge O. rotunda AO activity indicates
for the first time its potential to offer novel antioxidant substances of natural
origin. Further research will be focused towards isolation and identification
of the sponge antioxidants and their possibly use in medicine.
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ABSTRACT
In this work the antioxidant (AO) activity of the methanol extracts of two
autochthonous macrofungi Bjerkandera adusta (Willd.) P. Karst. and
Trametes versicolor (L.) Lloyd (1920) was assessed using direct current
polarographic HPMC assay and spectrophotometric ABTS assay. According
to the both assays used, higher AO activity was ascribed to B. adusta:
480±14 vs 108±7 %/mL and 642±56 vs 162±14 mg Trolox equivalents/g
extract, respectively. These results have indicated for the first time potential
importance of B. adusta in searching for novel antioxidant agents.
INTRODUCTION
Autochthonous macrofungi are considered as a good source of natural
antioxidants [1]. The aim of this work was to analyse in vitro the antioxidant
(AO) activity of selected inedible fungal species, namely Bjerkandera
adusta (Willd.) P. Karst. (Meruliaceae) and Trametes versicolor (L.) Lloyd
(1920) (Polyporaceae) (Fig. 1), from habitats in Vojvodina (Serbia) close to
each other. In order to evaluate AO activity, a polarographic
hydroxoperhydroxomercury (II) complex (HPMC) assay and a
spectrophotometric ABTS assay were applied for the first time, regarding
the aforementioned biological material.
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A

B

Figure 1. The autochthonous macrofungi Bjerkandera adusta (A) and
Trametes versicolor (B).
EXPERIMENTAL
Biological material and extraction procedure
B. adusta was collected in Novi Sad in April 2014, while T. versicolor
originated from Iriški Venac (Fruška gora) in January 2014. After drying in
an oven for 24 h at 50 °C, the biological material was ground to get the final
powder (20 g). The powder was extracted with 200 mL methanol for 72 h,
using shaker. Finally, the filtrate was evaporated to dryness and dissolved in
methanol to reach the concentration of 20 % (w/V).
Polarographic HPMC assay
The polarographic current-potential (i-E) curves were recorded, as described
previously [2], using the polarographic analyser PAR (Princeton Applied
Research), model 174A, equipped with X-Y recorder (Houston
Omnigraphic 2000). A dropping mercury electrode (DME) with a
programmed dropping time of 1 s as working electrode, saturated calomel
electrode (SCE) as a reference and a Pt-foil as auxiliary electrode were used
in the electrolytic cell. All i-E curves were recorded from 0.1 V towards
negative potentials with a scan rate of 10 mV/s. Diluted methanol extracts
(1:4) were gradually added in aliquots of
20 µL into 20 mL of starting 5
mM H2O2 (Merck Darmstadt, Germany) in Clark & Lubs (CL) buffer (pH
9.8).
Spectrophotometric ABTS radical scavenging assay
The assay was performed according to Arnao et al. [3] expressing the results
obtained as the mean values of three separate measurements.
RESULTS AND DISCUSSION
The AO activity of the methanol extracts of the macrofungi B. adusta and T.
versicolor was determined using the recently developed direct current
polarographic assay based on decrease of anodic current of
hydroxoperhydroxomercury (II) complex (HPMC) (Fig. 2) and common
spectrophotometric ABTS radical scavenging assay.
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B

Figure 2. Anodic polarographic curves obtained by none (0) and gradual
addition of the methanol extracts of Bjerkandera adusta (1-7) (A) and
Trametes versicolor (1-5) (B) in aliquots of 20 µL in 20 mL of 5 mM H2O2
in CL buffer (pH 9.8).
Decrease of anodic limiting current noticed upon gradual addition of the
extracts examined was plotted against the volume (Fig. 3). The slopes of the
linear part of obtained plots i.e. percentage of anodic currents height
decrease per volume of the methanol extracts added were used as a measure
of AO activity. AO activity of 480±14 and 108±7 %/mL was ascribed to B.
adusta and T. versicolor, respectively. The experimental data obtained by
ABTS assay were in accordance with HPMC assay, 642±56 vs 162±14 mg
Trolox equivalents/g extract, respectively. Till date, only AO activity of T.
versicolor originating from Japan was assessed [4]. Indeed, the study of
Kamiyama and co-workers (2013) showed that its different extracts,
including the methanol one, possessed DPPH radical scavenging activity in
the range of 15 to 51%.
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Figure 3. Percentage of decrease of anodic limiting current (il) vs volume of
the methanol extracts of Bjerkandera adusta (●) and Trametes versicolor
(■).
CONCLUSION
These results have indicated for the first time potential importance of the
macrofungal species B. adusta in searching for novel antioxidant agents.
The further research will be focused on the isolation and identification of its
antioxidants including the monitoring of seasonal variation of B. adusta AO
activity.
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ABSTRACT
The resurrection plant Ramonda serbica was completely dehydrated for 14 days,
reaching 4.2 % of the relative water content, and then fully rehydrated for 24 h.
During dehydration, the total phenolic and flavonoid contents of leaf extracts
significantly increased, and then gradually decreased upon rehydration. These
changes directly correspond to the observed antioxidant activity of extracts towards
the hydrophobic free radical DPPH. The scavenging potential towards the
hydrophilic radical Tempone was maximal after 3 h of rehydration, indicating a
strong oxidative burst upon water uptake.

INTRODUCTION
An exceptionally small number of higher vascular plant species have the ability to
dehydrate their vegetative tissues and overcome drought conditions in the state of
physiological inactivity or anabiosis. With an increase in ambient humidity, they
readily absorb water, and recover all their physiological activities within several
hours or days. These plant species are able to survive repetitive cycles of
dehydration and rehydration, without losing their viability, and therefore they are
called desiccation-tolerant, poikilohydric or resurrection plants.
The poikilohydric, vascular flowering plant Ramonda serbica Panč. & Petrov.
(Gesneriaceae) is an endemic and relict plant of the Balkan Peninsula [1,2]. Its
highly effective antioxidant system protects cells from reactive oxygen species
(ROS), which are one of the most harmful consequences of water deficit and/or
metabolic perturbations in cells [3]. Previous studies have shown that during
dehydration and rewatering, R. serbica plants undergo changes in antioxidant
enzyme activities of ascorbate peroxidase, glutathione reductase, superoxide
dismutase, and polyphenol oxidase [4-6]. In addition, changes of the total content
of various compounds that participate in its antioxidative protection, such as
ascorbate, dehydroascorbate, reduced glutathione, and phenolic acids, have been
observed.
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In this work, we investigated the antioxidant potential of R. serbica extracts during
the dehydration-rehydration cycle using electron paramagnetic resonance (EPR)
spectroscopy. Namely, the capacity of the extracts for the removal of two nitrogencentered radicals, 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 4-oxo-2,2,6,6tetramethylpiperidine-N-oxyl (Tempone) were determined.

EXPERIMENTAL
Plants were collected from their natural habitat in the vicinity of the city of Niš (SE
Serbia). They were allowed to acclimatize for two weeks during which they were
regularly sprayed with water in order to maintain their optimal water status. After
acclimatization, the plants were not irrigated for 14 days, and they consequently
dehydrated. Desiccated plants were then rewatered for the next 24 hours. Mature
leaves from the middle of rosettes were used for analyses. They were harvested
from the well watered control plants (C), moderately and completely desiccated
plants (D1 and D2, respectively), and after 1, 3, 6, and 24 hours after the beginning
of rehydration (R1, R2, R3, R4, respectively). The relative water content (RWC) of
all leaves was determined according to Barr and Weatherley [7].
Preparation of plant methanol extracts. Leaves were crushed into powder using
liq.N2 and extracted with 80 % methanol (1:10, w/v). After 20 min centrifugation at
10,000×g, the supernatants were filtered through 0.2 µm cellulose filters (Agilent
Technologies, Santa Clara, USA) and stored at 4 °C until use.
Determination of total phenolic content. Total phenolic (TP) content was
quantified using the modified Folin–Ciocalteau assay [8]. 50 µl of plant extract was
mixed with 475 µl of the 5 % sodium carbonate solution. The mixture was left for
3–5 min and then 475 µl of the 50 % Folin–Ciocalteau reagent was added. The
solution was mixed and allowed to stand at room temperature in dark for 1 h.
Absorbance was measured at 724 nm using UV–visible spectrophotometer (Agilent
8453, Agilent Technologies, Germany). The TP content was calculated from a
standard calibration curve based on gallic acid and the results were expressed as
mg of gallic acid equivalents (GAE) per gram of leaf dry weight (mg GAE g-1
DW).
Determination of total flavonoid content. Total flavonoid (TF) content of the
samples was determined according to [9], with some modifications. Briefly, 50 µl
of plant methanolic extract was mixed with 600 µl ddH2O, well shaken and mixed
with 40 µl of 5 % KNO2. The mixture was allowed to stand at room temperature
for 6 min and subsequently 70 µl of 4.26 % AlCl3 solution was added. After 5 min
at room temperature, 240 µl of 1 M NaOH was added to the mixture and the
solution was well mixed. The absorbance was measured at 510 nm. TF content in
each extract was calculated from the standard curve based on rutin. The results are
expressed as mg of rutin equivalents (RE) per gram of leaf dry weight (mg RE g-1
DW).
EPR spectroscopy. The samples used for EPR measurements contained 30 µl of
200× diluted leaf methanolic extracts and 0.02 mM DPPH or 0.1 mM Tempone.
The X-band (9.8 GHz) EPR spectra were recorded on a Bruker Elexsys-II EPR
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spectrometer at room temperature under the following conditions: microwave
power 10 mW, modulation amplitude 2 G, modulation frequency 100 kHz,
conversion time 120 ms, acquisition time 2 min. Spectra were analyzed using
Bruker Xepr software. Antioxidant activities of methanolic leaf extracts were
determined from the relative heights of the middle EPR peak (DPPH), and the lowfield EPR peak (Tempone), as described in [10] using the following formula:
AA(%) = (1 − I extract / I cont ) ⋅ 100 , where Icont and Iextract are the relative heights of the
EPR peaks in the spectrum of the control, and the sample containing the leaf
extract, respectively.

RESULTS AND DISCUSSION
The relative water content (RWC) of the well watered control plants (C) decreased
from 78.7 % to 61.4 %, in moderately dehydrated plants (D1), and finally to 4.2 %
in the completely dried ones (D2). Upon rehydration, the RWC restored rapidly to
19.71 % (R1), 25.08 % (R2), 40.95 % (R3), and 65.1 % (R4) after 24 hours.
The total content of phenolic and flavonoid compounds during the dehydrationrehydration cycle is shown in Figure 1a. It is observed that the dehydrated leaves
have the highest content of phenolic compounds, and that this amount is
significantly decreased during the first six hours of rehydration. This reduction may
be correlated with their role in the antioxidant protection during the strong
oxidative burst that occurs at the beginning of rehydration. As previously
suggested, the phenolic compounds act against ROS in the initial phase of plant
rewatering, being substrates for peroxidases [5,6].

Figure 1. a) Total phenolic (TP) and flavonoid (TF) contents, and b) antioxidant
activity towards free radicals, DPPH and Tempone, of R. serbica plants subjected
to dehydration and rehydration. Error bars are standard deviation from two
independent experiments.
The highest antioxidant activity of methanolic leaf extracts towards the free radical
DPPH was detected in completely dehydrated and physiologically inactive leaves
(D2), Figure 1b. The changes in the antioxidant potential towards DPPH
correspond well to the changes in the concentrations of total phenolic and
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flavonoid compounds, indicating their important role in protection against ROS,
especially during dehydration.
The antioxidant activity of leaf extracts towards Tempone is also increased during
dehydration (D2), however it reached its maximum after 3 h of rehydration (R2).
This indicates that during the first few hours of rehydration, when the plants
experience severe oxidative stress [6], they contain water-soluble compounds that
can reduce the hydrophilic free radical Tempone. These compounds are likely to be
part of the rehydration-induced antioxidant defense mechanism, and may protect
the cells from elevated ROS production during the oxidative burst.
Taken together, the results show that the antioxidant defense system of R. serbica
is well-coordinated during the dehydration and rehydration processes.

CONCLUSION
Ramonda serbica is a desiccation-tolerant plant that efficiently removes reactive
oxygen species that form in water stressed plants, especially at the beginning of
plant rewatering. The high capacity for the removal of the Tempone free radical in
the initial phases of plant rehydration confirms the existence of the highly efficient
ROS-detoxifying mechanisms during the strong oxidative burst. Our results also
show that EPR spectroscopy is a valuable tool in the evaluation of the overall
antioxidant capacity of plant extracts.
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ABSTRACT
Spectral properties and G-quadruplex folding ability of fluorescent
oligonucleotide probes at the cationic dioctadecyldimethylammonium bromide
(DODAB) monolayer interface are reported. Thrombin binding aptamer
sequence and 21-mer with human telomeric sequence, were end-labeled with
fluorescent groups (FAM and TAMRA) to give FRET probes, F19T and F21T,
respectively. Fluorescence energy transfer efficiency of monolayer adsorbed
probes increased in the presence of sodium or potassium ion in the subphase,
which indicated that the probes retained their cation binding properties when
adsorbed on the monolayer interface.
INTRODUCTION
Recently, several very sensitive potassium ion sensors have been reported, which
are based on K+-dependent formation of G-quadruplex structures (G4 DNA) by
guanine-rich oligonucleotides [1]. The common idea behind these sensors was to
exploit metal cation binding properties of quadruplex-forming DNA sequences that
were labeled with reporter fluorescent groups (Fig. 1). The fluorescence energy
transfer (FRET) approach was utilized in most cases as a signal transduction
strategy with the use of oligonucleotide being modified at both termini with
suitable fluorophores (commonly FAM and TAMRA as a FRET pair) [1].
Potassium, which has ionic radius of approximately 1.3 Å, fits exceptionally well
in the cavities between guanine tetrads and stabilizes resulting quadruplex
structure. In an unbound
Figure 1. Principle of
state, both termini of
FRET
signal generation
oligonucleotide probe are
by
oligonucleotide
separated and the probe
probe as result of K+
exhibits
unperturbed
induced G-quadruplex
fluorescence
spectrum
formation.
dominated
by
FAM
emission. In the presence
of K+, the quadruplex structure is developed that enables fluorophores to be
arranged in a close proximity causing generation of different fluorescence spectrum
(quenched FAM band and enhanced TAMRA emission). The preferential ability of
potassium to stabilize guanine tetraplexes is well known.
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To understand performance of these probes and their interactions with cell
components, for example cell membrane, we studied interaction of G4 DNA
probes with cationic lipid monolayer. DODAB amphiphile was used for monolayer
formation at the air/aqueous subphase interface. Fluorescence spectra of probes at
different experimental conditions (surface pressure, salt concentration) were
recorded using Langmuir trough and spectrofluorimeter equipped with a fiber optic
accessory.
EXPERIMENTAL
Dioctadecyldimethylammonium bromide (DODAB) was purchased from SigmaAldrich, and was used as received. F19T FRET probe was synthesized and HPLCpurified by Eurogentec, Belgium. FAM and TAMRA labels were attached to
termini of an extended TBA aptamer [G2T2G2TGTG2T2G2AT3]) using six-carbon
linkers. A computer-controlled film balance system (Langmuir trough small, KSV
NIMA, Finland) equipped with a platinum Wilhelmy plate pressure sensor was
used to carry out monolayer related study. Fluorescence measurements were
carried out using Cary Eclipse spectrofluorimeter (Agilent Technologies,
Australia). For the fluorescence measurements of monolayer adsorbed probe, a
system consisting of Langmuir trough and spectrofluorimeter equipped with an
Eclipse fiber optic accessory (Agilent Technologies, Australia) was adapted. The
DODAB monolayer was formed on a subphase containing probe at a strand
concentration of 8.3 nM (charge ratio of DODAB: probe was 1:1). Fluorescence
emission spectra were recorded in the 480 – 800 nm range with the excitation
wavelength of 470 nm for FRET measurements.
RESULTS AND DISCUSSION
Spectral properties of the fluorescent probe F19T were first investigated in buffer
solution in order to verify its ability to generate FRET signal upon G-quadruplex
formation. Metal cation, Na+ and K+, and temperature effect on FRET process were
examined. Figure 2A shows fluorescence spectra for F19T recorded in buffer
solution containing varying concentrations of K+ ion.

Figure 2. (A) Potassium ion effect on the fluorescence spectra of 0.2 M F19T
probe at λexc = 470 nm. Conditions: 5 mM Tris-acetate buffer (pH 7.5), CH3COOK
conc.: 0 - 300 mM. (B) Effect of K+ on FRET efficiency expressed as F583/F520
ratio (solid line) and on directly excited TAMRA emission (dashed line).
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As evident from Fig. 1 A, increase in metal ion concentration causes dramatic
quenching of the FAM emission band at 520 nm, whereas the intensity of the
TAMRA band at 583 nm slightly decreases. We have previously shown that
TAMRA fluorescence is not significantly affected by K+ concentration [2]. The
observed lack of strong sensitized emission from TAMRA can be explained in
terms of quenching effect of oligonucleotide bases on TAMRA emission, which is
supported by emission profiles of TAMRA excited directly at 560 nm (dashed line
in Fig. 2B). The efficient TAMRA quenching (~70 %) is not compensated by
FRET, and a decrease in TAMRA sensitized emission is therefore observed. Solid
line profile (Fig. 2B) represents effect of potassium ion concentration on FRET
efficiency expressed as a fluorescence ratio F583/F520. Significant increase in FRET
response is observed for K+ concentration range of 10 – 300 mM.
Our earlier results showed that interactions with G4 DNA shifted the π-A isotherm
of the cationic Langmuir film to lower molecular areas when compared with the
reference isotherm recorded in the absence of DNA [3,4]. The π-A isotherm
recorded on F19T containing subphase was also shifted into lower surface area per
molecule, especially at higher surface pressure region (π > 5 mN/m). The
compaction of DODAB monolayer observed in the presence of G4 DNA probe is
in good agreement with results reported for unmodified oligonucleotides and
indicates that DNA molecules can replace weakly bound acetate ions, causing more
efficient neutralization of DODAB monolayer charges [3,4].
The efficiency of FRET process of adsorbed probe was investigated at the interface
of a DODAB monolayer spread on TEAA subphase. Since adsorption and spectral
characteristics of fluorescent labels may be affected by charge density of
monolayer, the effect of surface pressure of monolayer on probe performance was
first examined and results are shown in Fig. 3A.

Figure 3. (A) Effect of surface pressure of DODAB monolayer on the fluorescence
spectra of F19T probe. (B) Dependence of FRET efficiency for F19T at DODAB
monolayer interface before (#1 - #3) and after addition of 50 mM Na+ (black bars)
or 5 mM K+ (gray bars) (#4 - #8). Consecutive experimental steps: #1 - F19T in
subphase, #2- DODAB added, #3 – comp. 30 mN/m, #4 – cation added, #5 –
decompressed, #6 - #9 comp. 30 mN/m and spectra recorded at 15 min intervals.
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Positions of the fluorescence bands agree with solution spectra of the probe but
fluorescence intensity varies with experimental conditions. Spreading of DODAB
monolayer on the probe solution (π = 0 mN/m) caused enhancement of both FAM
and TAMRA fluorescence (spectrum 1 versus spectrum 2 in Fig 3A). In contrast,
compression of monolayer (spectra 3, 4, 5 in Fig. 3A) exerted rather quenching
effect than expected further fluorescence enhancement. Low sensitivity of F19T
fluorescence to monolayer compression can be explained by weak interactions
between probes and monolayer that results in loosely adsorbed oligonucleotide
probes on monolayer interface. Binding selectivity of adsorbed F19T probe was
next examined. Variations of FRET efficiency of F19T probe for particular steps of
the experiment are compared for sodium and potassium in Fig. 3B. Addition of 50
mM sodium ion (black bars) into subphase behind the barrier imposed negligible
effect on the FRET efficiency of F19T probe (#4 - #8) comparing with that for
F19T probe before Na+ addition (#1 - #3). The lack of probe sensitivity to sodium
ion is in good agreement with measurements carried out in bulk solution and
supports literature reports on low binding affinity of TBA aptamer to sodium cation
[1,5]. Taking into account concentration of sodium and potassium at these
experiments, one can conclude that the F19T probe has a potential to be used for
potassium gradient monitoring close to the external surface of cell membrane.

CONCLUSIONS
Spectral properties and G-quadruplex folding ability of F19T probe were
characterized in bulk solution and at the cationic DODAB monolayer interface.
Fluorescence spectra and FRET efficiency of probe exhibited modest dependency
of the presence of DODAB monolayer and its compression state (surface pressure)
showing gradual increase with compression of monolayer (higher surface
pressure). FRET enhancement observed also in the absence of metal cations
suggested formation of intermolecular aggregates induced by cationic character of
DODAB monolayer interface. The probe adsorbed on monolayer interface

exhibited K+/Na+ binding selectivity, similarly as it was observed for probes
in bulk solution.
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ABSTRACT
A chromogenic substrate was obtained by coupling azo dye Congo red to
microbial polysaccharide pullulan. The synthesized product was
characterized by spectral techniques and elemental analysis. Results showed
that dye-labelled glycan can be successfully used for the screening of
microorganisms possessing enzymes that selectively catalyze the cleavage
of glycosidic linkages characteristic for this polysaccharide.
INTRODUCTION
Methods based on stained polysaccharide as chromogenic substrates have
been reported for the routine assay of different enzymes that specifically
hydrolyses chemical linkages significant for certain polysaccharides [1,2].
These substrates are sensitive and highly specific for the target enzymes.
Pullulan, one of the extracellular polysaccharides produced by yeast like
fungus Aureobasidium pullulans is biodegradable, nontoxic and soluble in
water, why has great applications in various field, from food industry to
medicine and pharmacy [3].
It is a linear α-D-glucan having D-glucopyranose units connected by α(1,4)- and α-(1,6)-glucosidic bonds. Its main structural characteristic are
maltotriose repeating units mutually connected by (1,6)-α-D-glucosidic
linkages (Fig.1). Congo red, the sodium salt of 3,3'-([1,1'-biphenyl]-4,4'diyl)bis(4-aminonaphthalene-1-sulfonic acid) is a benzidine-based anionic
diazo dye (Fig. 2) that is widely used for staining different substrates, some
of which have commercial application in medicine and microbiology [4].

514

PHYSICAL CHEMISTRY 2014
O

CH2OH
O

O
OH

O

OH
OH

OH

F-18-P

CH2OH
O
O

OH

OH

HO

O
CH2OH
O

O
OH

O

OH
OH

OH

CH2OH
O
O

OH

OH
HO

O

Figure 1. Pullulan

Figure 2. Congo red

In this work a synthesis of stained pullulan with dye Congo red has been
reported. The resulting product was characterized by HNMR, UV-Vis and
elemental analysis. The aim of this work was the obtaining a new dye
labeled glucan as a potential chromogenic material for sensitive screening
test of microorganisms that selectively hydrolyzes characteristic linkages of
this polymer. Also, this material could potentially be used for the
determination of activity of crude enzyme preparations.
EXPERIMENTAL
Pullulan used in this work is produced by A. pullulans, strain CH-1 (IChTM,
Collection of Microorganisms) [5,6]. Other reagents and solvents were
purchased from commercial sources and used without further application.
Pullulan and Congo red were prepared separately, by dissolution in distilled
water and then mixed together. The reaction was performed with stirring
(50°C, 1 h) and, at different times, equal portions of Na2SO4 were added.
Then aqueous solution of a Na3PO4 was added and reaction maintained at
50°C with extensive stirring for 1 h. Reaction mixture was centrifuged
(4000 rpm, 15 min) and the precipitate was resuspended in distilled water
and purified of unreacted dye by dialysis. Resulting solution was
lyophilized. The 1H-NMR spectra (Fig. 3) were done on a Varian Gemini
(200 MHz) NMR spectrometer. UV-VIS spectral characteristics of free dye
and product (Fig. 4 and Fig. 5) were recorded using a GBC Cintra 40
spectrophotometer. Elemental analysis (C,H,N,S) was performed using a
Vario EL III, CHNS/O Elemental Analyzer, Elementar Analysen systeme
GmbH.
RESULTS AND DISCUSSION
The coupling pullulan with Congo red was confirmed by 1H-NMR data
(Fig. 3). The 1H-NMR spectrum of stained pullulan showed a characteristic
signals relating to the polysaccharide and Congo red. In 1H-NMR spectrum
among signals at 5.0 ppm, and 5.4 ppm corresponding to the anomeric
protons of α-(1,6)- and α-(l,4)-glucopyranoses, respectively, characteristic
for pullulan, can be seen peaks in aromatic part of the spectrum, in the
region of 7.0 ppm - 9.0 ppm, related to the signals of aromatic rings of the
Congo red dye.
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Figure 3. 1H-NMR spectrum of stained pullulan with Congo red
Additional evidence that pullulan was coupled with Congo red was found in
the results of elemental analysis (Table 1.). The content of dye in coupled
polysaccharide is reflected by the increase of nitrogen and sulphur content.
Table 1. Elemental analysis of starting substances and reaction product
%N %C %H %S
Pullulan
/
44.4 6.2
/
Congo red
12.1 55.1 3.1
9.2
Pullulan-Congo red
1.4
35.4 5.2
0.9

Figure 4. UV-VIS spectrum of
pullulan-Congo red

Figure 5. UV-VIS spectrum
of Congo red dye

UV-VIS spectral properties of pullulan coupled with Congo red (Fig. 4) did
not differ from those of free dye (Fig. 5). Free dye in distilled water (0.8
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mg/ml) show two maximum absorption peaks of different intensity, the first
peak at 340 nm and the second peak at 498 nm. The spectrum of pullulancoupled Congo red (2,0 mg/ml) showed a identical shape of the curve with
the maximums at the same wavelengths of the spectrum.
CONCLUSION
The dye labeled pullulan was obtained through coupling of this
polysaccharide and azo dye Congo red. This novel stained material can be
used as potential chromogenic substrate for rapid and sensitive screening
test for microorganisms possessing enzymes that selectively hydrolyze α(1,6)-glycosidic bonds characteristic for pullulan.
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ABSTRACT
Changes in calcium phosphate/poly-(DL-lactide-co-glycolide) (CP/PLGA)
nanoparticles and ions content after incubation in Dulbecco's Modified
Eagle Medium (DMEM) at 37oC were examined in this study. Fourier
transform infrared (FTIR) spectroscopy provided molecular structure
information related to CP/PLGA nanoparticles and the semi-quantitative
analysis of calcium and phosphorous content in CP/PLGA nanoparticles
before and after incubation in DMEM was determined by SEM-EDX
spectroscopy. SEM analysis revealed changes in morphology while EDX
results show that concentration of calcium and phosphorous ions increases
after incubation in DMEM and FTIR results show degradation of CP/PLGA
polymer component and precipitation of the material similar to
hydroxyapatite (HAp) on its surface.
INTRODUCTION
Composite material calcium phosphate/poly-DL-lactide-co-glycolide
(CP/PLGA) is used in the engineering of bone tissue. PLGA provides highly
porous architecture, similar to trabecular bone, and CP gives strength. [1,2].
Biomimetic properties of CP/PLGA reduce the formation of the fibrous
capsule on the interface material/tissue and improve adhesion of
osteoprogenitor cells, which ultimately enhances and accelerates the
osteogenic process. Dulbecco's Modified Eagle Medium (DMEM) is
suitable for the cultivation and maintenance of most types of mammalian
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cells, due to its characteristic composition, since provides physiologically
necessary ingredients in physiological amounts to the cells, and so presents
an environment that mimics the physiological. During the examination of
biomaterials in vitro on cell cultures, the biomaterials interacts with DMEM
so the aim of our study was to investigate any changes of CP/PLGA that
occurs due to the interaction of the material with medium.
EXPERIMENTAL
Appropriate amount of CP/PLGA nanomaterial was incubated in Dulbecco's
Modified Eagle Medium for 3 days at 37oC.
The FTIR spectra as an average of 200 scans were recorded at room
temperature on a BOMEM MB-100 spectrometer equipped with a standard
DTGS/KBr detector in the range of 4000–400 cm–1 with a resolution of 2
cm–1. In the region all spectra were baseline-corrected and area-normalized.
A Fourier self-deconvolution method was applied to enhance the resolution
in a spectral region of 4000–400 cm–1.
The morphology of nanoparticles, previously gold-coated, was analyzed on
scanning electron microscope (SEM, JEOL JSM 5300), equipped with
energy dispersive X-ray spectrometer (EDX, QX-2000) operating at 20 kV.
The semi-quantitative analysis of calcium and phosphorus content in
biomaterials was determined by EDX spectroscopy.
RESULTS AND DISCUSSION
The IR spectrum of CP/PLGA nanomaterial before incubation in DMEM is
shown in Fig. 1a. The IR spectrum is characterized by absorption bands
arising from CP and PLGA, determined by analogy with the IR spectra of
pure CP and the same PLGA standard samples. Absorption bands with
maxima at 1094, 1034, 603 and 564 cm–1 arise from the phosphate groups of
CP [3]. The wide absorption band with centroid on the approx. 3420 cm–1 is
the result of stretching vibrations of all types of the hydrogen bound OH
groups and H2O molecules [4]. Sharp band at 3567 cm−1 needs attribute to
ν(OH) vibration of the free OH groups, which has not been included in the
formation of hydrogen bonds. Absorption bands at 1420 cm–1 and 631 cm–1
are attributed to the bending vibrations of OH group. The band on the
approx. 1600 cm–1 is the result of (HOH). Characteristic absorption bands
at 1750 cm–1 and at about 2926 cm–1 are attributed to the stretching
vibrations of the C=O and C–H group of PLGA, respectively [5]. Absorption
band at 1457 cm−1 originates from the bending vibrations of CH2 group. In
area of approx. 860–875 cm–1 carbonate band appears from carbonate
substitution for hydroxyl and phosphate groups in CP [6].
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Figure 1. FTIR spectra of CP/PLGA nanomaterial before (a) and after
incubation (b) in DMEM
The IR spectrum of CP/PLGA nanomaterial after incubation in DMEM is
presented in Fig. 1b. The IR spectrum contains already mentioned
absorption bands arising from CP/PLGA nanocomposites (as illustrated in
Fig. 1a), except characteristic absorption band at 1750 cm–1 which was
attributed to the stretching vibrations of the C=O group of PLGA. Absence of
the absorption band in the region of 1750 cm−1 after incubation in DMEM
indicates that the complete polymer PLGA degradation process took place.
The IR band changes intensity in the region of OH− and PO43− group
vibrations, which were registered on the nanocomposites after incubation in
DMEM, may indicate to the formation of hydroxyapatite (HAp) similar
nanomaterial on the surface. The analysis of IR spectra of the CP/PLGA
nanocomposites, registered after incubation, enables these interactions to be
identified. Broadening and intensity increasing of the strong IR bands
approx. 3420 cm−1 and 1034 cm−1, corresponding to the OH− and PO43−
(Fig. 1b), shows the presence of HAp and its interaction with phosphate
groups [7]. It implies that the hydrogen bonding may be formed between the
CP/PLGA phosphate groups and O–H groups of the HAp [8]. The formation
of hydroxyapatite on the surface of the nanocomposites after incubation in
DMEM was attributed probably to the ionic exchange between CP/PLGA
particles and DMEM.
Changes in chemical composition during incubation in DMEM can be
monitored using EDX spectroscopy. For CP/PLGA sample is characteristic
that after incubation in DMEM, changes in chemical composition of single
components are observed. In the primary stadium of the experiment calcium
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and phosphorus ions concentration simultaneously increases after incubation
of CP/PLGA in DMEM, and new layer consisting mainly of hydroxyapatite
is formed. Additionally, Ca/P ratio approx. 1.65 can indicate the presence of
HAp [4]. Furthermore, SEM analysis shows changes in morphology of the
samples’ surface during the incubation in DMEM, and CP/PLGA powders
show structures consisted of non-uniform agglomerates with various
average particle sizes.
CONCLUSION
FTIR analysis of CP/PLGA nanomaterial shows that absence of the
absorption band in the region of 1750 cm−1 after incubation in DMEM
indicates that the polymer PLGA degradation process took place. EDX
results show changes in chemical composition of single components after
incubation in DMEM and SEM investigations revealed changes in
morphology.
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ABSTRACT
Triangular silver nanoplates are a type of most-studied noble-metal
nanostructures over the past decade, owing to their special structural
architecture, outstanding plasmonic features across both visible and IR
regions, and catalytic properties for a wide range of applications. Herein, we
used these nanoparticles to deposit on cotton (Co) fabric pretreated with
biopolymer chitosan (CHT) and investigated their antimicrobial activity.
The antimicrobial efficiency of the coated fabrics was evaluated toward
Gram-negative bacteria E. coli, Gram-positive bacteria S. aureus and fungus
C. albicans. It was found that deposited silver nanoparticles imparted
excellent antimicrobial properties to Co fabric.
INTRODUCTION
Silver nanoparticles (AgNPs) are one of the well-known antibacterial
substances with multimode level of antimicrobial action, which could be
used industrially for several purposes, including amendments to textiles and
cosmetics, food processing, water treatment, etc.[1,2]. Their antimicrobial
activity depends on size, shape, functional surface coverage and stability in
the growth medium. On the other hand, textile materials, in particular cotton
under certain conditions, can support the growth of different microbes
[1].One promising innovation is to impart these textiles with antimicrobial
properties. Since the chitosan has been exploited in textile finishing, with
great metal-complexing capacity due to a free amino and hidroxy groups,
we explored its characteristic to enhance deposition of triangular Ag
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nanoplates on the Co fabric. Besides, we used low concentration of CHT to
avoid its antimicrobial activity, providing possibility to solely investigate
antimicrobial effect of triangular Ag nanoplates.
EXPERIMENTAL
Triangular Ag nanoplates were obtained by one step seedless route [3,4].
Aqueous solutions of AgNO3 (0.1 mM, 25 mL), Na3C6H5O7 (30 mM, 1.5
mL), H2O2 (30 wt%, 60 µL) and PVP (0.7 mM, 1.5 mL) were mixed with
150 µL (0.1 M) of NaBH4 under vigorous stirring. The solution immediately
turned pale yellow, then orange and pink, and finally blue and at the end of
the reaction, indicating a finished growth process of nanoplates. The final
content of the AgNPs in the colloid solution determined by atomic
absorption spectrometer was 11 mg/l.
The optical properties of the AgNPs were studied by Thermo Evolution 600
UV–Vis spectrophotometer, while the morphology and their size were
analyzed with a JEM-2100 LaB6 transmission electron microscope (TEM)
operated at 200 kV.
Co fabric was first treated with 0.3% CHT solution (solution-to-fabric ratio
30:1), then washed with distilled water, squeezed at pressure of 2 kg/cm2
and dried at room temperature. Then, 1g of Co fabric or CHT-treated Co
fabric was immersed in 25 mL of colloid of triangular AgNPs for 30 min
and dried at room temperature.
The antimicrobial activity of Co fabrics loaded with AgNPs was tested
against E. coli (ATCC 25922), S. aureus (ATCC 25923), and C. albicans
(ATCC 10259) using the standard test method ASTME 2149-01 [5].
Microbial inoculums was prepared in tryptone soy broth, supplemented with
0.6% yeast extract, and left overnight in thermostat at 37°C. One gram of
sterile fabric cut into small pieces was placed in flask with 50 mL of sterile
sodium hydrogen phosphate buffer solution (pH = 7.2), which was then
inoculated with 500 µL of microbial inoculums and shaken for 2 h at 37°C.
A 100 µL volume of aliquots from the inoculums previously subjected to
decimal dilution with sterile physiological saline solution were placed in
sterile Petri dishes, covered with tryptone soy agar, and incubated for 24h at
37°C. After incubation period, the colony forming units (CFU) of each plate
were determined. The percentage of microbe growth reduction (R, %) was
C −C
calculated using the equation R = 0
100, where Co is the number of
C0
CFU on the control fabric (untreated Co fabric without AgNPs) and C is the
number of CFU after deposition of AgNPs on either untreated or CHTtreated Co fabrics.
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RESULTS AND DISCUSSION
The morphology study of the initial solution of AgNPs by TEM
measurements clearly reveals the presence of triangular and truncatedtriangular NPs with edge length between 40-60 nm and thickness of about 5
nm (Figure 1a). Absorption spectrum of AgNPs dispersion contains three
distinctive peaks, which indicates the presence of fine triangular AgNPs,
Figure 1b. The observed peaks at 332, 466 and 754 nm are assigned to the
out-of-plane quadrupole resonance, in-plane quadrupole resonance and inplane dipole plasmon resonance, respectively [6].

Figure 1. a) TEM image of triangular Ag nanoplates, and b) Absorption
spectrum of their colloid dispersion.
Besides, the third peak is very sensitive to the sharpness of the tips on the
triangles and for truncated triangles it could be blue-shifted in comparison to
the position of resonance band for the perfect prism (λ = 770 nm), without
influence on other resonances. For this reason, the observed blue-shift of
third peak (λ = 754 nm) can be explained by higher yield of truncated
prisms with blunt edges in comparison to the perfect prisms.
Antimicrobial activity of untreated and CHT-treated Co fabric impregnated
with Ag nanoplates was tested after applied sterilization procedure and
compared with CHT-treated Co fabric. It was found that CHT-treated Co
fabric impregnated with AgNPs reached maximum microbial reduction in
the case of E. coli and C. albicans (R = 99.9%) and this reduction was R =
99.6% in the case of S. aureus. On the other hand, the values of microbial
reduction of untreated Co fabric impregnated with AgNPs were R = 99.9%,
56.9% and 28.4% against E. coli, S. aureus and C. albicans, respectively.
Besides, control CHT-treated Co fabric without AgNPs did not show any
antimicrobial activity due to low content of CHT on the surface of Co
fabric. The results of these antimicrobial tests, clearly indicated that binding
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of AgNPs to free amino and hydroxy groups of CHT impregnated Co fabric,
induced larger content of deposited AgNPs on the Co fabric compared to
untreated fabric, and therefore, higher levels of antimicrobial activity.
Furthermore, the encouraging results obtained can be related to the shape of
NPs, namely truncated triangular Ag nanoplates, which provide crystalline
facets of higher reactivity (high atom densities) and, presumably, a higher
rate of ions release from their tips and edges compared to other shapes of
NPs.
CONCLUSION
The presented results demonstrated advantage of using CHT-treated Co
fabric impregnated with AgNPs instead of untreated Co fabric in order to
enhance the antimicrobial activity of coated textiles. Furthermore, this study
showed that triangular Ag nanoplates have excellent antimicrobial activity
against E. coli, S. aureus and C. albicans strains and could be used to
prepare antimicrobial fabrics.
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ABSTRACT
Copper nanoparticles (CuNPs), with an average particle size of about 5 nm,
was prepared by the simple chemical reduction procedure. TEM and UV–
Vis spectroscopy contributed to the analysis of size and optical properties of
CuNPs, and their antibacterial activity was evaluated toward human
pathogenic bacteria Escherichia coli and Staphylococcus aureus, in a
concentration dependent manner. The changes in the cell membrane
morphology of tested strains were investigated by atomic force microscope
(AFM), after 2 h of their contact with CuNPs. It was found that CuNPs
cause different types of cell membrane disruptions, as well as that S. aureus
bacteria were slightly resistant to the cell membrane damage than E. coli.
INTRODUDTION
As a result of growing microbial resistances to multiple antimicrobial agents
and development of resistant strains, there is increasing demand for novel
antibacterial materials, such as metal NPs. Their main advantage is high
surface area to volume ratio compared to bulk material, which provide a
large active surface in the contact with microorganisms. Because of high
cost of metals like silver and gold, material chemist have focused their
attention on exploring possibilities of using CuNPs as ultimate antimicrobial
agent [1,2]. Copper toxicity originates not only from the generation of
oxidative stress but also fromits tendency to alternate between its cuprous,
Cu(I), and cupric, Cu(II), oxidation states, differentiating CuNPs from other
metal NPs. The both ions-mediated bactericidal mechanisms involve the
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inhibition of cellular energy-transducing capabilities and accumulated
damage at multiple cellular sites. In this study, the rapid inactivation of the
two prokaryote cells by small and bare CuNPs is presented.
EXPERIMENTAL
Synthesis of CuNPs. The Cu hydrosol was prepared under inert atmosphere
and vigorous stirring, by the chemical reduction of the weakly acidic (pH =
3 – 4) copper (II) chloride hydrate (0.5 mM) solution, using NaBH4
(13.2mM) as a reducing agent and ascorbic acid (1.25mM) as a protective
agent.
Antimicrobial assays. The antimicrobial activity of the CuNPs was
quantitatively assessed in a physiological saline solution (8.5 g NaCl in 1 L
of distilled water). E. coli (ATCC 25922) and S. aureus (ATCC 25923)
bacteria were used like a test species. Microbial inoculum was prepared in
tryptone soy broth (TSB, Torlak, Serbia), supplemented with 0.6% Yeast
Extract (Torlak, Serbia), and left overnight at 37 °C. 3 mL of test solutions
with different concentrations of the Cu hydrosol were inoculated with 1%
inoculum (30 µL) as well as control sample without CuNPs. The Cu
hydrosol was used in the form in which it had been prepared. All tubes were
first incubated at 37 °C for 2 h, and after that, 100 µL aliquots was removed
and subjected to decimal dilution with sterile physiological saline. From all
dilutions 100 µL aliquots were placed in sterile Petri dishes, covered with
trypton soy agar (Torlak, Serbia) and incubated 24 h at 37 °C. After
incubation period the colony forming units (CFU) of each plate was
determined. The percentage of microbial growth reduction (R, %) was
calculated using the equation R=[(C0-C)/C0)]·100, where C0 is the number
of CFU from control sample and C is the number of CFU from the treated
samples.
Characterization. Particles characterizations were performed with
Termoscientific Evolution 600 spectrophotometer and transmission electron
microscopy (TEM) JEOL–1200EX. Morphological changes of bacterial cell
were recorded by AFM (Quesant-Scope Universal Scanning, USA).
RESULTS AND DISCUSSION
Initially, the formation of CuNPs was visually indicated by the color change
of the reaction mixture from light blue to reddish‐brown. The observed color
originates from the strong absorption of the CuNPs when the frequency of
the electromagnetic field becomes resonant with the coherent electron
motion. As a results, the surface plasmon resonance (SPR) peak at 562 nm
is appeared in the absorption spectrum of the CuNPs (Fig. 1). During the
NPs grow, metal-catalyzed hydrolysis of borohydride ions and association
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of negative charges (BH4- and BO33-) with the CuNPs, took place [3]. These
ions can temporarily stabilize the CuNPs by adsorption onto their surface,
providing Coulomb repulsions between them and preventing their
aggregation, which was also corroborated by TEM measurement (Fig. 1,
inset). The dark spots on the TEM image present almost spherical CuNPs,
with an average diameter of 5.3 ± 0.1 nm.
Results of the biological
activity trials on the tested
strains showed that microbial
sensitivity toward different
CuNPs concentracion (8, 16
and 32 ppm), vary depending
on the microbial species. After
2 h of their contact, CuNPs
were able to reduce 99.9 % of
E. coli and 98.0 % S. aureus
strains,
at
high
CuNPs
concentrations of 32 ppm. It
Figure 1. UV – Vis spectrum of CuNPs; was found that microbial
Inset: TEM image of CuNPs
reduction reached maximum
against E. coli at all CuNPs concentration, but only with concentration of 32
ppm there was no microbial growth (<10). Besides, Cu NPs were shown
good antibacterial activity against S. aureus, but only one or two logarithm
units reduction of initial number of colonies in the presence of 8 and 16 ppm
or 32 ppm of the CuNPs concentration, respectively. The results indicate
that all tested concentration of CuNPs are more effective against E. coli than
S. aureus.
Antibacterial activity of CuNPs was visually confirmed by AFM
measurements, before and after 2h of their contact with CuNPs (Fig. 2). It
can clearly be seen that surface of untreated rod–shaped E. coli and S.
aureus spheres is smooth and compact, (Fig. 2a, 2b insets). Electrostatic
interaction between Cu ions and membrane phospholipids causes disruption
of the E. coli cell wall in the form of grooves and pores, and splitting
strains’ apical ends (Fig. 2a). The shape of treated cocci cell appeared to be
damaged with greatly roughened surface texture as a consequence of
reaction amine and carboxyl groups in peptidoglycan layer with Cu ions,
(Fig. 2b). Comparing the data of these two strains, the effect of the CuNPs
on the cell morphology was much less intense in the case of S. aureus than
for E. coli, probably because of the thicker peptidoglycan layer and intrinsic
difference in the cell wall structure. To conclude, the changes in cells
morphology, as well as the possible damage caused by there cycling redox
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reactions between Cu2+ and Cu+ at the surface of the cells and their
electrostatic interactions with peptidoglycans and lipids will affect the
bacteria in processes such as the respiratory chain, and cell division, finally
causing the death of the cell.

Figure 2. AFM images of (a) treated and untreated E. coli (inset);
(b) treated and untreated S. aureus (inset).
CONCLUSIONS
The above set of results have shown evidence that prepared CuNPs with
large and free surface to liberate ions, have a high and rapid antibacterial
activity, visible after 2 h of their contact. These NPs have the advantage to
closely interact with cell membrane, cousing its demages and disturb its
permability and respiration function. Fast control of pathogenic microbes by
these NPs, offering an inexpensive disinfectant for the rapid treatment of
wastewater generated from hospitals.
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ABSTRACT
Fourier Transformed Infrared spectroscopy (FTIR) of maize inbred lines
(ZPPL 186, ZPPL225 and M1-3-3 Sdms.) grains, with high-quality traits,
were performed in order to determine their possible conformational and
functional properties. The existence of spectral bands varying in number,
intensity, shape, frequency and kinetics has been determined. These bands
are determined by valence oscillations and deformation oscillations of the
following functional groups: alkanes, alkenes, alkynes, amides, alcohols,
ethers, carboxylic acids, esters, aldehydes and ketones that are characteristic
for biogenic compounds of carbohydrates, vitamins, pigments and dietary
fibres. On the basis of results obtained, it may be concluded that
conformational and functional properties of the three studied inbred lines
were mainly similar.
INTRODUCTION
The Fourier Transformed Infrared spectroscopy (FTIR) method was applied
to diagnose, at the molecular level, the state of biogenic compounds and life
functions of three (ZPPL 186, ZPPL225 and M1-3-3 Sdms) maize inbred
lines grains. Previously, we [1] described changes in the molecular structure
of carotenoids in grain of various maize hybrids and inbred lines and
showed that the structure of these molecules can be used as a molecular
marker in evaluation of agronomic values of maize inbred lines and hybrids.
The aim of this study was to develop methods of the registration of the IR
spectrum of grain of observed maize inbred lines, and to identify
conformational and functional changes in molecular bonds in grain biogenic
compounds by the analysis of these changes.
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Figure 1. FTIR spectra of the maize inbred lines grains: (A) ZPPL 186,
(B) ZPPL 225 and (C) M1-3-3 Sdms.
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Table 1. Conformational and functional FTIR spectra properties of inbred lines
maize grain organic molecules caused by valence vibrations.
*Characteristic IR regions of valence vibrations of organic molecules according to which our
obtained results were compared in relation to the compound class and the functional group. [Source:
V o l l h a r d t & S c h o r e , 1996, ref.: 3]
Biogenic organic
Maize inbred lines
Intensity of the most
Wavenumber, cm-1
molecule*
pronounced spectral
bands, %
81.5
3400
alcohols
3200-3650*
amines
3250-3500*
alkynes
73.0
1000
alcohols
1000-1260*
ethers
58.0
2900
2840-3000*
alkenes
ZPPL 186
2500-3300*
carboxylic acids
50.0
1700
aldehydes
1690-1750*
ketones
38.0
1175
alcohols
1000-1260`
ethers
36.0
1350
alcohols
1000-1260*
ethers
100
3410
3200-3650
alcohols
3250-3500*
amines
3260-3330*
alkynes
ZPPL 225
94.5
1000
alcohols
1000-1260*
ethers
53.0
1675
1620-1680*
alkenes
1690-1750*
aldehydes, ketones
51.0
2925
carboxylic acids,
2500-3300*
alkenes
2840-3000*
48.0
2375
2100-2260*
alkynes
2220-2260*
nitriles
39.5
1175
alcohols,
1000-1260*
ethers
76.5
3400
M1-3-3 Sdms
3200-3650*
alcohols
3250-3500*
amines
66.5
1000
1000-1260*
alcohols,
ethers
48.5
1650
1620-1680*
alkenes
36.5
2950
2500-3300*
carboxylic acids,
2840-3000*
alkenes
34.5
1175
1000-1260
alcohols, ethers
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EXPERIMENTAL
Plant material. The following three maize inbreed lines with high-quality
traits were studied: ZPPL 186, ZPPL225 and M1-3-3 Sdms. Inbreeds were
grown at The Maize Research Institute, Zemun Polje, Belgrade, Serbia.
Methods. FTIR spectroscopy of homogenised (with KBr addition), maize
inbred lines grains was done by the IR spectroscope (Shimadzu IRPrestige21), in the range of 4000 - 400 cm-1. Grains chemical composition of was
done by the methods described previously [2].
RESULTS AND DISCUSSION
Grain maize inbred lines FTIR spectrum is characterized by 22-24 spectral
bands in the range of 4000-400 cm-1. Spectral bands can be differently
pronounced, can be of uneven intensity (transmittance, %), particular
kinetics and of various widths at the base. Five or six spectral bands for each
studied maize inbred line were analysed and the following data were
gathered and compared with the literature data [3]: intensity (%), value of
the experimentally established wavenumber, wavenumber range, and at the
end, the classes of organic molecules with their functional groups. (Table 1).
When the same parameters for the studied maize inbred lines were
compared, (Table 1), it appeared that there is no differences for spectral
bands at 3400, 2950, 2925, 2900, 1175 and 1000 cm-1. However, maize
inbred lines differed at 2375, 1700, 1675, 1650 and 1350 cm-1. It turns out
that we dealt with: (1) aldehydes and ketones (ZPPL 186 at 1700 cm-1), and
then alcohols and esters (ZPPL 186 at 1350 cm-1); (2) alkenes and nitriles
(ZPPL 225 at 2375 cm-1), and then alkanes, aldehydes and ketones (ZPPL
255 at 1675 cm-1) and (3) alkenes (M1-3-3 Sdms at 1650 cm-1). On the basis
of results obtained, it can be concluded that the conformational and
functional properties of the three studied inbred lines have similar
properties.
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ABSTRACT
Lead is easily accumulated in the edible parts of leafy vegetables, grain and fruit
crops. The accumulation of lead in agricultural soils is potentially hazardous to
ecosystems and human health. The aim of this study is the determination of lead in
leaves of Cynadon dactiyon and needles of Pinus pinea grown around the former
Battery Production Factory Berat, Albania, as well as calculated bioaccumulation
factor, soil to plant. Samples are analyzed for their content of lead by using Atomic
Absorption Spectrometry in the Institute of Applied Nuclear Physics, University of
Tirana, Albania. From the results obtained, concentrations of biological samples
were found to be very high (1.5-4 mg/kg). The concentration ranges of lead in
biological samples collected are compared with the Maximum Contaminant Levels
specified by the Directive No. 1881/2006 Brussels. Concentrations of lead were
measured also in surface soil, near the root of plant species. The concentrations in
representative surface soil samples is about 4-19 times higher than lead levels
recommenced by European Union according the Directive 86/278/EEC. In
additional we have calculated bio accumulation factor soil to plant.

INTRODUCTION
There are many metals that support life, as well as the normal functioning of the
human body, animals and plants species [1]. The presence of heavy metals is
dangerous because they have tendency to bio accumulate [2]. Lead is known as one
of the most toxic heavy metals in the environment. Lead is inclined and tends to be
accumulated in the environment. Lead and its compounds are toxic which can enter
the human body through food, water, and air [3]. The high level of lead has a
negative impact on the natural environment and the health of livestock and human.
The sources of emissions of lead in the environment are natural and anthropogenic.
The exposure to lead in the environment results in a wide range of negative effects,
depending from the level of lead and time of extended. As a result, the
contamination of soils has influence on the increasing the lead levels in vegetation
[4]. Mining, refining, utilization and disposal of heavy metals have increased
occupational as well as non-occupational exposure to numerous elements. The
environmental protection is and remains the main goal of the society. Subject area
is the former Battery Production Factory in the city of Berat, Albania. It was
designed to produce batteries for passengers’ cars and trucks, other military and
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technical equipment. During its activity (20 years) except primary production, this
factory has produced solid, liquid and gaseous waste in the environment. The
purpose of this study is the determination of lead in leaves of Cynadon dactiyon
and needles of Pinus pinea grown around the former Battery Production Factory as
well as calculation of determinate BAF soil to plant. One of the used methods for
determination of heavy metals in the environmental components is AAS. The level
of Pb in soil samples was compared to the values recommended by the European
Community according to Directive 86/278 EEC, while for biological samples level
of lead was compared by Directive No. 1881/2006, Brussels [5] [6].

MATERIALS AND METHODS
Both representative soil and vegetation were collected around the former Battery
Production Factory, Berat, at a distance about 5-50 m from factory building. This
Factory is located in the northeastern city of Berat, with respective coordinate: 400
42’ 24.82” N and 190 58’ 59.42’’ E. During the sampling we have chosen 4 stations
and we have collected a total 11 soil and vegetation samples in this area. 4 samples
were surface soils samples and 7 were vegetation samples (four were Cynadon
dactiyon and three Pinus pinea samples). Soil samples are collected at the surface
soil 0-5cm, while vegetation samples were random vegetation in this area.
Represented soil samples analyzed using Atomic Absorption Spectrometer
Aanalyst 800 Perkin Elmer with Atomic Absorption Spectrometry Flame method,
Perkin-Elmer. Hollow cathode lamp used as radiation source. Acids used for the
digestion of samples were Merck and Perkin Elmer. Digestion soil samples are
prepared using a procedure recommended by Environmental Protection Agency
was used as the conventional acid extraction method [7]. Biological samples are
digestion according method AOAC 1990 [8] [9]. Instrumental conditions for lead
are based on Analytical Methods of AAS from Perkin Elmer. Three applications
were carried out for the measurement of calibration standards and measurement of
samples. A quality control material IAEA-Soil7 was analyzed in parallel with the
soil samples and IAEA_336 Lichen was analyzed for biological samples. To check
the instrumental drift, an aqueous standard solution was analyzed after every three
samples.

RESULTS AND DISCUSSIONS
In the Tables 1 and 2 are presented the mean concentrations of lead and Relative
Standard Deviation percentage (% RSD), Standard Deviation (SD) and calculated
Hazardous Quoted [10] respectively in representative soil and vegetation samples,
collected inside of the territory of the Battery Production Factory.
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Table 1. Concentration of lead in soil and vegetation; calculated HQ and BAF.
Nr

Sampling

Code in AAS

Pb(mg/kg)

S_1
S_2
S_3
S_4

Results for soil samples
P1 T1-surface soil
3008
P2 T1- surface soil
5663
P3 T1- surface soil
1135
P4 T1- surface soil
5511

1
2
3
4
5

S_1
S_2
S_2
S_3
S_3

Results for vegetation samples
P1_BS-Cynadon dactiyon
3.226
P2_BS-Cynadon dactiyon
3.501
P2_PN- Pinus pinea
2.227
P3_BS-Cynadon dactiyon
1.519
P3_PN- Pinus pinea
3.437

6
7

S_3
S_4

P3_PT- Pinus pinea
P4_PT Pinus pinea

1
3
6
7

We have calculated HQ in
representative soil samples and it
was found to be 3.8-18.9 times
higher than normal. In biological
samples lead was found in the
order 1.5mg/kg-4mg/kg. The
lead levels in vegetation samples
are compared with the MCL
specified by the Directive
1881/2006 (0.1 mg/kg dw). In
the Figure 1 is presented the
summary of dependence of the
lead concentrations in soil and
vegetation samples respectively,
calculated HQ (for surface soil
samples) and calculated BAF
soil to plant. In the Figure 2 & 3
are presented contour plot of

lead concentration against
N&E coordinates respectively
in soil and vegetation samples
In the Figure 4 is shown
correlation
factor
between
concentration of lead in soil and
vegetation. This correlation was
very weak, with factor 0.0274.

SD

%RSD

33.09
7.36
41.98
22.04

3.829
4.034

HQ

1.1
0.13
3.7
0.4

10
18.9
3.8
18.4

0.05
0.03
0.05
0.12
0.48

1.7
0.8
2.4
8
14

BAF
0.0034
0.003
0.0004
0.0002
0.0006

0.34
0.2

9
16.2

0.0013
0.0007

10000.000
1000.000
E E C = 300 m g/kg

100.000
10.000
1.000

S _1

S_2

S_2

S _3

S_3

S_3

S _4

EE

0.100
0.010
0.001
0.000

Pb (m g/k g)_V

Pb (m g/k g)_S

HQ

BAF

Figure 1. Pb in soil and vegetation, HQ, BAF

Figure 2&3. Contour plot of Pb spatial
distribution in soil and vegatation.

Fig ure 4. Correlation between all samples. Fig 6: Compare
of BAF soil to P-d; P-n
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Graphs in figure 5 present variation of calculated BAF soil to vegetation, for
Cynadon dactiyon (P-d) and Pinus pinea (P-n), respectively.

CONCLUSION
During this investigation fraction of lead was found to be present in all
representative soil and vegetation analyzed samples. Lead concentrations in
samples was found above the MCL concentrations recommended by Directive
86/278/EEC and Directive No. 1881/2006, Brussels for fraction of lead
respectively in soil and in vegetation. Calculated HQ for soil samples was above 1,
so the area around of the former Battery Production Factory in the city of Berat,
Albania where samples are collected was contaminated with lead. Calculated BAF
for soil to vegetation samples was low, because the mean concentrations of lead in
soil and in vegetation were not in the same order. Environment pollution and BAF
depends on the concentration of lead in soil and vegetation as well as its duration
of exposure. The high concentrations of lead affect environment ecosystems and
human health. Lead contamination of this territory was caused by the activity of the
factory. Often industrial pollution produced by the manufacturing process, have
been uncontrolled.
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ABSTRACT
In vitro evaluation of oxidative stress responses to various concentrations of
diazinon and its degradation products, diazoxon and 2-isopropyl-6-methyl4-pyrimidinol (IMP) was investigated by determining antioxidant enzymes
activity (catalase (CAT), superoxide dismutase (SOD) and glutathione
peroxidase (GPx)) and lipid peroxidation level in rat brain synaptosomes.
Diazinon showed negligible prooxidative properties causing increase in
antioxidant enzymes activity and lipid peroxidation level up to 10%.
Increasing concentrations of diazinon oxidation product, diazoxon activated
CAT (up to 20%), SOD (up to 50%), GPx (up to 25%), and significantly
increased the content of lipid peroxidation indicator (up to 50%). The
investigated hydrolysis product of diazinon, IMP did not remarkably
influence the activity of CAT, GPx and lipid peroxidation level (up to 10%),
while it induced SOD stimulation up to 30%.
INTRODUCTION
Oxidative stress has been reported as one of the adverse effects in poisoning
by organophosphorus pesticides (OPs) in both humans and animals [1, 2].
Investigations have shown that pesticides can damage the balance between
prooxidants and antioxidants, resulting in both the increased production of
reactive oxygen species (ROS) and attenuation of the antioxidant barrier of
the organism [3, 4]. The key enzymes for the detoxification of ROS in all
organisms are superoxide dismutase (SOD; EC 1.15.1.1), catalase (CAT;
EC 1.11.1.6) and glutathione peroxidase (GPx; EC 1.11.1.9).
The aim of this study was to investigate in vitro effect of various doses of
organophosphorous insecticide diazinon and its degradation products

538

PHYSICAL CHEMISTRY 2014

F-24-P

(diazoxon and IMP) by determining antioxidant enzymes activity (CAT,
SOD, GPx) and lipid peroxidation level in rat brain synaptosomes.
EXPERIMENTAL
Synaptosomes were isolated from the brain of Wistar albino rats and
incubated at 37oC for 1 hour in the presence of desired concentrations of
diazinon, diazoxon and IMP (within the range 1×10-7-1×10-4mol/L).
Antioxidant enzymes activities and malondialdehyde (MDA) content as a
lipid peroxidation indicator were determined using standard methods [5].
RESULTS AND DISCUSSION
The influence of exposure for 1 hour toward increasing concentrations of
diazinon, diazoxon and IMP on the activity of CAT, SOD and GPx is
presented in Figure 1 (a-c). Obtained results show that the activity of
synaptosomal CAT (Figure 1a) was not affected by diazinon as well as by
its hydrolysis product IMP, at all investigated concentrations. Unlike these
two compounds, diazoxon significantly increased synapsomal CAT in a
dose-dependent way. The presence of maximal investigated diazoxon
concentration (1×10-4 mol/l) increased CAT activity up to 23% in
comparison with the control.
Specific SOD activity in the absence (control) and presence of various
concentrations of diazinon and its degradation products, diazoxon and IMP
is presented in Figure 1b. The obtained results show that diazinon does not
result in significant changes in the enzyme activity. Actually, the highest
investigated concentration (1 × 10-4 mol/l) increases SOD activity
approximately 10%. The products of diazinon hydrolysis and oxidation,
IMP and diazoxon cause concentration-dependent activation of the
antioxidant enzyme. At the highest investigated concentration (0.1 mM),
diazoxon stimulates SOD activity about 50% related to control, while IMP
causes 30% alteration (Figure 1b).
Similar to the results obtained for CAT, diazoxon induces the increase in
GPx activity, while diazinon and IMP do not result in statistically
significant change of the enzyme activity (Figure 1c). Increasing diazoxon
concentrations induce the gradual activation of GPx up to 25%, obtained at
the maximal investigated concentration (0.1 mM).
The effect of diazinon, diazoxon and IMP on the level of MDA is shown in
Figure 2. In the case of IMP and diazinon, MDA content was changed up to
about 10% compared to untreated synaptosomes, at the highest
concentration (0.1 mM). On the contrary, the MDA level is gradually
increased with increasing concentrations of diazoxon, reaching the highest
increase of about 50% at a concentration of 0.1 mM (Figure 2).
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Figure 1. CAT (a), SOD (b) and GPx (c) activities in rat brain
synaptosomes in the absence (control) and presence of different diazinon,
diazoxon and IMP concentrations.
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Figure 2. MDA contents in rat brain
synaptosomes in the absence
(control) and presence of different
diazinon, diazoxon and IMP
concentrations.

CONCLUSION
The present study demonstrated that diazinon and its decomposition
products differ in the induced changes of antioxidant enzymes activity as
well as lipid peroxidation. Actually, synaptosomal CAT and GPx activities
and MDA level were not significantly affected by diazinon and its
hydrolysis product IMP at all investigated concentrations, while the highest
investigated IMP concentration stimulated SOD activity about 30%.
However, diazoxon, in comparison with its parent compound (diazinon),
possesses much stronger prooxidative potential causing the significant
activation of antioxidative enzymes as well as the increase in lipid
peroxidation, as oxidative stress responses. It suggests that nonspecific toxic
effects of diazinon appear as a consequence of its transformation that occurs
in the environment and metabolic pathways.
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ABSTRACT
Using different Chemical and Physicochemical methods, characteristics of
two inbred lines (ZPPL 146 and ZPPL 159) and three high quolity derived
hybrids (ZP 633, ZP 735 and ZP 737) are analysed and described.
INTRODUCTION
Maize, or corn, is one of most important cereal crop in human and domestic
animals nutrition, which is grown widely throughout the world in a range of
agro-ecological environments. In order to increase the yield and nutritive
value of maize numerous hybrid and inbred lines are produced. Here, we
report on characteristics of two inbred lines (ZPPL 146 and ZPPL 159) and
three high quolity derived hybrids (ZP 633, ZP 735 and ZP 737), [1].
EXPERIMENTAL
Plant material. Two of maize inbred lines: (ZPPL 146 and ZPPL 159) and
three high quolity derived maize hybrids (ZP 633, ZP 735 and ZP 737),
produced by Maize Research Institute Zemun Polje, Belgrade, were
analysed.
Methods. Grains chemical composition of was done by standard methods
described in [2]. Leaf carotenoid content of maize inbred and hybrid lines
was done by the Raman Resonant Spectroscopy (RRS) in the range of 1800
- 900 cm-1, as described previously [3, 4 ].
RESULTS AND DISCUSSION
Table 1. presents results of chemical content of maize inbred lines and
hybrids, which are higher, or in the range of average, in comparison
to the literature data [5, 6].
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Table 1. Chemical content of maize inbred lines and hybrids grains
Chemical
Range
Averidg
Averidge of chemical content of
content of of
e of
maize inbred and hybrid lines grain
maize
chemica chemical
Lines
Hybrids
inbred and l
content.
ZP
ZP
ZP
hybrid
content. Literatur ZPP ZPP
L
L
633
735
737
lines grain Literatur e data*
146
159
e data*
7-23
16
10,2 10,12 9,90 9,84 10,15
Humidity
(%)
4
Starch (%)
61-78
71,7
67,8 66,26 68,23 64,39 67,86
0
6-12
9,5
10,2 12,57 11,11 12,27 11,57
Proteins
(%)
2
Fats
1-5,7
4,3
7,53 5,38 6,11 5,82 7,16
(oleum)
(%)
Ashes (%)
1,1-3,9
1,4
1,48 1,45 1,51 1,54 1,47
Cellulose
(%)
Pentoses
(Ribose
and
deoxyribos
e)
Fibers

3,0

5,8-6,6

6,2

8,3-11,9

9,5

2,26

2,33

2,37

2,43

2,00

3,3-4,3
3,3
Celulose
+ lignin
2,6
Total sugar 1,0-3,03
(Glucose)
Yellow
19,0 18,10 27,30 21,90 21,60
pigment
(µgβCE/g
d.m.)**
Total
12-36
26
carotenoid
33,2 31,8 32,4 28,3 27,8
s (mg/kg)
* Source: WHITE and JONSON, 2003, [ref.: 2]
** Done by the method: AACC, 1995, [ref.: 3]
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RRS of maize inbred line ZPPL 146 leaf, in interval of 1800 - 900 cm-1,
reveals six characteristic bands at 962, 1026, 1160, 1187, 1206 and 1520
cm-1. Two of them, (I1160, I1520), possess significant intensity, while four of
them, (I926, I1026, I1160, I1206), are with lower intensity, and may be associated
with the presence of glutens and phosphate and amide functional groups
(Fig. 1.). Dominant spectral bands (I1160, I1520), that belong to carotenoids
from thylacoid membrane, are connected to conformational transitions and
are usually analyzed and presented as difference (I1160-I1520), or, more
frequently quotient (I1160/I1520) of their intensities. Changes at 1520 cm-1
reflects conformational changes at –C=C– bond, while changes at 1160 cm-1
reflects changes at =C–C= bond. Carotenoids such as β-carotene and
xanthophylls (cryptoxanthin and zeaxanthin) are important constituents of
photosynthetic membrane. Changes in their structure may be reflected in
complex biochemical processes, such as photosynthesis. Since
conformational transitions of carotenoids molecules reflects influence of the
environmental factors (i.e., critical temperature), RRS could be useful tool
for diagnostic of the overall phenotypic characteristics of analyzed inbred
and hybrid maize lines.

Figure 1. Maize inbred line ZPPL146 leaf RRS reveals six characteristic
bands at 962, 1026, 1160, 1187, 1206 and 1520 cm-1, marked with dots.
Abscissa: Raman frequency [cm-1]. Ordinate: Raman Intensity (I), [a. u.].
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CONCLUSION
Relevant chemical and physicochemical characteristics of maize inbred
lines and hybrids are presented. They are important in estimation of
nutritive values of maize inbreed and hybrid lines. RRS of maize leaf could
be useful tool for determination of substantial phenotypic traits of maize
inbred lines and hybrids.
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ABSTRACT
Conformational changes in human serum albumin (HSA), induced by
binding of certain metabolites, released by cancer cells may be studied by a
sensitive spin labeling technique which involves the use of nitroxide labeled
stearic fatty acids and EPR spectroscopy. The typically used spin label for
these kinds of measurements is 16-DS. However, we showed that 5-DS must
be used in parallel with 16-DS since they have different abilities to fit into
hydrophobic pockets of the HSA. Therefore, in this study, we used both 5and 16-DS for labeling sera from LABC patients and healthy volunteers.
The acquired EPR spectra were decomposed into the two main spectral
components. We show, using discriminant analysis, that the contributions
from these components could be used to distinguish between sera of LABC
patients and healthy volunteers. Thus, we propose the spin labeling EPR
spectroscopy, combined with discriminant analysis, to be a reliable
biomarker for diagnosis of LABC.
INTRODUCTION
Human serum albumin (HSA) is a major blood plasma protein, synthesized
in the liver. HSA is capable of binding wide range of endogenous and
exogenous compounds, such as metal ions, hemin, bilirubin, drugs,
polypeptides and up to 11 equivalents of fatty acids, depending on the chain
length [1,2]. Certain diseases as cancer, myocardial ischemia, diabetes, liver
and kidney failure are followed by excretion of different metabolites to
blood, where they bind to HSA and may cause changes in its conformation
and binding affinity. These changes can be detected by electron
paramagnetic resonance (EPR) using nitroxide labelled fatty acids. So far,
16-doxyl stearic acid (16-DS) has been commonly used for this purpose,
due to its structural congruence with HSA and the position of doxyl group at
the end of the hydrocarbon chain [3]. However, results of our recent study

546

PHYSICAL CHEMISTRY 2014

F-26-P

suggest that 5-doxyl stearic acid (5-DS), or at least the joint use of 5-DS and
16-DS, is better approach for the detection of conformational changes in
HSA. The aim of this study was to compare the 5-DS and 16-DS binding to
HSA as a biomarker in diagnosis of LABC. For this purpose, EPR spectra of
5-DS and 16-DS complexes with human sera were decomposed into the five
spectral components using EPRSIM-C software [4]. The two components
designated as MES (anisotropic tumbling with full averaging of all
rotations) and MEM (anisotropic tumbling with partial averaging of all
rotations), are the main constituents of the EPR spectra, and correspond to
the strongly and weakly bound components, respectively. Contributions of
these components were processed by discriminant analysis algorithm.
EXPERIMENTAL
Blood sera samples were obtained from 10 LABC patients and 20 healthy
volunteers. The concentration of HSA in blood sera was determined and
sera were stored at -80oC. Ethanol solution of 5-DS and 16-DS was added to
the sample tube and left to dry for 15 minutes. In final solution, the
[HSA]:[spin label] molar ratio was 1:2. Plasma (30 µl) was added to the
dried 5-DS or 16-DS and incubated at room temperature for 30 minutes.
EPR measurements were performed on ELEXSYS II E540 X-band (9.85
GHz) EPR spectrometer using following parameters: field center 3510 G,
sweep width 200 G, microwave power 10 mW, modulation amplitude 2 G,
modulation frequency 100 kHz, acquisition time 120 s, 4 scans. Spectral
decomposition was performed using EPRSIM-C software [4]. The obtained
contributions of two main components, designated as MES and MEM, were
further processed by discriminant analysis algorithm.
RESULTS AND DISCUSSION
In the recent study it was concluded that MES corresponds to the strongly,
and MEM to the weakly bound spin label. Average values of the
contributions of these components, together with their standard deviations,
are given in Table 1. The difference in contributions of both components
between LABC patients and healthy volunteers showed to be more
significant for the 5-DS than for the 16-DS. Also, it is clear from standard
deviations, that the dispersion of these values is less for the 5-DS than for
the 16-DS. These results can indicate, prior to discriminant analysis, that 5DS bound to HSA is the better candidate for distinguishing between LABC
patients and healthy volunteers. Discriminant analysis algorithm, obtained
by training of separately and jointly used MES and MEM contributions of
5- and 16-DS, showed diverse results. The classification performed by
training and cross-validation is shown in Figure 1. It could be observed that,
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when the algorithm is trained only by the values of 5-DS, and jointly by the
values of 5- and 16-DS, 100% of the samples are correctly classified.
However, the classification accuracy when using only 16-DS is 73.3%.
Current literature data indicate that the accuracy of using HSA/EPR/16-DS
technique is between 87% [5] and 92% [6], which differs significantly from
the results presented in this work. The possible cause for this disagreement
may be the fact that these authors, during sample preparation, have not
evaporated ethanol solution which was in the contact with the HSA [6,7],
which consequently caused HSA denaturation. Furthermore, discriminant
analysis has been performed using nine parameters [6], which have also
made this approach unreliable.
Table 1. MES and MEM contributions to the spectra of 5-DS and 16-DS
bound to the HSA of LABC patients and healthy volunteers, and their
corresponding standard deviations.
MES
σ (MES) MEM
σ (MEM)
LABC
5-DS
0.745
0.013
0.183
0.013
patients
16-DS
0.756
0.027
0.147
0.022
Healthy
5-DS
volunteers 16-DS

0.689
0.756

0.011
0.026

0.229
0.174

0.018
0.013

Figure 1. Results of discriminant analysis performed on training and crossvalidating datasets when MES and MEM contributions of 5-DS and 16-DS
are analyzed separately and together.
Distinguishing between LABC patients and healthy individuals showed
to be more accurate using 5- than 16-DS. Therefore we propose 5-DS, or at
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least combination of 5- and 16-DS, to be utilized for diagnosis of LABC by
HSA/EPR/spin labeling technique.
CONCLUSION
This study shows that the EPR spin-labeling technique which is used for the
detection of conformational changes in HSA, combined with spectral
decomposition and discriminant analysis, may be used as an accurate
diagnostic tool for LABC. This method is probably more sensitive than
classic biomarkers and could be used in the follow-up studies.
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ABSTRACT
The aim of the study was to investigate the pharmacokinetics of the two
nitroxide spin-probes: TEMPOL and 3CP. Electron paramagnetic resonance
(EPR) L-band in vivo study of the reduction rate for injected nitroxides in
rats was performed. Spin-probe 3CP showed to be 4 times more resistant to
the endogenous reducing agents in physiological environment than
TEMPOL indicating its high applicability for in vivo EPR studies. The
influence of nitroxide flushing effect by bloodstream on the EPR signal
reduction was also studied and overall kinetics is analyzed. Taken together,
these results provide a firm base for future studies where the influence of
some pathological states (such as cancer) or therapeutic irradiation on redox
status of tissues will be examined.
INTRODUCTION
Free radicals are involved in virtually every biological process. The EPR
spectroscopy is a resonant technique widely used for the in vivo detection of
EPR active species in various types of biological samples. Standard EPR
machine is an X-band EPR operating at around 9.5 GHz where the volume
of investigated biological samples is limited to some 100 µl due to the high
dielectric loses in water. The L-band EPR allows in vivo investigation of
small animals (mouse or rat). From the beginning of in vivo EPR, the main
topic of studies was pharmacokinetics of nitroxides by which one can reveal
pathological changes in tissues [1-4]. Additional research also has been
devoted to the development of probes tailored for different pathological
conditions. Nevertheless, the choice of proper nitroxide and their
pharmacokinetics are still to be investigated. Here we investigated the
reduction of the two selected spin-probes which are representative of two
classes of spin probes to establish the ground for further investigation.
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MATERIALS AND METHODS
Healthy 2-2.5 month’s old rats were used. All animals were grown under
normal living conditions. Spin probes TEMPOL and 3CP were purchased
from Sigma. Animals were anesthetized by intramuscular injection of
Ketamine (0,1ml/100g b.w.) and Xylazine (0,06ml/100g b.w.). Rats were
placed into the rat-bed equipped with the rat-blanket which is connected to
thethermostat unit for keeping rat temperature at around 33°C during the
anesthesia which was controlled using thermocouple inserted into the anus.
The bed was loaded into the Bruker Elexsys II EPR spectrometer with rats
in supine position with L-band surface coil placed above the rat liver area.
Experimental settings were: sweep width = 100G, modulation amplitude =
2G; microwave power = 10mW, scan time = 20s, number of scans = 4.
After experimental settings were established and control baseline spectrum
was recorded, the spin probe (1ml, 2µmol/g b.w.) was slowly injected either
into the tail vein or intramuscularly and the EPR spectra were immediately
acquired. Some animals were killed by injection of KCl which induces
almost immediate cardiac arrest.
RESULTS AND DISCUSSION
The intensity of EPR signal of spin-probes TEMPOL and 3CP was
measured as the average value of the low-field and the middle EPR peaks
triplet (see inserts in Fig 1). The reduction rates of two nitroxides are
obviously different. This is in agreement with the well known fact that fivemember ring nitroxides (3CP) are more resistant to reduction than sixmember ring nitroxides (Tempol). Also, note that reduction kinetic is not
single exponential indicating that more than one process is involved [1, 5].
Experiments with animals killed with KCl showed faster clearance from the
liver, contrary to the expectation that cutting off the blood flow will prolong
the signal from the organ since there is no wash-out by circulating blood.

Figure 1. Normalized EPR signal (arbitrary units) intensity reduction rate
in upper abdomen region for spin-probes injected in rat’s tail vain.
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Figure 2. In vitro reduction of spin
probes by blood or ascorbate.
Measurements were performed in the
gas permeable Teflon tubes.
Concentration of spin-labels 0.2 mM,
concentration of ascorbate 2 mM.
Concentration of nitroxides in blood
was 0.05 µM in 1 ml of fresh blood.
By comparing data in Figs. 1 and 2 it
is obvious that reduction in vitro by blood and even with potent reducing
agent, ascorbate, is slower than reduction in vivo. Consequently, signal
decay in Fig. 1 can only be reduction of spin-probes by endogenous
intracellular reducing agent. Faster reduction in rats killed by KCl can be
explained by the deprivation of oxygen, since it is well known that reduction
under hypoxic condition is faster than under normal tissue oxygenation [6].
Reduction of nitroxides when
intramuscular injection is applied
shows
completely
different
situation (Fig. 3). Now the
dominant feature is the time for
nitroxides to reach the liver and
not to be reduced along the way.
Again the reduction of Tempol
signal is much faster than for
3CP, but it should be noted, that
unlike for the i.v. injection,
Time / min
signal persisted for almost an
Figure 3. Intramuscular injection
hour, which is consistent with
of nitroxides
similar previous studies [7].
Rat 1: Spin probe 3CP
(2 µmol/g b.w.)
Rat 2: Spin probe TEMPOL
(2 µmol/g b.w.)
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CONCLUSION
Behavior of both nitroxides is as expected based on their chemical formulas.
The reduction of both nitroxides reflects redox status of the tissue and is
sensitive to tissue oxygenation. This is a solid base for further investigation
of pathological processes. The choice of nitroxide and the route of
administration will have to be tested in each particular process under
investigation.
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ABSTRACT
Metal content of the spinal cord and brain tissues from wild type (WT) and
age-matched G93A-SOD1 transgenic amyotrophic lateral sclerosis (ALS)
model rats was studied using low temperature X-band electron paramagnetic
resonance (EPR) spectroscopy. The 20 K EPR spectra of the cortex and
hippocampus do not exhibit differences between the WT and G93A-SOD1
rats. The brainstem and spinal cord from the G93A-SOD1 rats contain more
oxidized Fe-S clusters, and 1.5 – 2 times more MnSOD than those from the
WT rats. There is an additional signal observed only in the spinal cord from
G93A-SOD1 rat in the terminal phase of the disease. The origin of this
signal is discussed.
INTRODUCTION
Amyotrophic lateral sclerosis (ALS) is a progressive and fatal
neurodegenerative disorder characterized by the dysfunction and death of
neurons in the motor pathways of the cerebral cortex, brain stem and spinal
cord. One tenth of ALS cases occurs in familial forms (fALS), among which
20-25% are caused by mutations in the SOD1 gene, which encodes a
protein, Cu,Zn-superoxide dismutase (SOD1) [1]. There is accumulating
evidence from both in vitro and in vivo studies pointing to increased
recruitment of mutated forms of SOD1 to the mitochondrial inter-membrane
space, leading to mitochondrial dysfunction and increased production of
reactive oxygen species [2]. Furthermore, numerous studies have linked
neurological diseases to elevated amounts of iron. Magnetic resonance
imaging studies have shown that the progressive accumulation of iron in
specific brain regions of ALS patients is proportional to the severity of the
disease [3]. Consequently, it has been proposed that the released iron
generates hydroxyl radicals via the Fenton reaction, which in turn releases
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new iron from ferritin. Studies of the cerebrospinal fluid (CSF) of ALS
patients showed an increased amount of free radicals compared to the CSF
of healthy individuals, but did not show any changes in CSF total iron
content [4]. These results indicated that it is not the amount of iron, but
rather its form, that is responsible for the increased free radical formation in
CSF of ALS patients.
In light of these observations, and the fact that only free or loosely
bound iron is redox active, the objective of this study was to investigate the
form of endogenous iron in ALS model rats. More specifically, the aim of
this work was to evaluate the metal content of the spinal cord and brain of
G93A-SOD1 transgenic ALS model rats, and compare it with age-matched
wild type rats using low temperature X-band electron paramagnetic
resonance (EPR) spectroscopy.
EXPERIMENTAL
Sprague-Dawley wild type (WT) and transgenic G93A-SOD1 rats with ALS
Functional Rating Scale (ALSFRS) scores 2 (terminal stage of the disease)
and 4 (less advanced stage of the disease) were anesthetized, and
transcardial perfusion was performed using physiological solution. The
spinal cord (SC) and brain were removed, and brainstem (BS), hippocampus
(HC), and cortex (CTX) were isolated. Intact tissues, frozen in liquid N2,
were directly inserted into EPR quartz cuvettes.
The X-band (9.5 GHz) EPR spectra were recorded at 4, 10, 20, 40 and 77 K
on a Bruker Elexsys-II EPR spectrometer with an Oxford Instruments
ESR900 helium cryostat under the following conditions: microwave power
5 mW, modulation amplitude 10 G, modulation frequency 100 kHz,
conversion time 240 ms.
RESULTS AND DISCUSSION
Low temperature EPR spectra of all investigated rat spinal cord and brain
tissue samples exhibit peaks that arise from membrane-bound (g = 6) and
free (g = 3) cytocrome c, mononuclear unspecifically bound “dirty” iron (g
= 4.3), and at least two types of Fe-S clusters from the electron transport
chain complexes I and II (anisotropic signals around g ~ 2), Fig 1. In
addition, the six-line signal centered at g = 2, and the axial signal at g = 2.1,
are attributed to MnSOD, and Cu,ZnSOD, respectively. The 20 K EPR
spectra of CTX and HC samples do not exhibit differences between the WT
and G93A-SOD1 rats. For BS and SC samples, there is a difference in the
types of Fe-S clusters and in the amount of MnSOD observed in WT and
G93A-SOD1 rats. Namely, the G93A-SOD1 samples contain more oxidized
Fe-S clusters, and 1.5 – 2 times more MnSOD than the WT samples.

555

e

PHYSICAL CHEMISTRY 2014

F-28-P

Moreover, the G93A-SOD1 SC sample obtained from the rat in the terminal
phase of the disease (ALSFRS score 2) showed an additional signal centered
around g = 2.4 which is not present in the EPR spectrum of the WT SC
sample, or the G93A-SOD1 SC sample with the ALSFRS score 4.
g=2.1

g=1.93
g=6

g=4.3

g=3

g=1.88

1000

2000

3000

Figure 1. EPR spectrum of the
WT rat cortex at 20 K.
Arrows denote characteristic
EPR peaks which were used
for signal assignation

4000

Field / G

In order to gain more information about the origin of this signal, EPR
spectra were recorded at 4, 10, 20, 40 and 77 K, Fig 2. It should be noted
here, that this sample also contained 2.5 times more MnSOD than the WT
samples.
g=2.4

4K

10 K

20 K

40 K

Figure 2. Variable temperature EPR
spectra of the G93A-SOD1 rat spinal
cord (ALSFRS score 2).
Dashed line denotes the place in the
spectra where the additional signal
centered around g = 2.4 was detected

77 K

2000

Field / G

4000

Figure 2 shows that the broad signal at g = 2.4 observed at 20 K is shifted
towards a limiting g value of ~ 2.5 at 4 K and that it essentially disappears at
77 K. This type of spectral temperature dependence may suggest that this
signal arises from polynuclear ferric aggregates, as proposed previously [5].
Room temperature EPR spectra of the same sample did not give any further
information about the origin of the signal at 2.4, as the spectra of the WT
and G93A-SOD1 SC samples did not exhibit marked differences, most
probably due to the low concentration of metals. Even though it may seem
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plausible to assign the g = 2.4 signal to ferric aggregates, it cannot be ruled
out that this signal arises from copper in the Cu,ZnSOD protein. Namely,
the g- and the hyperfine coupling constant anisotropies depend on the metalligand bond geometries and in this case may suggest that the g = 2.4 signal
comes from a Cu, ZnSOD protein which has lost Zn, or even has another Cu
atom bound in this position. Further metal reconstitution studies of the
purified G93A-SOD1 mutated protein are needed to confirm this possibility.
CONCLUSION
EPR spectroscopy of intact spinal cord and brain tissues of wild type and
G93A-SOD1 transgenic ALS model rats was performed at low
temperatures. All investigated samples exhibit signals that may be assigned
to membrane-bound and free cytocrome c, mononuclear Fe(III), at least two
types of Fe-S clusters, MnSOD and Cu,ZnSOD. The results showed no
significant variations between the amounts of mononuclear, unspecifically
bound “dirty” iron. Furthermore, EPR spectra of CTX and HC samples did
not exhibit differences between the WT and G93A-SOD1 rats. The BS and
SC G93A-SOD1 samples showed increased amounts of oxidized Fe-S
clusters, and MnSOD, compared to the corresponding WT samples. The
G93A-SOD1 SC sample, obtained from the rat in the terminal phase of the
disease, showed an additional signal at g = 2.4. Although its origin is still
not confirmed to be Fe ions organized in superparamagnetic or
antiferromagnetic domains, or Cu ions in the mutated Cu,ZnSOD protein, it
may serve as a biomarker for the ALS terminal phase.
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ABSTRACT
Photoinduced electrocyclic reaction involving C-N bond formation of 2styrylazines resulting in formation of potentially biologically active
derivatives was investigated. The dependence of substituents in phenyl ring
and the structures of heteroaromatic moiety on the cyclization were also
studied.
INTRODUCTION
Biological activity of polycondensed heteroaromatic compounds is of
significant interest due to its high potential in producing of new antitumor,
antibacterial and fungicidal drugs [1]. The chemotherapeutic effect of such
molecules is reached by strong interaction of extended heteroaromatic πsystems with DNA [2]. Such DNA-ligand complexes prevent normal
passing of the physiological processes involving nucleic acid and thus lead
to the cell death. Significant synthetic difficulties of obtaining polycyclic
aromatics by means of classical organic synthesis induce chemists to search
for alternative approaches. One of the most powerful, however not
extensively studied methods is the photocyclization of stilbenes and their
heterocyclic analogs [3]. Depending on the structure of starting
hetarylphenylethenes, the photocyclization may result in the formation of
either neutral or positively charged products, which possess different
biological activity. In particular, positively charged fused heteroaromatics
are typical DNA-intercalators and therefore are of interest as potential
DNA-targeting drugs [2]. From this point of view, the investigation of
phototransformation mechanism plays an important role in the development
of practical applications of hetarylphenylethenes in biology and medicine.
RESULTS AND DISCUSSION
To study the influence of substituents in phenyl ring on photocyclization,
styrylquinolines 1a-f were prepared according to published protocols [4,5].
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Scheme 1. Photochemical transformations of 2-styrylquinolines

To develop the possible phototransformation pathways of 2styrylquinolines, first we examined the photoreaction of 1a-f in acetonitrile
upon irradiation with filtered light at 365 nm (Figure 1a) in air saturated
solutions. In these experiments photostationary equilibria of E and Z
isomers were reached.
Irradiation of 1a-f in the presence of air oxygen with unfiltered output of
a Hg lamp resulted in more complicated behavior. Under these conditions
unsubstituted 2-styrylquinoline 1a and its nitro derivative 1b underwent
photodestruction of the molecular skeleton. The photochemical
transformation of amino-, methoxy- and crown-substituted styrylquinolines
1c-f upon irradiation with unstrained light resulted in the appearance of new
absorption bands in the spectral region of 400-500 nm, which were assigned
to heteroaromatic species 2c-f (Figure 1b). The exclusive formation of C-N
photocyclization products has been unambiguously proven by NMR data.
Heteroaromatic compounds 2d-f were successfully isolated as perchlorate
salts by recrystallization from MeOH with small addition of HClO4 with
moderate-to-good yields 2d: 52%, 2e: 70%, 2f: 45%.
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Figure 1. Spectral changes during the photolysis of the 1f acetonitrile
solution: (a) filtered light, λ = 365 nm; (b) full light; in both cases c = 2·10-5
M, Hg lamp, 20 °C.
To define the role of heteroaromatic moiety on the photocyclization
dimethoxystyryl-substituted azines 2a-e where obtained by condensation of
veratric aldehyde with corresponding 2-methylheterocycle according to
published protocols [4,5].
Scheme 2. Structure of styrylazines 3a-e

Irradiation of air saturated acetonitrile solutions of 3a-e with unfiltered light
of high pressure Hg lamp resulted in the formation of a new longwavelength absorption band. In case of pyridine, pyrazine and pyridazine
derivatives the photocyclization products were isolated as perchlorates with
yields 85%, 50%, 45% respectively. By means of NMR spectroscopy, the
structures of the obtained products were undoubtedly proven. Using water
as a solvent allowed us to reduce the reaction time and to increase the yields
of photoproducts.
Unfortunately, photolysis of both acetonitrile and aqueous solutions of
pyrimidine derivatives 3d-e did not give any of desired compounds,
resulting mostly in products of photodestruction. In order to prevent the
degradation of starting molecules, the filtered output of Hg lamp with λ>290
nm, was used. According to the NMR and absorption spectroscopy data,
irradiation of acetonitrile solutions of 3d-e with filtered light resulted in a
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complex mixture of photocyclization and photodegradation products, and it
was impossible to isolate pure heteroaromatic cations.
CONCLUSION
We have demonstrated that the photocyclization effectiveness is strongly
dependent on the electronic factors of the substituens in the styryl moiety.
Thus, the process is favored only in the presence of donor groups, whereas
acceptor groups or the absence of any substituents do not support the
photocyclization. Moreover, the increasing number of N-atoms in
heterocyclic moiety reduces photostability of photocyclic products,
especially for pyrimidine derivatives. We suppose that styrylazines 3d-e as
well as their photocyclization products can undergo competititve
photoreactions resulting in formation of pyrimidine dimers [6].
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ABSTRACT
The thermal stability of organic-inorganic composites prepared by a twostage polymerization of urea-formaldehyde resin (UF) with micro- and
nano-TiO2 before and after irradiation has been investigated. Composites of
urea-formaldehyde and particles of TiO2 of different size were synthesized,
namely: Composite 1 (UF+ micro-TiO2) and Composite 2 (UF + nanoTiO2). The thermal stability of obtained materials was studied by nonisothermal thermo-gravimetric analysis (TG), differential thermal
gravimetry (DTG) and differential thermal analysis (DTA). Hybrid
composites based on UF resin have been irradiated (50 kGy) and after that
their radiation stability was evaluated on the basis of thermal behavior. DTG
peaks of both composites are shifted to a higher temperature after
irradiation, but Composite 1 after irradiation shows less change in thermal
behavior than Composite 2.
INTRODUCTION
As a typical amino resin, UF resin adhesive possesses some advantages,
such as fast curing, good performance in the panel, water solubility, the non
toxicity of resin and resin products, the environmental compatibility of resin
bonded products and lower price [1]. High-energy radiation is a well-known
technique for modification of polymers. Radiation stability-resistance is the
ability of the polymer to retain irradiation despite initial chemical and
physical properties, macrostructure and microstructure, i.e. to avoid
crosslinking and/or degradation. However, little work concerning the effects
of γ-irradiation on the thermal properties of modified UF resins has been
done. The goal of this work was to determine the radiation stability of the
synthesized micro- and nano-TiO2-based urea–formaldehyde composites
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based on their thermal behavior. The thermal behavior of two types TiO2based UF hybrid composites (unirradiated and irradiated) was investigated
using non-isothermal TGA, DTG and DTA.
EXPERIMENTAL
The following materials were used in the study reported here: Urea
(Alkaloid-Skopje, FYR of Macedonia); 35% formaldehyde (Unis-Goražde,
Bosnia and Herzegovina); micro- and nano-TiO2 (Sigma-Aldrich,
Germany). Two types of TiO2-based UF hybrid composites with
formaldehyde-to-urea (F/U) ratio of 0.8 were synthesized using the same
procedure [1]. Irradiations were performed in air in the Co-60 radiation
sterilization unit with the dose rate of 10 kGyh-1 and the total absorbed dose
of 50 kGy. The thermal stability was investigated by non-isothermal
thermogravimetry (TG, DTA) using a Setaram Setsys Evolution 1750
instrument (France). Samples (6±0.2 mg) were placed in alumina crucibles.
An empty alumina crucible was used as a reference. The samples were
heated from 30 to 600oC in a 20 cm3/min flow of argon atmosphere with a
heating rate of 10oC/min. The temperatures at maximum decomposition rate
were determined from the peak maxima of the DTG curves.
RESULTS AND DISCUSSION
The thermal behavior of unirradiated and irradiated hybrid composites based
on UF resins occurs in three and four main stages (Figure 1 and 2). The
mass loss at different temperatures is summarized in Table 1. The rate of the
thermal decomposition reaction before and after irradiation, shows more
than one maximum rate with temperature is increasing. This behavior
indicated that thermal decomposition of these resin passed through multiple
stages, depending on the state of decomposition and not on the components
[2, 3].

a)
b)
Figure 1. TGA (a) and DTG (b) curves of unirradiated and
irradiated hybrid composites based on UF resin.
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The first-step degradation occurs in the temperature region around 30–
140oC for all samples; and with a DTG peaks observed around 68–81oC and
81–84oC for unirradiated and irradiated modified UF composites,
respectively, indicating water and formaldehyde evaporation.

Figure 2. DTA curves of unirradiated and irradiated hybrid composites
based on UF resin
Table 1. DTG, DTA data of peak values, and total mass loss for
unirradiated and irradiated hybrid composites based on UF resin.
DTA
Total
DTG
Dose of γEndothermic
mass loss
Samples
peak values
irradiation
peak values
(%)
(oC)
(kGy)
(oC)
67.9
71.9
218.9*
219.7*
0
54.8
265.0*
264.9*
335.8
327.7
Composite 1
68.5
72.8
217.3*
222.4*
50
269.1*
269.3*
57.6
339.8
324.2
441.1
81.4
82.5
0
259.5*
260.4*
55.2
334.4*
330.4*
Composite 2
83.8
85.2
260.4*
261.4*
50
64.5
331.9*
323.3*
507.0
456.1
*overlapping peaks

564

PHYSICAL CHEMISTRY 2014

F-30-P

The minimum of the endothermic peak attributed to water evaporation
which comes to lower temperatures for Composite 1 than Composite 2.
Main mass loss happened in the second stage. In this stage degradation
occurs in the temperature region around 164–395oC for all samples. In
Figure 1 can be notes that the second and third degradation regions are
overlapped for all hybrid composites based on UF resins. In the DTA
measurements (Figure 2) the endothermic peak with minimum at 264.9,
260.5 for unirradiated UF resin composites and at 269.3, 261.4oC for
irradiated UF resin composites, respectively, is attributed to the degradation
of methylene ether bridges into methylene bridges and cross linking
reactions in the resins network [3]. Degradation of cured resin composite
begins the liberation of formaldehyde from dimethylene ether groups. This
kind of destruction can be regarded as post curing of resin composite, as
released formaldehyde participates in further reaction, finally giving more
stable methylene group.
The Composite 1 showed lower values for total mass loss (54.8 and
57.6%) than Composite 2 (55.2 and 64.5%) before and after irradiation,
respectively.
CONCLUSION
1. DTG peaks of both composites are shifted to a higher temperature after γirradiation.
2. After irradiation, Composite 1 shows minor changes in the thermal
properties compared with Composite 2, which indicates that the
Composite 1 has more resistant to the effect of
irradiation
than Composite 2.
3. The total mass loss for Composite 1 is less than that of Composite 2.
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ABSTRACT
Poly(vinyl alcohol)/carboxymethyl-chitosan (PVA/CMC) blend hydrogels
were synthesized by γ-radiolysis followed by freeze/thawing (FT). Previous,
the water-solubility of chitosan (CS) was obtained by γ-radiolytic acidic
degradation. CMC molecular weight characterization was performed by a
Zetasizer. The fluorescence measurements confirmed the presence of CMC
in the PVA/CMC blend hydrogels. In situ preparation of Ag nanoparticles
(AgNPs) in PVA/CMC blend hydrogel matrices has been performed
exposing hydrogels, swollen in AgNO3 solution, to γ-irradiation. The
mathematical models applied for determination swelling kinetics showed
that the initial concentrations of CMC and AgNPs directly have influence on
the swelling parameters of Ag-PVA/CMC nanocomposites. Diffusion
characteristics, determined by different diffusion models (Early Time (ET),
Late Time (LT) and Etters (E)) are less due to the presence of AgNPs.
INTRODUCTION
Derivation of CS followed by graft modification (by alkyl or carboxymethyl
groups), improve water solubility, antibacterial and antioxidant properties,
without affecting its cationic character [1]. On the other hand, blending the
CS with PVA improves tensile strength, flexibility, bulk and surface
hydrophilicity. Therefore, combination of CMC with PVA as hydrogel
blend stabilizer of AgNPs creates materials which will be useful in the range
of applications [2].
In this investigation, AgNPs where synthesized in situ by γ-irradiation in
previously obtained radiolytically crosslinked PVA/CMC blend hydrogel
matrices followed by FT. The water-solubility of CS was obtained prior to
crosslinking by radiolytic acidic degradation. The post irradiation FT
procedure for the matrix preparation is performed in order to prevent
dissolution of ungrafted CMC during in situ synthesis of AgNPs. Namely, at
the lower concentrations, such as in the tested system, the grafting of CMC
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chains is likely process. The aim of this investigation was to examine the
influence of AgNPs and the concentration of CMC on the optical properties,
morphology, structure and the swelling behavior of thus obtained
nanocomposite blend hydrogels.
EXPERIMENTAL
1M acetic CS (Mw=94.8±8.74 kDa) solution (5% w/w) was γ-irradiated up
to 100 kGy, to reduce molecular weight down to Mw=31.3±4.73 kDa. After
neutralization with 1M NaOH, CMC molecular weight characterization was
performed using a Zetasizer Nano ZS. The initial processing step in
synthesis of Ag-PVA/CMC blend hydrogels was irradiation-induced
crosslinking of PVA/CMC blend matrices (8%/2% w/w and 8%/4% w/w,
samples S1 and S2 respectively) at a dose rate of 0.33 kGy/h up to an
absorbed dose of 75 kGy, followed by FT up to 4 cycles. In situ synthesis of
AgNPs in PVA/CMC was performed exposing samples (S1, S2) swollen in
solution containing 8 mM AgNO3 and 0.2 M 2-propanol (saturated with Ar)
to γ-irradiation. The obtained nanocomposites were labeled as S3 and S4,
respectively. Characterization of these systems was carried out by FTIR,
fluorescence and UV-Vis spectroscopy, SEM and swelling measurements in
water at 25 oC. Swelling process was monitored gravimetrically by
measuring weights of swollen hydrogel at predetermined time intervals (t),
until the initial weights were equilibrated. The swelling degree is SD=(WtW0)×100/W0, where Wt is weight of swollen hydrogel, and W0 is the initial
weight of the xerogel. Equilibrium swelling degree (SDeq) was determined
by getting the weight of hydrogel in equilibrium state (Weq) instead the
weight of swollen hydrogel in predetermined time intervals (Wt). The
mathematical models (Power Law (PL), First-Order (FO) and Second-Order
(SO)) were applied for determination of kinetics parameters of hydrogel
swelling. For the initial stage (SD/SDeq≤0.6), PL approach, SD/SDeq=ktn (k
is the kinetic constant, n is diffusion exponent) and FO equation,
SD/SDeq=1-exp(-kt), were used. SO kinetics was used for extensive stage of
swelling, t/SD=A+Bt, (B=1/SDeq, A=1/v0 is the reciprocal of the initial
swelling rate). Diffusion coefficients (D) were determined by the models
based on solutions of Fick’s law, using three aproximations: ET (valid for
the first 60% of sorption), LT (valid for the latter 40%), and E (valid for the
whole range of swelling).
RESULTS AND DISCUSSION
Figure 1(a) shows the FTIR spectra of CMC and the initial CS. The two
peaks at 1593 cm-1 and 1418 cm-1 of CMC are the characteristic absorption
bands of the carboxyl group (vas –COO− and vs –COO−), which indicate that

567

PHYSICAL CHEMISTRY 2014

F-31-P

the carboxymethyl group is grafted onto the molecular chain of CS [3].
Figure 1(b) shows that PVA/CMC blend xerogel served as stabilizing agent
for AgNPs. Decreasing in intensity and blue-shift of observed bands
indicates possible formation of a coordination bond between AgNPs and –
COO−, –NH2 and –OH groups in PVA/CMC matrix.

Figure 1. FTIR spectra of (a) pure CS and CMC, and (b)
nanocomposite xerogel, S3, in comparing with pure S1 xerogel.
Fluorescence spectroscopy was employed to investigate the emission of
crosslinked PVA/CMC blend after extraction in water (Figure 2(a)). Figure
2(b) shows UV-Vis spectra of Ag-PVA/CMC, experimentally obtained
(solid line) and obtained by applying Mie theory (dashed line) [4]. AgNPs
radii were determined by applying the computational analysis using the
“MiePlot v.3.4” (http://www.philiplaven.com/mieplot.htm). In Figure 2(c)
the micrographs of network (sample S4) and spherical particles (sample S3),
obtained by scanning electron microscopy (SEM), are shown.
(c)

Figure 2. (a) Fluorescent spectra of PVA/CMC blend hydrogels;
(b) UV-Vis spectra (solid line) and spectra obtained by applying Mie
theory (dashed line); (c) SEM micrographs of S4 (up) and S3 (down).
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The absorption of surrounding fluid by Ag-PVA/CMC blend hydrogel is
affected by a simultaneous influence of the matrix and the presence of
AgNPs. Doubly increasing of CMC concentration reduces swelling
capacity. The water uptake in Ag-blend hydrogel increases comparing with
pure PVA/CMC. At the initial stage of swelling, systems show Fickian
diffusion (n<0.5) for all samples (S1-S4) [5], meaning that media transport
is driven by a concentration gradient rather than by convective flux (not
limited by polymer relaxation). The diffusion constants are less due to the
presence of AgNPs. The kinetic parameters and diffusion constants are
presented in Table 1.
Table 1. Kinetic parameters and diffusion constants.
SDeqexp
Sample
(%)
S1
S2
S3
S4

402±2
351±1
566±5
497±4

Power law
kinetics
k
n
(1/hn)
0.47 0.46
0.43 0.40
0.36 0.43
0.42 0.37

First-order
kinetics
SDeq kFO×104
(%)
(1/s)
335
0.70
300
0.77
454
0.60
406
0.66

Second-order
Early
Late Etters
kinetics
time
time model
SDeq
v0
D×107 D×107 D×107
(%) (%/min) (cm2/s) (cm2/s) (cm2/s)
417
4.89
0.84
0.97
5.80
361
4.99
0.93
1.05
6.38
592
5.35
0.64
0.88
5.31
515
5.91
0.75
0.95
5.77

CONCLUSION
Investigations show formation of a coordination bond between AgNPs and –
COO−, –NH2 and –OH groups of PVA/CMC matrix. Optical properties
simultaneously depend on the concentration of CMC and on the presence of
AgNPs. Swelling capacity decreases with increasing of CMC concentration,
while the water uptake increases due to the presence of AgNPs. The media
transport is driven by a concentration gradient (Fickian diffusion) while the
diffusion constants are less due to the presence of AgNPs.
ACKNOWLEDGEMENT
This work is financed by the Ministry of Education, Science and
Technological Development of the Republic of Serbia (project III 45005)
and International Atomic Energy Agency (IAEA), CRP: F22051/Contract
No. 16733.
REFERENCES
[1] W. S. Choi, et al., Polym. Degrad. Stabil., 2002, 78, 533–538.
[2] J. Krstić, et al., Rad. Phys. Chem., 2014, 96, 158-166.
[3] P. Liang, et al., J. Cryst. Growth., 2004, 261, 571-576.
[4] G.Mie, Ann. Phys., 1908, 25, 377–445.
[5] J. Krstić, et al., J. App. Polym. Sci., 2014, 131, 40321

569

RADIOCHEMISTRY,
NUCLEAR CHEMISTRY

PHYSICAL CHEMISTRY 2014

G-01-P

ABSORBED DOSE DISTRIBUTION AT VINČA
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ABSTRACT
The aim of work is to correlate the absorbed dose distribution and gamma
source activity in Vinča Radiation Plant. The measurements of absorbed
doses obtained during the sterilization process of plastic medical products
are compared with similar measurements made during the commissioning of
this plant, but this time by using alanine dosimetry system. The influence of
source activity to depth dose distribution is as expected, but there is no
effect to the height dose distribution. The inhomogeneity of 13% of the dose
across the box was determined is also done by alanine dosimetry system.
INTRODUCTION
Vinča Radiation Plant is mainly intended for the commercial radiation
sterilization of medical devices. It is consists of a plaque source, associated
storage pool and shielding, product handling areas, and a shuffle-dwell
conveyor system designed for either continuous or batch operation [1]. The
facility parameters for sterilization are determined in accordance to
international standards through process qualification by dose mapping in an
irradiation container [2]. However, the complete set of relevant parameters
for a suitable running of the plant can be obtained from the commissioning
measurements [3]. Some of these measurements gave depth and height dose
distribution when the source activity was 3.7 x 1015 Bq. The source rods had
the same activity and occupied only the central part of the source frame (1m
x 1m). The depth dose distribution was 50%, 30%, 20% among rows
looking from the first one, and the height dose distribution was 13%, 30%,
32% and 25% from bottom to top. Dosimetry system was the radiochromic
dye solution sealed in 5 ml glass ampoules. The source activity now is
almost two times higher and several generations of source rods are mixed in
this source frame (1m x 3m). It seems interested to examine what is the
influence of source activity and geometry to dose distribution. For this
purpose, alanine pellet dosimeters were used due to their small size that
enabled to put dosimeters in more positions in one box than in
commissioning measurements.
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EXPERIMENTAL
Fig.1 shows a schematic diagram of the arrangement of product boxes
around the plaque source. The source frame (1 m x 3 m) is loaded with 6.88
x 1015 Bq of 60Co placed into source rods (diameter 11.1 mm, length 451
mm). An automatic conveyor carries
III
II
I
I
II
III
boxes through the source. One
irradiation run consists of four
sequential irradiation cycles, and in
each cycle a given box passes through
the irradiation room at one of four
vertical levels, i.e. every box is
irradiated in the same way.
L-alanine pellet dosimeters (diameter
3 mm, thickness 1.5 mm and mass
(a)
between 37.5 – 37.6 mg) purchased
from Aérial (Illkirch, France) were
placed in the central part of standard
box (46 cm x 46 cm x 43 cm) with
product in three positions: 1) plane
(b)
facing the source, 2) center, 3) back
plane from the source. The boxes
Figure 1. Horizontal (a) and
with dosimeters were loaded into
vertical (b) arrangements and
three carriers. The carriers were
movements of box carriers within
positioned at the beginning of each
the irradiation room
subsequent row and then irradiated
for 12 consecutive dwell times (509 s). After these 12 steps, each carrier
reached the opposite end of its row.
This experiment enables the calculation of the absorbed dose for one
irradiation run. The absorbed dose in central position in box should be
obtained by summing up all absorbed dose values in central position (for all
four boxes in all three rows). This corresponds to one half of a complete
irradiation run for one box. The absorbed dose for the edge of box for a
complete irradiation run one can obtain summing up the total sum of front
and back plane of box, because passing from one row to next the box
changes its position for 1800 facing source rods.
The absorbed doses were measured by MiniScope MS300 ESR
spectrometer using Aer’EDE Version 2.0.4. software for dose calculation.
RESULTS AND DISCUSSION
Fig. 2 presents the results of both the depth and the height absorbed dose
distribution. Table 1. gives these results as a sum of all measured absorbed
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doses in the same row and in the same position in the box. The total sum of
the absorbed doses in central position is equal to one half of the absorbed
dose for a complete irradiation run in this position, i.e. 26.84 kGy is the
absorbed dose for central plane of box for complete irradiation run. The
total sum of front and back plane of box gives the absorbed dose for the
edge of box for a complete irradiation run, and it is 30.25 kGy. This is 13 %
higher than the dose in central position and relate to dose uniformity in box
with plastic products.
The dose distribution among rows is 65% first row, 23% second and 12%
third row. Comparing dose distribution now with the previous [3], the
absorbed dose in first row now is 16% higher and 7% and 9% lower for
second and third row. Looking into the height dose distribution in one
carrier, there is no changes in dose distribution without regard to changes in
source activity.
I row front
I row center
I row back
II row front
II row cente
II row back
III front
III center
III back

180
160

Height (cm)

140
120
100
80
60
40
20
0

1

2

3

4

5

6

Dose (kGy)

Figure 2. Height and depth dose distribution in the three rows of carriers
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Table 1. The sum of absorbed doses in one row in the same position after
12 steps
Row

I
II
III

Sum of
doses
center
(kGy)
8.72
3.13
1.57

Total
center
(kGy)
13.42

Sum of
doses
front
(kGy)
14.26
4.46
1.97

Total
front
(kGy)
20.69

Sum of
doses
back
(kGy)
5.91
2.41
1.24

Total
back
(kGy)
9.56

CONCLUSION
The absorbed dose distribution of complete irradiation run depends on
source activity looking on depth distribution. The lower source activity
gives better dose uniformity among rows which is expected. Meanwhile the
height dose distribution remains the same. The nonuniformity of the dose
within the box was 13%.
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ABSTRACT
The poly(acrylic acid) hydrogel (PAA) has been suggested as adsorbent
material to treat cobalt-60 in radioactive liquid waste. The kinetics of
isothermal adsorption of cobalt ions from an aqueous solution onto PAA
hydrogel was investigated in the temperature range from 298K to 315 K.
The kinetic model of Co2+ adsorption [1-(1-α)1/3]2=kt, was established by
using the model-fitting method. The kinetic parameters of Co2+ adsorption
(Ea = 41 kJ mol-1, ln [A/min-1]=12) were determined. It was found that
cobalt adsorption was kinetically controlled process which is determined by
the rate of three-dimensional diffusion Co2+ ions (D3).
INTRODUCTION
Increased operation of nuclear power plants and nuclear laboratory are the
source of radioactive wastes relased into environment. Enormous amounts
of low-level liquid radioactive wastes (LLRW) are being produced as a
results of operation, repair and disposal at those facilities. All of these
LLRW were composed of different chemical and radiochemical
composition [1]. The adsorption technologies using different adsorbents
may be used for removal radioactive ions very successfully. The radioactive
cobalt-60 with half-life (t1/2 = 5.27 y) in the liquid waste came from neutron
activation for corrosion products. Adsorption cobalt ions by different types
of adsorbents have been the subject of several studies [2-4]. As an
adsorbent, hydrogels are successfully applied for the removal of pollutants
from aqueous solution as they are easily applicable, have high removal
capacity and can be regenerated [5]. The cobalt ion (Co2+) removal
capacities by hydrogel N,N-dimethylaminopropyl methacrylamide
(DMAPMAm)
homopolymer
and
DMAPMAm/itaconic
acid
(DMAPMAm/IA) copolymers were investigated by taking into account of
the initial metal ion concentration and pH of aqueous medium [6].
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The aim of this research is to investigate the performance of PAA hydrogel
in the treatment of radioactive liquid waste contained cobalt-60. Because of
that, the kinetics of isothermal adsorption of cobalt ions from an aqueous
solution onto PAA was investigated.
EXPERIMENTAL
In this research, the PAA hydrogel was synthesized by the procedure
described in our previous work [7]. Adsorption of Co2+ on PAA hydrogel
was carried by the batch method. Hydrogel powder (m ∼ 0.1 g) was added to
200g aqueous solution of CoSO4 (with Co2+ concentration 100 mg/L) and
the adsorption vessel was placed in the thermostat at pre-determined
temperature (298 K, 300 K, 308 K and 315 K). During the adsorption
process, the adsorption system was homogenized by stirring at 600 rpm.
Samples were taken from this adsorption system at regular time intervals.
After centrifugation, concentration of Co2+ remaining in supernatant was
determined by measuring the absorbance at 625 nm. The determination of
Co2+ ions as Co-(thiocyanate) was carried out according to the published
procedure in literature [8]. For that measurement a UV-Visible spectrometer
(Cintra 10e, GBC Scientific equipment) was used.
The specific adsorption capacity of PAA hydrogel for Co2+ at a given
temperature after certain adsorption period can be calculated from the
equation: x s = (c 0 − c i )m s m , where: c0 is the initial concentration of the Co2+
solution before adsorption (mg/L), ci is the concentration of the Co2+
solution after a certain adsorption time (mg/L) and ms is the mass of
aqueous solution of CoSO4 (g). The adsorption degree of Co2+ ions, α, is
calculated from the equation α = x s x max , where: xmax is the maximum
specific adsorption capacity of PAA hydrogel for Co2+ at a given
temperature and is determined from experimental kinetic curves.
Kinetic model of Co2+ adsorption onto PAA hydrogel was examined by the
so-called “model-fitting procedure”[9].
RESULTS AND DISCUSSION
The isothermal dependence of specific adsorption capacity of the PAA
hydrogel for Co2+ vs. adsorption time (kinetic curves) is shown in Figure 1.
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xs(g/g)

Applying the model fitting method we obtain that kinetics of Co2+
adsorption on PAA hydrogel
0.20
can be described by theoretical
1/3 2
kinetic model: [1- (1-α) ] =kt
0.15
, where k is the rate constant
2+
of adsorption of Co on PAA
0.10
hydrogel. This model is
298 K
characteristic
for
the
300 K
308 K
0.05
physicochemical
processes
315 K
whose kinetic is determined
0.00
by the rate of three0
20
40
60
80
100 120
dimensional diffusion (D3).
Time (min)

Ea(kJ/mol)

If model D3 describes the Figure 1. The isothermal kinetic curves of
2+
kinetics of the isothermal adsorption Co ions on PAA hydrogel
adsorption of Co2+ on PAA,
then the dependence [1-(1α)1/3]2 on the adsorption time
should be a straight line and
80
from slopes of these straight
lines the values of model
constants has been determined.
60
Since the increase of the model
constant with temperature is
40
obtained, the kinetic parameters
were determined by applying
20
the Arrhenius equation (Table
I). The change of the model
0
constant with temperatures and
0.0
0.2
0.4
0.6
0.8
1.0
kinetics parameters, activation
α
energy (Ea) and pre-exponent
Figure 2. The dependence of Ea
factor (lnA) for the Co2+
vs. adsorption degree
adsorption is given in Table I.
With aim to investigate kinetic complexity, Friedman iso-conversional
method [10] was applied to determine the dependence of the activation
energy of the Co2+ adsorption on the PAA hydrogel on the degree of
adsorbed Co2+ ions.
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Table 1. The model constant of Co2+ adsorption and kinetic
parameters
T (K)
k · 10-3 (min-1)
Kinetic parameters
R
298
7.4 ± 0.2
0.996
Ea (kJ mol-1) = 41 ± 4
300
8.31 ± 0.04
0.9999
ln [A/min-1]= 12 ± 2
308
14.1 ± 0.5
0.991
315
17.5 ± 0.2
0.999
R = 0.968
As can be seen from the results presented in Figure 2, the values of the
activation energy are practically independent of the adsorption degree, and
in accordance with the model value Ea = 41 kJ mol-1. This implies that Co2+
adsorption on the PAA hydrogel is probably elementary process.
CONCLUSION
The PAA hydrogel is very efficient adsorbent for removal cobalt-60 from
radioactive liquid waste. The adsorption of Co2+ions onto the PAA hydrogel
is a probably kinetically elementary process, which can be modeled with the
theoretical kinetic model D3 described by the equation: [1-(1-α)1/3]2=kt.
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ABSTRACT
The aim of this study is investigation of the potential of two novel types of
multifunctional 90Y-labelled magnetic nanoparticles (MNPs): Fe3O4-Naked
and polyethylene glycol 600 diacid functionalized Fe3O4 (Fe3O4-PEGdiacid)
MNPs as targeting vehicles to localize both radioactivity and magnetic
energy at the tumor site.
The conditions for their synthesis and radiolabelling were optimized. MNPs
were characterized based on the external morphology, size distribution and
magnetic properties. These results were compared to assess the effect of the
coating on the physicochemical characteristics of the particles. 90Y-labelling
of both Fe3O4-Naked and Fe3O4-PEGdiacid MNPs enabled the studies of
biodistribution and biodegradation of magnetite particles in vivo.
INTRODUCTION
Magnetic nanoparticles have been intensively used for a wide variety of
biomedical applications, such as contrast agents for magnetic resonance
imaging (MRI), drug delivery and hyperthermia [1,2]. Since localized
hyperthermia treatments lead to increased perfusion in the tumor region,
MNPs are good choice as vehicles for a radionuclide delivery. The
synergistic interaction between hyperthermia and radiation therapy is based
on the heat effect that may make some cancer cells more sensitive to
radiation or harm other cancer cells that radiation cannot damage [3,4].
In this work yttrium-90 (90Y) was selected for the radiolabelling of MNPs as
a clinically acceptable, long-range, β-emitting radionuclide with optimal
nuclear-physical characteristics (decay half-life of 64.1h, Emaxβ of 2.27
MeV) for use in radionuclide tumor therapy. 90Y-labelling of MNPs open up
the possibility for tracking of extremely small amounts of nanoparticles in
the complex biological systems. Basic requirements of the radiolabelling
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method are that structure or properties of nanoparticles remained unchanged
after the radiolabelling and that the stability of radiolabelled product is
sufficient to allow further in vitro and in vivo studies. Once the
radiolabelling method is optimized, radioactive part of the radiolabelled
compound could be used not only for studies of biological distribution but
also in radiodiagnostic or radiotherapy [5].
MATERIALS AND METHODS
Iron oxide nanoparticles were prepared by two different methods. Fe3O4Naked MNPs were produced by an oxidative hydrolysis of ferrous sulfate
with NaOH [6]. Co-precipitation from ferrous/ferric chloride solutions in
alkaline medium with the addition of PEG 600 diacid during the
nanoparticles synthesis is used as a valid method for magnetite
functionalization and preparation of Fe3O4-PEGdiacid MNPs [7,8].
Radiolabelling of MNPs was performed by mixing 0.5 mL aqueous
suspension of Fe3O4-Naked MNPs and Fe3O4-PEGdiacid MNPs with 37
MBq 90YCl3 followed by incubation of reaction mixture at room
temperature on a shaker for one hour.
RESULTS AND DISCUSSION
With the applied method very unstable Fe3O4-Naked MNPs of average size
80±5nm were obtained. DLS measurements of Fe3O4-PEGdiacid MNPs
showed hydrodynamic diameter of 46±0.6nm, reflecting the effect of the
coating polymer layer on the 10 nm magnetic cores (measured by TEM).
Binding of PEG 600 diacid generate highly negative surface charge of
Fe3O4-PEGdiacid MNPs (-28 mV at pH 7) providing electrostatic repulsion
between MNPs, therefore stable suspension was achieved. Fe3O4-PEGdiacid
MNPs displayed superparamagnetic behaviour at room temperature with
saturated magnetization, Ms of 70 emu/g. The obtained specific power
absorption value for Fe3O4-PEGdiacid MNPs was 200 W/g, indicated their
potential in hyperthermia based cancer treatments. The zeta potential, FTIR
and TGA results confirmed that Fe3O4 nanoparticles have been
functionalized probably by coordinating via one of carboxylate groups from
PEGdiacid, while negatively charged terminal carboxylate group provides
an avenue to extended bond formation with positively charged 90Y.
Radiolabelling yield of both types of 90Y-labelled MNPs, determined by
measurement of radioactivity in MNPs precipitate after magnetic separation
as well as by radiochromatography analysis, exceeded 97%.
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Figure 1. Colloidal stabilization of 90Y-labelled Fe3O4-Naked and Fe3O4
PEGdiacid MNPs
CONCLUSION
We report here design and preparation of multifunctional 90Y-labelledMNPs with potential ability to perform concurrent tracking, imaging and
therapeutic application in vivo. The Fe3O4-PEGdiacid MNPs showed high
phase purity and favorable physicochemical and magnetic characteristics for
in vivo use. The obtained SPA value for Fe3O4-PEGdiacid MNPs (200 W/g)
indicates that these MNPs could be used as heating agents for in situ
magnetic fluid hyperthermia protocols. Besides, high labeling yield and in
vitro and in vivo stability of 90Y-labelled-PEGylated magnetite nanoparticles
create opportunities for their use as a multifunctional diagnostic and therapy
agents.
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ABSTRACT
Sorption of radioactive 99Tc-pertechnetate onto activated carbon prepared
from pinecones was investigated. The parameters of contact time and Tc-99
concentration were varied. It was established that the sorption half-life, t1/2,
was very short ~ 2.2 min, thus making this sorbent an excellent candidate
for immediate pollution remediation, which is very important in the case of
nuclear accidents. The kinetic data were found to follow closely the pseudosecond-order (PSO) kinetic model. Boyd model established the sorption
dependence only on film diffusion. The partitioning/distribution coefficient,
Kd, attained was 2729 cm3 g-1. The equilibration time was 3 h at room
temperature (T=298 K).
INTRODUCTION
High surface area, remarkable sorption capacity and efficient regeneration
are among the most important characteristics of the non-hazardous porous
activated carbon sorbent [1]. Diverse surface organic functional groups
(ionized in solution depending on pH) are responsible for surface reactivity
of activated carbon.
Tc-99 is among many hazardous radioisotopes often detected in the
environment, being a long life (2.13 x 105 years) pure ß-emitter and has a
specific activity of 629.0 MBq g-1. It is produced in large amounts by
nuclear fission of 235U or 239Pu in nuclear reactors. The predominant form of
Tc-99 under oxic conditions in surface and ground waters is pertechnetate
oxyanion (99TcO4-), which is poorly sorbed by natural materials, highly
soluble in water, and thus readily mobile in the environment [2]. Activated
carbon has been demonstrated to retain 99TcO4- efficiently in deionized
water and the solutions of various electrolytes [3,4]. The high cost of
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commercially produced activated carbon prompted research on novel, more
efficient, low-cost, locally available and renewable activated carbonaceous
materials. In this paper, pinecone-activated carbon was tested as sorbent for
99
TcO4-, using an easily measurable metastable nuclear isomer Tc-99m,
rapidly decaying to Tc-99. Kinetic data for Tc(VII) removal was collected
and fitted to kinetic models, and Kd was evaluated.
EXPERIMENTAL
Powdered activated carbon was derived by thermal–chemical process from
the ground pinecones collected from Čair Park in Niš, Serbia; the BET
surface area (SBET) measurement of the sample was made by nitrogen
adsorption at 77 K using Sorptomatic 1990 (Thermo Fisher Scientific,
USA), the surface functional groups and pHPZC were determined using the
procedures described previously [1]. 99mTcO4- sodium solution was eluted
from 99Mo/99mTc generator (Vinča Institute of Nuclear Sciences). 99mTcO4uptake from aqueous solutions was monitored at room temperature (T=298
K) in static experiments. 10 mg of sorbent was contacted with 4 cm3 of
99m
Tc-pertechnetate aqueous solution at unadjusted pH. A blank experiment
(no sorbent) was prepared in the same manner. At predetermined time
intervals, solid phase was separated from the solutions by centrifugation: 5
min 3000 rpm (Heraeus-Christ Labofuge III Centrifuge, 6000 Max RPM,
American Laboratory Trading, Inc.). From each vial (blank and sorbent
containing), 100 mm3 aliquots were taken and residual radioactivity was
measured in supernatant solution. The specific activity of pertechnetate
eluate was determined by a Capintec CRC-15β dose calibrator and adjusted
by adding saline solution to 4.35 GBq dm-3. All 99mTc supernatant analyses
were carried out using a 2πγ-solid-state scintillation detector (LKB Wallac
1282 Compugamma, Finland) with autosampler. Relative measurements of
sorbed radioactivity were obtained using the following equation (R-sorbed
pertechnetate activity (%), Rb-measured activity of reference or blank
aliquot (cpm), Rs-activity of the supernatant aliquot (cpm)):
The sorption isotherms were measured by mixing 10
R − Rs
⋅ 100% mg of activated carbon with 4 cm3 sodium
R= b
Rb
pertechnetate solution with the specific activity
ranging from 11.9 to 95.6 GBq dm-3. The equilibration time was 3 h.
RESULTS AND DISCUSSION
The characteristics of pinecone-activated carbon are given in Table 1. As
known, predicting the rate at which sorption takes place in a given system is
one of the critical factors in sorption system design. To the best of our
knowledge, there is an obvious lack of literature regarding modeling the
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kinetics of 99Tc removal. Here, the kinetics of 99mTcO4- sorption on pinecone
activated carbon was examined using two kinetic models: PSO [5] and Boyd
model with Reichenberg approximation [6] (Table 2), where Qeq and Qt
denote the amounts of sorbed pertechnetate anions at equilibrium and at
time t, respectively, k2 - the rate constant of PSO sorption, h=k2Q2eq - the
initial rate constant, F - the fractional attainment of equilibrium at time t, n an integer defining infinite series solution and Bt - a mathematical function
of F.
The correlation coefficient (R2) for Table 1. Relevant characteristics of
PSO model was equal to 0.999
pinecone activated carbon [1].
suggesting that the 99mTcO4- sorption pHPZC
3.06
on activated carbon obeyed PSO SBET, m2 g-1
1094
model
(Table
3),
indicating Surface functional
chemisorption involving valence groups, mmol g-1
forces through sharing or exchange Carboxylic
1.742
of electrons between activated carbon Lactonic
0.723
functional groups and 99mTcO4- [5].
Phenolic
0.493
Table 2 Kinetic models.
Qe and Qecalc values
obtained for PSO model
Kinetic Equation
Ref.
fit showed excellent
model
2
1
1
t
agreement
confirming
PSO
h = k 2 Qe [5]
=
+
t
this assumption. The very
Q k 2 Qe 2 Qe
short t1/2 as well as very
high h and Qe values
∞
[6]
Boyd
6
1
2
F
=
1
−
exp
−
n
Bt
suggest that this activated
∑
equation
π 2 n=1 n 2
carbon can be regarded as
a highly efficient sorbent for 99Tc. The Boyd plot does not pass through the
origin in the shape of a straight line, thus implying that the process is filmdiffusion controlled [6].
In an attempt to avoid toxic radiation
doses, the equilibrium investigation was
limited to the linear isotherm part [4]. Kd
(cm3 per g) was calculated according to
the equation S = KdC, where S represents
the sorbed Tc activity on sorbent surface
(GBq per g of activated carbon) and C is
the equilibrium specific Tc activity (GBq
per dm3 of solution). The Oak Ridge
National Laboratory investigated several
Figure 1. Boyd model.
synthetic resins for 99TcO4- removal from
contaminated wastewater and also found linear adsorption isotherms, with

(

)
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Kd values ranging from 902 cm3 g-1 to 2370 cm3 g-1 [7]. Holm et al. found
the maximum Kd in the order of 106 cm3 g-1 at pH 2±4 for activated carbon;
the equilibrium time was ca. 5 h, at room temperature, from deionized water
[3]. Gu and associates found that Kd of 99TcO4- exceeded 27000 cm3 g-1
when actual groundwater was used, as well as 12000 cm3 g-1 when
background solutions of 0.01 M CaCl2 and Na2SO4 were treated, after
overnight equilibration [4].
Table 3. PSO kinetic
model parameters.
Qe, GB g-1
1.71
t1/2, min
2.2
Qecalc, GB g-1
1.71
k2, g GB -1 min-1 0.351
h, GB g-1 min-1 1.024
0.999
R2

CONCLUSION
Activated carbon prepared from pinecones was
investigated as a sorbent of radioactive 99TcO4-.
Very short t1/2 (~ 2.2 min) indicated that this
sorbent can be an excellent candidate for
immediate pollution remediation. The kinetic
data adhered closely to PSO kinetic model,
suggesting chemisorption. Boyd model verified
the sorption dependence only on film diffusion. The partitioning/distribution
coefficient Kd, found was 2729 cm3 g-1, after 3 h equilibration time at room
temperature (T=298 K).
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ABSTRACT
Nanocrystalline rare-earth Nd-Fe-B magnetic materials with various Nd
content were characterized and compared in order to verify most suitable
alloy for bonded magnet application. Polymer bonded magnets (PBM)
based on Nd-Fe-B alloy with stoichiometic Nd content are prepared by
compression moulding method using different magnetic filler concentrations
in range 5 to 95 wt%. In order to obtain hybrid magnetic composite
materials, part of Nd-Fe-B particles is substituted with barium ferrite
agglomerates. The structure, phase analysis, magnetic properties and
dynamic mechanical behaviour are examined by varieties of techniques
including Scanning Electron Microscopy (SEM), X-ray diffraction analysis
(XRD) and 57Fe Mössbauer spectroscopy (MS), Superconducting Quantum
Interference Device (SQUID) magnetic measurements and Dynamic
Mechanical Analysis (DMA), respectively.
The storage modulus (E) of Nd-Fe-B PBMs is considerably improved with
the higher amount of magnetic particles. Magnetic measurements depict
changes in the properties of the investigated composites with respect to
amount of the added filler. Results show that the magnetic properties of
hybrid magnets are within the range of magnetic properties of the pure
components, whilst dynamic mechanical properties are improved compared
to ‘pure’ PBMs - consist only Nd-Fe-B particles or barium ferrite
agglomerates in polymer matrix.
INTRODUCTION
The studies of rare-earth Nd-Fe-B nanocrystalline materials have become
very significant due to the fact that slight transformations in microstructures
allow a tailoring of magnets with defined magnetic properties [1]. The
compositions and processing conditions of alloys have a strong influence on
microstructure in optimal magnetic state and consequently on magnetic
properties [2]. The Nd-Fe-B alloys could be analyzed according to Nd
content [3]. The alloys with reduced neodymium content (nanocomposite
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alloys) have multiphase composition and in the optimal magnetic state they
are composed of the nano-sized exchange coupled grains of soft and hard
magnetic phases. Depending on the alloy composition two types of
nanocomposites α-Fe/Nd2Fe14B and/or Fe3B/Nd2Fe14B can be obtained [4].
The stoichiometric and Nd-rich Nd-Fe-B alloys have an almost monophase
composition with dominant amount of Nd2Fe14B phase. While the
stoichiometric alloys are characterized by some intergranular exchange
coupling between the grains of the same hard magnetic phase [5,6] the Ndrich alloys are composed of grains of hard magnetic Nd2Fe14B phase that are
magnetically isolated (decoupled) by the intergranular layer of Nd-rich
phases [7,8].
Besides high values of the remanence and coercivity, as well as their
relatively high Curie temperatures (app 312 °C) [9] Nd-Fe-B magnetic
alloys are identified suitable for research and further development of
magnetic composite materials with polymer matrix, so called bonded
magnets [10,11].
Development of bonded technology, exploring the possibility of
applications of various types of magnetic powder and polymeric matrices,
testing of their influence, as well as the influence of process parameters, to
achieve optimal mechanical and magnetic capacities are in research focus
during the last few years [12,13]. Research trend is reflected in development
of bonded hybrid magnetic composite materials with improved dynamic
mechanical capacities and noticeably lower cost due to the replacement of
the expensive Nd-Fe-B magnetic powder with low cost ferrite magnetic
materials, achieving satisfying values of the maximal magnetic energy.
In this study, the influence of Nd content on microstructure and magnetic
properties of three types of Nd-Fe-B alloys was analyzed by comparing
phase compositions and magnetic properties in optimized magnetic state.
Selected alloy is used for polymer bonded magnet (PBM) production. One
of the objectives is to give more insight on the role of Nd-Fe-B particles on
dynamic mechanical and magnetic properties of Nd-Fe-B/epoxy composite
materials. Replacing one fraction of Nd-Fe-B with barium ferrite the hybrid
composite materials with upgraded dynamic mechanical properties is
produced. Interactions between employed magnetic powders and
interactions between magnetic powders and polymer binder are considered.
EXPERIMENTAL PROCEDURE
Three types of rapid quenched Nd-Fe-B alloys are produced by melt
spinning method. Magnetic properties of particles are presented in Table 1.
Magnetic properties of barium ferrite used for hybrid PBMs production is
also presented in Table 1.
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The applied thermosetting epoxy system is a combination of liquid mixture
of Bisphenol A and Bisphenol F resins and cross linking agent (hardener)
which cures fully at room temperature. The properties of cured epoxy resin
are: density of resin 1.2 g/cm3, tensile strength 58 MPa and elongation
2.8%.
Table 1. Magnetic properties of starting alloys in optimal magnetic state
Alloy

Mark

Br [kG]

Hcb
[kOe]

Hcj
[kOe]

(BH)max [MGOe]

Nd4.5Fe77B18.5

NM-L

9.78

2.53

3.16

7.53

Nd11.7(Fe,Co)80B8.3

NM-B

8.18

6.03

8.72

13.07

Nd14Fe79B7

NM-A

7.46

6.25

13.42

11.55

BaFe12O19

Ba-Fe

2.3

1.9

3.6

1.3

The PBMs are produced by compression molding under a pressure of 4MPa
at room temperature using a lab scale compression molding press.
Observations of starting particles were made on the JEOL JSM-5800
Scanning Electron Microscope, with the accelerating voltage of 20 kV. The
phase compositions of the investigated alloys in optimized magnetic state
were determined by X-ray diffraction analysis (XRD) and 57Fe Mössbauer
spectroscopy (MS) at room temperature. X-ray diffraction measurements
were performed on an X’Pert PRO MPD multi-purpose X-ray diffraction
system from PANanalytical using Co Kα radiation. Mössbauer spectra were
taken in the standard transmission geometry using a 57Co(Rh) source. The
calibration was done against α-iron foil data. For the MS fitting and
decomposition, the CONFIT software package was used [14]. Magnetic
properties of the starting alloys and PBMs were measured at ambient
temperature using the Quantum Design MPMS 5XL Superconducting
Quantum Interference Device (SQUID) magnetometer with magnetic field
strength in the range −5 up to 5T. TA Instruments, DMA Q800 is used to
obtain dynamic mechanical data for investigated PBMs and pure epoxy
samples. These samples are tested using a three-point bend clamp with a
20mm span width and rectangular-edge probe, at a frequency of 1 Hz.
Testing is done over a temperature range from 25 to 100°C with a
temperature ramp of 3°C/min.
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RESULTS AND DISCUSSION
The Nd-Fe-B alloys are brittle, angular plate-like shape particles. The
micrographs of three type of Nd-Fe-B alloy are presented in Fig. 1. Process
parameters of melt spinning process such as diameter of nozzle,
displacement between wheel and nozzle, velocity of wheel, etc. are variable,
and have direct impact on particle size and their microstructure [15].
Beside the chemical composition, three used particles have different size
and particle distribution. Applying Image Pro Software on micro photos
presented in Fig. 1, mean values of characteristic measures of particles are
calculated and presented in Table 2.

a) MN-A
b) MN-B
c) MN-L
Figure. 1. Micrographs of Nd-Fe-B particles with a) low, b) stoichiometric
and c) rich Nd content
The results show that Nd-Fe-B alloy with increasing content of Nd is
composed by bigger particles which are consequence of selected parameters
of production process. Also, Nd content in starting alloy and particle size
have direct impact on magnetic properties of magnets.
Table 2. Characteristic dimensions of used particles
Alloy
MN-A
MN-B
MN-L

Area
9316.558
2332.202
1455.101

Diameter
(mean)
100.6619
52.08814
39.9037

Roundness
1.576581
1.517463
1.573556

Feret (min)
82.58898983
43.812839
32.74556

Feret (max)
155.8115
74.37316
60.37995

Phase analysis of alloys show mostly expected phases and much lower
portion of unexpected phases. The results of XRD and Mossbauer
spectroscopy analyses are presented in Table 3.
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Table 3. Phase composition (XRD and MS) and relative fractions as taken
from MS spectra

Nd2Fe14B
Nd1.1Fe4B4
Fe3B
Fe(Nd,B)
Fe-para

MNL
0.38
0.04
0.58

MS
MNB
0.92
0.05
0.03

MN-A

MN-L

0.87
0.05

Nd2Fe14B
Nd1.1Fe4B4
Fe3B

0.08
(<<0.01)

XRD
MN-B

MN-A

Nd2Fe14B
Nd1.1Fe4B4

Nd2Fe14B
Nd1.1Fe4B4

Zr3Fe

Fe17Nd2

* For simplicity, proportionality between intensity of the Mössbauer lines (spectra) and amount of
relevant Fe atoms is supposed.

The results of XRD and MS analysis show that the magnetically hard
Nd2Fe14B phase and small amounts of non-ferromagnetic boride phase
Nd1.1Fe4B4 are present in all three alloys. The boron content of above 4.2
at% [16] is the main reason for appearance and identification of small
amounts of Nd1.1Fe4B4 phase. The Nd-Fe-B alloy with low Nd content has
multiphase structure with the main hard magnetic phase Nd2Fe14B and the
soft magnetic phases with high magnetization such as Fe3B. These two
phases have main role to forms the exchange coupled nanocomposite
structure Fe3B/Nd2Fe14B, directly responsible for the remanence
enhancement. The alloy with the stoichiometric Nd2Fe14B content, besides
the main hard magnetic phase, contain minor content of other phases like
Nd1.1Fe4B4, and limited content of paramagnetic iron, probably in a phase
with Zr (X-Ray analysis). These phases are probably nanocrystalline and
their influence on the magnetic properties is negligible. The small amount of
Zr contributes to the further refinement of the hard magnetic grain structure
[17] thus promoting the remanece enhancement via the interaction of
exchange coupling between the grains. In addition to the dominant amount
of hard magnetic Nd2Fe14B phase determined in the Nd-rich alloy, the
Fe17Nd2 phase is identified. This phase can be understood as a
representative of some minor amount of a Fe(Nd) solid solution. In the
corresponding Fe (Nd) B Mössbauer component, non-magnetic Nd and B
atoms are almost undistinguishable. Surprisingly, no traces of any thermal
or other decomposition e.g. presence of α-Fe, Fe2B phases were found.
The SQUID hysteresis loops of alloys are presented in Fig. 2. For various
magnetic alloys corresponds the characteristic shape and area of the loop;
for example, for Nd-Fe-B alloy with low Nd content high remanence and
low coercivity, and vice versa, for alloy enriched with Nd low remanence
and high coercivity. The alloy with stoichiometric Nd content has most
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superior maximal magnetic energy (BH)max is often called high remanence
and high coercivity magnetic materials. Due to experience, literature data
and presented experimental work, this magnetic alloy has proven to be used
for further production of polymer bonded magnets (PBM).

Figure 2. SQUID hysteresis loops of starting Nd-Fe-B alloys
Magnetic properties of PBMs are affected by magnetic properties of used
particles and their weight (volume) ratio. It is known that PBMs have
inferior magnetic characteristics compared to magnetic material obtained by
convectional method (sintering for example), because in bonded technology
maximal density of magnetic powder can not be achieved [18]. Magnetic
properties of Nd-Fe-B/epoxy resin magnets with various particles content
are presented in Fig. 3a.

Figure 3. Hysteresis loops of a) PBMs with varous Nd-Fe-B content, and b)
hybrid particles
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Substituting a part of Nd-Fe-B particles with barium ferrite agglomerates
hybrid PBMs are obtained. Hysteresis loops of hybrid magnetic particles are
presented in Fig. 3b. The area of presented loops decreases with smaller
content of Nd-Fe-B particles. Very important parameter for PBMs
application is dynamic mechanical properties. Due to presence of polymer
component, thermal stability of composites occurs only at the temperatures
below the glass transition temperature Tg (around 50 °C for applied epoxy
system).

Figure 4. DMA curves for a) Nd-Fe-B/epoxy PBMs with various filler
content, and b) Nd-Fe-B/ferrite/epoxy hybrid PBMs
This temperature could be upgraded using different polymer matrices,
coupling agents and additives, or using metal matrices. Dynamic mechanical
properties of Nd-Fe-B composites in polymer matrix could be improved by
using smaller particles or by substitution a part of Nd-Fe-B particles with
ferrite particles. Dynamic mechanical properties of Nd-Fe-B/epoxy and NdFe-B/ferrite/epoxy PBMs are presented in Fig. 4. a and b, respectively.
DMA curves show expected improving for increasing portion of magnetic
particles. Also, for hybrid PBMs, higher value of storage modulus compared
with “single” Nd-Fe-B/epoxy and/or barium ferrite/epoxy systems is
obvious.
CONCLUSION
Characterization of high energy magnetic materials Nd-Fe-B-type clearly
shows differences between three main types of particles with various
neodymium contents. Parameters of melt spinning process have strong
influence on alloys microstructure. For selected inputs three microstructures
are obtained: nanocomposite between soft and hard magnetic phases for
alloy with low Nd content; nanocrystalline with high impact of hard
magnetic Nd14Fe1.1B phase for alloy with stoichiometric Nd content, and
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nanocrystalline structure with isolated Nd2Fe14B grains with nonmagnetic
phases, for alloy enriched with neodymium. According to results of phase
composition, microstructure and magnetic properties, alloy with
stoichiometric Nd content was selected for polymer bonded magnet
production. Different polymer matrices and particles have lead to the
projected magnetic and dynamic mechanical properties of PBMs.
Composites with higher content of magnetic filler have upgraded magnetic
and dynamic mechanical properties. Substituting a part of Nd-Fe-B particles
with ferrite agglomerates, hybrid PBMs are obtained and analyzed. In this
case, magnetic properties have inferior characteristics, but dynamic
mechanical properties are improved. The balance between the magnetic
properties and corresponding dynamic mechanical behaviour is an important
issue for PBMs applications.
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ABSTRACT
The idea of semiempirical design of the nucleation rate surfaces over
diagram of phase equilibria is discussed on the example of a simplified
system. It is clear that one should develop the idea of semiempirical design
considerably to get ability for the broad scientific and practical applications.
The well developed data base on the semiempirical design of the nucleation
rate surfaces needs to be established. A soft to optimise a technological
cycle or scientific research will be developed with time.
INTRODUCTION
The essence of nanotechnology is the ability to work at the atomic, molecular and
supramolecular levels, in the length scale of about 1–100 nanometers [1]. Various
technologies for nanoclusters production are based on nucleation phenomena.
Nanoclusters have vast field of applications like catalysts, coatings, sensors,
miniaturizing of electronic components, design of effective medication, detection
of gas phase compounds etc. For a reason it can be said that nanoclusters can more
and more be considered as the building blocks for future technologies [2]. In
material science, physical properties of metals depend on the conditions of crystal
growth [3]. Recent findings suggest that homogeneous nucleation is common in the
different technologies. Nucleation phenomenon is most commonly described by
classical nucleation theory (CNT). While CNT theory predicts reasonable results
qualitatively only, it can not be used as a quantitative tool in science and
technology. The modern state of theory and experiments on homogeneous
nucleation have been reviewed by several researchers, for example, [3-7]. A
number of different theoretical alternatives have been proposed. On the other hand,
experimental techniques for measuring nucleation rates of simple molecules are
very few, but there is no data consistence of a different origin. Promising way to
get the common view of nucleation is associated with the idea of semiempirical
design of nucleation rate surfaces over the phase equilibria diagrams, which is
developed, for example, in article [8].
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SEMI-EXPERIMENTAL
The nucleation rate surfaces are arising from lines of phase equilibria [7].
Lines of interface equilibria can be continued through triple point to area of
unstable equilibria. One get the multifold nucleation rate surface in that
case. Multi-surface nucleation rates can be met more often than we usually
think. It should be avoided the interpretation of multi-surface nucleation rate
data in the one-surface approximation. That will give more adequate
platform for inter-comparison of the experimental results and nucleation
theory.

Figure 1. Nucleation rate surfaces over P-T diagram with triple point.
Light grey color surface is for droplet nucleation and dark grey
one for solid clusters (and their dashed continuations).
The nucleation rate surface can be designed over diagram of phase
equilibria [8]. Figure 1 is representing a simplified nucleation rate (J)
surface over pressure (P) – temperature (T) diagram with a triple point (t).
The main assumptions which are used for design of the surfaces are
formulated in article [8]. Let repeat the revised version of these assumptions
briefly:
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(1) A single phase can exist beyond its interface equilibrium lines. The
line of phase equilibria can exist at the conditions of other phase
equilibria as an equilibria line of metastable phases.
(2) The lines of phase equilibria are representing the zero nucleation rate
lines for both phases.
(3) A spinodal condition nucleation rate is highest one for the given
constant pressure or temperature.
(4) Nucleation rate at spinodal condition is larger for a less ordered
phase.
(5) Nucleation rate is equal to zero at the critical conditions.
(6) Vapor-gas metastable equilibria have a metastable critical point.
Points (1)-(5) are revised versions of assumptions from [8]. Statement (6) is
new. Schreinemakers [9] concluded that a line of phase equilibria pass
across nonvariant point at a diagram of phase equilibrium. That phase
equilibrium line is divided by that point on the stable and metastable phase
equilibria segments. Triple point is nonvariont one. It is well known that
vapor-liquid as well as solid-liquid equilibria lines are passing triple point
(water, for example). It means that there are no reasons for vapor-solid
equilibrium to end at the triple point. From other hand metastable segment
of the solid-vapor equilibria temperature rise should be limited somewhere
by temperature fluctuations. It looks plausible because even the small
superheated states of solid or solid-vapor equilibrium is heavy detectable.
That statement needs to be validated by the direct measurements now. We
are using a guess that vapor-solid line of phase equilibria passes a triple
point and its metastable segment has a metastable critical point.
Let make an imaginable experiment. One can take the saturated vapor at
point m in Figure 1. The vapor sample can be chilled under the isobaric
conditions. A droplet nucleation should be detected along the line me, which
is resided to the nucleation rate surface (light grey color in Figure 1) for
droplet generation. The solid particles appearance can be detected when
vapor is reached a supersaturation at point l. A solid phase clusters should
be generated according line le, which belongs to continuation of the dark
grey surface in Figure 1. That surface is representing the nucleation rate
surface for the solid clusters.
One can see the nucleation rate line, ke, (and its dashed continuation) for
droplets at constant temperature and line, eh, (and its dashed continuation)
for solid particles. The topology of the nucleation rate surface and a validity
of these lines was proved in a direct experiment [10].
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CONCLUSION
Idea of semiempirical design of the nucleation rate surfaces over diagram of
phase equilibria was suggested in 1990-th [8]. That idea can be used as
supporting technique for the nucleation theory development and for
practical using to solve the nucleation problems in the various technologies.
Semiempirically designed nucleation rate surfaces are helpful to optimise
the broad spectrum of nucleation technologies and nanotechnologies in
particular. One can easily find the optimal condition for nanosize material
production simply using the view of the nucleation rate surface, which is
helpful to find the highest nucleation rate for the given phase state. A
simplified phase diagram and the nucleation rate surface was designed over
that diagram. One should develop that idea considerably to get ability for
the broad practical applications. The well developed data base on the
semiempirical design of the nucleation rate surfaces needs to be established.
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ABSTRACT
In this study, monoclinic polymorph of Li2FeSiO4 (space group P21/n) in
composite with carbon has been synthesized by sol-gel method followed by
rapid heating, short high-temperature delay, and subsequent quenching.
Three composites were made with 3, 9 and 14 weight percent of the carbon.
The effect of the carbon on structure, morphology and electrochemical
performance of the prepared composites has been examined by X-ray
diffractometry, scanning electron microscopy and galvanostatic cycling.
INTRODUCTION
Recently, an entirely new class of polyoxyanion cathodes based on the
lithium transition-metal orthosilicates (Li2MSiO4, M = Fe, Mn, and Co), has
been attracting growing interest due to their potentially high theoretical
capacities arising from the possibility of the extraction of two Li-ions per
formula unit [1]. Li2FeSiO4 takes prominent position among this family of
compounds due to its structural stability and natural abundance of iron. Here
we report a simple method for the synthesis of Li2FeSiO4/C composite
based on a sol-gel precursor preparation, followed by short-time, hightemperature treatment. In situ created carbon restricts growth of Li2FeSiO4
particles and increases overall conductivity of the composite. In this work
we examined how carbon content affects morphology and structure of the
obtained powder and how it modifies electrochemical behavior of the
Li2FeSiO4 cathode.
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EXPERIMENTAL
The synthetic procedure was conducted via two steps. The first is sol-gel
precursor preparation starting from Li2CO3, Fe(NO3)3·9H2O, Si(OC2H5)4
(TEOS) mixed in the molar ratio of 1:1:1:1. Water-soluble methylcellulose
was used as a source of carbon. Three samples were synthesized with three
different concentration of methylcellulose. The motivation for the sol-gel
processing lies in the fact that it provides homogenous mixing of reactants
at the molecular level [2]. The second step is calcination of the dried gel
precursor. The calcinations were performed at 750°C in slightly reductive
atmosphere (Ar + 5%H2). During pyrolytic degradation, methylcellulose
decomposes to carbon, creating at the same time more reductive
environment that prevents iron oxidation and formation of Fe3+sites.
According to mass percentage of carbon, the samples will be noted as
LFS_3%C, LFS_9%C and LFS_14%C. X-ray diffraction data were
collected on a Philips PW 1050 diffractometer with Cu-Kα1,2 radiation (Ni
filter) at the room temperature. Measurements were done in 2θ range of 1070° with step size of 0.02° and counting time of 3s per step. The carbon
content in the three samples was determined thermogravimetrically to be 3,
9 and 14 mass percent of the carbon. The morphology of the synthesized
powders was analyzed by FESEM (TESCAN, MIRA3 XMU) at 20 kV. The
particle size analyzer (PSA) Mastersizer 2000 (Malvern Instruments Ltd.,
UK) was used for the determination of the particle size distribution.
Electrochemical measurements were performed at VMP3 potentiostat/
galvanostat at 55°C. The cell consisted of two electrodes vacuum-sealed in
triplex foil (coffee bag foil). Working electrode was made from synthesized
material, carbon black and polyvinylidene fluoride (PVdF, Aldrich) mixed
in 75:15:10 weight percent ratio and deposited on Al foil from slurry
prepared in N-methyl-2-pyrrolidone. The working electrode and the counter
electrode consisting of metallic lithium were separated with a Celgard
separator. 1M solution of LiPF6 (Chemmetall) in EC/DMC (Aldrich) was
used as electrolyte. Galvanostatic charge/discharge tests were performed
between 2 and 4 V at different current rates.
RESULTS AND DISCUSSION
The XRD patterns of the as-prepared samples are shown in Fig. 1. The
crystal system was confirmed to be monoclinic, space group P21/n. There is
no evidence of a crystalline carbon, so internal carbon could be treated as a
contribution to the background. The mean crystallite size was calculated
using X-ray Line Profile Fitting program (XFIT) based on a fundamental
parameters convolution approach to generate line profiles [3]. The mean
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crystallite sizes for the three samples are displayed in Table 1. There is
noticeable crystallite size decrease
when the carbon content increases.
Table 1. Calculated
crystallite size.
Weight percent
of carbon (%)
3
9
14

Crystallite
size (nm)
30
18
15

The shape and morphology of the
particles in Li2FeSiO4/C composite
samples were followed by electron
microscopy measurements. Fig. 2.
presents FESEM images for the
powders with 14%C and 9%C. The particles are irregular in shape and
highly agglomerated. However, the agglomeration is more pronounced in
the sample with 9% of carbon. The particle size distribution curves of the
powders (Fig. 2 insets) has a lognormal shape with mean particle size of 340
nm for the 14%C sample and 360 nm for the LFS_9%C sample. By
comparing mean particle size with the mean crystallite size, it can be
concluded that particles are polycrystalline, composed of number of
crystallites.
Figure 2. FESEM
micrographs of the
prepared powders:
LFS_9%C (A) and
LFS_14%C (B).
Figure 1. XRD patterns for the
obtained samples and pattern
simulated in P21/n.

Fig. 3 shows the discharge curves and the cycling performance of the
Li2FeSiO4/C cathodes in the potential range of 2-4 V (vs. Li+/Li) at current
densities of C/10 and 1C. All samples exhibit excellent cycle stability at
given voltage range. However, there exists apparent difference in specific
capacity achieved between low and high carbon content samples. For the
current density of C/10 the samples with 9% and 14% of carbon gave
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similar values of near 100 mAh/g
discharge capacity. At the current
density of 1C these two samples
achieved two times lower but still
significant value of ~50 mAh/g. This
value is comparable with the value
given by LFS_3%C sample at ten
times lower current density.
As mentioned earlier, in situ made
carbon prevents agglomeration and
Figure 3. Discharge curves
restricts Li2FeSiO4 particle growth.
and cycling performance
Access of lithium into depth of the
(inset) at C/10 and 1C
particle is facilitated for the smaller
particles (the diffusion path is shorter) leading to higher specific capacity.
On the other hand, high amounts of carbon that surround the particle can
block lithium diffusion, which leads to the decrease in the specific capacity.
Finally, higher ratio of the carbon vs. active material leads to the decrease in
energy density of the composite. Therefore, the optimal concentration of the
carbon exists, above which there is no improvement in the electrochemical
performance but setbacks can occur.
CONCLUSION
Monoclinic Li2FeSiO4 that crystallizes in P21/n space group was
synthesized by means of the sol-gel processing followed by quick solid-state
reaction step at 750°C. The content of the in situ created carbon was
effectively controlled throughout the synthesis procedure. The carbon in
LI2FeSiO4/C composite has multiple roles of which not all are positive. The
effect of carbon on structure, morphology and electrochemistry of the
Li2FeSiO4 was examined. The optimal concentration of carbon was found to
be near 10% of composite weight.
ACKNOWLEDGEMENT
This work was supported by Grants no. III 45004 and III 45015 of the
Ministry of Education, Science and Technological development of the
Republic of Serbia and bilateral project no. 651-03-1251/2012-09/05
between the Republic of Slovenia and the Republic of Serbia.
REFERENCES
[1] M. S. Islam et al. J. Mater. Chem. 2011, 21, 9811-9818.
[2] L. L. Hench, J. K. West, Chem. Rev. 1990, 90, 33-72.
[3] R. W. Cheary, A. Coelho, J. Appl. Cryst., 1992, 25, 109-121.

607

PHYSICAL CHEMISTRY 2014

H-04-O

THE INFLUENCE OF DIFFERENT OXIDE
NANOPARTICLES ON THERMAL CONDUCTIVITY OF
NOVEL POLYURETHANE HYBRID MATERIALS
J. Pavličević1, O. Bera1, M. Jovičić1, V. Teofilović1, B. Pilić1, M. Špírková2
and J. Budinski-Simendić1
1

2

University of Novi Sad, Faculty of Technology, Serbia
Institute of Macromolecular Chemistry, Academy of Sciences of the Czech
Republic, Czech Republic

ABSTRACT
In this work, a series of polycarbonate-based polyurethane (PC-PU)
nanocomposites containing different fillers (Al2O3, TiO2 or ZnO) were prepared
using one-step procedure. The study of the filler influence on thermal conductivity
of obtained novel polyurethane hybrids was performed, using proposed approach
based on DSC measurements of latent heat of melting. A good accordance between
experimental data and calibration curve was distinguished, enabling studying of
thermally conductive properties of elastomers. Among of all prepared samples,
polycarbonate-based polyurethane nanocomposite with 1 wt. % of TiO2 filler
showed the highest thermal conductivity (λ).

INTRODUCTION
The polyurethane nanocomposites are widely used elastomeric materials for
various industrial applications (due to their good dynamic-mechanical, thermally
conductive and barrier properties) [1]. Thermally conductive thermoplastics can be
used in the electronics, aerospace and energy storage industries [2]. The novel PCPU nanocomposites are engineering thermoplastics consisting of two phases (hard
and soft) on the nanometer scale [3]. The heat transfer phenomenon in polymeric
composite materials depends on the filler type and used matrix [4]. Uniform
distribution of nanoparticles, their size, shape and surface characteristics are
important for improving thermal conductivity of matrix that is accomplished via
the flow of lattice vibration energy or phonons in its conductive pathways [5]. This
work is focused on determination of thermal conductivity (λ) of prepared PC-PU
hybrid materials and studying the influence of different nanoparticles (type and
content) on λ value.

EXPERIMENTAL
The novel polyurethane nanocomposites in the form of films were prepared using
one-step method in the bulk. During the synthesis, the number of OH groups
belonging to polycarbonate diol and butanediol as chain extender was equal and the
isocyanate index was kept constant (1.05). The description of the starting
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components and detailed procedure are given in our previous paper [6]. Different
hydrophilic nanoparticles (Al2O3, TiO2 and ZnO) were received from Evonik
(Germany) and their specification is given in Table 1. The series of PC-PUs with
Al2O3 or ZnO (0.5, 1, 2 and 3 wt. %) and with TiO2 (0.5 and 1 wt. %), were
obtained. Thermal conductivity of unfilled and filled samples (thickness from 200
to 300 µm) was studied using differential scanning calorimetry (DSC, Q20 TA
Instruments), from 30 to 70 °C at the heating rate of 10 °C/min. The samples
(masses of about 3 mg) were placed directly on thermocouple. According to
previous study of thermal properties of PC-PUs, where was no registered phase
transition in temperature region bellow 55 °C [3], lauric acid was chosen for the
calibration procedure due to its melting temperature of 45 °C.
Table 1. The specification (type, commercial name and size) of nanoparticles.
Type of particles Commercial name by Evonik Size, nm
Al2O3
Aeroxide Alu C
13
TiO2
Aeroxide PF2
20
ZnO
VP ZnO 20
20

RESULTS AND DISCUSSION
As DSC instrument detects the heat flow change, it is possible to be also used
indirectly for obtaining the materials resistance to heat flow conduction. In order to
determine the conduction resistance, it is necessary to keep all values in eq. 1
constant except K value (Q, A, ΔT):
Q  KAT
(1)
where Q is the amount of heat (flux), K is the heat transfer coefficient consisting of
all the resistances that occur during heat transfer from the device to the lauric acid,
A is the surface of exchange (constant - the bottom surface of DSC pans) and ΔT is
the temperature difference.
Keeping the constant mass of lauric acid in DSC pans during the process of
calibration, the heat flux was not changed. The surface exchange and dynamic
temperature difference were always constant during the same measurements. In
this way, it can be concluded that detected latent heat of melting will be only a
function of thermal resistance of the material placed between the pan with lauric
acid and heating surface of DSC instrument (eq. 2 and eq. 3):
Qd  f R 
d
R



(2)
(3)

where Qd is determined latent heat of melting, R is thermal conduction resistance, d
is thickness and λ is the coefficient of thermal conductivity of obtained hybrid
materials.
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By measuring the apparent heat of materials with known thermal conductivity and
thickness, (indirectly measuring R value from eq. 3), it is possible to obtain the
calibration curve by the method of least squares. The equation 4 (Fig. 1), which
parameters are fitted, is obtained from the eq.1:
a
R
 Rt
(4)
Qd
where a is new parameter (a=AΔT) and Rt is constant heat transfer parameter
presenting the sum of the transfer heat resistance from DSC instrument on the
material and from material to the DSC pan. The parameters a and Rt are fitted
satisfying the limits.
Figure 1.
The dependance
of thermal
resistance on
detected latent
heat of melting
for PU/Al2O3
hybrid materials.

From Fig. 1 it can be noticed that eq. 4 is in a good accordance with the
experimental data, with high value of determination coefficient (R2= 0.989), which
confirms the validity of the proposed approach. After estimating the thickness,
parameters a and Rt, and measuring Qd, it is possible to determine the thermal
conductivity of obtained hybrid materials (eq. 5):

 a

  d /
 Rt 
Q

 d


(5)

Thermal conductivity values of hybrids plotted against nanoparticles content are
given in Fig. 2, where it can be noticed that 0.5 wt. % of ZnO and TiO2
significantly increased thermal conductivity of PC-PU hybrids in regard to pure
one (0.07 W/mK), while the presence of 0.5 wt. % of Al2O3 particles caused the
lower λ value. Comparing thermal conductivity of all samples filled with 0.5
wt. % of different particles, the highest one was detected for PC-PU with TiO2
(0.19 W/mK). PU/ZnO nanocomposite with filler content of 3 wt. % showed the
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higher λ value (0.20 W/mK) compared to PU/Al2O3 with the same particle content
(0.10 W/mK).

Figure 2.
The dependance
of thermal
conductivity of
PC-PUs on
different
particles.

CONCLUSIONS
PC-PU nanocomposites containing different fillers (Al2O3, TiO2 or ZnO) were
obtained by one-step method in bulk. The proposed approach based on DSC data
was used to determine the dependence of thermal conductivity of elastomers on the
type and content of particles. The highest λ values of all samples filled with 0.5
wt. % of different particles was determined for PC-PU/TiO2 composite. PCPU/ZnO hybrid with 3 wt. % of fillers showed the higher λ compared to PCPU/Al2O3 with the same loading (0.20 W/mK).
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ABSTRACT
Technological outputs of the fiber silica glass crystallization in course of its
drawing-out process have been presented. A calculation method and
experimental researches upon the reflection spectra of the fiber and its
representation with use of an electronic microscopy reveal presence of
cristobalite phase on the sample surface.
INTRODUCTION
Silica optical fibers have a specific statistical regularity distribution strength
magnitude due to the presence of defects on the glass surface. The nature of
that regularity is currently not definitively established. Strength of the meter
long segments silica 125 microns fibers covered with polymeric cladding is
about 6 GPa. At a considerable quantity of tests on the short fiber segments
by two-point bending, individual samples showed a high level of strength
(about 9 GPa) [1], what is probably due to the absence of defects. Later,
when measuring the strength of fine short fibers obtained by this method,
excluding crystallization of glass [2], the strength values reached being up
to 10 - 26 GPa.
The present work objective is to investigate the silica glass crystallization
process during the fiber drawing-out process.
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EXPERIMENTAL
Investigations were carried out by means of the numerical and experimental
methods.
Crystal layer thickness was evaluated by the calculation methods based on
the published data on fiber cooling from 1750 to 1500 °C and a parabolic
dependence of the crystal layer growth rate upon the time [3]. Such
regularity is caused by the diffusion of oxygen into surface layer of glass.
Experimental study consisted in manufacturing the preform by modified
chemical vapor deposition method, and drawing the 125 microns fibers at a
speed of 60 and 10 m/min. Heating the preform up to a temperature of 2100
°C has been achieved in the furnace with cylindrical graphite heater where
the high temperature zone was purged with high purity argon. The fiber
segments of 25 - 30 mm in length did not carry protective polymer cladding
and during investigations were not in contact with other objects. Its surface
was scanned with use of the electron microscope “Quanta 200” equipped
with X-ray microanalyzer. The IR reflection spectra of the densely packed
fibers were recorded with use of the Bruker Tensor 27 Instrument. Some of
these fibers were etched in a hydrofluoric acid solution during 5 minutes in
order to remove the surface layer.
RESULTS AND DISCUSSION
Duration of the fiber stay in the temperature range of cristobalite formation
(1750 - 1500 °C) during drawing-out process was calculated by
experimental cooling rates [4]. Calculation results on crystallization of the
fiber surface indicate the crystalline layer having a thickness about 6 nm. At
the same time, studies on the fibers by the electron microscopy, have
revealed presence of the irregular particles of 1-15 microns in size. Their
size increases with decreasing the drawing-out rate. The X-ray
microanalysis results of the particles indicate absence of any impurities.
Comparison of IR reflection spectra of the micron film cristobalite and the
surface of the fibers confirms the crystallization of its surface (Fig. 1).
Characteristic cristobalite reflection peak at 620 cm-1 appears in the not
etched fiber IR spectrum, that confirms the anticipated nature of the
formation of surface defects in the silica glass crystallization.
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Figure1. IR reflection spectra of the fiber samples before (1) and after (2)
etching and micron α-cristobalite film formation on the surface of pure
quartz (3). R – reflectance.
CONCLUSION
So, the investigation results indicate presence of cristobalite particles on the
surface of the silica fiber. Statistical distribution of these defects may be an
underlying cause, that determines the strength of the fiber.
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ABSTRACT
In this study, the structural and local Fe environment changes during
mechanochemical alloyed Fe2O3/Mg powders have been investigated.
Milling process was carried during varying times up to 30h with a velocity
of 250 rpm. The milled powders were characterized by X-rays diffraction
(XRD) and Mössbauer spectrometry (MS). The solid state reaction between
α-Fe2O3 and Mg starts rapidly. Milling for 1 hour leads to the formation of
two bcc-Fe structures (substituted bcc-Fe1 and pure bcc-Fe2), magnesium
oxide MgO, and a very weak concentration of the spinel MgFe2O4 phase in
a superparamagnetic state. For higher milling times, it is seen an increase of
the concentration of the MgFe2O4 and magnetite nanophases .
INTRODUCTION
Recently, there is a significant development in the studies of the
nanocomposite alloys. Mechanical alloying can be used to produce this
kind of composites [1,2,3]. The reduction of hematite (α-Fe2O3) powders by
ball-milling has been reported when a mixture of α-Fe2O3 and magnesium
(hcp-Mg) powders has been milled under argon atmosphere in a planetary
ball mill [4] at a very low mill rotation speed of about 160 rpm . This
nanocomposite can also be produced directly from milling Fe and MgO [5]
or by precipitation method [6] or calcination [7] where it is revealed the
formation of the magnesioferrite spinel MgFe2O4. The present work
examines the process by which the structural changes occur in the
mechanically alloyed α-Fe2O3/Mg powders mixture with a higher mill
rotation speed.
EXPERIMENTS
Mechanical alloying was performed in a planetary ball mill. The starting
materials were elemental powders of hematite (α-Fe2O3) and magnesium
(Mg) enclosed in the vial under argon atmosphere. The ball to powder
weight ratio was set to 16:1 and the milling was performed at 250 rpm. The
mixture compositions corresponded to the expected stoichiometric chemical
reaction that can be induced by the milling processes: α-Fe2O3 + 3Mg →
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2Fe + 3MgO. Structural changes were studied by X-ray diffraction (XRD)
using Kα(Cu) radiation (λCu=1.5406 A˚ ). The structural and microstructural
characteristics were derived from the refinement of X-ray patterns using
Maud program [8] based on the Rietveld method [9] and Mِössbauer spectra
fitted with the least squares MOSFIT program[10].
RESULTS AND DISCUSSION
Structural study
Figure 1. shows the XRD patterns of the powders unmilled and milled
from 1h to 30 h. As it is observed, the expected reaction between α-Fe2O3
and Mg starts rapidly.

30h
20h
10h
5h
3h
1h
0h
Figure 1: X ray patterns of the Fe2O3/Mg powders unmilled (0h) and
milled from 1 to 30 hours.
The Rietveld refinement of the XRD pattern milled for 1 hour, given in
figure 2, results in the formation of four phases: two bcc-Fe structures (Fe1
(pure iron) and Fe2 (a substituted solid solution bcc-Fe(Mg)), magnesium
oxide MgO and only about 1%(wt.) of the spinel MgFe2O4 ferrite phase.
This rapid reaction might be due to the increase of the rotational speed .For
high milling times, the formation of magnetite is observed and its increase
is due to the expected oxidation of iron. The variations of the relative
concentrations of Fe 1, Fe2, MgO , Fe2O3, Fe3O4 and MgFe2O4 phases as a
function of milling times are shown in figure 3. Since the relative
concentrations relative concentrations of Fe2 remains almost constant
(around 10%), the formation of the magnesioferrite is produced from the
reaction of the Fe1 with MgO phase. The presence of a small concentration
of hematite (about 1.6% at 30 hours) is due to the partial transformation of
magnetite under mechanical activation [11].
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Figure 2 : Rietveld refinement of the XRD pattern of the Fe2O3/Mg powder
milled for 1h.
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Figure 4. Mössbauer spectra of
α-Fe2O3/Mg powders milled for
5h, 10h, 20h and 30h.

Figure 3. Relative
concentrations of phases as a
function of milling times

After 30 h of milling, the final average crystallite size of the two bcc-Fe
structure attains 15 and 37 nm respectively for Fe1 and Fe2, while it is about
16 nm and 20 nm for the MgO phase and MgFe2O4 respectively.
Hyperfine behavior
Figure 4 displays the room temperature Mِössbauer spectra of the αFe2O3/Mg powders milled for 5, 10, 20 and 30 h that can be computer fitted
with 4 components: 2 magnetic sextets (Fe1 and Fe2) and two doublets
(superparamagnetic spinel ferrite and magnetite phases). The non
observation of the hematite might be due to its very weak concentration. As
the milling process progresses, one observes that the relative area of the
doublets increases at the expense of the magnetic sextets and principally to
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the growth of MgFe2O4 and magnetite phases. Both have hyperfine
parameters with values of QS1= 1.4 mm/s, IS1= 0.7 mm/s and QS2= 0.8
mm/s ,IS2= 0.14 mm/s close to the superparamagnetic MgFe2O4 [12] and
magnetite [13] respectively. Evaluation of relative concentration of all
phases from both XRD and Mössbauer spectra show that at 30 h of milling,
the final ratio is about 17% for the substituted and pure Fe phase , 28% for
the MgO phase ,43 % for the superparamagnetic spinel magnesioferrite and
probably less than 10% of magnetite.
CONCLUSIONS
Mechanical milling induces a rapid chemical reaction between α-Fe2O3 and
Mg. And the high intensity of the deformation processes favors, at low
milling times, the formation of a superparamagnetic spinel MgFe2O4 with
the presence of the substituted Fe (Mg) and magnesium oxide MgO phases.
For higher milling times (higher than 10 h), the formation of nano magnetite
is obtained from the oxidation of iron phases.
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ABSTRACT
The temperature dependence of heat capacity of KTh2(PO4)3 has been
measured for the first time in the range from 5.5 to 350 K by precision
adiabatic vacuum calorimetry. The experimental data were used to calculate
standard thermodynamic functions, namely the heat capacity, enthalpy,
entropy and Gibbs function for the range from T  0 to 350 K. The value of
the fractal dimension D in the function of multifractal generalization of
Debye’s theory of the heat capacity of solids was estimated and the
character of heterodynamics of structure was detected. The decomposition
and high-temperature phase transitions of some thorium-containing
phosphates and silicates studied by differential scanning calorimetry and
high-temperature X-ray diffraction.
INTRODUCTION
Аt the present time, decision radiochemical problems are impossible
without fundamental information about the oxygen-containing compounds
of thorium. The knowing of dependences “composition-structureproperties” is of great importance.The widespread minerals of thorium are
oxide, silicates and phosphates [1-3]. The monoclinic KTh2(PO4)3 (space
group C2/c) structure, and the monazite structure, but these two are
amongst the most important as they show the widest range of chemical
composition. Several stoichiometric composition are known today for
thorium-containing silicates: ThSiO4 (Th : Si = 1 : 1), MM’CaTh(Si8O20)
(Th : Si = 1 : 8), Ca6Th4(SiO4)6O2 (Th : Si = 2 : 3), Na12Th3(Si8O19)4·18H2O
(Th : Si = 3 : 32). Among the mineral containing Th and Si, the most diverse
are minerals with the general formula MM’CaTh(Si8O20) (М - □, Li, Na, K,
Rb, Cs; M' – Na, Ca). In ekanite (space group I422), the M’ positions are
occupied by Ca ions. In turkestanite minerals (space group P4/mcc), the M
positions are occupied by Na and K atoms. The goals of this work include
calorimetric determination of the temperature dependences of the heat
capacity of KTh2(PO4)3 from 6 to 330 K, detection of the possible phase
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transitions. We also present results of differential scanning calorimetry and
high-temperature X-ray diffraction studies in order to obtain information
about properties.
EXPERIMENTAL
The compounds were prepared by the solid-state reactions. For structural
investigations, an X-ray diffraction pattern of samples were recorded on a
Shimadzu X-ray diffractometer XRD-6000 in the 2θ range from 10° to 120°
with scan increment of 0.02°. The high-temperature X-ray diffraction was
carried out on a Shimadzu X-ray diffractometer XRD-6000 using Sample
Heating Attachment HA-1001. To measure the heat capacity of the tested
substances in the range from 5 to 340 K a BKT-3.0 automatic precision
adiabatic vacuum calorimeter with discrete heating was used. The
calorimeter was tested by measuring the heat capacity of high-purity copper
and reference samples of synthetic corundum and K-2 benzoic acid. The
analysis of the results showed that measurement error of the heat capacity of
the substance at helium temperatures was within 2%, then it decreased to
0.5% as the temperature was rising to 40 K, and was equal to 0.2% at T >
40 K.
RESULTS AND DISCUSSION
The experimental values of the molar heat capacity of KTh2(PO4)3 over the
range from 5.5 to 350 K and the averaging Сp = f(T) plot are presented in
Figure 1. The heat capacity of this substance in interval from 10 to 350 K
gradually increases with rising temperature and does not show any
peculiarities, but over the range from 5.5 to 10 K there is seen an anomalous
heat capacity [4]. The transition temperature of the sample under study Ttr =
6.7 ± 0.2 K was estimated as the temperature of maximal Сp value within the
temperature interval of the transition. In the literature, there are practically
no results of a study of the temperature dependences of the heat capacity of
thorium compounds at liquid-helium temperatures. However, it is known
that thorium metal is diamagnetic. It becomes superconductor at
temperatures below 1.4 K. Perhaps the presence of thorium in a compound
contributed to this transition. To calculate the standard thermodynamic
functions of the potassium dithorium trisphosphate, its values were
extrapolated from the temperature of the measurement beginning at
approximately 5.5 K to 0 K by graphic method. The absolute entropies of
potassium dithorium trisphosphate and the corresponding simple substances
were used to calculate the standard entropy of formation of the compound
under study at 298.15 K, fS(298.15, KTh2(PO4)3, cr) = –1186.3  1.4 JK-
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mol-1. Thermal analysis of the compounds MkTh3–k(PO4)4–k showed that
they are stable up to 1723 K, except for CsTh2(PO4)3 whose thermogram
exhibits an endothermic effect at 1588 K. This compound irreversibly

decomposes without melting.
Figure 1. Temperature dependence of heat capacity of KTh2(PO4)3.
Table 1. Phase transition and melting temperatures of some thorium
phosphates and silicates.
Compound
Ttr, K
Tm, K
KTh2(PO4)3
6.7
CsTh2(PO4)3
1588
ThSiO4
1498
LiNaCaTh(Si
1437*
O
)
8 20
Na2CaTh(Si8
1498*
O20)
KNaCaTh(Si8
1494*
O20)
RbNaCaTh(Si
1471*
8O20)
CsNaCaTh(Si
1537*
O
)
8 20
*
new data
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A study of the thermal stability of MM’CaTh(Si8O20) showed that
Ca2Th(Si8O20) is stable up to 1723 K, whereas turkestanite group compound
incongruently melts at 1494 K. The reaction scheme can be presented as
follows: MNaCaTh(Si8O20) (cr) → ThSiO4 (cr, huttonite) + SiO2(cr) +
+ 0.5M2O·0.5Na2O·CaO·6SiO2 (melt).
Figure 2.
3D thermal expansion
figures for
RbNaCaTh(Si8O20) at 298
and 1173 K.
For a more illustrative
representation
of
the
information on thermal
deformations in the compound, we have developed a visualizer for
constructing three-dimensional thermal expansion figures on the basis of the
Maple 16 software (Fig.2). A 3D figure is constructed in a spherical
coordinate system, whose center is brought in coincidence with a lattice
node to demonstrate the possible anisotropy of thermal deformations in
different crystallographic directions.
CONCLUSION
Thermodynamic and high-temperature X-ray diffraction studies were
performed some thorium-containing phosphates and silicates in a wide
temperature range. We have created a visualizer thermal deformation of
substances.
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ABSTRACT
The surface modification of nanocrystalline TiO2 particles (45 Å) with
catecholate-type ligands having electron donating (4-methylcatechol,
4MetCat) and electron withdrawing (4-nitrocatechol, 4NitCat) substituent
groups, was found to alter the optical properties of nanoparticles in a similar
way to catechol (Cat). The formation of the inner-sphere charge-transfer
(CT) complexes results in a red shift of the semiconductor absorption onset
compared to unmodified nanocrystallites, being slightly less pronounced in
the case of electron withdrawing substituent. The investigated ligands have
the optimal geometry for binding to surface Ti atoms, resulting in ring
coordination complexes of catecholate type (binuclear bidentate binding bridging) thus restoring six-coordinated octahedral geometry of surface Ti
atoms. The binding structures were investigated by using FTIR
spectroscopy.
INTRODUCTION
Widespread interest in the modification of TiO2 surfaces with organic and
organometallic molecules is largely motivated by the application of these
materials in photocatalysis and photovoltaics [1]. Due to its large band gap
(Eg = 3.2 eV), TiO2 absorbs less than 5% of the available solar light
photons. Sensitization of TiO2 crystals and nanoparticles with appropriately
chosen molecules can indeed lead to a significant red shift of their
absorption threshold from the UV to the visible, thus improving the
absorption of the solar spectrum as well as the efficiency of photocatalytic
and photovoltaic devices. Owing to the large curvature of TiO2 particles on
the nanosize scale, the surface reconstructs in such a manner that distorts the
crystalline environment of surface Ti atoms forming coordinatively
unsaturated Ti atoms which are very reactive. Absorption of light by the CT
complexes formed upon adsorption of modifier ligands onto TiO2 yields to
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the excitation of electrons from the chelating ligand directly into the
conduction band of TiO2 nanocrystallites (DSSC Type II). This results in a
red shift of the semiconductor absorption compared to that of unmodified
nanocrystallites and enables efficient harvesting of solar photons.
EXPERIMENTAL
The colloidal TiO2 dispersions were prepared by the dropwise addition of
TiCl4 to cooled water [2]. Surface modification of TiO2, in
methanol/water=90/10 solutions at pH 2, resulting in the formation of CT
complexes was achieved by the addition of surface-active ligands up to
concentrations required to cover all surface sites. For the determination of
CT complex binding constants the absorption spectra were recorded at room
temperature using a Thermo Scientific Evolution 600 UV/Vis
spectrophotometer. The stoichiometric ratio between Tisurf atoms and
modifiers in the CT complexes was checked by Job’s method of continuous
variation. Infrared spectra were recorded in attenuated total reflection (ATR)
mode using a Nicolet 380 FTIR spectrometer equipped with a Smart
OrbitTM ATR attachment containing a single reflection diamond crystal.
RESULTS AND DISCUSSION
When TiO2 particles are on the nanosize scale, a large fraction of the atoms
that constitute the nanoparticle is located on the surface, with significantly
altered electrochemical properties. Among them, the existing
undercoorinated (pentacoordinated, square pyramidal) defect sites are the
source of novel, enhanced and selective reactivity of nanoparticles toward
bidentate ligand binding. Upon binding, the new hybrid properties arise
from the ligand-to-metal CT interaction due to orbital mixing between the
molecular orbitals of the ligands and the conduction band orbitals of the
nanoparticles. The CT complex formed leads to a shift in the effective band
gap of the material to a lower energy i.e. the onset of the absorption of these
CT nanocrystallites is red shifted when compared to unmodified TiO2.
By extracting the corresponding onset energies from the absorption spectra
of surface modified TiO2 nanoparticles (Fig 1), the effective band gap
energies (E = hc/λ) of Cat, 4MetCat and 4NitCat modified TiO2
nanoparticles were calculated to be 2.1, 2.1 and 2.3 eV, respectively. From
the absorption measurements (Benesi-Hildebrand plot), the stability
constants were determined to be: 3200 M-1 for Cat, 3200 M-1 for 4MetCat
and 2400 M-1 for 4NitCat. Job’s plots confirmed that the molar ratio
between Tisurf atoms and ligands in the complex is 2:1.
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Figure 1. Absorption spectra of surface modified TiO2: A) bare TiO2; B)
Cat; C) 4MetCat; D) 4NitCat
The ATR-FTIR spectra of Cat, 4MetCat and 4NitCat, free and adsorbed on
TiO2 nanoparticles are presented in Fig. 2. The main bands and their
assignments [2, 3] in free modifiers (Fig. 2, upper curves) are as follows:
first two bands from the left are bending δ(CH) vibrations, followed by
bending vibrations of the phenolic group δ(OH) in the 1150 - 1450 cm-1
region coupled with the stretching vibrations of the phenolic group ν(CO) in
the 1200 - 1300 cm-1 region. The stretching vibrations of the aromatic ring
ν(C=C) are in the 1450 - 1650 cm-1 region. Substituent groups also
contribute to the above presented vibration bands: δ(CH) vibrations in the
methyl group of 4MetCat are coupled to all bands in the 1000 – 1450 cm-1
region, while in the case of 4NitCat additional vibrations are coupled: ν(CN)
at 1079, 1120 and 1327 cm-1, ν (NO2)sym at 1327 cm-1 and ν(NO2)asym at
1592 and 1628 cm-1. Upon adsorption of catecholate-type ligands onto TiO2
(Fig. 2, lower curves) the difference between FTIR spectra of free and
adsorbed modifiers appears, being most pronounced in the 1000 – 1450 cm-1
region, indicating surface complexation with phenolic groups bound to the
oxide surface in bidentate form [2]. Bands around 1100 cm-1 and in the
1240-1300 cm-1 region, could be assigned quite confidently to aryl-oxygenTi stretching vibrations ν(C-O-Ti) [4]. The binding of modifiers to TiO2 via
two adjacent phenolic groups even affects the stretching of the aromatic ring
ν(C=C) and the nitro group ν(NO2) moving them to the lower wavenumbers.
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Figure 2. FTIR spectra of free
ligands (upper curves) and
adsorbed on TiO2 (lower curves)
CONCLUSION
All investigated ligands (Cat,
4MetCat and 4NitCat) form innersphere charge-transfer complexes
with TiO2 nanoparticles (d = 45
Å). The binding of the modifier
molecules to undercoordinated
surface Ti atoms (defect sites)
results in a significant shift in the
onset of absorption to the visible
spectral range. Both substituted
modifiers decrease the effective
band gap energy of surface
modified TiO2 i.e. less energy is
needed to inject an electron into the conduction band of TiO2 nanoparticles,
the effect being less pronounced in the case of electron-withdrawing group.
From the Benesi-Hildebrand plot, the stability constants at pH 2 of the order
103 M-1 have been determined. The binding structures were investigated by
FTIR spectroscopy. According to Job’s method of continuous variation
binding was found to be through bidentate binuclear (bridging) complexes.
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ABSTRACT
Titanium dioxide nanotubes (TNT) synthesized via hydrothermal method
and calcined at various temperatures, from 200-800 °C are characterized
using X-ray diffraction (XRD), UV/Vis spectroscopy and scanning electron
microscopy (FESEM). Tubular structure of as prepared TNT was most
probably lost after calcination at 200 °C. Elongated forms of titania with
different aspect ratios were observed after calcination at all temperatures
lower than 800 °C. Calcination at 800 °C induced complete transformation
of TNT to nanoparticles. Shape transformation was accompanied with
changes in degree of crystallinity and different anatase to rutile crystal phase
ratio.
INTRODUCTION
Nanocrystalline TiO2 has attracted great interest in last few decades due to
their unique properties, crystal structures, morphologies and promising
applications in various fields, such as dye sensitized solar cells,
photocatalysis, sensing and optoelectronic devices [1]. The TiO2 is mainly
used as photocatalytic material in the processes of water and air purification
due to excellent photo and chemical stability, nontoxicity, superior redox
ability and low cost [2]. The performances of TiO2 nanomaterial are highly
dependent on its crystal structure, size and shape [3]. Convenient
hydrothermal synthetic route applied for synthesis of titania nanotubes
(TNT), using highly basic dispersion of TiO2 nanoparticles as a precursor,
was the most commonly applied method in the last decade [4]. These
nanotubes were further used as a precursor for synthesis of anisotropic (1D)
TiO2 nanocrystals of different crystalline structures capable of vectorial
electron transport necessary for creating efficient photoconversion systems
[5]. This paper is mainly devoted to characterization of elongated titania
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nanoparticles obtained by calcination of hydrothermally synthesized TNTs,
in the range of temperatures from 200 to 800 °C.
EXPERIMENTAL
Chemicals: TiO2 powder (p.a., Fluka), NaOH (ZorkaPharm), HCl (conc.
Aldrich) were used without further purification. Milli-Q deionized water
was used as a solvent. Titania nanotubes were synthesized by a
hydrothermal treatment (48 h/120 oC) of TiO2 powder (Fluka) in proton
deficient aqueous solution (10 mol/dm3 NaOH) without shaking [3]. After
autoclaving in Teflon vessel, the ensuing powder was separated from the
solution using centrifuge. The powder was washed once using 1mol/dm3
HCl aqueous solution for 2 h and then several times using pure water until
the water reached pH = 7. Synthesized nanotubes were dried at 70 oC.
Portions of TNT powder were calcined in an oven, at 200 - 800 ⁰C. The
sizes and shapes of the used titania nanoparticles were determined using
FESEM TESCAN Mira3 XMU at 20kV instrument. XRD patterns of the
TNT were obtained using standard powder diffraction methods with a
Philips PW1830 X-ray powder diffractometer using Cu Kα line. UV/Vis
spectroscopy was performed using Thermo Scientific Evolution 600 UV–
Vis spectrophotometer.
RESULTS AND DISCUSSION
In Figure 1 XRD patterns of as
prepared TNT and calcined TNT
at different temperatures (TNT –
200 to 800) is presented. Peaks
appearing in XRD patterns of as
prepared TNT at 2θ = 25.4, 38,
48.3, 54, 55.2 and 62.9 deg., can
be assigned as anatase TiO2
crystal planes: 101, 004, 200,
Figure 1 XRD patterns of as prepared
105, 211 and 204, respectively
and calcined TNT; calcination
(JCPDS No. 21-1272). The
temperature presented as a z axis.
appearance of reflection at 2θ =
24.5 deg. suggests existence of monoclinic TiO2 (B) structure (PDF 741940) usually described as built-up from corner- and edge-sharing
octahedra, similarly to the anatase titanium dioxide. Also, this peak could be
assigned to hydrogen titanate. Both compounds follow anatase structure of
nanotubes synthesized using hydrothermal method. The development of the
clear anatase crystalline phase with characteristic peaks
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in XRD patterns
at 2θ = 25.5, 37,
38, 39, 48, 54,
55, 62, 63, 69,
70, 74-76 deg.
(JCPDS No. 211272)
was
observed for all
calcined TNT
samples. In the
XRD pattern of
the
sample
TNT-600, the
appearance of
the low intensity
reflection at 2θ
=
28
deg.
suggested
the
initiation of the
rutile
phase
formation.
Calcination
Figure 2 A typical FESEM images of as prepared (A)
temperature
and calcined TNT samples at different temperatures:
(B) 400 °C, (C) 600 °C, (D) 800 °C. Bar is 200 nm.
increase to 700
°C
induced
further development of rutile crystalline phase which was confirmed by the
increased intensity of the peak at 2θ = 28 deg. in the XRD pattern of the
sample TNT - 700. In the sample calcined at 800 °C, the crystal phase
composition consists of anatase and approximately 10 % of rutile. TEM
measurements (not shown) confirmed expected morphology of as prepared
TNT according to literature [5]. Reasonably uniform size distribution of
tubes with outer diameter of about 10 nm and length that varies was
observed. The changes in morphology of as prepared and calcined TNT
were analyzed by FESEM, Fig. 2. Typical images of as prepared TNT,
TNT- 400, TNT -600 and TNT -800 samples show that their morphology is
significantly affected by the calcinations temperature. Until 400ºC no
significant changes between as prepared (Fig. 2A) and calcined TNT can be
seen except loss of tubular structure and formation of wire like structures.
The FESEM image of TNT-400, Fig. 2B, reveals pretty much uniform
cylindrical morphology of nanocrystals whose diameter is around 13 nm
while the length varies until few hundred nanometers. In the morphology of
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the sample TNT-600, Fig.2C, cylindrical shape predominate but the average
outer diameter is slightly higher, 15 nm, while the length is little bit shorter
in comparison to nanocrystals calcined at 400 °C. The morphology of the
sample TNT-800 was completely changed in comparison to previously
mentioned. Nanoparticles with almost bimodal size distribution of 71 and 91
nm were obtained, Figure 2D. Cylindrical morphology in this sample
completely disappeared and also the particles agglomeration increased,
according to FESEM image. Despite significant changes in morphology
between as prepared and calcined TNT, almost no changes in UV/Vis
reflection spectra can be observed. All samples had absorption threshold at
about 3.2 eV.
CONCLUSION
Titania nanotubes were successfully synthesized using hydrothermal
method. They were used for preparation of different elongated titania
nanocrystals by calcination in air. Obtained samples had different shapes,
sizes and degree of crystallinity as well as different ratio between
anatase/rutile crystalline phases. Anatase phase is dominant in all samples,
even ones calcined at higher temperatures (700 – 800 °C), while the rutile
phase formation was substantially postponed. Results showed that by
increasing calcination temperature the degree of crystallinity also increases
while the aspect ratio of titania nanoparticles decreases until almost
spherical particles are obtained after calcination at 800°C.
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ABSTRACT
We report on the transfer of novel polymer-antibiotic-bioglass composites
by matrix assisted pulsed laser evaporation to uniform thin layers onto
stainless steel substrate. These coatings for implants merge mechanical
advantages of the metallic substrate with the excellent bioactivity of the
bioactive glass, corrosion protection of the polymer and antimicrobial effect
of the antibiotics. For validate their bioactivity the structures were tested in
simulated body fluid solution by Fourier transform infrared spectrometry.
When they are in contact with body fluids, the films present the ability to
stimulate the growth on their surface of hydroxylapatite, which is
predominant mineral component of vertebrate bones. It can be concluded
that this composition is suitable to be used as coatings on biological
implants.
INTRODUCTION
Due to the fact that many diseases/malfunctions of tissues and organs and
other medical conditions cannot be healed or even treated successfully by
conventional medical procedures, the field of biomaterials has developed
tremendously over the last years. Healthcare consumers nowadays need
increasingly more advanced devices for diagnosis and treatment. New
materials and innovative procedures and protocols to speed up
osseointegration and subsequent bone repair and healing are needed to be
developed.
In this study we investigate the possibility of using bioresorbable and
bioactive composite made from polymethyl methacrylate (PMMA),
doxycycline and bioactive glass BG for implants or prosthesis for bone
restoration and dental surgery. These proposed coatings for implants merge
mechanical advantages of the metallic substrate with the excellent
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bioactivity of the bioactive glass, corrosion protection of the polymer and
antimicrobial effect of the antibiotics.
EXPERIMENTAL
In experiments were used bioglasses further denoted BG that contained
56.5% SiO2, 11% Na2O, 3% K2O, 15% CaO, 8.5% MgO, 6% P2O5. PMMA
was dissolved in chloroform and into this solution was introduced the
bioglass and doxycycline. This mixture was frozen and maintained to a
constant temperature and it served as targets in thin layer deposition which
was made using the matrix assisted pulsed laser evaporation technique
(MAPLE).
An excimer laser was used (KrF* at 248 nm) with 25 ns pulse width, at 10
Hz repetition rates, focused to a 16 mm2 spot size on the target. The best
regime of deposition was identified for the next conditions: 0.55 J/cm2 laser
fluence, 0.02 torr pressure, 30 °C substrate temperature, 3 cm targetsubstrate distance and for the deposition of each film we applied 12500
subsequent laser pulses. Once frozen, the MAPLE target is mounted on a
cryogenically cooled rotating target holder with the open die end facing the
laser. Once the chamber is evacuated, the target is cooled to 100 K
temperature.
The obtained films were characterized by Fourier transform infrared
spectrometry (FTIR) using a Nicolet 380 apparatus equipped with an orbit
ATR (diamond crystal), wavenumber range 7800 – 350 cm-1, spectral
resolution 0.4 cm-1, S/N ratio 20000:1. The spectra were taken in the
absorbance mode. The bioactivity of the films was assessed in vitro by
soaking the composite material films into simulated body fluid (SBF)
followed by FTIR spectroscopic analysis to determine the extent of
hydroxyapatite formation on the bioactive surface. The SBF was prepared in
according to Kokubo prescription [1] and the obtained solution had ionic
concentration equal to human plasma.
The disks coated with sintered bioactive films were tested by immersion
into 25.0 mL SBF preheated and maintained to 37°C. Tests are conducted
after immersion from about 1 day to 2 weeks’ immersion.
RESULTS AND DISCUSSION
In the PMMA+Dox+BG initial spectrum the peaks of BG prevail, such as
the peaks at 753, 982 and 1008 cm-1, belonging to Si-O bending vibration
modes (Figure 1).
After one day’s immersion into SBF solution, we can notice the growth of
amplitude for all FTIR peaks that indicates the forming of a rich superficial
layer, where all elements have a greater concentration. This is consistent
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with other experimental observations made for bio glasses [2, 3] and it is
accompanied by the loss of soluble silica into the solution, fact emphasized
by the depreciation of the surface’s quality observed by surface morphology
analysis.
After two weeks of immersion, we could notice (Figure 2) the
corresponding peaks for hydroxyapatite are well emphasized at 630, 865,
961, 1031 and 1090 cm-1. They correspond to asymmetric stretching of P-O
bond in (PO4)3- (the
peaks from 1031 and 1090 cm1
) and respective symmetric
stretching of P-O bond in
(PO4)3- (the peak from 961 cm1
), to (HPO4)2- replacing the
(PO4)3-- the peak from 865 cm1
and also to the librational
mode of OH (the peak from
630 cm-1). At the same time
the peaks’ proper bioglass
disappear.
These certify two things: the
Figure 1. FTIR spectra of
disolution of the bioglass and
PMMA+Dox+BG
film after one day of
the existence on the surface of
immersion
into SBF.
a freshly growing carbonated
hydroxyapatite
Ca8.3(PO4 )4.3(HPO4 , CO3 )1.7 (OH,CO3 )0.3

which is the predominant
mineral component of vertebrate
bones. The growth of this layer
demonstrates the ability of the
material to achieve firmly bind
to tissues a bioactive fixation
through a chemical bond at the
bone/implant interface.
This behavior is similar to that
reported for bulk glasses in the
SiO2  Na2O K 2O CaO MgO P2O5

Figure 2. FTIR spectra of
PMMA+Dox+BG film after two weeks
of immersion into SBF

system, immersed into SBF [4,
5], and it is in accordance with the mechanism of apatite formation
described by Hench for bioglasses [3]. However the bioactivity of material
is lower than that of pure bioglass BG films [6] where the growing
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carbonated hydroxyapatite begins earlier, after few days of immersion.
PMMA addition reduces the bone bonding ability of bioactive glasses.
CONCLUSION
We have reported the performance of PMMA-Dox-BG thin films by the
matrix assisted pulsed laser evaporation technique, deposition made with
preservation of the basic materials stoichiometry.
We have tested the obtained films in simulated body fluid solution and we
have validated their bioactivity. When they are in contact with body fluids,
the films present the ability to stimulate the growth of hydroxylapatite on
their surface.
We can conclude that PMMA-Dox-BG composition is suitable for being
used as coatings on biological implants and it allows the stable fixation to
bone.
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ABSTRACT
This paper outlines finite element method for simulation of grain coarsening
during liquid phase sintering. For the first time coarsening process will be
treated within capillary liquid bridge.
INTRODUCTION
When a liquid phase is dispersed between solid grains, the liquid bridges
with a curved meniscus shape will form. There are three possible states of
liquid bridges between contacting grains: pendular, funicular, and capillary
states, which, in order, can be observed for increasing degrees of saturation
in a system of three or more solid grains with interstitial liquid phase. For
low saturation of the void space (< 25%), small quantity of liquid is
distributed as individual liquid bridges between grains forming the cluster of
connected grains. This state is called a pendular state in which the liquid
phase is present under the form of a catenoid meniscus. By increasing the
amount of the liquid, the funicular state is obtained where both liquid
bridges as well as some of the pores filled with liquid are present. The
capillary state is reached when all voids are completely filled. As a matter
of fact, the funicular state characterized by the co-existence of liquid bridges
and liquid-filled pores can be treated as the transition state to the capillary
state. Note that at least three grains are necessary for the presence of
funicular or capillary liquid bridges.
Numerous researchers have studied liquid phase sintering (LPS) during the
past few decades. Voorhees et al. [1] employed a boundary integral
technique to determine the morphological evolution of a small number of
particles during Ostwald ripening in two dimensions (2-D). The approach
allows the bodies to change shape consistent with interparticle diffusional
interactions and the interfacial concentrations as given by the GibbsThomson equation. Recent advances in modeling grain coarsening within
pendular liquid bridge using finite element (FE) mesh approach was
reported [2, 3].
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This paper describes 2-D method for simulation of a moving solid-liquid
interface during LPS due to solution, diffusion and precipitation within
capillary liquid bridge between three grains of different size. Simulation of
the grain coarsening of W-Ni alloy will be demonstrated as a first step.
RESULTS AND DISCUSSION
The main characteristic of the solution-precipitation process is that the
smaller solid grains dissolve at solid-liquid interface (thermodynamically
unstable), diffuse through the liquid, and precipitate on the larger grains,
where the concentration on solid-liquid interface, c, around a grain of radius
R is given by the modified Gibbs-Thomson equation
2  1
c( c  co )  co  SL  ,
(1)
kT
R
where co is the equilibrium concentration of liquid in contact with the flat
solid,  SL is the solid-liquid interfacial energy,  is the molecular volume
of the solid, and kT has its usual meaning.
In FE analysis the 2-D concentration of liquid phase inside an element
within liquid bridge can be interpolated from data ci at three nodal points
that define this element, i.e.
(2)
c( x, y )  [ A]{ci }  A1c1  A2c2  A3c3 ,

where [ A]  { A1 A2 A3} is the shape function.
It can be seen from equation (1) that the concentration at liquid-solid
interface with high curvature will be above that at liquid-solid interface with
low curvature, thus a higher concentration around a smaller grain gives rise
to a net flux of matter from smaller one to larger one. If DL is the diffusivity
of the solid in the liquid, then the flux vector is q   DLc . In 2-D
computer simulation the flux components q x and q y inside the triangular
element can be computed by equation
q   DL Bc


(3)
q  {q x q y } , B  {[ A] x [ A] y} , {c}  {c1 c2 c3 } 
Applying three-grain model (Fig. 1a) we will simulate grain coarsening
during LPS of W-Ni system with liquid nickel as a liquid bridge for data:
the composition of the precipitated alloy, 99.55 at.% W, co  35 at.% W,
T

T

T

  9.53  105 m3 mol ,  SL  0.35 J m 2 , DL  109 m 2 s , T  1750 K .
For simulation of tungsten grain coarsening we will assume that
morphological development on FE mesh (Fig. 1b) is governed by diffusion

636

PHYSICAL CHEMISTRY 2014

H-11-P

through the liquid between grains, so that solid-liquid system is held
isothermally and under interfacial equilibrium condition. The coarsening,
which occurs by the exchange of solute between solid grains will be
simulated so that we will compute first the concentration of liquid phase
within liquid bridge and at liquid-solid interface points applying equation
(2), then the time-dependent flux applying equation (3) (Fig. 1c) and then
the time-dependent mass flow dM dt at all liquid-solid interface points
taking into account dissolution process (dM ( x, y, t ) dt  0) or precipitation
process (dM ( x, y, t ) dt  0) .
The time-dependent concentration of liquid phase in contact with the
smaller grain is greater than in contact with the larger one. Therefore the
smaller one dissolves in the liquid matrix and dissolved atoms flow from the
matrix to the larger grain. Pure tungsten dissolved into the liquid, transports
through the liquid and precipitates as W(Ni) solid solution (black area in
Fig. 1d). It can be also seen that the largest grain undergoing precipitation
only, medium grain undergoing dissolution and precipitation and smallest
grain undergoing dissolution only.
CONCLUSION
The simulation result of grain coarsening is very similar to the results of
Voorhees et al. [1], but our approach treats more realistic LPS case with
limited amount of liquid in which liquid phase is located within liquid
bridges only. Simpler case, grain coarsening within pendular liquid bridge,
already reported in [4]. However, grain coarsening within capillary liquid
bridge is more complex due to different diffusion field, as well as more
complex dissolution and reprecipitation processes. To the best of our
knowledge, there is no computer study of grain coarsening within capillary
liquid bridge yet.
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(a) ( R1 , R2 , R3 )  (100,90,80) μm

(b) FE mesh within liquid bridge

(c) Flux field

(d) Coarsened grains after 4 min

Fig. 1. Simulation of grain coarsening for three grain model.
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ABSTRACT
Magnesium has been underpotentially deposited on aluminium electrodes
from magnesium nitrate and magnesium nitrate-ammonium nitrate melts at
temperatures ranging from 85oC to 200oC. Electrochemical techniques used
were cyclic voltammetry and potential step. Deposits were studied by
electron microscopy, EDS and XRD. In the magnesium UPD region on Al
the processes of nitrate, nitrite and water (when present) reductions take part
simultaneously with magnesium UPD. The underpotential deposition of
magnesium leads to Al3Mg2, Mg2Al3 i Al12Mg17 alloys formation.
INTRODUCTION
One of the ways to obtain a metal, and/or an alloy, under very controlled
conditions is a direct isothermal electrochemical deposition
(electrodeposition). Detailed investigations of the processes involved in
electrodeposition of metals and alloys lead to recognition of
electrodeposition of metals on foreign substrates at potentials more positive
than the equilibrium potential of the depositing metal (the underpotential
deposition – UPD) [2]. Most of the initial experimental work was done in
aqueous electrolytes until 1980-ties when the same phenomena was
observed with aluminium on gold, silver and copper from chloride melts at
temperatures bellow 573K [1].
It was soon found that a metal electrodeposited at UPD from aqueous
solution, nonaqueous solutions and melts at room temperature onto cathode
of a different metal can diffuse into the substrate and make alloys.
However, literature is rather poor in articles describing electrodeposition of
magnesium from nitrate melts or magnesium underpotential deposition and
alloy formation from nitrate melts is practically nonexistent [3]. One of the
main reasons must be the fact that it is impossible to remove water from
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magnesium nitrate hexahydrate by heating, because it decomposes before it
loses water and transforms into magnesium (II) oxide.
The aim of this work was to establish whether there was an underpotntial
deposition of magnesium onto aluminium from magnesium nitrate melts,
and if there was one does it lead to magnesium/aluminium alloys formation.
EXPERIMENTAL
Experiments were done under 99,99% Ar atmosphere in a electrochemical
cell made of Pyrex glass placed in a heating mantle with temperature
controlled (electronic thermostat) between 363 and 463K ±2K. Working
electrode was 3mm thick 99,999% pure Al cylinder; reference electrode was
3mm diameter 99,999% Mg wire in a glass Luggin capillary; and anode was
99,999% magnesium in the shape of a curved rectangular shovel (7,5 cm2
active surface area). Temperature in the cell was controlled with a
thermocouple (±3K). Whole cell set up was placed into transparent plastic
“glove box” in order to sustain a moisture free atmosphere around the cell.
The melts used for electrolytes were: Mg(NO3)2 x 6H2O (at 340-400K),
eutectic mixture Mg(NO3)2 x 6H2O : NH4NO3 x XH2O = 25 mas.% : 75
mas.% (at 380-450K), nonaqueous Mg(NO3)2 (at 440-500K), and
nonaqueous eutectic mixture Mg(NO3)2 : NH4NO3 = 25 mas.% : 75 mas.%
(at 390-500K). The procedure for water removal from magnesium nitrate
hexahydrate consisted of two steps. First step: the mixture of 5g of
magnesium nitrate hexahydrate and 15 cm3of threemethilortoformate was
brought to boiling and kept for 90 minutes under reflux at 343K. Second
step: after 90 minutes of previous treatment the mixture now consisting of
an ethyl ester of formic acid, methanol and crystals of nonaqueous
magnesium nitrate was submitted to vacuum distillation at 343K. Upon
removal of the visible liquid the remaining crystals were vacuum dried for
additional 60 minutes. Nonaqueous magnesium nitrate was kept in a closed
glass container in a desiccator furnished with plenty of silicagel.
Ammonium nitrate hexahydrate was dried for ten hours at 378K. Wanted
amounts of magnesium nitrate alone, or mixtures with ammonium nitrate,
were placed into the cell supplied with electrodes. Closed cell was then put
into the heating mantel, argon supply was turned on and the system was
heated gradually to the wanted temperature [4].
Electrochemical techniques used were: cyclic voltammetry and potential
step. The potentials of working electrodes were measured in relation to the
equilibrium potential of magnesium reference electrode in the melt used
under given conditions.
The potential step method included change of the working electrode
potential from an initial potential Ef to a potential, Ex (50 to 100 mV more
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positive to aluminum equilibrium potential in the given melt). Ex potential
was held constant for 120 minutes, whereupon the cathode was retrieved
from the cell under the reigning potential in order to preserve deposited
material or possible alloys formed during UPD or OPD of aluminum. The
electrodes were successively washed with deionized water or absolute ethyl
alcohol until visible remains of melt were removed. The surfaces of such
electrodes were analyzed by scanning electron microscopy (SEM), energy
dispersive spectrometry (EDS) and X- ray diffraction (XRD).
RESULTS AND DISCUSSION
SEM, EDS and XRD analysis of the Al working electrode surface exposed
to linear sweep voltammetry as well as potential step regimes in the Mg
UPD region (cathodically up to 50 mV vs. Mg) always showed presence of
Mg, Al, oxygen and Al/Mg alloys irrespective of the moisture being present
in the melt. Comparison of the EDS and XRD results obtained from

a)
b)
Figure 1. SEM and XRD data for the surface of the Al electrode after 120
minutes holding at the potential of Ex = 0,050 V vs. Mg in: a) Mg(NO3)2 x
6H2O melt , T = 370K, mag. 5000x; b) in Mg(NO3)2 x 6 H2O melt, T =
380K; (a) - (p c k) aluminium; (*) - Centered cubic Al12Mg17 ; (+)
monoclinic Mg(NO3)2 x (H2O)2 [4].
Al electrodes exposed to the potentials between Al reversible potential and
50 mV vs. Mg at temperatures bellow 500 K strongly suggest magnesium
UPD accompanied by substrate alloying with deposited magnesium, Fig. 1.
The alloys identified by XRD analysis formed at the Mg UPD on Al
characteristic for each of the melts used are shown in Table 1.
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Table 1. The alloys formed at the Mg UPD on Al from nitrate melts
Melt
Substrate Alloy 1
Alloy 2

1. Mg(NO3)2 x 6H2O
2. Mg(NO3)2
3. Mg(NO3)2 x 6H2O + NH4NO3 x
XH2O
4. Mg(NO3)2 + NH4NO3

Al
Al
Al

Al12Mg17
Al12Mg17 Al3Mg2
Mg2Al3
Al2Mg

Al

Al12Mg17 Mg2Al3

CONCLUSION
Kolb-Przasnyski-Gerischer [2] propose an magnesium underpotential
deposition on aluminum at potentials close to 0,1 V vs.Mg, because the half
work functions difference in the case of Al and Mg is 0,20 to 0,30 eV.
However, this rule does not predict whether there are going to be alloys
formed between the substrate metal and underpotentially deposited metal.
And yet, the most pronounced effects of the magnesium underpotential
deposition from magnesium nitrate melts onto aluminium substrate found
were three alloys formed with the substrate All the alloys obtained were
formed at the potentials 50 to100 mV positive to Mg reversible potential
and at the temperatures several hundred Kelvin degrees lower than the
temperatures which are, according to the phase diagrams, needed for their
formation thermally.The alloys formed were Al12Mg17, Al2Mg and Mg2Al3.
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ABSTRACT
Ferromagnetic polyaniline (PANI)/TiO2 nanocomposites were synthesized
by the oxidative polymerization of aniline with ammonium peroxydisulfate
(APS), in the presence of colloidal TiO2 nanoparticles and TiO2 nanotubes,
without added acid. The morphological, magnetic and structural properties
of the PANI/TiO2 nanocomposites were studied by SEM microscopy,
SQUID magnetometer and FTIR spectroscopy. The electrical conductivity
of synthesized nanocomposites was ~10-3 Scm-1. The room temperature
ferromagnetic response significantly depends on shape of TiO2
nanoparticles.
INTRODUCTION
Polyaniline (PANI) is one of the most important conducting polymers, due
to its simple synthesis, unique doping/dedoping chemistry, low cost, high
conductivity, and excellent environmental stability [1]. The crystallinity,
solubility, thermal stability, electrical, magnetic and optical properties of
PANI mainly depend on its oxidation state and protonation degree [2].
Depending on synthetic and isolation procedure, polyaniline contains
various proportions of diamagnetic [(–B–NH+–Q– NH+–)n(–B–NH–
)2n](A−)2n and paramagnetic units [(–B–NH•+–B–NH–)n](A−)n, where B, Q
and A−denote a benzenoid ring, quinonoid ring and dopant anion,
respectively. Magnetic properties of PANI and its derivatives have been
extensively studied because they can provide important data on chargecarrying species and unpaired spins. It has been found that the magnetic
susceptibility of doped PANI is strongly influenced by the manner of
polymer preparation (e.g., doping level, dopant type), and measuring
conditions (temperature, applied magnetic field) [3]. Although a numerous
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studies on magnetic properties of PANI are published just a few of them
reported on ferromagnetic behavior [4]. In this work, conducting PANI/TiO2
nanocomposites have been prepared by the chemical oxidative
polymerization of aniline in aqueous dispersions of TiO2 nanoparticles and
nanotubes, without added acid. Synthesized PANI/TiO2 nanocomposites
were studied by SEM analysis, FTIR spectroscopy and electrical
conductivity measurements. In order to investigate the influence of the
shape of TiO2 nanoparticles on ferromagnetic response of PANI, magnetic
susceptibility measurements were performed at room temperature.
EXPERIMENTAL
The colloidal dispersion of TiO2 nanoparticles (d4.5 nm) of was prepared
by acid hydrolysis of TiCl4 [5]. Titania nanotubes (outer and inner diameters
10 and 7 nm and length of few 100 nm) were synthesized by a hydrothermal
process in alkaline medium [6]. PANI/TiO2 nanocomposites were prepared
by following procedures: the aqueous solution of APS (0.4 M, 25 ml) was
poured into the aqueous solution of aniline (0.32 M, 25 ml). Thereupon
dispersion of TiO2 colloidal nanoparticles/nanotubes in water (50 ml) was
added into the aniline/APS solutions. The reaction mixture was stirred for 3
h at room temperature. The precipitated PANI/TiO2 nanocomposite was
collected on a filter, rinsed with ethanol acidified with sulfuric acid (5 × 10-3
M), and dried in vacuum at 60 oC for 3 h. The mole ratios of aniline to TiO2
nanoparticles and nanotubes were 80, (PT-80 and PT-NT-80). As a
reference, the pure PANI sample was prepared by the same procedure.
RESULTS AND DISCUSSION
The changes in the morphology of the synthesized nanocomposites by
varying a shape of TiO2 nanoparticles are studied by SEM microscopy
(Figure 1). The morphology of the nanocomposite samples (PT-80 and PTNT-80) is significantly different compared to the morphology of pure PANI
sample. Nanoribbons, as well as nanorods/tubes predominate in the nonuniform morphology of pure PANI sample. Incorporation of colloidal TiO2
nanoparticles, as well as TiO2 nanotubes caused predomination of
nanotubular morphology in PANI/TiO2 nanocomposite samples, while
nanoribbons are not observed (Figure 1). PANI nanotubes have an outer
diameter of 60–150 nm and a length up to few micrometers.
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Figure 1. SEM images of the pure PANI (A) and PANI-TiO2
nanocomposites PT-80 (B) and PT-NT-80 (C).

In the FTIR spectrum of PANI/TiO2 nanocomposite, characteristic bands of
PANI were observed at wavenumbers 1569, 1497, 1305, 1246, 1146 and
825 cm–1 indicating the presence of emeraldine salt form of PANI chains in
PANI and PANI/TiO2 nanocomposites. Weak bands at 1635 and 1400 cm-1
observed in the FTIR spectra of pure PANI and all nanocomposites can be
attributed to the substituted phenazine-like units which are responsible for
formation of polyaniline nanostructures.
The conductivity of both PANI-TiO2 nanocomposites was ~2.010–3 S cm–1,
which is twice the
conductivity of a pure
PANI (9.1  10–4 S cm–1)
synthesized under the
same conditions, without
added TiO2.
The field dependence
magnetization
after
diamagnetic correction is
shown in Figure 2. At
room temperature, the
weak
ferromagnetic
behavior can be observed
in all samples. Pure PANI
and
PT-80
samples
showed hysteresis loop
Figure 2. The magnetic field dependence
with the coercive field of
of magnetization after diamagnetic
Hc=300 Oe, remanent
correction at 300 K for the pure PANI and
magnetization of Mr=
4.35×10-4 emu g-1 and the PANI/TiO2 nanocomposite samples (PT-80
and PT-NT-80).
saturation magnetization of
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about Ms=2×10-3 emu g-1. In comparison to pure PANI and PT-80 samples,
PT-NT-80 nanocomposite sample exhibit much weaker ferromagnetic
ordering. Saturation magnetization was approximately Ms=2.5×10-4 emu g-1.
The presence of TiO2 nanotubes in PANI-based nanocomposite reduced
several times the saturation magnetization value. Such behavior could be the
consequence of the increased spin disordering as well as the reduction of the
total number of magnetic moments. The reason for decrease of
ferromagnetism in PT-NT-80 nanocomposite sample is conversion of
single-charged polarons into double-charged bipolarons (S=0) induced by
the presence of TiO2 nanotubes.
CONCLUSION
PANI/TiO2 nanocomposites were successfully synthesized through the
oxidative polymerization of aniline with ammonium peroxydisulfate in
aqueous dispersions of TiO2 nanoparticles and TiO2 nanotubes, without
added acid. FTIR measurements confirmed presence of conductive
emeraldine salt form of PANI in all synthesized samples. Incorporation of
TiO2 nanoparticles and nanotubes caused significant changes in morphology
and conductivity of nanocomposites compared to pure PANI. Much weaker
ferromagnetic ordering in PANI/TiO2 nanocomposites which contains TiO2
nanotubes is due to the presence of higher amount of double-charged
bipolarons (S=0).
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ABSTRACT
Hydrothermal synthesis of Cu2+ doped TiO2 nanocrystals, using dispersion
of titania nanotubes in the presence of Cu2+ ions as precursor, which showed
room temperature ferromagnetism, is reported. Morphology of Cu2+ doped
TiO2 nanocrystals was characterized by transmission electron microscopy
(TEM). An average size of polygonal nanocrystals mainly of
square/rectangular shape was around 13 nm. The x-ray powder diffraction
(XRPD) analysis of resultant powder confirmed the anatase crystal phase of
Cu2+ doped TiO2 nanocrystals. Room temperature ferromagnetic ordering
with saturation magnetic moment of the order of 2 x 10-2 µB per Cu atom
was observed.
INTRODUCTION
Great practical motivation for exploring doped semiconductors leis in the
possibility of combining their semiconductor characteristics with magnetic
properties. Diluted magnetic impurities in semiconductors produces
materials that show ferromagnetic ordering at room temperature and
therefore are appealing for spintonics in which simultaneous control of
charge currents and spin polarized currents will be possible. Progress in the
field of diluted magnetic semiconductors (DMS) has revealed a numerous
new physical phenomena, including spin coherence, a new ferromagnetism
and spin-polarized photoluminescence [1,2]. Wide band metal oxide
semiconductors (TiO2, ZnO) doped with Co, Cu and Ni [3-6] presents the
class of diluted magnetic semiconductors that has been identified by
theoretical considerations and proved as a good candidate for achieving
room temperature ferromagnetism. In this paper we report on new synthetic
procedure, structural and magnetic properties of Cu2+ doped TiO2
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nanocrystals. Using as a precursor titania nanotubes instead of molecular
precursors we eliminated driving force problem that arises from the increase
in the activation energy for nanocrystal nucleation in the presence of the
dopant ions and consequent exclusion of the Cu2+ ions during nanocrystal
growth.
EXPERIMENTAL
All chemicals were reagent-grade from Aldrich and used as received.
Titania nanotubes were synthesized according to Kasuga et al. [7], using
TiO2 powder as a precursor. Cu2+doped TiO2 nanocrystals were synthesized
using hydrothermal treatment (250 oC / 90 min) of a dispersion containing
titania nanotubes (125 mg/50 ml) at pH=3 in the presence of 3,11 x 10-4 M
Cu(NO3)2. In order to remove the excess of Cu2+ ions the dispersion of Cu2+
doped TiO2 nanocrystals was dialyzed against acidified water (pH=3) at 4
o
C for 3 days. Water was changed daily. Films for magnetic characterization
were prepared by drop casting of dialyzed dispersions of Cu2+ doped TiO2
nanocrystals onto pre-cleaned glass substrate. The films were annealed in air
for 2 min at 150 oC after each drop. The shape and size of Cu2+ doped TiO2
nanocrystals were characterized using JEOL 100 CX transmission electron
microscope operating at 100 kV. The XRPD pattern was obtained on a
Philips PW-1050 automated diffractometer. The percent of Cu2+ ions in
TiO2 nanocrystals was determined using inductively coupled plasma (ICP)
emission spectrometry. The field dependence of the magnetic moment was
measured using a superconducting quantum interference device
magnetometer (SQUID). Hysteresis loop
measurement has been performed up to
60 kOe.
RESULTS AND DISCUSSION
The XRPD analysis of Cu2+ doped TiO2
nanocrystals revealed the existence of a
homogeneous anatase crystal phase,
Figure 1. Conventional TEM image of
Cu2+ doped TiO2 nanocrystals, Figure 1,
inset, confirmed relatively uniform size
distribution of faceted nanocrystals with
average size of 13 nm.
The magnetic response for film made of
0.34 at% Cu2+ doped TiO2 nanocrystals as
a function of magnetic field strength (H)
was followed at room temperature. The
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Figure 1. XRPD pattern of Cu2+
doped TiO2 nanocrystals; Inset:
TEM image of Cu2+ doped TiO2
nanocrystals
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magnetic field was applied parallel to the film surface. The diamagnetic
contribution determined from the magnetic field dependence of
magnetization at high field (for H > 10 kOe) was subtracted. The field
dependent magnetization after diamagnetic correction is shown in Figure 2.
As can be seen from Figure 2,
a weak room temperature
ferromagnetic behaviour of
Cu2+ doped TiO2 nanocrystals
was observed, with coercive
field of Hc ~ 200 Oe and
saturation magnetization (Ms)
of the order of 2 x 10-2 µB/Cu.
Previous study indicated that
the unexpected magnetism in
such system could be the result
of the interaction between the
intrinsic defects and the doped
Figure 2. Magnetization curve for Cu2+
ion [8]. There is couple of
doped TiO2 nanocrystals
different carrier- mediated
mechanisms that could provide an explanation for the influence of oxygen
vacancies and structural defects on the ferromagnetic ordering in DMSs:
carrier mediated interaction such as Ruderman–Kittel–Kasuya–Yosida
(RKKY) exchange, Zener double exchange or super exchange [5,8]. But,
ferromagnetism in oxides with high electric resistance and low carrier
densities such as the Cu2+ doped TiO2 nanocrystals can be explained in
terms of the noncarrier-mediated bound magnetic polaron (BMP) model [9].
When defects (oxygen vacancies) concentration increases they overlap
many dopant ions to yield BMPs. This result in ferromagnetic coupling
between Cu2+ ions mediated through oxygen vacancies. Li et al. proposed
that substitutional Cu impurity binds easily with an oxygen vacancy (VO) in
TiO2 to form the complex defect CuTi-VO, which relaxes to form the nonregular magnetic CuO4 complex, in which the Cu ion is strongly magnetic
[8]. This complex is similar to the magnetic one in other 3d transition metaldoped TiO2 rutile films [10].
CONCLUSION
The polygonal Cu2+ doped TiO2 nanocrystals (d ~ 13 nm) were synthesized
applying hydrothermal treatment on dispersion of titania nanotubes in the
presence of Cu2+ ions at pH=3. XRPD study confirmed the anatase crystal
structure of Cu2+ doped TiO2 nanocrystals and absence of any impurity
phases (CuO, Cu2O) in the sample. The weak ferromagnetic ordering at
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room temperature with almost closed loop (Hc ~ 200 Oe) and saturation
magnetic moment of the order of 2 x 10-2 µB/Cu atom were observed in film
made of Cu2+ doped TiO2 nanocrystals. The reason for observed weak
ferromagnetism could be found in the interaction between the oxygen
vacancy and the substitutional Cu impurity.
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ABSTRACT
Energy- and time-efficient enhanced microwave syntheses (EMS) of
polyaniline (PANI) have been carried out. The GPC results showed that the
molecular weight of the microwave-generated materials depends on the
applied microwave power. FTIR spectroscopies confirmed the formation of
PANI. The presence of a mixed morphology with the prevalence of
nanofibers with different aspect ratios is confirmed through SEM. The
conductivity of the samples (ca. 3-3.5 S cm-1) is found to be relatively
independent on the microwave power levels. The fact that the molecular
weight depends on the power means that this approach can be fine-tuned to
optimize conditions for a specific material using different power levels.
INTRODUCTION
Polyaniline (PANI) is one of the most extensively studied electrically
conducting polymers. The specific characteristics make PANI applicable in
various fields such as gas sensors, biosensors, actuators, anticorrosive
coatings, electronic devices etc. A novel method of synthesis of PANI using
a microwave assisted approach under controlled temperature (EMS) has
been recently introduced [1,2].
EXPERIMENTAL
PANI was prepared by aniline oxidation with potassium iodate (KIO3) or
ammonium persulphate (APS). To an aqueous solution of 1.25 M
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hydrochloric acid (12 mL) was added KIO3 (0.432 g) or APS (0.4606 g).
0.480 mL of aniline was added to this solution. For conventional synthesis
(CS) the solution was stirred for 10 min. We used for comparison purposes
the previously obtained results for CS PANI sample synthesized after 5 h of
stirring (giving the same yield as 10 min MW synthesized PANI ) [1]. The
reaction mixture was filtered and washed thoroughly with distilled water
and acetone to eliminate low molecular weight oligomers and other
impurities. The retentates were dried in a vacuum oven at 40 °C overnight.
MW irradiation was performed in a single mode focused CEM reactor
(Model Discover, CEM Co., Matthew, NC) operating at 2.45 GHz with
ability to control output power. Each microwave (MW) synthesis was
carried out for 10 minutes. The PANI MW synthesis using different
oxidizing agent was performed in the power range from 3 to 70 W. Three
samples for each microwave power (3, 10, 40, and 70 W) were prepared. All
experiments were done under the same conditions by keeping constant
irradiation power, temperature and initial reaction mixture volume. The
temperature of (24±1) °C and mixing rate of 400 RPM are maintained in all
experiments. Molecular weights were determined with Gel Permeation
Chromatography (GPC) using a 300 × 7.5 mm Polypore column (Polymer
Laboratories, UK). The PANI samples were dissolved in 5 mL of NMP to a
3 mg mL-1 concentration. The eluent was NMP, and the flow rate was 0.3
mL min-1. The molecular structure of PANI samples was investigated by
FTIR. Scanning electron microscopy (SEM) carried out using a Philips
XL30S Field Emission Gun with a SiLi (Lithium drifted) EDS detector with
Super Ultra Thin Window. Electrical conductivity of compressed pellets of
the PANI samples was measured using a Jandal Multi Height Four-Point
Probe with DC current source, at ambient temperature.
RESULTS AND DISCUSSION
The yields of enhanced microwave and chemically synthesized PANI using
KIO3 and APS as oxidants, as a function of applied power, are all in the
range 65-70% while the classical synthesis (CS) method took 5 h to achieve
the same yield [1,2]. It is interesting that the percent yield differs only
slightly for various microwave power levels. This may imply that the
reaction was finished before the samples were taken out (10 min after the
beginning of the reaction). At the same time, the yields of the samples
obtained without the microwave power (CS synthesis) are only around 25%
with stirring after 10 min, in agreement with previously published yields for
PANI [1,2]. The final polymer molecular weights (Mw) depend significantly
on the microwave irradiation power. The molecular weight using KIO3 as
the oxidizing agent increased from ca. 3900 g mol-1 (3 W) up to 18 300 g
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mol-1 (70 W). If micro heating was a major effect, molecular weight would
decrease with the increasing power level (higher temperature) in analogy
with the CS syntheses [3]. On the other hand, the Mw values for the samples
obtained using APS were consistently higher, with a range from ca. 7400 g
mol-1 (3 W) to 22 700 g mol-1 (70 W). The molecular weight for CS PANI
was ca. 26 200 g mol-1 using KIO3 and slightly higher (30 400 g mol-1)
using APS, in agreement with previously published results [4].
SEM micrographs of PANI samples
A
synthesized in MW using APS and KIO3
as an oxidizing agents are shown in Figure
1. All micrographs reveal a mixed
nanofibrillar structures with different
aspect-ratios. This means that the
morphology depends to some extent on
the microwave power. Despite their
similarities, the morphologies of the
B
samples prepared using APS and KIO3
differ upon closer inspection [2]. Overall,
the PANI samples synthesized using KIO3
at higher power levels (Figure 1B)
compared with the ones obtained with
APS (Figure 1A) exhibit a compact and
better defined, fiber-like morphology
characterized with a higher aspect ratio. It
Figure 1. SEM micrographs has been shown that morphology depends
of the EMS synthesized
on the nucleation and growth process and
PANI using APS (A) and
that nucleation and growth mechanisms of
KIO3 (B) at 70 W.
PANI depend on the anion type [1]. The
EMS samples exhibit mainly fibrilar or rod-like morphologies, regardless of
MW power applied during the synthesis, although the quality (aspect-ratio)
and the morphological homogeneity of materials do depend on the applied
power and the anion type.
FTIR spectroscopies confirmed the formation of PANI structure in both CS
and MW synthesized samples. The intense bands and shoulders around 1560
cm-1 and 1450-1470 cm-1 originate from C-C stretching in the quinonoid and
benzenoid rings, around 1290 cm-1 from C−N stretching of the secondary
aromatic amine, around 1240 cm-1 is related to the protonated C−N group.
The intense and very broad band which appears at around 1080-1100 cm-1 is
assigned to electronic bands that are usually considered to be a measure of
the delocalization of electrons in the PANI structure. The bands at around
800 cm-1 originate from C-H out-of-plane bending in 1,4-disubstituted ring
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structures (para-coupling), indicating the presence of the head-to-tail
coupling during the polymerization.The electrical conductivity (EC) values
for MW PANIs do not change significantly with the microwave power. At
the same time MW PANI samples showed a higher conductivity (ca. 3-3.5
Scm-1) compared with CS PANI samples (~ 0.5 Scm-1) after the reaction
was completed. Comparison of these data with the molecular weight data
implies that the molecular weight has no significant influence on the
macroscopic electrical conductivity in the series produced at different
microwave power levels, although there is a small increasing trend in
conductivity values with increasing molecular weight. This is in agreement
with the theoretically predicted weak dependence of electronic properties on
chain length.
CONCLUSION
EMS of PANI was investigated, with microwave power levels varied, while
the reaction system was kept at constant temperature of 24 ± 1°C. GPC
results showed that molecular weight depended on applied power. On the
basis of SEM images, the presence of a mixed morphology with the
predominance of nanofibrilar morphology was confirmed, while FTIR
techniques confirmed that the microwave-generated materials structurally
consist of PANI. At the same time these samples revealed a higher
conductivity compared with conventionally obtained material. According to
these results, it can be concluded that the microwave-enhanced approach
can be used to optimize reaction conditions for obtaining PANI nanofibers
with different molecular weight by varying microwave power.
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ABSTRACT
The paper reports on hardness, fracture toughness and brittleness of the
Cux(AsSe1,4I0,2)100-x amorphous thin films obtained by microindentation, for
x= 0 at.%, 10 at.%, 15 at.%, 20 at.% and 25 at.%. Values of determined
microhardness are in the interval of 748 MPa - 1137 MPa, and can be
regarded as moderate in the category of chalcogenide glasses. Isotropic
mechanical behaviour of the thin films surfaces was confirmed.
INTRODUCTION
Halo - chalcogenide glasses are known as attractive materials for
fundamental research and practical applications due to their interesting
structural, optical and electrical properties, high transparency at the
telecommunication wavelengths and high non-linear refractive index [1, 2].
The halo-chalcogenides containing Ag and Cu are proven to have some
additional attractive features, such as photo - induced structural changes [3],
making these materials, especially in thin film form, attractive for
applications in non - linear optical elements, optical recording media,
antireflection coatings, component for memory switching, etc. [4].
Determination of mechanical properties of a material is of great interest for
practical applications, especially of thin films, considering the existing
knowledge of their general brittleness [5].
EXPERIMENTAL
Amorphous chalcogenide thin films of the Cux(AsSe1,4I0,2)100-x type for x=0
at.%, 10 at.%, 15 at.%, 20 at.% and 25 at.% were deposited under a vacuum
of 10-5 Torr on glass substrates by a vacuum thermal evaporation technique,
from previously synthesized bulk samples. Bulk samples were synthesized
in the cascade regime from high purity elemental components (99.998%),
air quenched [14] and powdered for vacuum deposition. Standard glass
microscope slides were used as substrates. The film thickness is controlled
during vapour-deposition process by interference optical method. The
microindentation measurements using Vicker’s diamond pyramid indenters
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were applied for determining the microhardness of thin films serial. The
value of so called Vicker’s microhardness was determined on the basis of
the dimensions of the plastic micro-imprint of the indenter into the sample.
For this purpose use was made of a Reichert Me F2 type microscope,
supplied with the appropriate accessories. Measurements were carried at
constant load, using minimal available indenter load mass of 1 g. The value
of the microhardness is calculated as a mean value out of multiple points
measuring at thin film surface. Fracture toughness [6] and brittleness values
[7] were also determined.
RESULTS AND DISCUSSION
The thicknesses of the films were determined by the envelope method [8-10].

Figure 1. SEM image of the imprint
in AsSe1,4I0,2 thin film

Figure 2. SEM image of the
imprint in Cu15(AsSe1,4I0,2)85 thin
film

As it can be seen in Table 1, thicknesses of the thin films with 10 at.% and
15 at.% of Cu were estimated to be under 200 nm. It must be empehessized
here that this thickness is to low for obtainig the representative imprints.
Bearing in mind that the measurements of mechanical properties of thin
films are generally influenced by substrates [11, 12], the obtained values of
mechanical parameters for the thin films with 10 at.% and 15 at.% of Cu
must be regarded as estimated values.
Based on empirical criterion introduced in Ref. [13], in the samples with 0
at.% and 25 at.% of Cu, radial-median crack were formed, while in the
samples with 10 at.% and 20 at.% Plamquist crack were formed [14].
Indentations in the film with 15 at.% did not induced crack formation and
therefore fracture toughness and brittleness was not determined for that
sample. Vicker's hardness, fracture toughness and brittleness values are
presented in Tables 1 and 2. Figure 1. presents the SEM image of the
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imprint in AsSe1,4I0,2 thin film. Figure 2. presents the SEM image of the
imprint in thin film with 15 at.% of Cu. Images are obtained by
computerized JEOL scanning electron microscope (type JSM - 6460 LV).
Table 1. Vicker’s hardness of the Cux(AsSe1,4I0,2)100-x amorphous thin films
obtained by microindentation
x[at%]
0
10
15
20
25
314
±
28
d nm 
203 ± 15 928 ± 46
 200
 200
4,31(7)
4,53(7)
4,17(7)
2am
4,87(7)
4,39(7)
4,53(7)
4,39(7)
4,02(7)
5,00(7)
4,35(7)
5,01(7)
3,83(7)
HV[MPa]
888(27)
1050(40)
980(30)
767(22)
888(27)
940(30)
1120(40)
940(30)
728(20)
725(20)
1240(50)
960(30)
H V MPa 
834(14)
940(30)
1137(25)
960(17)
748(15)
Table 2. Fracture toughness and brittleness of the Cux(AsSe1,4I0,2)100-x
amorphous thin films obtained by microindentation

x[at%]
0
10
20
25

cμm
18,70(5)
5,55(5)
5,65(5)
15,55(5)

aμm
2,20(4)
2,26(4)
-

KIC[MPam1/2]

B[m-1/2]

0,00996(4)
0,0527(26)
0,0559(23)
0,01318(6)

83340(1400)
18300(1000)
17500(800)
63100(1200)

Compared to the values obtained for the bulk counterparts [15] obtained
values of Vicker’s hardness are less, fracture toughness is an order of
magnitude less and brittleness is an order of magnitude higher.
CONCLUSION
During microhardness measurements using Vickers direct method, radialmedian or Palmqvist cracks have occurred in the Cux(AsSe1,4I0,2)100-x
amorphous thin film samples, depending on the copper content. Values of
determined microhardness of the Cux(AsSe1,4I0,2)100-x amorphous thin films
are moderate in the category of chalcogenide glasses. Vicker’s hardness are
less, fracture toughness is an order of magnitude less and brittleness is an
order of magnitude higher, compared to the values obtained for the bulk
counterparts. Isotropic mechanical behaviour of the thin films surfaces is
determined.
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ABSTRACT
Polishing and thermal etching was performed on ZnTiO3 sintered ceramic.
Two sets of specimens were recorded, on higher 1200oC/1100oC
sintered/etched, and lower 900oC/800oC sintered/etched temperatures. Phase
composition, crystallite sizes and grain size distributions before and after
etching were compared. Grain size enlargement was noted.
INTRODUCTION
Thermal etching should represent grain sizes not changed by the etching
procedure. Polishing preceding thermal etching is used to obtain a flat
surface convenient for grain size measurements[1]. During etching the grain
boundary ought to be emphasized since a grain boundary consists of an
amorphous phase more prone to melting compared to crystalline grains[2].
Crystallite size determined with the Scherrer equation from x ray
diffractograms represents a calculation of single crystalline domain i.e. a
coherently scattering domain. The crystallite size can be observed as a rude
measure of the homogeneity of the crystal structure inside the grain [3]. In
the polycrystalline ceramics grain size is commonly monitored through a
grain size distribution function[4]. Also, the geometry of grains after
reheating indicates the mechanism of grain growth. By comparing changes
of these values before and after thermal etching treatment, we determine
exactness of such thermal treatment.
RESULTS AND DISCUSSION
After sintering of the compacted nanopowder performed at 900oC and
1200oC with isothermal holding of 1 hour microstructure was obtained
using AFM. Same specimens were polished and then reheated. The sample
sintered at 900oC was heated 10oC/min up to 800oC and held isothermally
20 minutes. Cooling was performed in a furnace with a cooling rate 10oC/min. The second sample sintered at 1200oC, showed a phase transition
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at 956oC to Zn2TiO4 spinel [5]. The obtained sintered specimen was
reheated 10oC/min to 1100oC and held for 20 minutes, cooling within the
furnace.

Figure 1. Microstructures for the higher temperature
a)1200oC/1100oCsintering/reheating, left AFM 1200oC, right SEM 1100oC
and lower b)900oC/800oCsintering/reheating, left AFM 900oC, right SEM
800oC.
After thermal etching i.e. second heating cycle SEM microstructures were
recorded for 1200oC/1100oC and 900oC/800oC specimens. XRD
diffractograms were used for crystallite size determination. Crystallite sizes,
phase composition, and grain size distribution parameters are shown in tab.1
and 2. For the lower temperature 900oC/800oC the phase composition lost
all Zn2Ti3O8 while ZnTiO3 transformed into Zn2TiO4 reducing its content.
Even at temperatures that should preserve ZnTiO3 phase, its metastability
leads to formation of stable Zn2TiO4. At the higher temperature
1200oC/1100oC Zn2TiO4 and TiO2 rutile are interchanging their ratio in the
favor of TiO2. Phase content changes are indicating intensive and
unavoidable diffusion processes.
The grain size was determined by measurement of internal boundaries in
three dimensional structures obtained by random sectioning. Although,
expectations were that prolonged heating will enlarge crystallites, the
crystallite size showed lowering of their domains when reheated. Due to
phase metastability ZnTiO3, coherent domains are maximal when
crystallization is achieved by sintering from nanopowder [6]. Grain size
distributions are presented in fig.3, and tab.1. At lower temperature
900oC/800oC the grain size distribution shows a bimodal distribution
originating from grain size coalescence. At higher temperature 1200oC
/1100oC grain growth widened the distribution, now monomodal in shape.
Comparing longer a to shorter b distance inside the grain calculated as mean
average (m.av), ratio a/b size for 1200oC was m.ava/m.avb 2.781/1.964 equals
a/b ratio 1.415 and for 1100oC m.ava/m.avb ratio is 3.898/2.814 which equals
a/b 1.385 ratio. Longer grains in both temperatures lower and higher are
thus getting bigger, but abnormal grain growth cannot be noted.
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CONCLUSION
At lower temperature 900oC/800oC the crystallite size reduced almost three
times, while the overall grain size increased by 34%. At higher temperature
1200oC/1100oC grain growth with pronounced bimodal distribution shape
occurred, increased by 30% in size, where the composition did not
substantially changed after etching. Crystallite sizes also reduced in this
case.
Table 1. Phase composition, crystallite sizes and grain sizes, for the lower
temperature 900oC/800oCsintering/reheating, and higher one
1200oC/1100oCsintering/reheating.
phase
Composition wt%
Crystallite size nm
Grain size - GS
Gaussian fit GS
1
2
phase
Composition wt%
Crystallite size nm
Grain size - GS
Gauss fit GS
1
2
phase
Composition wt%
Crystallite size nm
Grain size
Gauss fit Grain size
phase
Composition wt%
Crystallite size nm
Grain size
Gauss fit Grain size

900oC/800oC sintering / reheating.
Heating sintering 10oC/min 900oC 1h
Zn2Ti3O8
ZnTiO3
Zn2TiO4
1.756
81.096
14.343
142.7
No.
Mean
St.dev.
168
0.3451
0.11374
R2
Center
Width
0.9741
0.2963
0.13189
0.5272
0.24454
Reheating 800oC 10oC/min 800oC 20 min
Zn2Ti3O8
ZnTiO3
Zn2TiO4
/
70.56
27.15
37.28
No.
Mean
St.dev.
173
0.45394
0.17416
R2
Center
Width
0.98617
0.27569
0.13470
0.40151
0.20789
1200oC/1100oC sintering / reheating.
Heating sintering 10oC/min 1200oC 1h
Zn2TiO4
TiO2
75.93%
24.7%
68.4
No.
Mean
St.dev.d
62
2.785
0.777
R2
Center
Width
0.97682
2.7768
1.7439
Reheating 1100oC 10oC/min 1100oC 20 min
Zn2TiO4
TiO2
71.51%
28.49%
54.28
No.
Mean
St.dev.
108
3.898
1.3177
R2
Center
Width
0.93128
3.5858
2.1549
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TiO2
2.805
St.err.
0.00877
Height
19.210
17.322
TiO2
2.49
St.err.
0.01324
Height
25.588

St.err.
0.0986
Height
13.939

St.err.
0.1268
Height
16.853
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Figure 3. Grain size distributions for the sintering / reheating of the a) lower
900oC/800oC and b) higher 1200oC/1100oC temperature.
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ABSTRACT
A sol-gel process was used to produce magnesium doped alumina. Many
parameters of synthesis and calcination conditions affect the pore structure
formation. In order to determine the most influential factors among
concentration of magnesium nitrate, time and temperature of alcohol
evaporation, annealing temperature, heating rate and time of annealing, a
Plackett-Burman's design of experiments has been used. With a very limited
number of experiments, this method allowed to obtain the first encouraging
results. Results of analysis showed that two process variables, annealing
temperature and time of annealing, play fundamental roles on textural
properties of magnesium doped alumina.
INTRODUCTION
Mesoporous alumina is a very interesting material with broad applicability
as adsorbents, coatings, porous ceramics, catalysts, and catalyst supports [14]. Active aluminas do not occur naturally and they are prepared mainly by
hydrothermal or thermal transformations of aluminium hydroxides or
alumogel. During annealing, organic groups are removed, and gel
transforms to a more stable solid phase. This evolution involves a chemical
modification, a crystallographic transformation of the solid matter and
reorganization of the solid network and of the pore geometry [5].
Despite the large number of factors that can be modified in the whole
process of obtaining alumina, the most studies on the synthesis used
conventional methods. Conventional multifactor experimental design
requires that only one variable be changed at a time to determine its effect.
But when there are many parameters, this way is very laborious and it does
not allow clear identification of the real influences of linked parameters.
These limitations of conventional method can be overcome by optimizing
all the affecting parameters collectively by statistical experimental design.
Some of the popular choices in applying statistical designs as a screening
test are Plackett-Burman (PB) design that involves a large number of factors
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and relatively few runs. They are typically used to identify a few significant
factors out of a large set.
In this work, magnesium doped alumina were prepared by varying
simultaneously parameters of sol-gel synthesis and annealing conditions. A
Plackett-Burman design was employed to determine the significant factors
affecting the pore structure formation.
EXPERIMENTAL
Preparation of magnesium doped alumina
Magnesium doped alumina was prepared by the sol-gel method using
aluminium alcoxide as a precursor. To prepare boehmite sols, aluminium
isopropoxide was hydrolyzed in excess amount of water (100:1 H2O-Al3+,
mol) at 80°C, followed by the peptization with appropriate amount of HNO3
(0.07:1 H+/Al3+, mol) to form stable colloidal sol [6]. The sol was kept at a
constant temperature for the desired time under reflux conditions, during
which most of the alcohol was evaporated. The freshly prepared boehmite
sol and polyethylene glycol (PEG) or variable concentration of magnesium
nitrate solution combined with PEG, were mixed together and then vigorous
stirred in order to obtain a homogeneous Mg2+doped boehmite sol. The
doped boehmite sols were then gelled at 40°C. The gels were heated from
room temperature to the final temperature, which ranged between 500 and
1100 °C. The heating rate ranged between 2 and 10 °C/min. The samples
were kept at final temperatures for a fixed period, which ranged from 1 to
10 h.
Experimental design
A set of experiments with Plackett-Burman (PB) design was adopted to
develop magnesium doped alumina by sol-gel method. A total of 12
experimental trials involving 6 independent variables were generated by
Minitab 16 ( Pennsylvania State University). The independent variables
screened were annealing temperature (X1), heating rate (X2), time of
annealing (X3), concentration of magnesium nitrate (X5), time of alcohol
evaporation (X7) and temperature of alcohol evaporation (X9). Three
variables (X4, X6, X8) are dummy variables employed to evaluate the
standard errors of the experiment. Specific surface area (Y1) was selected as
the response variables.
Characterization of Mg(II) doped alumina
The nitrogen adsorption was performed at -196 °C and relative pressure
interval between 0.05 and 0.98 in automatic adsorption apparatus
(Sorptomatic 1990 Thermo Finningen). Before each measurement, the
sample was degassed at 250 °C under vacuum for time enough (4 h < t < 10
h) to observe the absence of significant changes in vacuum stability. The
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adsorbed amount of nitrogen was measured by volume at standard
temperature and pressure. The specific surface areas (SBET) and C were
calculated by the BET method [7] from nitrogen adsorption isotherms, using
data up to p/po= 0.35.
RESULTS AND DISCUSSION
PB design for six variables at two levels was employed for screening sol-gel
synthesis parameters and annealing conditions that significantly influenced
on pore structure of magnesium doped alumina. The six assigned variables
were screened in twelve experimental designs. Each independent variable
was tested at two levels, high and low levels, which were denoted by (+1)
and (-1), respectively (Table 1).
Table 1. Levels of the chosen variables tested in PB design
Variables
Symbol
Annealing temperature
X1
Heating rate
X2
Time of annealing
X3
X5
Concentration of Mg(II)
Time of evaporation
X7
Temperature of evaporation
X9

Units
°C
°C min-1
h
mol Mg/mol Al2O3
h
°C

Low(-1)
500
2
1
0.03
60
85

High(+1)
1100
10
10
0.06
72
95

The experiments were carried out according to the design matrix (Table 2),
with each row representing one trial while each column represents a single
variable. As shown in Table 2 the selected response variable exhibited a
wide variation suggesting that the independent variables had a significant
effect on the response parameter chosen.
Table 2. PB design variables with SBET as response
Run
1
2
3
4
5
6
7
8
9
10
11
12

X1
1
1
-1
1
1
1
-1
-1
-1
1
-1
-1

X2
-1
1
1
-1
1
1
1
-1
-1
-1
1
-1

X3
1
-1
1
1
-1
1
1
1
-1
-1
-1
-1

X4
-1
1
-1
1
1
-1
1
1
1
-1
-1
-1

X5
-1
-1
1
-1
1
1
-1
1
1
1
-1
-1

X6
-1
-1
-1
1
-1
1
1
-1
1
1
1
-1

X7
1
-1
-1
-1
1
-1
1
1
-1
1
1
-1

X8
1
1
-1
-1
-1
1
-1
1
1
-1
1
-1

X9
1
1
1
-1
-1
-1
1
-1
1
1
-1
-1

SBET
16
73
226
31
78
13
296
282
312
76
303
314

In order to determine the influence of the most important parameters, a
standardized Pareto chart (Fig. 1) was employed. It consists of bars with a
length proportional to the absolute value of the estimated effects, divided by
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the standard error. The bars are displayed in order of the size of the effects,
with the largest effect on top. The Pareto chart revealed that annealing
temperature had maximum standardized effect at 95 % confidence interval,
while the concentration of magnesium nitrate, time of alcohol evaporation
and temperature of alcohol evaporation did not have a significant effect on
specific surface area.
Figure 1. Pareto chart of
standardized effects of independent
variables

CONCLUSION
Magnesium doped alumina were
prepared by sol-gel method, PB
screening design helped in
identifying
the
significant
parameters that affected the
response variables. Only two
predetermined
independent
variables were found to affect
specific surface area as dependent variables. The next step is to examine the
impact of existing independent variables on several response variables.
Response variable affected by three or more independent variables will be
used for process optimization using DOE strategy.
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ABSTRACT
Selected lanthanum-strontium-borate glasses were prepared by conventional
melt-quenching technique. Density, molar volume, oxygen molar volume,
oxygen packing density and structural transformations in the glass network
were investigated according to substitution of SrO by La2O3 at constant
B2O3 content. The density and the molar volume were increasing with
increasing La2O3content. In the same time, oxygen molar volume values
were increasing opposite to oxygen packing density values. Three infrared
spectral regions were observed in the vibrations modes in the lanthanumstrontium-borate glasses.
INTRODUCTION
Growing interest recently has been focused on alkaline earth-borate glasses
due to their applications as laser hosts, nonlinear optical and other photonic
devices [1].
The structure of vitreous B2O3 consists of a random network of [BO3]
triangles connected by bridging oxygen at all three corners to form
completely linked network. The addition of a network modifier in B2O3
glass could induce the conversion of [BO3] triangle to [BO4] tetrahedral.
This conversion of boron from 3- to 4-fold coordination only occurs until
the network reaches some critical concentration of tetrahedrally coordinated
boron, after which additional network modifier causes the formation of nonbridging oxygen [2]. Therefore in borate glasses, the main structural units
are both; [BO3] triangle and [BO4] tetrahedra forming different intermediate
units like: boroxol rings, metaborate rings and chains, pentaborate, diborate,
triborate and pyroborate.
The present study aims to characterize physical and structural features of
selected lanthanum-strontium-borate glasses. For the synthesis were
selected glass composition within the glass forming range of the constant
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B2O3 content (x = 71.4 mol %). Physical properties of glasses were
investigated by measuring the densities of glass samples and by calculating
the molar volume, oxygen molar volume and oxygen packing density
values. Structural features of the glasses were investigated by the Fourier
transform infrared spectroscopy (FTIR).
EXPERIMENTAL
The glasses were obtained by conventional melt-quenching method, the
reagent grade of H3BO3, SrCO3 and La2(CO3)3 were prepared for melting in
electrical furnace by mixing and homogenizing in agate mortar. Mixture
was placed in a covered platinum crucible in the electric furnace and melted
at 1200 °C for 30 min. These melting conditions, covered crucible,
relatively short melting time at relatively low temperature were optimized to
minimize boron evaporation. The melt was cast and cooled on a stainless
steel plate in air at room temperature. Measurements of the weight loss due
to melting indicate that the glasses are within 1–2 wt% of desired
compositions, consequently, the “as-batched” compositions are used in this
study (Table 1). The obtained glasses were transparent, without visible
bubbles in glasses [3].
Table 1. Compositions of studied glasses
Glass samples
Glass composition, xi, mol %
La2O3
SrO
B2O3
1
5.7
22.9
71.4
2
9.5
19.1
71.4
3
14.3
14.3
71.4
4
19.1
9.5
71.4

The density of the glasses was determined using the pycnometer method.
Glass samples were previously crushed, grinded and dried. Distilled water.
The Fourier transform infrared spectroscopy (FTIR) was performed using
MB Bomen Hartmann FTIR spectrometer in the wave number range 2000–
400 cm–1. The pellets for analysis were obtained by hand pressing the
mixture of powdered glass and KBr.
RESULTS AND DISCUSSION
The density (ρ) of the glass samples determined in the present study are
given in Table 2. The molar volume (Vm) of the glass samples, was
calculated using the relative molecular mass (M) and density (ρ) by the
following relation [4]:
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,
(1)
M
These values are included in Table 2 together with oxygen molar volume
(VO) and oxygen packing density (OPD) calculated using the following
relations:
1
(2)
Vo  Vm  ,
n

(3)
OPD  1000   n ,
M
where n is the number of oxygen atoms per formula unit.
Glass
samples
1
2
3
4

Table 2. Density (ρ) of the glass samples
ρ (g/cm3)
Vm (cm3/mol) Vo (cm3/mol) OPD (mol/dm3)

3.21
3.25
3.56
3.66

28.65
30.90
31.21
33.26

11.28
11.81
11.50
11.84

88.68
84.70
86.95
84.45

The density and molar volume of the glasses increase with increasing La2O3
content in glasses. The increase of the density could be explained by
considering the higher relative molecular mass of lanthanum oxide as
compared to relative molecular mass of strontium oxide. With increasing
La2O3 content in glasses increase oxygen content that leads to formation of
excess free volume and increasing molar volume of glass that opens up the
glass structure. Oxygen molar volume increases opposite to oxygen packing
density with increasing La2O3 content in glasses, indicating less tightly
packing of glass network.
The
IR
absorption
spectra of the glasses in the
wave number region 2000400cm-1 are shown in Fig 1.
There are three main
absorption bands at 11501600 cm-1, 750-1150 cm-1
and 400-750 cm-1 that are
independent
of
La2O3
content.
In addition, there is a peak
-1
Figure 1. FTIR spectra of the glass samples at about 1640 cm . The
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absorption band in the region 1150-1600 cm-1 can be attributed to stretching
vibration of [BO3] units with or without non-bridging oxygen [5]. Stretching
of B-O bond in [BO4] tetrahedral units in various structural groups are
found in the range 750-1150 cm-1 [5]. The third region 400-750 cm-1 appears
due to the bending of B-O-B bonds in [BO3] and [BO4] units [6]. The band
observed at ~1640 cm-1 can be attributed to OH bending [7].
CONCLUSION
Investigation of the physical features of glasses showed that substitution of
SrO by La2O3 increased the density, molar volume, oxygen molar volume
and decreased oxygen packing density. The density increase is attributed to
higher relative molecular mass of the glass containing more of La2O3. The
increasing of the molar volume can be explained by the increase of oxygen
content that leads to formation of excess free volume. The decrease of the
oxygen packing density indicates less tightly packing of glass network.
Structural investigations show that glass structure consists of [BO3] and
[BO4] units.
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ABSTRACT
We present in this work a insight into the intercalation properties of
swellable high charge micas, with long primary, tertiary and quaternary
amines. The organo-clay structure of the product has been analyzed using
X-ray diffraction techniques. Thermogravimetric analysis and Fourier
transform infrared spectroscopy have provided valuable information about
the distribution and packing properties of the organo-clays, helping in the
identification of the exchanged products. Special attention has been paid to
the surfactant head group effect in the intercalation properties of high charge
micas, mainly governed by the high layer charge of the silicate and by steric
effects.
INTRODUCTION
Synthetic aluminosilicates with high negative charge, mica-type, have a
great scientific interest due to their high cationic exchange capacity,
compared with natural clays [1]. These synthetic mica-type silicates can
have up to 468 meq/100g, while other swelling clays have a moderate layer
charge with typical values as 80 meq/100g (Wyoming montmorillonite) to
170 meq/100g (saponite). Hence, they can be used as potential efficient
adsorbents in the elimination of water contaminants and in the capture and
immobilization of waste with high radioactivity [2-3]. On the other hand,
high charge micas have showed recently a good capacity as novel precursors
of mesoporous materials [4] with enhanced acidity for using in catalysts.
Finally, it is necessary to improve the accessibility conditions in the
interlayer space of the clay through the diffusion of surfactants and then, to
overcome the electrostatic attraction in the clay.
In this work the intercalation properties of swellable high charge micas,
with long primary, tertiary and quaternary amines are studied. The organoclay structure of the product has been analyzed by using X-ray diffraction
and Thermogravimetric analysis and Fourier transform infrared
spectroscopy. It is important to study the effect of the surfactant head group
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in the intercalation properties of high charge micas, mainly governed by the
high layer charge of the clay and by steric effects.
EXPERIMENTAL
The synthesis of high charge micas with 4 negative charges per unit cell is
made following the “NaCl melt” method described by Park et al. [5]. In
order to get the ideal chemical composition NanMg6Si8-nAlnO20F4·×H2O (n =
4) it was necessary to use near stoichiometric powder mixtures of SiO2,
Al(OH)3, MgF2, and an excess of NaCl. Reactants were well mixed by
grinding and allowed to react in a Pt crucible at 900 ºC for 15 h. After
cooling, it was necessary to eliminate any soluble impurities present in the
samples, for that, the samples were washed with deionized water. Finally,
the samples were dried at room temperature. Its cation exchange capacity
(CEC) is 468 mequiv/100g. The samples were characterized by powder Xray diffraction for phase purity.
In order to open the clay layers, sodium saturated clays were left to react in
a water solution of different ionic alkylammonium surfactants with the same
alkyl chain length but different polar head group. With the following neutral
amines: hexadecylamine [R-NH2] and N,N dimethylhexadecylamine [RN(CH3)2], the cations were obtained by protonation reaction with
chlorhidric acid. In the other case, a quaternary ammonium salt of
hexadecyltrimethylammonium [R-N(CH3)3+] was used. The organic-clays
were prepared by cationic exchange reaction with the different surfactants.
The concentration of ammonium components were 2.0 CEC of the clay,
changing the temperature and time of contact in function of the size of the
surfactants polar head until equilibrium. The organo-clay was recovered by
centrifugation. The products were washed with deionised water to remove
the excess of surfactants, and dried at room temperature
X-ray powder diffraction were obtained with a Bruker D8 Advance
instrument from 1.5º to 10º 2θ.
Thermal analyses were performed in air atmosphere in TG-DSC Setaram
equipment. In order to study the thermal decomposition of the organo-clay
samples two regions were analyzed. The first one was between 25-160ºC,
which corresponds to the loss of the hydration water of the product. The
second one, up to 850ºC, due to the organic combustion of the surfactant
intercalated between the layers in the mica.
Infrared spectra were obtained on Jasco 4200LE Fourier Transform Infrared
spectrometer with a nominal resolution of 4 cm-1. To obtain IR spectra KBr
pressed disk technique was used.
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RESULTS AND DISCUSSION

From the XR diffraction analysis (Table 1) is observed that the intercalation
of the cationic surfactants between the layers in the raw mica has been
successfully performed, because there is an increase of the basal spacing
from 1.21 nm for the raw mica to 4.42 nm for the intercalated sample with
the primary amine (R-NH3+-Mica). In Table 1 is only collected the data of
the first line reflection, but it is possible to observe up to five 00l reflections.
This suggests a homogeneous distribution of the alkylammonium cations in
the interlayer space of the mica.

+

R-NH3 -Mica

0.09

3.40

4.42

R-NH(CH3)2+Mica

1.62

1.79

3.27

R-N(CH3)3+Mica

1.84

1.11

3.84

0

331ºC

TG
DSC

-10

2

-30
461ºC

82ºC
-40

EXO

4

-20
TG (% )

6

0

532ºC

132ºC

D S C (W /g)

Table 1. Molecules of water and ionic
surfactants per unit cell and basal spacings of
Na-4-Mica and intercalate samples.
Molecule Cation
d001
Sample
H2O/u.c.
surfact./u
(nm)
.c.
Na-4-Mica
3.19
1.21
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Figure 1. TG-DSC of R-N(CH3)3+-Mica
sample.

It is remarkable that all the organo-clay samples reached a much greater
interlayer spacing than in smectite or vermiculite clays for a similar process.
This agrees with the much higher layer charge of the mica. Different
arrangements of the alkylammonium cations in the interlayer space of the
clays can be possible. When the arrangements were a paraffin-type
structure, the distance reached for those clays was greater than 2.20 nm [6].
In our samples the smaller interlayer distance reached is 2.31 nm (taking
into account that the height of the layer is 0.96 nm) for the R-N(CH3)3+Mica, this indicate that their arrangements will be as a bilayer paraffin-type
structure with an angle on the solid surface.
The thermal analysis results, Table 1, indicated that the cationic surfactants
incorporated in the interlayer space of the mica were increased when the
polar head size was decreased, reaching 3.40 cation surfactants per unit cell
for the primary amine. Moreover, it was found that while the Na-4-Mica had
3.19 water molecules per unit cell, the water content in the organo-clay
samples decreased to 0.09 molecules for the R-NH3+-Mica sample. (In
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Figure 1 TG-DSC of one of the samples has been added as an example).
These results indicated that the synthesized samples showed a high
hydrophobic character and they could be as potential efficient adsorbents in
the elimination of water contaminants. The IR spectra (not show) of the
organo-clay samples display new bands with respect to the raw mica due to
the intercalated surfactants. The following bands are found in all the
synthesized samples: Two bands at 2919 and 2848 cm-1 assigned to the
asymmetric and symmetric methylene stretching [ν(CH2)]. The band at 2954
cm-1 ascribed to asymmetric stretching band of [ν(CH3)], and the band at
around 1469 cm-1 is due to a bending vibration of the methylene groups
[δ(CH2)]. The band at around 1021 cm-1 is assigned to bending vibration of
C-N bond. For the R-NH3+-Mica sample is also observed two new bands
due to the primary amine, at around 1633 and 723 cm-1 assigned to the
symmetric stretching and bending vibration of N-H bond respectively.
These indicate the interaction between the cationic surfactants with the
surface of the mica.
CONCLUSION
The synthesis of organo-micas from swellable high charge micas, with long
primary, tertiary and quaternary amines has been successfully. The
properties of these synthesized samples are function of the surfactant head
group. It is found, from the XR diffraction analysis, that there is a
homogeneous distribution of the alkylammonium cations in the interlayer
space of the mica. Moreover, the synthesized samples show a high
hydrophobic character and they could be as potential efficient adsorbents in
the elimination of water contaminants.
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ABSTRACT
Structural and surface characterization of pristine and boron doped
carbonized hydrothermal carbons (CHTC) is reported. Boron was
introduced into glucose precursor solution with concentration of 0.2% and
1%. Following hydrothermal treatment, samples were carbonized to 1000oC
and examined by Raman spectroscopy and temperature programmed
desorption. Characterization of obtained samples as material for carbon
paste electrode was performed by cyclic voltammetry measurements of the
Fe (CN)63-/4- redox couple. Structural analysis showed that lower boron
content in precursor solution induced structure ordering, while higher
amount of boron caused structural disorder of CHTC sample. Boron
presence in CHTC samples reduced number of surface active sites for
oxygen adsorption and consequently improved their electrochemical
response as electrode material for carbon paste electrode.
INTRODUCTION
In recent years hydrothermal carbonization has demonstrated its capability
of converting carbohydrate into highly functionalized carbon materials
under mild processing conditions [1]. After additional carbonization,
hydrothermal carbons (HTC) with various shape size, chemical
compositions, and surface functional groups have shown novel and
interesting intrinsic properties which allow widespread use of these
materials [2].
Incorporation of heteroatoms into carbon materials affects their surface
properties and oxidation resistance. Boron is by far the most widely used
doping element in carbon. It enters the graphite lattice by substituting for
carbon at the trigonal sites and consequently alters the electronic properties
of the material [3].
The aim of this study was to investigate the effect of boron incorporation on
the structural and surface characteristics of carbonized HTC. Additionally,
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electrochemical characterization of carbonized boron doped HTC as
material for carbon paste electrode was examined.
EXPERIMENTAL
To produce HTC, 2M water solution of D(+)-Glucose was prepared. Boric
acid was used as source of boron and it was added in the starting solution to
obtained boron concentration of 0.2% and 1%. After sealing, the autoclave
was heated in programmable oven for 24 h at 180oC. All HTC samples were
additionally carbonized in nitrogen to 1000oC. Obtained samples were
marked as CHTC (undoped carbonized hydrothermal carbon) and boron
doped samples as CHTCB0.2 and CHTCB1.
Raman spectra were taken with an Advantage 532 Raman spectrometer
(DeltaNu Inc.).
Temperature programmed desorption (TPD) in combination with mass
spectrometry was used to investigate the quantity of surface oxygen groups.
Evolution of CO and CO2 to 1000oC was monitored with a quadrupole mass
spectrometer (Extorr).
Carbon paste was made by intimate hand-mixing of carbonized HTC
powders with the paraffin oil as a liquid binder. All pastes, homogenized at
the same ratio of 1.2 g of material and 0.4 cm3 paraffin oil, were packed into
a piston-driven Teflon holder.
A 797 VA Computrace analyzer (Metrohm) controlled by 797 VA
Computrace software ver. 1.2 was applied for all voltammetric
measurements.
RESULTS AND DISCUSSION
Table 1. Raman spectra parameters for CHTC,CHTCB0.2 and CHTCB1

Sample
CHTC
CHTCB0.2
CHTCB1

Peak

Peak position (cm-1)

D
G
D
G
D
G

1347
1579
1345
1575
1345
1580

Bandwidth (cm-1)
205
106
200
90
215
103

ID/IG
2.22
1.95
2.6

Table 1 shows Raman spectra parameters. The main features of these
spectra are two broad peaks at 1350 cm-1 (D band) and at 1590 cm-1 (G
band), commonly observed in mixture of graphitic and disordered sp2bonded carbon. There are no significant changes in G and D peak positions
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for CHTCH and CHTCB1. However, the D peak bandwidth increased
because of higher amount of B atoms, which occupy the lattice points to a
greater extent and behave as defects for Raman scattering (higher values for
ID/IG). For CHTCB0.2 sample all Raman parameters indicate increasing of
structure ordering.
Table 2. Amounts of evolved CO, CO2 and CO+CO2 for CHTC, CHTCB0.2
and CHTCB1

Sample

QCO (μmol/g)

QCO2 (μmol/g)

QCO2+CO (μmol/g)

CHTC

195.9

115.9

311.8

CHTCB0.2

24.6

15.9

40.5

CHTCB1

73.6

21.5

95.1

Amounts of evolved CO2, CO obtained by TPD are summarized in Table 2.
It can be noted that amounts of released CO2 and CO for B doped samples
are several times less compared to CHTC. This indicates that boron
incorporation induced changes in electronic structure by reducing number of
surface active sites for oxygen adsorption.

Figure 1. Cyclic voltammograms (50 mVs-1) for 1mmol K3Fe(CN6)/
K4Fe(CN6) for electrode made from CHTC, CHTCB0.2 and CHTCB1

Figure 1. shows cyclic voltammograms of Fe (CN)63-/4- for carbon paste
electrodes made from carbonized HTC samples (CPE-CHTC, CPE-
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CHTCB0.2, and CPE-CHTCB1). It can be noted that on CPE-CHTC Fe
(CN)63-/4- exhibited a poor electrochemical behavior with broadened wave
shape and high capacitive background current. Granger et al. [4] previously
reported that several factors are known to influence redox-reaction kinetics
at sp2 carbon electrode: surface cleanliness, presence of adsorbed layers and
fraction of edge plane exposed. According TPD results, the highest amount
of surface oxygen groups was obtained for CHTC sample (Table 2), which
caused the poor electrochemical behavior. Contrary to this, for boron doped
samples drastically improved electrochemical responses were obtained and
results are in compliance with TPD results. However, boron fraction of 1%
worsens peaks intensity as well as the peak to peak potential separation
compare to fraction of 0.2%.
CONCLUSION
Results showed that the different amount of boron allows obtaining
carbonized hydrothermal carbons with modified structural, chemical and
electrochemical characteristics compared to the pristine sample. It was
shown that boron concentration of 0.2% in precursor solution generates
structure ordering of carbonized sample, which induced a greater extent of
surface active sites reduction for oxygen adsorption compared with sample
with higher boron concentration. Modification of hydrothermal carbon with
boron and its additional carbonization facilitate preparation of the material
with good surface properties, which are important for the development and
application of this material as a carbon paste electrode.
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ABSTRACT
Boron-doped carbons were produced using hydrothermal carbonization of
glucose carbohydrates under mild temperature (180oC). Boric acid was
introduced into glucose precursor solution in order to obtained boron
concentration of 0.2% and 1%. Two types of samples were prepared:
hydrothermal carbons (HTC) and hydrothermal carbons thermally treated to
1000oC (HTCc). Characterization of the samples obtained was performed by
scanning electron microscopy (SEM) and Fourier Transform Infrared
Spectroscopy (FTIR). SEM analysis showed that higher boron concentration
in the precursor solution caused enlargement of particle size for both type of
samples, while the thermal treatment induced decrease of particle size. FTIR
spectra showed that the different amount of boron in the precursor solution
induced quite diverse effects on the surface chemistry of hydrothermal
carbons before and after the thermal treatment.
INTRODUCTION
In the past decade, the hydrothermal treatment of carbohydrate gained an
increasing interest in the field of material science. Many studies already
focus on both applications and fundamental aspects motivated by the
interest in producing carbonaceous powders with tunable sizes and surface
properties [1]. The important advantage of hydrothermal carbon (HTC) is
undoubtedly the possibility of modifying the surface or the bulk of the
carbonaceous network by introducing heteroatoms.
Boron is by far the most widely used doping element in carbon. It has been
suggested that boron-doping can introduce boron atoms into the
substitutional positions in the carbon lattice. Also, boron can be distributed
in the bulk of the carbon materials and can act as an intrinsic inhibitor which
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reduces both the number of active sites and the reactivity of these sites [2].
Our previously obtained results showed that the number and nature of active
sites, and consequently, the formation of surface oxides, depend on the
distribution of boron in the polymer precursors [3].
After additional carbonization, hydrothermal carbons with various shape,
size and surface functional groups have shown novel and interesting
intrinsic properties which allow widespread use of these materials [4]. The
aim of this study was to investigate effect of the thermal treatment on the
morphology and the surface properties of boron doped HTC.
EXPERIMENTAL
To produce HTC, 2M water solution of D(+)-Glucose was prepared. Boric
acid was used as source of boron and it was mixed with starting solution to
obtained boron concentration of 0.2% and 1%. After sealing, the autoclave
was heated in programmable oven for 24 h at 180oC. Obtained samples were
marked as HTC, HTC/B0.2 and HTC/B1.0. Each type of HTC samples were
additionally carbonized in nitrogen to 1000oC and these samples were
marked as HTCc, HTCc/B0.2 and HTCc/B1.0 (thermally treated samples).
Surface structure and morphology were studied by scanning electron
microscopy (Mira Tescan X3). The functional groups of examined samples
were identified with Fourier transform infrared (FTIR) spectroscopy
(Bomem MB-Series, Hartmann & Braun). The FTIR measurements were
performed at wavelengths in the range 4000–400 cm−1.
RESULTS AND DISCUSSION
The SEM photographs of the hydrothermally carbonized samples and
thermally treated samples are shown in Figure 1. In general, the
morphologies of all samples consisting of carbon spheres with smooth
surface. For both type of samples presence of 1% of boron in precursor
solution induced a significant increase in particle size. For thermally treated
samples general trend is the decrease of average particle size compared to
hydrothermally carbonized samples, caused by the mass loss and shrinkage
which occurred during thermal treatment.
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Figure 1. SEM photographs of all tested samples: a) HTC, b) HTC/B0.2,
c) HTC/B1, d) HTCc, e) HTCc/B0.2 and f) HTCc/B1

Figure 2 shows FTIR spectra of examined samples. The wide band between
3000 and 3700 cm−1 is assigned to the stretching vibrations of O-H
(hydroxyl or carboxyl), and the bands around 2815–3000 cm−1 are the
characteristic stretching vibrations of aliphatic C-H. The absorption bands
near 1710 cm−1 is attribute to stretching vibration of –C=O from carbonyl
and carboxyl groups. The out-of-plane bending vibration of aromatic C−H
bands was observed in the region of 875–750 cm−1, and the band at
1620 cm−1 are attributed to the C=C vibrations [5], suggesting the
aromatization of the samples during the hydrothermal treatment. For
hydrothermally carbonized samples boron addition of 0.2% in the precursor
solution induced the formation of the highest number of the surface actives
sites, while further increase of boron content reduced the number of surface
actives sites. However, after thermal treatment FTIR spectra for sample
HTCc/B0.2 shows the lowest intensity of the bands, indicating that
incorporated boron acts as an inhibitor for formation of active sites. On the
other hand, for the sample HTCc/B1.0 boron presence had catalytic effect on
the formation of surface active sites.
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Figure 2. FTIR spectra of examined samples: a) before and b) after thermal
treatment to 1000oC
CONCLUSION
It was established that boron addition of 1% into the precursor solution
induces significant enhancement of the particles size for both hydrothermal
carbon and thermally treated hydrothermal carbon. As it was expected,
thermal treatment leads to decrease of particle size as a consequence of the
mass loss and shrinkage processes. FTIR results show that thermal treatment
induced reduction of the amount of surface oxygen groups. Nevertheless, for
carbonized samples different amount of boron has quite a distinctive effect
on the surface chemistry compared to untreated samples. Obtained results
suggest that by applying boron addition and thermal treatment it is possible
to create desired structural and surface properties of hydrothermal carbon.
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ABSTRACT
The colloidal ZrO2 nanoparticles were hydrolytically synthesized and
characterized using x-ray diffraction and UV/Vis spectroscopy. The surface
modification of nanocrystalline particles with selected enediol ligands:
catechol (CAT), 2,3-dihydroxynaphthalene (2,3-DHN), anthrarobin (ANT)
and quercetin, was found to alter the optical properties of nanoparticles. The
formation of the inner-sphere charge-transfer (CT) complexes results in a
red shift of the semiconductor absorption onset compared to unmodified
nanocrystallites, and a decrease of effective band gap upon increase of the
electron delocalization after the inclusion of additional rings.
INTRODUCTION
Widespread interest in the modification of TiO2 surfaces with organic and
organometallic molecules is largely motivated by the application of these
materials in photocatalysis and photovoltaics [1]. Similar behavior can be
expected from the other non-toxic metal oxides like ZrO2 which is the
subject of this paper. In recent years, much attention has been paid to the
preparation of high surface nano-zirconia, not only due to its wide
application as a catalyst and catalyst support, but also for its use as an
advanced material for structural engineering ceramics, oxygen sensors, fuel
cells, and other interesting applications [2]. Zirconia has a large band gap,
Eg = 5 eV, even larger than TiO2 (Eg = 3.2 eV) and absorbs in far UV region
[3]. We hope that sensitization of ZrO2 crystals and nanoparticles with
appropriately chosen molecules, enediol ligands, can lead to a significant
red shift of their absorption threshold from the far UV to the visible, thus
enabling and improving the absorption of the solar spectrum as well as its
possible application as photocatalyst and photovoltaic material.
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EXPERIMENTAL
All chemicals used were of highest possible quality (p.a.), Milli-Q deionized
water was used as a solvent. The colloidal ZrO2 dispersions were prepared
by forced hydrolysis of ZrOCl2 at 75°C for 24 hours with constant steering.
After hydrolysis clear dispersion was dialyzed against water until pH=5 was
reached. Stoichiometric concentration of ZrO2 was ≤0.06 M dm-3. Crystal
structure of the obtained zirconia was checked by using X-ray diffraction.
For XRD analysis, obtained colloidal ZrO2 dispersions were dried on Sicarrier and XRD date were collected in 2 range of 10°-60°, with scanning
steps of 0.05°. As can be seen (Figure 1), crystal structure of obtained
material is not quite developed yet.
Wide peaks and shoulders in
diffractogram imply on presence of
both amorphous and crystallized
material. In order to confirm a
formation of ZrO2 nanocrystals,
obtained material was dried at 70°C,
and then sintered at 600°C for 3h.
XRD data of acquired powder (Inset
in Fig 1.) confirmed exclusive
presence of ZrO2 (mixed monoclinic
Figure 1. X-ray diffractogram of
and
tetragonal phase).
colloidal ZrO2 dispersion. Inset: XThe
surface modification of ZrO2
ray diffractogram of the same
resulting
in the formation of a CT
sample sintered at 600°C for 3h
complex was achieved by the
addition of surface-active ligands(catechol, 2,3-dihydroxynaphthalene,
anthrarobin and quercetin; structural formulas in Table 1) up to the
concentrations required to cover all the surface sites.
The modifications were performed in methanol and allowed to react for 24 h
to ensure complete complexation. Absorption spectra of surface modified
ZrO2 nanoparticles were recorded at room temperature in cells with 1 cm
optical path lengths using a Thermo Scientific Evolution 600 UV/Vis
spectrophotometer.
RESULTS AND DISCUSSION
When ZrO2 particles are on the nanosize scale, a large fraction of the atoms
that constitute the nanoparticle is located on the surface with significantly
altered electrochemical properties. Among them, the existing
undercoorinated defect sites are the source of novel, enhanced and selective
reactivity of nanoparticles toward ligand binding. Upon binding, the new
hybrid properties arise from the ligand-to-metal CT interaction due to
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orbital mixing between the molecular orbitals of the ligands and the
conduction band orbitals of the nanoparticles.
Table 1. Ligands used for modification of ZrO2
nanoparticles, structural formulas and the
effective band gaps (Eg) upon binding

ligand
1.
2.

Structural formula
ZrO2
OH

CAT

Eg (eV)
5
3.35

OH
OH

3.

3.44

2,3-DHN
OH
OH

4.

OH

ANT

1.78

OH

5.

2.03

Quercetin

All of the ligands investigated in this work, listed in Table 1, were found to
undergo binding at the surface (Fig. 2), inducing new hybrid properties of
the surface modified nanoparticle colloids. These hybrid properties arise
from the ligand-to-metal charge-transfer (CT) interaction. By extracting the
corresponding onset energies from the absorption spectra of surface
modified ZrO2 nanoparticles, the effective band gap energies (Eg= hc/λ) of
CAT, 2,3-DHN, ANT and quercetin modified ZrO2 nanoparticles in
methanol were calculated to be: 3.35 eV, 3.44 eV, 1.78 and 2.03 eV,
respectively.
CONCLUSION
All investigated ligands (CAT, 2, 3-DHN, ANT and quercetin) form innersphere charge-transfer complexes with ZrO2 nanoparticles (d ~4 nm). The
binding of the modifier molecules to undercoordinated surface Zr atoms
(defect sites) results in a significant shift in the onset of absorption to the
lower energy spectral range. The lowest shift was, as expected, achieved by
modification with catechol (enediol with one aromatic ring) and the highest
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Figure 2. Absorption spectra of bare (1) and surface modified ZrO2
nanoparticles with different ligands (0.45 mM): (2) CAT; (3) 2,3-DHN; (4)
ANT, (5) quercetin. Spectra of pure modifiers are: (6)-(9), respectively.

with anthrarobin (three fused aromatic rings) and quercetin (two fused rings
with one as substituent), which proves positive effect of extended electron
delocalization in modification.
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ABSTRACT
In this work, gold nanoparticles (AuNPs) were synthesized in aqueous
solution by aldehyde functionalized microbial polysaccharide levan as a
reducing agent. Resulting nanoparticles were characterized by UV-Vis
spectroscopy and by particle size analysis.
INTRODUCTION
The field of nanotechnology is in significant development as a result of
wide application in different areas. The unique properties of nanoparticles
are directly related to their wide use. In the last years, the application of
polysaccharides in preparing nanoparticles greatly increased due to high
content of hydroxyl groups in the glycan molecule that represents excellent
matrix for providing the stability of formed nanoparticles in solution [1,2].
In this context, levan has an interesting potential, because it represents the
relatively unexplored member in this area. This microbial polysaccharide
(Fig.1) generally consists of β-(2,6)-fructose residues and a one D-glucose
residue at the nonreducing end of the chain. Branching that occurs through
β-(2,1)-linkages is often short and sometimes consisting of a single fructose
residue. Levans have the great potential for application in food,
pharmaceutical, medical, cosmetic and chemical industries, due to high
solubility in water, non-toxicity and biocompatibility [3]. Gold
nanoparticles (size range 1-100 nm) have physical and chemical properties
different from the same material in bulk form, preferably because of large
surface/volume ratio. They exhibit, in comparison with other metals, unique
optical, electronic and bioactivity properties [4].
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Figure 1. Structure of levan

This paper reports the formation of gold nanoparticles (AuNPs) in aqueous
solution of partially oxidized levan with aim of obtaining potentially
applicable nanoparticles in various fields.
EXPERIMENTAL
Aldehyde-functionalized levan was obtained in reaction with periodate salts
in aqueous solution at room temperature for 24 h. The aqueous solution of
10 mM HAuCl4 was mixed with aqueous solution of 0.062 mM partially
oxidized levan, that has been previously purified by dialysis and
lyophilization. This resulted in the almost immediate appearance of pale
purple color which has became dark purple by heating at 100 oC for one
minute. The obtained products were characterized by UV-Vis spectroscopy
(GBC Cintra 40 spectrophotometer) and by photon correlation spectroscopy
(PCS), instrument Zetasizer NS with 633 nm He-Ne laser (Malvern).
RESULTS AND DISCUSSION
The aqueous gold ions Au3+ were reduced to metallic gold Auo using
aldehyde functionalized polysaccharide levan. Due to the high surface
energy and extreme reactivity of AuNPs, the polysaccharide matrix of
partially oxidized levan was stabilizing agent that prevented aggregation of
obtained particles [5-7]. Levan contains different types of vicinal diol
groups that can be subjected to periodate oxidation resulting in different
types of dialdehyde structures.
The obtained particles were firstly characterized by UV-Vis data. UV-Vis
spectrum of formed solution showed a strong absorption maximum at 520
nm (Fig. 2.) characteristic for AuNPs, due to its surface plasmon resonance.
Their formation was confirmed visually too, based on the change in color of
the solution, from pale yellow at the start of the reaction to dark purple.
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Figure 2. UV-Vis spectrum of gold particles synthesized by aldehyde
functionalized levan

The size distribution of synthesized gold particles, based on backscattered
light intensity, evidenced their nanometric size, Fig. 3. The strong Gaussian
peak in the range 10-100 nm indicated that the particles exhibited mainly
monomodal distribution (mean diameter of 95.5% particles 34.28 nm). A
small amount (4.5%) of larger sized population (3010 nm) also present,
pointed to some particles aggregation.

Figure 3. Size distribution of gold particles measured by PCS
CONCLUSION
In this work, a new route for the synthesis of gold nanoparticles in the
aqueous medium using the aldehyde functionalized polysaccharide levan as
a reducing agent was shown. The synthesis of AuNPs was confirmed by
UV-Vis spectroscopy and by particle size analysis. Formation of thus
obtained nanoparticles suggests that polyaldehyde levan is reducing agent as
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well as stabilizing agent considering the stability of nanoparticles in this
solution.
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ABSTRACT
Composite of MgH2 VO2 has been synthesized by high-energy mechanical
milling. The sorption properties of composites were examined by
differential scanning calorimetry and sorption analysis. It has been shown
that at relatively low temperature sorption reaction is notable enhanced.
Complete desorption of pure MgH2 at 380°C finishes after 30 minutes while
composite material fully desorbs in less than 2 minutes even at lower
temperatures.
INTRODUCTION
Much effort has been devoted on studies of metal hydrides for hydrogen
storage. Metallic magnesium and magnesium based compounds are
considered as a promising candidates, since magnesium is an abundant,
cheap and light metal with a high hydrogen sorption capacity (7.6 wt.%).
Anyhow the problem of sluggish kinetics is main drawbacks of this
material. It has been shown that high energy ball milling of magnesium
hydride with various additives (oxide, non-oxide ceramics, amines etc.)
improves the hydrogen sorption properties [1–3]. In contrast to bulk
hydride, the form of fine powder has many advantages such large surface-to
volume ratio which enhances hydrogen diffusion and nucleation of MgH2.
Regarding additives, metal oxide are both catalysts and very efficient
milling agents that can create defects in magnesium hydride [4]. A wide
range of different metal oxide was used to improve the properties of MgH2
[5–7]. Bobet et al. reported the beneficial effect CeO2 on MgH2 sorption
kinetics. Bormann et al. proposed that oxide interfaces attached to the oxide
catalysts might locally destabilize the magnesium hydride phase [6].
Oelerich et al. investigated the influence of metal oxides on the sorption
behaviour of nanocrystalline Mg-based systems [5]. The highest desorption
rates are achieved with V2O5 and Fe3O4. Metal oxides, compared to the

691

PHYSICAL CHEMISTRY 2014

H-25-P

MgH2/transition metals composites, are dispersed homogeneously due to the
brittleness. Oxides improves desorption kinetics even in very small doses.
The fast sorption kinetics of composite may originate form a very high
defect density, introduced at the surface of the metal oxide particles during
high–energy ball milling [8].
On the other hand the catalytic nature of oxides originate from their vacant
structure, therefore in this paper we have used VO2(B) to enhance sorption
properties of MgH2
EXPERIMENTAL
Composite material was synthesized by high-energy ball milling using Spex
8000M mixer mill. 85 mass% of commercial of MgH2 (Alpha Aesar 98%)
and 15 mass % of hydrothermally synthesized VO2(B) (from V2O5, Merck)
was used as a precursors. Composite was milled for 2h using ball to powder
ratio (BPR) 10:1. All samples were kept and handled in Ar atmosphere in a
glove box. DSC measurements were performed in temperature range from
80 to 500ºC, using 10K/min step. Desorption/absorption cycles were
performed at different temperatures and corresponding pressures to
determine the dependence of H2 sorption concentration and temperature of
activation using Hydrogen Sorption Analyser (HSA)
RESULTS AND DISCUSSION
HSA was used to examine the
volume of hydrogen released
from samples in a pre-set time
period and temperature. In
at
commercial
MgH2,
desorption temperature of
380°C, HSA curve reaches a
plateau (maximum capacity of
5.7wt.%) after 30 min (see
Fig. 1). At lower temperature
(350°C) desorption begins
only after 30 minutes, and
Figure 1. Sorption curves of commercial
after 100 minutes does not
MgH2
reach maximum desorption
(reached ~4.5wt.%) even in a
repeated cycle .
Also, capacity in absorption mode was significantly lower (~4.7wt.%)
compared to absorption capacity at 380°C.
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Milled composite material, with the
addition of 15 mass% VO2(B),
shows significant acceleration of
hydrogen
desorption:
at
temperature of 360°C maximum
capacity of 3.6 wt.% is reached
after ~80 seconds. At 350°C,
maximum desorption capacity of
3.6 wt.% is reached after ~95
seconds, and at temperature of
340°C capacity increases to
3.8wt.% and this value is reached
after ~125 seconds (see Fig. 2).
DSC curves of commercial MgH2
and composite material are shown
in Figure 3. It can be see that
temperature decreased from 454°C
to 401°C with temperature onset at
385°C. Since the area under the
peak is directly proportional to the
change in enthalpy, by integration
of DSC peaks it is obtained 1382J/g
for commercial MgH2, and 1025J/g
for
synthesized
composite.
Decrease in enthalpy corresponds to
decrease in hydrogen capacity
which is in accordance with the
results of hydrogen sorption
measurements.

H-25-P

Figure 2. Cycling curves of
composite material at 360oC

Figure 3. DSC curves of commercial
MgH2 and composite material

CONCLUSION
MgH2-VO2 composites were synthesized by mechanical milling. The
sorption reaction was followed by differential scanning calorimetry and
sorption analysis. Results indicate excellent catalytic activity of VO2(B) in
both adsorption and desorption process. The temperature onset for
desorption is significantly decreased. The main fact is that composite
demonstrate excellent reversibility in sorption reaction. The maximum
capacity of hydrogen is released in less than 2 minutes from synthesized
composites, representing a dramatic speed-up of kinetics performances
comparing to the unprocessed MgH2.
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ABSTRACT
The hydrogen desorption properties of vacant MgH2 structure were
investigated both experimentally and theoretically. Ion irradiation by Ar8+
and Xe8+ ions were used to induce structural changes in MgH2. Hydrogen
desorption properties were investigated by temperature programmed
desorption (TPD). To obtained deeper insight in structural changes during
desorption theoretical calculations were performed using DFT approach
within Abinit code. Results showed that there are several mechanisms
involved in desorption process, which depend on defect concentration, their
position and their interaction and ordering. It has been demonstrated that the
changes in near-surface area play the crucial role in desorption kinetics.
INTRODUCTION
Magnesium and magnesium based alloys have a great potential as
rechargeable hydrogen storage materials since its high hydrogen storage
capacity (7.6 wt %) and reversible, relatively simple, endothermic hydrogen
desorption reaction. However, slow kinetics and relatively high
dehydrogenation temperature still limit its practical application [1]. Severe
attempts have been made to overcome these drawbacks. The most used
method is nanostructuring of material by mechanical milling with different
types of dopants like transition metals, intermetallics, oxides, carbides [2-5],
etc. Metal oxides such as VO2 and CeO2 that have vacant structure were
proved as very effective catalysts [4, 5].
The other way to destabilize the MgH2 structure and improve its
hydrogen desorption kinetics is ion irradiation. By inert, heavy ion
irradiation it is possible to create a considerable amount of defects,
particularly vacancies and to control their quantity and depth distribution
through sample [6]. It is especially important for the surface layer
modification which condition is crucial for the hydrogen desorption
properties of material. On the other hand, DFT calculations can give an
insight in the stability of the system and consequently, the possible
mechanism of desorption process. From these calculations one can also
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determine the influence of vacancy position and concentration on the
hydrogen desorption energy [7].
In this paper, mechanism of hydrogen desorption from MgH2 irradiated with
Ar8+ and Xe8+ ions is investigated and correlated with DFT calculation
findings.
EXPERIMENTAL
Commercial (Alfa Aeser, (AA), of purity 98%, with initial mean particle
diameter of 38 μm) MgH2 powder was prepared as explained in our
previous work and homogeneously irradiated using 120 keV and Ar+8
(sample A16) and Xe+8 (sample S16) ions with fluence of 1016 ions/cm2 [6].
Interaction of incident ions with material was calculated using Monte Carlo
method as implemented in SRIM package. X-ray analysis was by Siemens
KRISTALLOFLEX D-500 device, with Cu-Kα Ni filtrated radiation
(λ=1.5406 Å). Malvern 2000SM Mastersizer laser scattering particle size
analysis system was used to obtain the quantitative MgH2 particle size
distributions. Homemade apparatus with a quadruple mass spectrometer
EXTORR XT300 were used for TPD measurements. The kinetic parameters
were deduced using non-isothermal approach.
For DFT calculations Abinit code and Troulliere Martins pseudopotentials
were used. (110) plane was exposed and the supercell consists of 12 parallel
atomic planes with total of 96 atoms, with H two-fold bonded surface
atoms. The surface of the supercell was separated from its periodic image by
1,5 nm of vacuum.
RESULTS AND DISCUSSION
In the table 1 are given number of produced vacancies per incident ion and
range of maximum ions in the sample. It can be seen that the Xe8+ ions
produce about 50 % more vacancies than Ar8+ which are deposited nearer to
Table 1. SRIM, XRD, laser scattering and kinetic data for commercial (AA)
and samples irradiated with Xe8+ (S16) and Ar8+ (A16) ions with fluence of
1016 ions/cm2
Sample Produced
Range
Crystallite Mean
AvramiEades
vacancies maximum
size
particle parameter (kJ/mol)
per ion
position
(nm)
size
(nm)
(μm)
AA
83
38
3
372
S16
1818
85
45
21.7
4
97
A16
1244
175
76
22.6
2
215
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the surface. XRD data showed small decrease in crystallite size for
irradiated samples and shift of peaks towards higher angles as a
consequence of material disordering. Besides, there are visible peaks of
Mg(OH)2 and MgO phases in samples S16 and A16 as a consequence of
high reactivity of MgH2 towards oxygen an moisture from air. Mean particle
size of irradiated samples is also reduced, but with no significant difference
between samples A16 and S16. Hydrogen desorption temperatures are 720,
643 and 665 K for samples AA, S16 and A16 consequently. The best fitting
of thermal data was achieved by using Avrami-Erofeev nucleation models
and results given in table 1 show significant decrease in apparent activation
energy for hydrogen desorption for both irradiated samples, but more
pronounced for the sample S16. There can also be seen change in the
dimensionality of nucleus growth from 3D in sample AA to 2D for A16 and
random in S16. It can be assumed that the reduction of temperature and activation energies are caused
by the increase of diffusion coefficient of hydrogen
in subsurface layers of destabilized MgH2 and increase in the number of
active sites for hydrogen
molecule recombination,
both results of the vacant
surface structure. This
explanation is supported
by Park et al. on type and
behavior of defects in the
magnesium hydride in
conditions of extremely
Figure 1. The H-vacancy formation energies
poor hydrogen, existing
in the (110) MgH2 sub-surface layers as a
during dehydrogenation
function of surface coverage with H atoms.
Configurations with 1 and 3H vacancies in 3rd process [8]. These effects
are dominant for the saand 6th layer are connected with dashed line.
mple S16 that has more
vacancies closer to the sample surface. So, the concentration of defects has
effect on desorption temperature and activation energy, while their position
influences the reaction mechanism.
Results of DFT calculation (Fig. 1) showed that H-desorption energy
strongly depends on number of surface H atoms and their configuration.
Surface vacancies considerably lower the H-vacancy formation energies as
well in the sub-surface layers. These results suggest that the role of surface
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hydrogen concentration and distribution is decisive for the H-desorption
kinetics, not only because of lowering the potential barrier for further Hdesorption, but an increased number of surface hydrogen vacancies supports
creation of the sub-surface vacancies network and make diffusion of bulk
hydrogen atoms toward the surface easier.
CONCLUSION
The influence of structural changes induced by heavy ion irradiation using
Ar and Xe ions on desorption properties of MgH2. To obtain deeper insight
in structural changes DFT calculations using Abint code has been
performed. It has been shown that the large concentration of the surface and
near-surface vacancies promotes diffusion of H atoms toward the surfaces of
grains, which lowers temperature and activation energy of H2 desorption.
Not only that concentration, but also the depth distribution of vacancies
have strong influence on the desorption process.
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ABSTRACT
This work describes radiolytic in situ incorporation of lead sulfide
nanoparticles (PbS NPs) in poly(vinyl alcohol) (PVA) hydrogel. Optical,
structural, swelling and diffusion properties of prepared PbS/PVA hydrogel
nanocomposite were investigated. Obtained results indicate formation of
PbS NPs with a cubic crystal structure and diameter around 3 nm.
Incorporation of PbS NPs in PVA hydrogel causes a change in the swelling
and diffusion properties.
INTRODUCTION
In the last decade, the preparation of nanoparticles and nanomaterials has
been very interesting subject in nanotechnology science. Organic polymers,
especially hydrogels, are an attractive class of materials due to unique
properties, and represent a good platform for nucleation and growth of NPs
due to free space between the polymer chains that serve like nanoreactors in
hydrogel swollen state (template synthesis). The mesoporous network of
hydrogels as a matrix is a suitable template for the in situ synthesis,
stabilization and distribution of metal NPs (Ag, Au) as well as
semiconductor NPs (CdS, PbS). These nanocomposite materials have
potential biomedical application, but also can be used for the fabrication of
novel photonic materials and “solid state” solar devices where the spacing
between NPs can be tuned for optimum photovoltaic efficiency.
The properties of nanocomposites are strongly dependent on the method of
preparation and experimental conditions. Among a number of techniques
reported for the synthesis of nanocomposite systems, the radiolytic method
is one of the most promising strategies due to several advantages compared
to conventional methods. The aim of this work was to investigate the
possibility of the radiolytic in situ incorporation of PbS NPs within the PVA
hydrogel, previously crosslinked also by gamma irradiation, as well as to
explore the influence of PbS NPs on swelling and diffusion properties of
polymer network.
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EXPERIMENTAL
PVA solution (5 wt.%) was exposed to gamma irradiation (60Co source,
dose rate 0.5 kGy/h, absorbed dose 25 kGy) to induce crosslinking of
polymer chains, and PVA hydrogel with 86% weight fraction of gel was
obtained. Then, PVA xerogel was immersed in water solution of lead nitrate
(Pb(CH3CO2)2, 5·10-4 M) and 1-dodecanethiol (CH3(CH2)11SH, 1·10-2 M),
previously saturated with Ar in order to remove oxygen. The swelling of
polymer network was carried out at room temperature for 24 h, and then the
sample was gamma irradiated (dose rate 12.3 kGy/h, absorbed dose 3.2
kGy). The obtained PbS/PVA nanocomposite was characterized by UV-Vis,
XRD, SEM and swelling measurement in water at 25oC. The crystalline
domain size was determined from XRD by Sherrer formula (D=kλ/βcosθ,
where k=0.9 is a constant for cubic structure, =0.1541 nm is the X-ray
wavelength, β is the full width at half maximum, and θ is the diffraction
angle), while the lattice constant was calculated as a=dhkl(h2+k2+l2)1/2 (dhkl
is space between the planes in the atomic lattice, while h, k, and l are Miller
indices). Swelling process was monitored gravimetrically by measuring
mass of swollen hydrogel at predetermined time intervals (mt), until the
initial mass of xerogel (m0) was equilibrated (meq). The swelling degree was
calculated as SD=(mt-m0)/m0, and the equilibrium swelling degree (SDeq)
was determined by replacing mt with meq. Power law approach
(SD/SDeq=ktn, where k is the kinetic constant related to the structure of the
network, t is the time and n is the diffusion exponent) was used to determine
the diffusion model and to calculate the kinetic parameters of diffusion. The
values of the kinetic parameters k and n were determined from the intercept
and slope, respectively, of the curves of ln(SD/SDeq) versus ln t by linear
fitting at the initial stage of swelling (SD/SDeq≤0.6). Diffusion coefficient
was calculated as D=k1/n2/16, where  is the sample thickness.
RESULTS AND DISCUSSION
The mechanisms of the formation of nanocrystalline sulfides under the
gamma irradiation are not very clear up to now. However, when the solution
containing Pb2+ ions and appropriate sulfur source is irradiated, a series of
reaction will happen. It is well known that some radiolytic species,
including eaq, H3O+, OH, H, H2 and H2O2 are generated when water is irradiated. The solvated electrons (eaq) has so strong reducing capability
that CH3(CH2)11SH can be reduced to S and further to S2. Then, the S2
anion combines with Pb2+ cation to generate PbS NPs [1]. Thus formed PbS
NPs are entrapped in the PVA network, and prepared PbS/PVA hydrogel
nanocomposite is insoluble in water.
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Figure 1. (a) UV-Vis absorption spectra of crosslinked systems and
(b) XRD pattern of PbS/PVA xerogel nanocomposite.
Optical absorption spectra of PVA and PbS/PVA nanocomposite are
presented in Fig. 1(a). The lack of excitonic peaks in the absorption spectra
of nanocomposite is mainly explained by inhomogeneous broadening due to
the size distribution of NPs, as well as by nature of polymer matrix.
Moreover, the disappearance of the excitonic peak can be attributed to
surface-related charge separation and polarization effects in PbS NPs, which
were sensitive to the charges on the surfactant molecules [2]. In the case of
investigated nanocomposite, the crosslinking of polymer chains induce the
changes in the structure of polymer matrix, and probably thus leads to a
change in the charge on the NPs surface.
The X-ray diffraction pattern of PbS-PVA nanocomposite is shown in Fig.
1(b). The XRD peaks correspond to Bragg’s reflections from the crystalline
planes (200), (220) and (311) of PbS NPs with the face centered cubic
crystal structure (JCPDS Card File No. 5-592). The crystalline domain size
(D) was found to be around 3 nm. Additionally, the lattice constant (a) was
calculated and obtained value of 0.5917 nm for spacing d220=0.2092 nm is
close to the value from the JCPDS (a0=0.5937 nm).
Figure 2. SEM
micrographs of
PbS/PVA
xerogel
nanocomposite

.
The SEM analysis shows that PbS/PVA nanocomposite has an uneven,
partly open surface (Fig. 2(a)) with visible pores of different sizes, resulting
from the evaporation of water from the sample during the lyophilization
(process of sample preparation by freeze-drying). Fig. 2(b) indicates that the
porous structure is a characteristic of the whole sample volume. Such a
porous three-dimensional network structure is essential for the absorption
and storage of large amounts of water within the hydrogel.
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Swelling capacity is one of the most important parameters for evaluation the
properties of hydrogels. Fig. 3 depicts the swelling curves of the PVA and
PbS/PVA nanocomposite. It’s clearly seen that isothermal kinetics swelling
curves are similar in shape, but incorporation of PbS NPs in the PVA
hydrogel induced the slightly decreased of swelling capacity and diffusion
coefficient of PbS-PVA nanocomposite compared to pure PVA.
Characteristic parameters of swelling process (SDeq, k, n, D) for investigated
systems are presented in Table 1. The obtained results indicate that hydrogel
systems show non-Fickian or anomalous diffusion (0.5<n<1) when the rates
of diffusion and polymer chain relaxation are comparable [3].
Table 1. Characteristic parameters obtained
from swelling measurements.
Sample

SDeq

k
(1/min)

n

D×107
(cm2/mi
n)

7.35±0.0
0.12 0.59 1.37
9
PbS/PV 6.32±0.0
0.06 0.78 1.25
A
6
Figure 3. Swelling curves of PVA and PbS/PVA nanocomposite in water at
25oC, and best linear fits of swelling curves (insert).
PVA

CONCLUSION
The PbS NPs, with diameter around 3 nm, have been successfully
synthesized within the pores of PVA hydrogel using the gamma irradiation
technique. Optical properties of PbS/PVA xerogel nanocomposite strongly
depend on the structure of polymer matrix (crosslinked or uncrosslinked).
Incorporation of PbS NPs into PVA hydrogel causes a slightly decrease in
swelling capacity and diffusion coefficient compared to pure PVA, while
non-Fickian diffusion transport mechanism remains unchanged.
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ABSTRACT
In this work, silver nanoparticles (AgNPs) are synthesized within thermoresponsive poly(N-isopropylacrylamide) (PNiPAAm) hydrogels of different
concentrations, by γ-irradiation. The UV-Vis plasmon absorption
characterization of AgNPs and its modeling using Mie theory showed that
their diameters are less than 20 nm. The X-ray diffraction (XRD) data are
consistent with the face centered cubic (FCC) crystal structure of bulk
metallic Ag. The negative lattice strain (lattice contraction) was observed
for the samples where the AgNPs are incorporated in the xerogel solid
matrix of highest polymer concentration (15 wt.% PNiPAAm). The lattice
parameter values are found to be higher than the bulk lattice parameter of
Ag for larger nanoparticles formed in 5 wt.% PNiPAAm, whereas the
crystallites were under tensile stress. On the other hand, for smaller
nanoparticles formed in 15 wt.% PNiPAAm, crystallites were under
compression stress (negative stress) whereby the lattice is contracted.
INTRODUCTION
The realization of potential application of metal nanoparticles in the fields
such as optic, photonic, catalysis or in biomedicine, has led to the need to
produce samples of well defined metal clusters stabilized in protective
matrices. It is important because trends in the crystallite size/strain are
related to the properties of the nanoparticles and consequently to the
properties of the resulting nanocomposites [1].
The aim of this research was to investigate the influence of the
concentration of the crosslinked polymer matrix of PNiPAAm in the form of
hydrogel/xerogel as nanoreactor template on the structural characteristics of
AgNPs synthesized in situ by γ-irradiation. Therefore, using the XRD
structural analysis the various crystalline properties of these nanoparticles
such as lattice parameter, size, strain and stress have been calculated.
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Moreover, the UV-Vis plasmon absorption characterization of AgNPs and
its modeling using Mie theory is performed [2]. The SEM analysis is used to
investigate the morphology of PNiPAAm networks.
EXPERIMENTAL
Aqueous solutions of NiPAAm (5, 10 and 15 wt.%) (bubbled with Ar) were
exposed to γ-irradiation, at room temperature, and at a dose rate of 0.5
kGy/h (total absorbed dose of 25 kGy) to induce crosslinking. The weight
fraction of gel (ratio of the water-insoluble fraction to the feed monomer)
was 95.5 (for 5 wt.% PNiPAAm), 97.3 (for 10 wt.% PNiPAAm) and 96.8
(for 15 wt.% PNiPAAm). The hydrogel samples were equilibrated in the
solutions containing 1×10-2 M AgNO3 and 0.2 M 2-propanol, and exposed
to γ-irradiation (dose rate 12.3 kGy/h, total absorbed dose 18 kGy).
Characterization of the as prepared AgNPs was carried out using Thermo
Fisher Scientific Evolution 600 UV-Vis spectrophotometer. The surface
morphology of the samples was observed using JEOL JSM-6610LV SEM.
The XRD measurements were performed on Bruker D8 Advance
Diffractometer (Cu K1 radiation,  = 0.1541 nm).
RESULTS AND DISCUSSION

Figure 1. Experimentally obtained UVVis absorption spectra (solid line) and
spectra obtained by simulation according
to the Mie theory (dashed line) [up], SEM
micrograph of PNiPAAm xerogel [left].

Figure 1(up) shows the UV-Vis spectra of the Ag-PNiPAAm hydrogel
nanocomposites, experimentally obtained (solid line), and obtained by
simulation according to the Mie theory (dashed line). The diameter of
AgNPs was determined by applying the program, “MiePlot v.3.4”.The SEM
micrograph of polymer network is shown in Figure 1(left).
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The obtained XRD data (Figure 2) are consistent with the face centered
cubic (FCC) crystal structure of bulk silver (JCPDS FileNo. 04-0783). The
diffraction maxima at 2θ angle values correspond to the Bragg's reflections

Figure 2. XRD patterns of AgNPs in PNiPAAm xerogel matrix (a) 5 wt.%,
(b) 10 wt.% and (c) 15 wt.%.

from the crystal planes (111), (200), (220) and (311), (d0=0.236 nm,
a0=0.4086 for the crystal plain (111)). To distinguish the effect of crystallite
size induced broadening and lattice distortion induced broadening at full
width at half maximum (FWHM) of XRD profile, Williamson-Hall plots [3]
have been drawn for all the reflections of each sample (insert of Figure 2).
Using the Eq. (1), the grain size and the lattice strain are determined from
the intercept and the slope of line, respectively:
(1)
 cos   k D   4 sin 
where β is the FWHM in radian, θ is the diffraction angle, k=0.9 is a
constant for cubic structure, λ=0.1541 nm is the X-ray wavelength, D is the
grain size in nm, ε is the strain. Strain is defined by the relation ε=Δd/d0
where d is the interplanar spacing [4]. The lattice strain thus obtained is
from -0.001 to 0.002 (Figure 3(a)). Theoretical study predicts significant
negative lattice strain (lattice contraction) for NPs smaller than 5 nm, but
even for NPs of 30 nm the small lattice contraction is suggested [5]. The
lattice contraction is caused by the bond-order loss and effective
coordination number (CN) imperfection induced bond contraction at the
surface shell. Here, lattice contraction was observed for the samples where
the AgNPs are incorporated in the xerogel solid matrix of highest polymer
concentration (15 wt.% PNiPAAm). The intrinsic stress () is calculated on
diffraction maxima (111), the most intense and well defined peak for FCC
materials, using Eq. (2):
  Y a  a0  2a0
(2)
where a and a0 are the lattice parameters of the prepared samples and bulk
samples, respectively, while Y and  are the Young’s modulus and Poisson’s
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ratio of the bulk sample. The lattice parameter was calculated as
a=dhkl·(h2+k2+l2)1/2 (d=λ/2sinθ and h, k, and l are Miller indices) (Table 1).
Table 1. Summarized XRD data obtained for crystal plane (111).
β (degree)
a (nm)
PNiPAAm (wt.%)
2θ (degree)
5
38.1
0.38
0.4089
10
38.0
0.49
0.4099
15
38.3
0.53
0.4068
The lattice parameter values are found to be higher than the bulk lattice
parameter of AgNPs for larger nanoparticles formed in 5 wt.% PNiPAAm,
whereas the crystallites were under tensile stress (positive stress, as shown
in Figure 3(b)). On the other hand, for smaller nanoparticles formed in 15
wt.% PNiPAAm crystallites were under compression stress (negative stress)
whereby the lattice is contracted.

Figure 3. Lattice strain as a function of size of AgNPs (a) and lattice stress
as a function concentration of PNiPAAm xerogel.
CONCLUSION
The changes of interplanar spacing and lattice parameter of crystalline
AgNPs sensitively reflect their state of strain and stress depending on the
formation conditions (the concentration of PNiPAAm hydrogel/xerogel
matrix) and consequently on the diameter of AgNPs.
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ABSTRACT
Preparation of RuOxHy/carbon black nanocomposite material was performed
by the microwave (MW) impregnation. Vulcan XC-72 R (XC) were used as
the carbon black substrate. Microwave-assisted synthesis was used to prepare RuOxHy sol, whereas nanocomposite material was obtained by microwave or ultrasonic (US) impregnation. A sample of the composite were
calcined in nitrogen atmosphere at the temperature 300 C for 1 h. The
capacitive behavior of the composite was checked by cyclic voltammetry
(CV) in 1 mol dm-3 H2SO4. The MW impregnation resulted in valuable
increase in composite capacitance, while US impregnation by previously
MW-synthesized RuOxHy sol showed poor capacitance improvement.
INTRODUCTION
Ruthenium oxide, RuO2, is a well-known electrode material with excellent
electrocatalytic features for many electrochemical processes. While the
anhydrous, crystalline rutile RuO2 is a metallic conductor [1], hydrous
ruthenium oxide exhibits mixed electron/proton conductivity, which makes
it a promising candidate for the use in energy-storage devices such as
electrochemical supercapacitors [2–4]. The specific capacitance was
reported to be as high as 720 F g-1 and it is strongly dependent on the degree
of structure ordering and crystalline water content [3–6]. The capacitive
performances of hydrous ruthenium oxide can be improved if its pseudocapacitance is combined with double layer capacitance of carbon blacks
[5,6]. This can be done by preparing the carbon-supported RuOxHy. The
preparation procedure includes the precipitation of hydrous oxide from
RuCl3 in water [5,6] or Ru(OC2H5)3 in ethanol solution [7] containing
carbon black. In this work, the carbon-supported RuOxHy composite was
prepared by an impregnation method, starting from hydrous ruthenium
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oxide sol obtained by the microwave (MW) heating-assisted forced hydrolysis of RuCl3. The oxide particle size and distribution can be controlled
during the sol preparation procedure [8], which is reflected in better
properties of the composite. This MW-assisted method is expected to be
advantageous if compared to precipitation procedure and classical forced
hydrolysis method since MW synthesis is much faster and simpler. The aim
of this work is to check if better supercapacitive properties could be gained
by using MW heating. The investigation was focused on the synthesis
process steps mainly, with routine checking of capacitive properties by
cyclic voltammetry (CV).
EXPERIMENTAL
The ruthenium oxide sol was prepared by forced hydrolysis of RuCl3 in
acidic medium induced by MW heating [8,9]. 0.5 g of RuCl3 was added into
the 5 ml HCl aqueous solution having the concentration of 0.27 mol dm-3.
The 1 ml of this solution was added to 40 ml 0.27 moldm-3 HCl aqueous
solution to form the 11.1 g dm-3 RuCl3 solution. This solution was heated in
microwave at 350 W for 0–5 min with 1-min steps, 2 ml of sample was
taken after each step. Sol samples were marked MW0–MW5, respectively.
180 mg of Vulcan XC-72 R (XC) was suspended in 60 ml of 0.27 mol dm-3
HCl in an ultrasonic (US) bath (40 kHz) at 25 C for 1 h. Then 7 ml of this
suspension was mixed with 1 ml of each MW0–MW5 sample and treated in
US bath at 25 C for additional 1 h (US impregnation). One of the samples
was prepared in by MW impregnation method as follows and denoted as
XMW. 60 mg of XC was mixed with 2 ml of MW5 and than it was heated
in microwave at 100 C for 7 min. After separation from the impregnating
medium, the composites were dried in air at room temperature for 24 h. In
order to check the influence of calcination temperature the samples were
thermally treated under nitrogen atmosphere at 300 C for 1 h. The prepared
composite was US-dispersed in water and certain amount of the suspension
was pipetted onto glassy carbon disk assembly substrate, which served as
current connector, to make the amount of composite layer of 0.31 mg/cm2.
The applied suspension was left to dry in air at room temperature and then
covered by 10:1 (V/V) mixture of distilled water and commercial Nafion
alcoholic solution (5 mass %, 1100 E.W., Aldrich). The covered layer was
then dried in air at room temperature for about 24 h. The capacitive
properties of the composites were investigated by CV in 1.0 mol dm-3
H2SO4 saturated with nitrogen. CV measurements were done at room
temperature in a three-compartment cell equipped with Pt mesh as the
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counter electrode and Ag/AgCl as the reference electrode. All potentials in
the paper are referred to Ag/AgCl.
RESULTS AND DISCUSSION
The cyclic volltammograms of MW0–MW5, XMW and XC are shown in
Figure 1A. The capacitive currents of the samples MW0–MW5 do not differ
and are quite the same as those registered for XC. This shows that the
applied US-assisted preparation did not resulted in impregnation. Apparently the surface acid–base properties of XC and RuOxHy particles are not
suitable for composite formation. On the other hand, XMW showed valuable increase in capacitive performances, although the CV currents tend to
decrease. The highest currents in cyclic volltammograms (Imax) are observed
in anodic branch of CVs around 500 mV. Imax drops from 0.265 (XMW
curve in Figure 1A) to 0.150 mA (XMWc20 curve in Figure 1A), while CV
response enters the steady state. In the case of XC and MW0–MW5
samples, Imax is around 0.70 mA and poorly sensitive to cyclization. Figure
1B shows CVs of composite materials calcined at temperature of 300 C.
No temperature effects were registered in the case of MW0–MW5 samples.
This confirms the absence of impregnation by US method. Calcinations of
XMW sample (XMW300 curve in Figure 1B) caused the decrease of CV
currents in comparison to XMW sample. However, the stability appears
improved since Imax drops from 0.191 (XMW300 curve in Figure 1B) to
0.125 mA (XMW300c20 curve in Figure 1B) after 20 cycles, which were
also required for the sample to enter the steady state CV response.

Figure 1. First and steady-state cyclic voltammograms of C/RuO2 composites
synthetized by US (MW0–MW5) and MW impregnation method (XMW); A) asobtained and B) calcined at 300 C in N2 athmosphere. Electrolyte: 1 M H2SO4;
room temperature; scan rate: 50 mV s-1. The steady-state CVs have “c20” notation.

This is relatively smaller decease in comparison to thermally non-treated
XMW sample. It follows that calcinations cause the more defined structure
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of the oxide, but also less hydrated, with the later known to be beneficial for
the enhancement of pseudocapacitive performances.
CONCLUSION
Composite materials synthetized by microwave (MW) impregnation method
showed valuable increase in capacitance in comparison to commercial
carbon black (XC). The capacitance is unstable and drops to around 50 %
from starting value, which is still much higher in comparison to XC.
RuOxHy sol synthesized by forced hydrolysis with MW heating showed poor
ultrasonic-assisted impregnation ability. MW impregnation method is very
promising method for synthesis of supercapacitor composite materials and
future work should focus to improve stability of composite materials
synthetized by MW heating.
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ABSTRACT
A single-step process for rapid fabrication of large-area concave microlens
arrays using a diode-pumped solid state (DPSS) laser operating at 473 nm is
developed. Using tartrazine sensitized gelatin layer treated with tot’hema mixture of iron (II)-, manganese (II)- and copper(II)gluconate- (denoted
short as tSTG) and a direct laser writing device developed in our laboratory,
we could produce 10 000 uniform microlens arrays within 30 min. Uniform
microlenses with different diameters and depth can be produced by varying
the laser power, exposure time and dye concentration.
INTRODUCTION
Two dimensional (2D) microlens arrays, consisting of small lenses ranging
in diameter from several micrometers to nearly 1 mm, find their applications
in micro-optical devices, displays, biochemical systems, and artificial
compound eyes [1-3]. Various methods are used for the microlens arrays
fabrication: hot embossing, thermal reflow, droplet process and gray scale
photolithography [4-6].
In this paper, we present a fast, single-step process for fabrication of largearea concave microlens arrays using a direct laser writing method. Within
30 min, 10 000 microlenses with a diameter of 50 μm and depth of 3 μm,
were produced on a thin tSTG layer using blue laser light (473 nm). The
layer is easy to prepare, cost-effective, elastic, biocompatible, thermally
stable and nontoxic [7-9]. The produced microlens array can be used as a
concave large-area microlens array, or as a mold for replication onto
polydimethylsiloxane (PDMS) that is suitable for different applications [10].
RESULTS AND DISCUSSION
Thin tSTG layer was prepared on a glass microscope slide following the
procedure described in our previous papers [7-9], using tartrazine, a lemon-
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yellow, water soluble food dye (E 102) with maximum absorbance at (427 ±
2) nm, instead off eosin to modify the spectral properties of the material.
The absorption spectrum of the tSTG layer was analyzed using a fiber-type
spectrometer (Ocean Optics) equipped with a tungsten-halogen lamp. The
absorption spectrum of the tSTG layer is shown in Figure 1.
The large-area microlens array
was produced using the diode
pumped solid state (DPSS) laser
operating at 473 nm wavelength
and output power of 50 mW to
illuminate the tSTG layer, as
shown in Figure 2.
The laser beam was focused
with a microscope objective (50×
0,55NA) on the sample mounted
on a precise xy- linear translation
stage used for positioning the
Figure 1. Absorption spectrum
tSTG layer with step resolution of
of tSTG layer
up to 25 nm and position
repeatability of 2 μm. Software
(developed in Microsoft Visual
Studio) reads an image file and
sends control data to the
programmable controllers which
coordinate the translation stage and
the shutter. The microlens array is
recorded lens by lens using the
program which determines the
Figure 2. Scheme of the microlens microlens array parameters from
array fabrication on the tSTG layer the image file.
By controlling the laser power, exposure time and distance among
neighbour microlenses we were able to create closely packed microlens
arrays.
Also, we can change the microlens parameters such as: depth, diameter,
focal length. Influence of exposure time on the lens depth, for the laser
power of 20 mW, is shown in Fig. 3. As can be seen the lens depth rapidly
grows, and increases with exposure time. After a few seconds, depending on
the laser power the depth stops growing, reaching its final value (the lens is
completely formed).
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Array of 100 x100 microlenses
was produced on the 100 µm thick
tSTG layer irradiated by a DPSS
laser operating at a 473 nm
wavelength. The exposure time
was 200 ms and laser power of 20
mW. The microlens array is
produced on 1cm×1cm of tSTG
layer. Profilometry was used to
obtain
three–
and
two–
dimensional profiles of tSTG
microlenses, shown in Figure 4.

Figure 3. Variation of depth tSTG
microlens with exposure

a)

b)

c)

Figure 4. Surface profile of tSTG microlens array: a) Interference fringe
pattern of a single microlens; b) 3D profile of the array; c) 2D surface
profile of a single microlens; Morphology of the microlenses array was
analyzied using non–contact profilometry (3D optical surface profiler Zygo New View 7100).

The microlenses with diameter of 50 μm and depth of 3 μm are obtained
with good repeatability. An image of the number “5” taken by a digital
camera through the optical microscope and tSTG microlens array is shown
in Fig. 5, and representing the image quality. Also, hexagonal closely
packed microlens arrays were made, and can be used to imitate biological
compound eyes structure.
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taken through the microscope and
tSTG microlenses array
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CONCLUSION
In summary, a fast, single step
fabrication process of 2D concave
microlens arrays is described. 10 000
(array of 100x100) microlenses are
produced on tartrazine sensitized
tot’hema gelatin layer (short tSTG)
by DPSS laser operating at 473 nm.
Convex microlenses can be also mass
replicated using the concave as
molding templates.
The closely packed tSTG
microlenses show good optical and
imaging properties, and can be used
for various applications such as:
medical laser, optical sensors, lightfield cameras, biological structure...
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ABSTRACT
Shape memory effect is characterized by the recoverability of desired shape
of the material at different conditions. Shape memory effect is based on a
solid state phase transition, martensitic transformation. Martensitic
transformation is a first order thermal-induced transition and occurs in the
materials on cooling from high temperature parent phase region called
austenite phase. Martensitic transformation occurs as lattice twins in selfaccommodating manner with the cooperative movements of atoms The
movement of atoms is confined into inter-atomic distances called lattice
parameters on {110}-type planes of austenite matrix. Copper based alloys
exhibit this property in metastable -phase field, which have bcc- based
structures at high temperature. These structures martensiticaly undergo the
non-conventional structures on cooling from high temperature parent phase
region.
INTRODUCTION
Shape memory alloys take place in a class of functional materials by
exhibiting a peculiar property called shape memory effect. This property is
characterized by the recoverability of a certain shape of material at different
conditions. Shape memory effect is based on martensitic transformation
which is a solid state phase transformation occurring with the cooperative
movements of atoms in the alloy on cooling from high temperature austenite
phase region. Shape memory effect
refers to the shape recovery of
materials resulting from martensite to austenite transformation when heated
above reverse transformation temperature after deforming in the martensitic
phase. These alloys also cycle between two certain shapes with changing
temperature.
Copper based shape memory alloys exhibit this property in -phase field.
These alloys are metastable and undergo two ordered transitions on cooling,
and bcc structures turn into B2(CsCl) or DO3(Fe3Al) -type ordered
structures. These ordered structures martensiticaly undergo the nonconventional structures on further cooling, and
structural changes in
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nanoscale level govern this transition. Atomic movements are also confined
to interatomic lengths in sub-μm or angstrom scale.
Martensitic transformations occur in a few steps with the cooperative
movement of atoms less than interatomic distances by means of lattice
invariant shears on a {110} - type plane of austenite matrix which is basal
plane or stacking plane of martensite. These shears give rise the formation
of unusual complex structures called long period layered structures such as
3R, 9R or 18R depending on the stacking sequences on the close-packed
planes of the ordered lattice. The complicated long-period stacking ordered
structures mentioned above can be described by different unit cells. The
close-packed planes, basal planes, exhibit high symmetry and short range
order as parent phase, but the periodicity and unit cell is completed through
18 layers in direction z in 18R-type structures, and the unit cell has not any
symmetry in this direction. Therefore, the unit cells in the product phases of
the mentioned alloys are not periodic in short range in direction z. All of
these martensite phases are long-period stacking ordered structures that is
the underlying lattice is formed by stacks of close-packed planes. The
stacking of (110) -planes in DO3-type structure and formation of layered
structures are shown in Figure1.
Martensitic transformation is characterized by a change in the crystal
structure of the material at nano-level rather than micro-level, and the
transformed region consists of parallel bands containing alternately two
different variants. These variants form internally twinned regions [1].

Figure 1. a) Stacking of (110) planes viewed from [001] direction,
b) atomic configuration on first and second layers of (110)  plane in DO3type structures, c) inhomogeneous shear and formation of layered
structures, stacking sequences of half 18R or M18R unit cell in direction z.
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All of these martensite phases are long-period stacking ordered structures,
more specifically, microstructural evaluation provides a mechanism by
which the transformation from the high temperature austenite phase to the
low temperature martensite phase takes place [2, 3].
The lattice of high temperature austenite phase has high symmetry, while
the product martensite has low symmetry, and martensitic transition requires
special changes in symmetry and relations between the lattice parameters.
The fundamental structures of the beta-type martensites are orthorhombic
close-packed structures, and monoclinic distortion takes place in some cases
by means of microstructural evaluation depending on the atomic distribution
in nanoscale or angstrom scale and 18R structure is modified as M18R.
EXPERIMENTAL
In the present contribution, a CuZnAl alloy, Cu-26.1%Zn-4%Al(in weight)
was investigated. Powder specimens for X-ray examination were prepared
by filling the alloys. Specimens for TEM examination were also prepared
from 3mm diameter discs and thinned down mechanically to 0.3mm
thickness. An x-ray powder diffractogram taken from the quenched
CuZnAl alloy sample is shown in Figure 2. An electron micrograph
showing fine martensite structure and electron diffraction pattern take from
taken from the quenched CuZnAl alloy samples are shown in Figure 3a
and b, respectively. X-ray powder diffractograms and electron diffraction
patterns reveal that this alloys exhibit superlattice reflections.
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Figure 2. An x-ray diffractogram taken from the CuZnAl alloy sample.

A series of x-ray diffractograms taken in a large time interval show that
peak locations and peak intensities change with ageing duration. In
particular, some successive peak pairs whose Miller indices provide a
special relation come close each other. These changes lead to the martensite
stabilization and diffusion-controlled process [3]. Martensite stabilization
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is a diffusion controlled phenomena, and this result leads to redistribution of
atoms on the lattices sites.
Figure 3. a) An electron
micrograph of fine
martensite structure
( 90k), and (b) electron
diffraction patterns taken
from CuZnAl alloy
sample.

Metastable phases of copper-based shape memory alloys are very sensitive
to the ageing effects, and heat treatments can change the relative stability
and the configurational order of crystal planes. Atom locations in the lattice
sites in the crystal unit cell are also very important for the analysis and
process of transformation.
CONCLUSIONS
It can be concluded from the above results that the copper-based shape
memory alloys are very sensitive to the ageing treatments. The diffracted
angles and intensities of x-ray diffraction peaks chance with ageing duration
in martensitic condition. In particular, some successive peak pairs come
close each other. These changes lead to the martensite stabilization in the
redistribution or disordering manner, and stabilization proceeds by a
diffusion-controlled process.
Key Words: Shape memory effect, martensitic transition, lattice invariant
shear, layered structures, stacking sequence.
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ABSTRACT
The paper presents the determinations of the valence band gaps and plasma
energies of the galena, sphalerite and chalcopyrite natural minerals. The
work was carried out using differential optical reflectance spectroscopy of
the clean mineral surfaces. The determination of the optical properties such
as refractive index, real part of the complex dielectric constant and the
location of certain van Hove singularities, was carried out using the
framework of the Kramers-Kronig formalism.
INTRODUCTION
Studying optical and electrical properties of thin films formed in adsorption
processes during froth flotation can be done via optical methods, permitting
a good evaluation of the surface mechanisms, explaining the details of the
adsorption processes of the collector reagents on the surface of the natural
semiconductor minerals. A precursor to such studies must be the
determination of optical and electrical functions of the natural mineral itself.
Using the UV-VIS reflection spectra, and with the aid of Kramers-Kronig
formalism, the following optical functions can be evaluated in the case of
each natural mineral: the optical absorption coefficient, the refraction index,
the absorption and extinction coefficient, the effective valence number, the
dielectric permittivity and loss, the characteristic electrons loss functions,
etc. One also can determine the width of the valence (pseudo)band gap and
the electron plasma energy of the semiconductor.
EXPERIMENTAL SETUP AND THEORY
Optical methods allow “in situ” determinations of the evolution of the
collector reagent adsorption thin layer formed on the surface of galena,
sphalerite or chalcopyrite minerals without disturbing the internal
development of the processes. Differential reflectance spectroscopy relies
on monitoring the change of the relative reflectance of the adsorption
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interface, permitting continuous evaluations. For such studies the reflectance
of the clean mineral surface is needed. Studying this problem one can
deduce the valence (pseudo)band gap and electron plasma energies of these
minerals.
Considering a complex form of the refraction and absorption index n*=n+ik,
where n is the refractive index and k is the extinction coefficient, the
dielectric coefficient ε=ε1+iε2 will take also a complex form, where ε1 is the
dielectric constant and ε2 is the dielectric loss function. In a semiconductor,
near the van Hove singularities, both –Im ε-1 and –Im (1+ε)-1 will have
extrema, as the electron energy losses are maximal. The dependence of
these functions on incident photon energy determines the type of the special
points, the form of the energy band in that particular energy region and the
dispersion of the electron and hole effective masses.
The use of adequate software to cover by extrapolation a broader frequency
domain is needed, knowing that the Kramers-Kronig formalism is exact
only if all frequencies are taken into account and the experimental data is
taken from a broad spectral domain. Processing the experimental optical
reflectance spectra the mentioned quantities can be computed applying the
three-parameter Kramers-Kronig formalism [1].
To compute the electron plasma energy Epv, and the valence (pseudo)band
gap Eg the following theoretical background was be used.
The determination of the dielectric constant ε1 leads to the use of [1]:
2

⎛E ⎞
(1)
ε1 − 1 = ⎜⎜ pv ⎟⎟ .
E
g
⎠
⎝
Knowing the refractive index n for semiconductors, one has:
2
E pv
n 2 (hν ) − 1 1
=
,
(2)
n 2 (hν ) + 2 3 ⎛ E pv + Eg ⎞ 2
2
⎜⎜η
⎟⎟ − (hν )
2
⎝
⎠
where and η is a non-dimensional parameter. The values of n(hν) taken into
account lay between Eg/3η and Eg/η. The determination of the coefficient η
must be done using a multi-electronic model. We used the Slater
determinant, where the exchange energy is proportional with a correction
factor determined by means of Hartree-Fock approximation [2].
Mathematical extrapolation gave the value of η equal with 1.366 for
sphalerite, 1.369 for galena, and 1.412 for chalcopyrite.
The galena, sphalerite and chalcopyrite natural minerals were obtained from
the Maramures county mining deposits.
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The optical measurements were made using a SPECORD M-40
spectrophotometer in the domain of 200-900nm (1.37-6.25eV).
The resolution of the spectrophotometer is 10cm-1 in the 2000-4000cm-1
domain and of 5cm-1 below 2000cm-1. The slit of the spectrophotometer had
a width of 3mm, leading to mediated reflectance values over a small area on
the surface of mineral samples. The reflectance of the mineral was taken
relative to the normalized reflectance of an aluminium mirror.
The surface of the minerals was cleaned using chemical and physical
methods. Polishing was obtained by polishing glass for roughness of
250µm, polishing powder for roughness of 10µm, then through mechanical
abrasion using TiO2 powder with granules of 0.02µm diameter. The removal
of the oxide layer was made through chemical methods:
- galena samples were washed 5 times for 5 minutes in a solution of 30
parts HCl, 10 parts HNO3 and one part
CH3COOH at 500C [3];
- chalcopyrite samples were washed 3
times for 5 minutes in a solution of 2
parts CrO3, one part concentrated HNO3,
3 parts double distilled water at 800C [4];
- sphalerite samples were washed 3
times for 3 minutes in concentrated
boiling HNO3 [5].
a.) galena
After the chemical ablation process,
the sample surfaces were neutralized
using double distilled water, and any
foreign molecule was removed with a
spray of argon gas, while the mineral was
placed in a low pressure chamber (10-9
torr). After this procedure the time to
b.) sphalerite
surface oxidation takes several hours so it
does not influence the results of our
optical determinations.
RESULTS AND DISCUSSIONS
The position of the van Hove singularities
can be determined, with good accuracy,
from any of the variations of –Im(1+ε)-1
and –Im ε-1 vs. wavelength, that’s why we
only present the graphs for the first one in
Figure 1. These values give the energies
where ε1 and n should be determined to
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c.) chalcopyrite

Figure 1. The variation of
–Im(1+ε)-1 for the specified
natural minerals
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compute Epv and Eg. The van Hove singularities are located at 220nm
(5.62eV) in the case of galena, at 210nm (5.90eV) in the case of sphalerite,
at 190nm (6.52eV) for chalcopyrite. For chalcopyrite one can observe
multiple lower amplitude van Hove singularities, explained by the existence
of multiple forbidden bands or by pseudo-energy band gap like behaviour.
Using the equations (1) and (2) one computed the following values for the
valence (pseudo)band gap and the valence plasma energy:
- for galena: Epv= 16.2eV and Eg=0.43eV
- for sphalerite: Epv= 13.1eV and Eg=1.50eV
- for chalcopyrite: Epv= 15.7eV and Eg=1.42eV
The values of Epv and Eg determined by us can be compared with those
present in the literature, determined using electrical measurements for
grown, pure PbS and ZnS crystals [6]. These results are Epv= 15.1eV and
Eg=0.31eV for PbS, and Epv= 12.4eV and Eg=1.44eV for ZnS. The
differences between our results and the cited ones arise from the fact that we
worked with natural minerals containing structural and compositional
defects, and that our results represent mean values over a small surface area.
CONCLUSION
In the present work we determined the values of the electron plasma energy
and the valence (pseudo)band gap for galena, chalcopyrite and sphalerite
natural minerals by means of differential optical reflection spectroscopy.
These results allow us to know the energetic and structural properties of the
surfaces of the mentioned sulphurous minerals, and are important in
understanding the mechanisms of the formation of the adsorption bonds on
the surfaces, the energies that are needed in the modification or the
movement of electrical charge on the surfaces, making easier to find the
optimal mineral processing procedure to obtain the maximal adsorption.
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ABSTRACT
Conducting properties of REBa2Cu3O6+x(RE123) type high Tc
superconductors (RE=Y, 4f elements) are highly sensitive to the oxygen
order in the oxygen deficient CuOx planes which can be disrupted by doping
with different metals,thus leading to a change of the superconducting
transition temperature Tc. In this article we shall employ a simple theoretical
model of charge transfer to studyhow Tc(x) dependence is affected by the
increase of oxygen disorder in the CuOx planes, which is displayed in
reduced average CuO chain length, lav. The results indicate that though the
increased oxygen disorder can produce significant decrease in Tc, it cannot
be the only factor responsible forTc reduction in Zn doped RE123
superconductors.
INTRODUCTION
Copper substitution by metal ions in REBa2Cu3O6+x high-Tc
superconductors was widely used to study superconductivity in these
materials,no matter which copper site is substituted Cu1 in CuOx planes or
Cu2 in the superconducting CuO2 planes [1,2]. It is of special interest to
study influence of nonmagnetic Zn ions substitution for copper ions at Cu2
site. Though the mechanism of superconductivity suppression due to Zn
doping is not fully understood yet, it is believed that the main cause is the
pair breaking which occurs due to dipoles formation which actas a strong
scattering centers for charge carriers [1,3].It was also observed that Zn
doping produces oxygen depletion of the CuOx planes followed by
increased oxygen disorder in these planes, thoughthe sample generally
remains orthorhombic [3]. Increased oxygen disorder implies that length of
CuO chains (sequences of Cu and O ions aligned along one of the
crystallographic axes) formed in the CuOx plains is decreased. Since charge
carriers can be transferred only out of those CuO chains whose length, l, is
equal to or greater than some critical length, lcr, (usually assumed to be 3 or
4 oxygen ions) this chain length reduction is followed by a decrease in
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charge carriers concentration in the superconducting CuO2planes, which
consequently leads toaTc suppression.
Therefore we find it interesting to investigate how reduction of the average
CuOchain length, lav, is reflected upon the superconducting transition
temperature dependence on oxygen concentration, Tc(x).
THEORETICAL MODEL
In order to study thermodynamics of oxygen ordering in the CuOx planes of
RE123 superconductor we have used the well-known ASYNNNI model
(Asymmetric Next Nearest Neighbor Ising model) [4]defined by the Ising
Hamiltonian, which includes repulsive nearest neighbor interaction V1>0
between oxygen ions, and two types of next-to-nearest neighbor
interactions: attractive interaction,V2<0, which is mediated by copper atoms
and direct repulsiveinteraction, V3>0. Since the attractive V2 interaction is
the main factor governing formation of CuO chains, in what follows we will
assume that oxygen disordering in the CuOx planes caused by the Zn doping
is due to reduced strength of this interaction. WeakerV2 interaction will lead
to the formation of shorter CuO chains and the overall average chain length
will be reduced. Concentration of positive holes transferred out to the CuO2
planes can be calculated by the use of the simple charge transfer model [5]
where the number of holes in one CuO2 plane per one Cu ion (doping), p, is
given by the following expression:

(1)
where lav,1 and lav,2 (x1 and x2) are average chain lengths (oxygen
concentrations) on two non-equivalent sublattices of the CuOx plain lattice,
which are distinguishable in the Ortho II structural phase, and µ is the
proportionality coefficient, µ≈0.19 [5].
RESULTS AND DISCUSSION
In order to calculate quantities necessary to evaluate doping p, we have
employed Cluster Variation Method (CVM) simulations of the ASYNNNI
model in a 4,5-point clusters approximation. For values of the interaction
parameters we chose those obtained from the first principle calculations
(LMTO values): V1=6.9mRy, V2= −2.4mRy, V3=1.1mRy [6]. The CVM
simulations were performed at constant oxygen equilibrium temperature
Teq=450K=const., which is the best representative of the room temperature
in experiments at which most of the samples are equilibrated.
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Figure 2.Tc as a function of x for
Figure 1.lav as a function of x for
different values of V2 interaction.
two values of V2 interaction.
The quantities of interest have been calculated for LMTO values of V1
and V3 interactions, and for four different values of V2 interaction, one of
them being the LMTO value and the other three values were chosen to have
somewhat lower intensities so that oxygen disorder was increased.In the
figure 1 we presentedlav(x) dependences, calculated for two different V2
values. One can observe thatreduced intensity of V2 interaction produces
shorter CuO chains, which is particularlyemphasized in the region of ortho
II phase, where two different chain lattices can be distinguished.With further
x increase,V2interaction has less and less influence on the length of CuO
chains, sincefulfilling of lattice with oxygen atomsnecessarily leads to
formation of longer CuOchains.
Employing expression (1) and the well-knownempirical relation between Tc
and doping p [7]:
(2)
we were able to calculate Tc as a function of x, and this dependence obtained
for four different V2 values and for lcr=4 is shown in the figure 2. One can
observe thatTcsignificantly decreases with V2interaction intensity reduction,
this decrease being the most pronounced in the OII phase. HoweverTcis not
so drastically reduced in the OI structural phase where the main Tc reduction
due to Zn doping occurs. One can also observe that two lowerTc(x) curves
display a minimum at x=xOII/OI, where transition from orthoII to orthoI
structural phase occurs. Appearance of this minimum can be understood if
one observe (figure 1) that in the region x∈(0.5,xOII/OI)lav1 decreases,
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implicating that the number of CuO chain with l≥lcr which can transfer holes
to the CuO2 planes is decreased. This decrease cannot be compensated by
the increase of average chain length on α2 lattice where initially many CuO
chains with l≤lcr existed. Therefore Tc is reduced and minimum in Tc(x)
dependence is formed atxOII/OI when two sublattices become equivalent and
lav, as well as Tc, starts to increase. Thoughfor V2/V1=−0.348lav1(x) andlav2(x)
behave in the same way as in the V2/V1=−0.288 case, decrease of lav1 does
not produce chains with l≤lcr, sincelav1 was initially much larger then lav1 for
V2/V1=−0.288. On the other hand chains with l≥lcr are formed on the
α2sublatticeasx increases, and therefore Tcis enhanced in the region x∈(0.5,
xOII/OI) and no minimum exists.
CONCLUSION
CVM simulations of the ASYNNNI model were performed to investigate
how the Tc(x) dependence behaves with the increase of oxygen disorder in
the chain planes of the RE123 superconductor, which is manifested in the
reduction of the average chain length.SinceTcsuppression observed in our
simulations was not as drastic as the experimentally observed onein Zn
doped RE123 samples[3] we conclude that oxygen disorder due to Zn
doping can be only partially responsible for the experimentally observed Tc
suppression. In order to make more precise estimation on the contribution of
Zn doping induced oxygen disorder to the Tc reduction, experimental results
on the average chain length in Zn doped RE123samples are desirable.
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ABSTRACT
The compounds Bi2MoO6, Bi4V2O11 (m = 1), Bi3NbTiO9 (m = 2), Bi4Ti3O12
(m = 3), BaBi4Ti4O15 (m = 4), and Ca2Bi4Ti5O18 (m = 5) (Aurivillius phases
with the general formula Am–1Bi2BmO3m+3) have been synthesized by solid
state reactions. And also compounds Bi5Nb3O15 (m = 1,5), Bi7Ti4NbO21 (m
= 2,5), CaBi8Ti7O27 (m = 3,5) have been prepared (Bi4A2m-lB2m+lO6m+9).
Using differential scanning calorimetry and high-temperature X-ray
diffraction, we have studied their phase transitions.
INTRODUCTION
Bismuth-containing layered ferroelectrics are known
as the Aurivillius phases have been the subject of
researchers' ever increasing attention. The general
formula of such compounds can be represented as
Аm–1Bi2BmO3m+3, where m is typically from 1 to 5
and can take fractional values. The so-called mixed
Aurivillius phases form a peculiar family among the
layer type bismuth compounds whose structure
would be built up by a regular intergrowth of one
half the unit cell of an m member superstructure and
one half the unit cell of an (m + 1) member
superstructure along the stacking direction (fig.1).
This intergrowth would lead to the general formula
Figure 1.
Bi4A2m-lB2m+lO6m+9. The A atoms most frequently
The crystal
have a valence of I, II, or III (or a combination of
structure
of
these) and a coordination number CNA > 6. The B
Aurivillius
phases
site is usually occupied by transition metals in
Am-1Bi2BmO3m+3
octahedral coordination (CNB = 6). The structure of
with m = 3
these stoichiometric compounds is made up of slabs
and blocks. Each slab consists of n layers of anion
octahedra. For n → ∞, its structure approaches the cubic perovskite
structure. The blocks can be thought of as structural units of cubic BiF3 [1].
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In this paper, we report high-temperature X-ray diffraction and thermal
characterization of Aurivillius phases.
EXPERIMENTAL
The compounds were prepared by the solid-state reactions. The synthesized
compounds were identified by X-ray diffraction. Diffraction patterns were
collected at room temperature on a Shimadzu XRD-6000 X-ray
diffractometer (CuКα radiation, reflection geometry) in the angular range 2θ
= 10°–80 with a scan step of 0.02°. High-temperature X-ray diffraction
measurements (298–1173 K) were made on the Shimadzu XRD-6000 in the
range 2θ = 10°–60° with a scan step of 0.02° using a Shimadzu HA-1001
attachment. Thermal analysis was carried out with a SETARAM LABSYS
differential scanning calorimeter in an argon atmosphere at a heating rate of
10 K/min and the NETZSCH DSC 204 F1 Phoenix at a heating rate of 5
K/min.
RESULTS AND DISCUSSION
Because of its layered nature, the ideal structure of Aurivillius phases has
tetragonal symmetry (sp.gr. I4/mmm). At the same time, many compounds
of this family have lower unit-cell symmetry due to octahedron-rotationinduced structural distortions. Nevertheless, most of the distorted structures
undergo phase transitions on heating, which result, as a rule, in higher unitcell symmetry and demonstrate that the Aurivillius phases tend to reach
their “ideal” structure.
The compounds with m ≤ 3 were synthesized as their low-temperature
(LT), orthorhombic phases, whereas the compounds with m > 3 were
obtained as their high-temperature (HT), tetragonal phases. Despite the
differences in composition between the compounds, their in-plane unit-cell
parameters a and b vary only slightly (a = 5.43–5.51 Å, b = 5.39–5.50 Å)
and differ little. The difference between them does not exceed 0.7%. It is
worth noting that the unit cell of the HT phases is half that of the LT phases
and can be obtained by rotating the latter through 45° about the
crystallographic axis с. According to our results, the out-of-plane unit-cell
parameter с is a linear function of m (the number of layers per slab). Using
differential scanning calorimetry, we determined the phase transition
temperatures and melting points of the synthesized compounds. The phase
transitions of Aurivillius phases can be divided into three groups: (1)
reversible second-order transitions associated with sharp changes in the
symmetry of the material, which can be characterized by a Curie
temperature (TC) (“normal” ferroelectric behavior); (2) slowly reversible
second-order transitions, which also have a Curie temperature (relaxor-like
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ferroelectric behavior); and (3) irreversible first-order transitions, associated
with changes in structure type. The Aurivillius phases that undergo the first
or second type of phase transition, and are stable up to their melting point,
are of practical interest.
The compound Bi2MoO6, which has only one octahedral layer per slab,
undergoes the third type of phase transition (Table 1). Lower structure
stiffness may lead to transformations resulting in the formation of
framework structures from layered Aurivillius phases. At a temperature of
931 K, the compound in question undergoes an irreversible structural
transformation into a zeolite-like monoclinic structure (sp. gr. P21/c) [2].
Bi4V2O11 is the corresponding intrinsic oxygen deficient compound
(Bi2O2)2(VO3.5□0.5)2 and exhibits, versus temperature, three main
polymorphs α monoclinic, β orthorhombic and γ tetragonal [3]. The αpolymorph is stable from room temperature up to 723 K, β between 790 K
and 850 K and γ, the most conductive polymorph, above 850 K up to the
melting point around 1140 K (fig.2).

Figure 2. DSC curve for Bi4V2O11.

The compounds Bi3NbTiO9 and Bi4Ti3O12 undergo a first-order phase
transition at temperatures of 1173 and 934 K, respectively. The lower Curie
temperature of the Bi4Ti3O12 compound is due to the large number of small
bismuth atoms on the cuboctahedral site of the perovskite-like slab, which
leads to considerable mobility of the octahedra with respect to each other.
The presence of large barium atoms on the cuboctahedral site in the
structure of the BaBi4Ti4O15 compound reduces the mobility of the
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octahedra to the extent that we observe the second type of phase transition.
According to our and previous results [4], the Ba2Bi4Ti5O18 compound,
which contains the largest number of barium atoms, has no HT phase. Using
high-temperature and differential scanning calorimetry, we determined the
two phase transitions for compound Bi7Ti4NbO21 at about 943 K and 1103
K respectively. This sequence of phase transitions follows to change
structure. The melting point of the synthesized Aurivillius phases has a
tendency to decrease as the number of octahedra per slab increases (Table
1). This trend does not include the Bi2MoO6 compound, because its HT
form is not an Aurivillius phase.
Table 1. The phase transition temperatures in some Aurivillius phases.
Compound
m
Tc, K
Tm, K
Bi2MoO6
1
931
1209
Bi4V2O11
1
850
1140
1.5
Bi5Nb3O15
773
1443
2
Bi3NbTiO9
1173
1482
2.5
Bi7Ti4NbO21
1103
1457
Bi4Ti3O12
3
934
1476
CaBi8Ti7O27
3.5
940
1465
BaBi4Ti4O15
4
663
1412
Ba2Bi4Ti5O18
5
1322
CONCLUSION
We have studied various Aurivillius phases, identified the mechanisms of
their phase transitions, and determined their Curie temperatures.
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ABSTRACT
Determination of crystallographic data are of interest for the industry of
liquid crystalline displays. Here we present X-ray study on smectic liquid
crystal 4-dodecyloxyphenyl 4'-decyloxybenzoate. It has been shown that at
the room temperature, compound is in crystalline smectic phase whose unit
cell parameters could be determined: lattice constants a = 1.523(3)nm,
1.132(2)nm, c = 0.916(1)nm, inclination angles α = 96.287(113)°, β =
92.587(161)°, γ = 102.222(184)° and volume of unit cell V = 1.530nm3.
Space group determined is P-1.
INTRODUCTION
Modern materials for liquid crystalline display industry are multicomponent
mixtures comprised of individual liquid crystalline substances. Resulting
physicochemical characteristics of mixtures are highly dependant on
polymorphism and molecular structure and properties of starting
compounds. Thus, full characterisation of liquid crystalline substances
including crystallographic data are of interest for the industry [1].
4,4'-alkyl/alkoxyphenylbenzoates represent a long known, huge family of
prototypal calamitic liquid crystals [2]. Even though, crystallographic data
on these compounds are scarce. In this paper we present X-ray study on 4dodecyloxyphenyl 4'-decyloxybenzoate (Figure 1.), which is smectic
member of homologous series, exhibiting smectic SmA and SmC phases.

O

O

O

O

Figure 1. Structural formula of 4-dodecyloxyphenyl 4'-decyloxybenzoate
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EXPERIMENTAL
The mesomorphic properties of unoriented samples of compounds under
investigation were observed by polarizing microscopy (POM) equipped
with a hot stage.
The diffraction pattern for the investigated compound was recorded at
room temperature with a Seifert V-14 powder diffractometer equipped with
a goniometer in the Bragg–Brentano (θ:2θ) geometry, using CuK radiation
(λCuKα1 = 1.5406Å, generator setting: 30kV, 30mA). Silver behenate was
used as an external standard. XRD data were collected over the angular
range from 4° to 50° 2θ with a step size of 0.02° and a counting time of 4s
per step.
Software EXPO2013 was employed for profile fitting procedure and
determination of unit cell in reciprocal space [3].
RESULTS AND DISCUSSION
Temperatures of mesophase transitions under investigation are shown in
Table 1.
Table 1. Temperatures of mesophase transitions [°C] for compound under
the study obtained by POM in cooling (Cr – crystalline, SmC – smectic C,
SmA – smectic A, I – isotropic phase).
Cr T[°C] SmC T[°C] SmA T[°C] I
•

66.5

•

78.0

•

80.0 •

The experimental powder diffraction pattern is depicted in Figure 2.

Figure 2. Experimental powder diffraction pattern of
4-dodecyloxyphenyl 4'-decyloxybenzoate
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Observed Bragg angles as well as indexed lines are presented in Table 2.
The X-ray diffraction study confirmed the existence of a more ordered
smectic phase, which is primarily characterized by a number of sharp
equidistant reflections at low Bragg angles indicating preserved long range
lamellar ordering. Moreover, existence of numerous sharp peaks in
proximity of 2θ = 20° are indicative of preserved long range in-plane order,
strongly suggesting that this more ordered phase is crystalline smectic phase
(CrX). The use of aligned (monodomain) sample would be necessary to
fully clarify the content of unit cell and thus to resolve clearly the nature of
the CrX phase. Satelite reflections from unfiltered CuKβ radiation could be
observed in vicinity of very intense CuKα peaks. These peaks were
recognized and excluded from the peak set selected for automatic indexing
procedure.
Table 2. Observed Bragg angles [2θobs], interplanar distances [dobs],
relative intensities [Irel] and Miller indices of indexed
reflections [hkl] of title compound
dobs[nm]
Irel[%]
2θobs[°]
hkl
5.383
7.15
002
5.959
1.48194 37.08
8.040
17.11
003
8.901
0.99271 100.00
9.738
0.90750 12.29
004
11.860
0.74558 17.42
13.380
0.66120 10.76
005
14.859
0.59570 13.59
006
17.860
0.49620 8.34
18.920
0.46866 22.14
19.680
0.45074 16.02
007
20.837
0.42597 24.73
21.203
0.41870 65.78
100
23.659
0.37575 99.48
25.780
0.34531 15.72
26.919
0.33094 20.08
27.580
0.32316 20.54

Unit cell parameters were found to be: lattice constants a = 1.523(3)nm,
1.132(2)nm, c = 0.916(1)nm, inclination angles α = 96.287(113)°, β =
92.587(161)°, γ = 102.222(184)° and volume of unit cell V = 1.530nm3.
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Space group determined is P-1. The figures of merit achieved are F17 = 25
and M17 = 17 [4].
CONCLUSION
Structural characteristics of the liquid crystal 4-dodecyloxyphenyl 4'decyloxybenzoate was studied by powder X-ray diffraction. At room
temperature the compound is in crystalline smectic phase whose unit cell
parameters could be determined.
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ABSTRACT
Smectic mesophases are common phases among liquid crystalline
compounds. Together with nematic phase, they form cornerstone of
contemporary industry of liquid crystalline displays. Using UV/VIS
spectrometry, it is possible to demonstrate that formation of highly-ordered,
hard smectic phases is dependent on the existence of aromatic π-π
interaction.
INTRODUCTION
In order to achieve usable mesophase range and properties, contemporary
materials for liquid crystalline display industry are based on
multicomponent mixtures comprised of individual liquid crystalline
substances. Among the mesophases most commonly used in the industry are
nematic and smectic phases. Although the principal forces that stand behind
the formation of specific mesophases are steric effect, dipole interaction and
aromatic interaction, their exact contribution to mesophase formation is not
yet fully elucidated [1].
In this work we show influence of aromatic interaction on resulting
polymorphism of three selected compound. Shown on Figure 1. and 2. are
4-dodecyloxyphenyl 4'-decyloxybenzoate (compound I) and 4decyloxyphenyl 4'-butyloxybenzoate (compound II), which belong to the
homologue group of 4,4'-alkyl/alkoxyphenylbenzoates, long known, huge
family of prototypal calamitic liquid crystals [2-4]. These components are
selected on the basis of their uniform rigid core that possess ester group.
Yet, in addition to molecular assimetry around their rigid core, their total
length is also different.
O

O

O

O

Figure 1. Structural formula of compound I
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O

O

O

O

Figure 2. Structural formula of compound II

Third compound is ethyl 4’-(9-decen-1-iloxy)-1,1’-biphenyl-4-carboxylate
(compound III, Figure 3.) [5]. Its rigid core is characterized by absence of
ester linkage.
O
O
O

Figure 3. Structural formula of compound III
EXPERIMENTAL
The mesomorphic properties of unoriented samples of compounds under
investigation were observed by polarizing microscopy (POM) equipped
with a hot stage. The absorbance curves at wavelength range of 190-600nm
were determined by a SPECORD 205 spectrophotometer (Analytik Jena,
Germany).
RESULTS AND DISCUSSION
Temperatures of mesophase transitions for compounds under the study are
given in Table 1. The widest temperature range of smectic phases is found
in compound III, which exhibit 10.5°C wide smectic SmE mesophase and
12.3°C wide smectic SmA mesophase. Both compound I and compound II,
which belong to the same homologue series, exhibit soft smectic phases
(SmA and/or SmC) in the temperature range of about 14°C.
Table 1. Temperatures of mesophase transitions [°C] for compounds under
the study obtained by POM in cooling (Cr – crystalline, SmE – smectic E,
SmC – smectic C, SmA – smectic A, N – nematic, I – isotropic phase).
Compound Cr T[°C] SmE T[°C] SmC T[°C] SmA T[°C] N T[°C] I

I
II
III

•
•
•

66,5
65,0
73,6

•
•

84,1

78,0

•
•
•

80,0
•
79,5 • 81,0 •
96,4
•

The experimental UV/VIS spectrograms of compounds I, II and III are
depicted in Figure 4., 5. and 6. respectively.
Diffuse K band [6] spanning range of 240-320nm is found only in
compound III. Such a wide K band shows extended conjugation that is
uninterrupted neither by linking groups such as ester bond in compounds I
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and II, nor by extreme torsion that can happen between biphenyl rings in
rigid core. In this way essential prerequisites for existence of π-π aromatic
interaction are met, which further encouraged appearance of highly ordered
smectic phase.

Figure 4. Experimental UV/VIS spectrogram of compound I

Figure 5. Experimental UV/VIS spectrogram of compound II
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Figure 6. Experimental UV/VIS spectrogram of compound III
CONCLUSION
Formation of highly-ordered smectic phases, such as hard smectic SmE
phase, is found to be reliant on the existence of π-π aromatic interaction. By
carefully formulating structure of liquid crystalline compound, it is possible
to tune degree of conjugation of the compound and intensity of the π-π
aromatic interaction.
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Physics Department, Ahi Evran University, 40100, Kırşehir-TURKEY.
ABSTRACT
The four-dimensional Ising model is simulated on the Creutz cellular
automaton (CCA) near the infinite-lattice critical temperature with the linear
dimensions 4 ≤ L ≤ 22 . The critical exponents for the order parameter, the
magnetic susceptibility and the specific heat are obtained from the results of
simulations by using finite-size scaling relations. In this study conducted
highly detailed, two different types of behavior were determined as a result
of varying linear lattice dimension. Critical linear lattice dimension have
been identified as L = 14 .
INTRODUCTION
While the four-dimensional Ising model is not directly applicable to real
magnetic systems, it is useful to investigate the influence of dimensionality
on phase transitions [1]. The Creutz cellular automaton [2] has proven to be
a fast alternative research tool in Ising model investigations near the critical
regions of the lattices [3, 6]. As the dimension or the lattice size increases,
the simulation of the Ising model by the conventional Monte Carlo method
becomes impractical and faster algorithms are need. The Creutz cellular
automaton does not require high-quality random numbers, it is an order of
magnitude faster than the conventional Monte Carlo method, and compared
to Q2R cellular automaton [4], it has the advantage of fluctuating internal
energy from which the specific heat can be computed.
The purpose of this study is determined to critical linear lattice dimension.
EXPERIMENTAL
The four-dimensional Ising model with nearest-neighbor pair interactions is
simulated on the Creutz cellular automaton near the infinite-lattice critical
temperature with the linear dimensions 4 ≤ L ≤ 22 . Three variables are
associated with each site of the lattice. The value of each site is determined
from its value and those of its nearest-neighbors at the previous time step.
The updating rule, which defines a deterministic cellular automaton, is as
follows: of the three variables on each site, the first one is the Ising spin Bi.
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Its value may be 0 or 1 or 2. The Ising spin energy of the lattice for the
model
is
given
with
where
H I = -J ∑<i, j> Si S j ,
Si = 2B i − 1 , < i, j > denotes the sum over all nearest neighbor pairs of
sites. The second variable is for the momentum variable conjugate to the
spin (the demon). The kinetic energy associated with the demon, H K , is an
integer, which is equal to the change in the Ising spin energy for any spin
flip. The total energy E = H I + H K , is conserved. The third variable
provides a checkerboard style updating, and so it allows the simulation of
the Ising model on a cellular automaton.
The simulations are carried out on simple hypercubic lattices L4 of linear
lattice dimensions 4 ≤ L ≤ 22 with periodic boundary conditions. The
cellular automaton develops 10 6 sweeps for each run with 1 run for each
total energy. The simulations were studied for kT/J and E/J values in the
interval 2 ≤ kT/J ≤ 8 and - 2 ≤ E/J ≤ 6 , respectively.

RESULTS AND DISCUSSION
The temperature dependence of the functions for the magnetic susceptibility
( χ ), the specific heat (C), order parameter (M) and Binder parameter ( g L )
are analyzed for the lattice with 4 ≤ L ≤ 22 .The temperature variation of the
Binder parameter has been shown in Fig. 1.

(a)
(b)
Figure 1. (a) The Binder cumulant as a function of kT/J (b) The figure on
the right side is enlargement around the critical point
The intersection point of the g L curves gives the infinite lattices critical
temperature Tc as L → ∞ [5]. As shown in Fig. 1, in contrast to other
studies the g L curves indicate two different behaviors in interval
4 ≤ L ≤ 22 . For L = 4,6,8,10,12 the intersection point of curves gives
Tc = 6.6845 ± 0.0005 and for L = 14,16,18,20,22 the intersection point of
curves gives Tc = 6.6807 ± 0.0024 approximately.
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The finite-size lattice critical temperatures obtained from the
susceptibility maxima Tcχ (L) and the specific heat maxima TcC (L) are
determined. The dependences of the critical temperatures Tcχ (L) and
TcC (L) obtained from the magnetic susceptibility or the specific heat
maxima are given with Tc (∞) - Tc ( L) α L-1/ν log −1 / 6 ( L) . The finite-size
scaling relation for Tcχ (L) is used to get the critical temperatures of the
infinite lattice (Fig. 2). As can be seen from the Fig. 2, by varying lattice
linear dimension in range 4 ≤ L ≤ 22 two different types of Tcχ (L) behavior
have been detected.

Figure 2. The plots of Tcχ (L) against L-1/ν log −1 / 6 ( L) with ν = 1/2 .

The computed values of the critical temperatures ( Tc (∞) ) for the infinite
are Tc (∞) = 6.6807 ± 0.0134 ( 4 ≤ L ≤ 12 ), Tc (∞) = 6.6844 ± 0.0339

lattice

( 14 ≤ L ≤ 22 ),

for

Tcχ

and

Tc (∞) = 6.6810 ± 0.0134

( 4 ≤ L ≤ 12 ),

Tc (∞) = 6.6871 ± 0.0339 ( 14 ≤ L ≤ 22 ) for T .
Table 1. The critical exponent values of the order parameter and the
magnetic susceptibility for Tc (L) and Tc (∞) .
C
c

L

4 ≤ L ≤ 12
14 ≤ L ≤ 22
L

4 ≤ L ≤ 12
14 ≤ L ≤ 22

β (Tcχ ( L))
0.4745
0.0007
0.4839
0.0001

β (Tcχ (∞))
±
±

γ (Tcχ ( L))
1.0610
0.0238
1.0446
0.0004

0.4908
0.0009
0.4954
0.0001

β (Tcχ ( L))
±
±

γ (Tcχ (∞))
±
±

1.1047
0.0254
1.0777
0.0001
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0.3594
0.0025
0.3723
0.0012

β (Tcχ (∞))
±
±

γ (Tcχ ( L))
±
±

1.4163
0.0095
1.3403
0.0046

0.3840
0.0035
0.3941
0.0020

±
±

γ (Tcχ (∞))
±
±

1.4743
0.0096
1.4106
0.0089

±
±
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The critical exponents for the order parameter, the magnetic susceptibility
and the specific heat are obtained from the results of simulations by using
finite-size scaling relations [6].
Table 2. The values of critical exponents according to finite-size scaling
functions for the four-dimensional Ising model.
β /ν
γ /ν
α /ν
L
1.0025 ± 0.0001
1,9935±0,0001
0.0577 ± 0.0011
4 ≤ L ≤ 12
1,8751±0,0003
0.0326 ± 0.0176
14 ≤ L ≤ 22 1.0459 ± 0.0033
As seen from Table 1 and Table 2 the critical exponents and finite-size
scaling functions show two different behaviors to be in interval
4 ≤ L ≤ 12 and in interval 14 ≤ L ≤ 22 .
CONCLUSION

The Ising model in d = 4 dimension is simulated on the Creutz cellular automaton
for finite-size lattices with the linear dimensions 4 ≤ L ≤ 22 . In this study
conducted with great precision, two different types of behavior were determined as
a result of varying linear lattice dimension. Critical size dimension have been
identified as L = 14 . The average value of these two different behaviors is in
agreement with the results of other studies [7].
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ABSTRACT
The hydrogen interaction with the TiO2 (110) surface has been investigated
using pseudopotential and PAW methods with addition of U Hubbard term.
The hydrogen diffusion behavior and thermodynamic properties were
calculated by means of full relaxation of structure in every step of bulk
diffusion. The results show the existence of potential barriers close to every
atomic layer, the trends of barriers and overall system energy lowering away
from surface and the occurrence of preferential H sites within each
interlayer basin. These findings go in favor of previously experimental
findings of TiO2 low surface H coverage and observed easy diffusion of
hydrogen from reduced surface into the TiO2 bulk or at least in near surface
region.
INTRODUCTION
Titania (rutile-structure TiO2) attracts a lot of interest because of its many
achieved and possible future applications, non-toxicity and safe usage. This
material is used as a white pigment and for optical coating [1], as a
photocatalyst for air and water purification and as a self-cleaning surface [2]
and for hydrogen production using photochemical splitting of water [3].
Modified TiO2 films could be promising alternative for spin-based
electronic devices [4]. TiO2 is also known as a good catalyst [5,6].
Another possible application of TiO2 is in improvement of (de)sorption
properties of hydrides. A large number of experimental studies confirm that
the addition of metal oxides, such as TiO2, has beneficial effect on
destabilization of MgH2 matrix and can cause improvement of this
material’s kinetic properties [6-10]. Further, several numerical studies on
hydrogen motion through oxide surface has been done to understand the
mechanism of the reaction [11,12].
Yin et al. [13] have investigated hydrogen coverage on TiO2 (110) surface
under different experimental conditions of exposure to atomic hydrogen.
They obtained that maximum H monolayer coverage on TiO2 (110) surface
is only 70% at room temperature, regardless of applied partial pressure of
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hydrogen. This result was confirmed using scanning tunneling microscopy
and high-resolution electron energy loss spectroscopy. The same authors
confirmed that during the heating of the hydrogenated sample, H atoms
have migrated into the TiO2 bulk. This is unusual since desorption of H2 (or
H2O) molecules into the gas phase is common behavior of reduced oxides
surface. Filippone et al. carried out research which showed that hydrogen
behaves as a deep donor in rutile phase and forms an OH+ complex, where
H forms bond with a prevailing ionic character [15]. With addition of
Hubbard term U, they showed that electronic localization effects have major
influence on nature of bonding and charge distribution as a consequence of
hydrogen interstitial. Also, Ti+3 species are formed as a result of localization
of H and OH+ electronic levels on some Ti neighbors [15]. The reduction of
Ti+4 atoms to Ti+3 raises the possibility that all hydrogen atoms are adsorbed
as protons onto outer oxygen atoms [11].
In this paper we have investigated the interaction of H atom with TiO2 (110)
surface and its behavior in the near-surface region of rutile TiO2.
DETAILS OF CALCULATIONS
Investigation of atomic hydrogen behavior on rutile TiO2 (110) surface and
in the near-surface region were done using two methods available in Abinit
code [16-18]. Plane waves
based
calculations
with
Troullier - Martins normconserving pseudopotentials
(PP) and projected augmented
waves (PAW with GGA+U)
methods were used. The value
of Ueff was 2.0 eV. The
energy cut-off of the plane
wave basis set was 816 eV.
In case of PP calculations
(1x1)(110) supercell with 12
atomic layers and 25 atoms
was
constructed.
Slab
supercell (2x1)(110) with 21
Figure 1. Side view of slab supercell atomic layers and 85 atoms
atomic layers and initial positions of H
was constructed in the case of
atoms.
PAW calculation. The surface
of
the
supercells
was
separated from its periodic image by 15 Å of vacuum. Three bottom layers
were fixed to simulate the bulk. The rest of supercell atoms were subject to
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the relaxation of atomic positions. It is assumed that hydrogen atom forms
short OH bonds and that diffusion consists of “jumps” between neighboring
O sites. Further, calculations were performed to obtain relaxed structures
with different arrangements, where H atom was bounded to O atoms in
different atomic layers.
RESULTS AND DISCUSSION
In Fig. 2, the energy differences as function of H distance from surface are
given for both PP and PAW (GGA+U) calculations. Energy differences
were shown on x axis, with energy of configuration 1 used as reference,
marked with horizontal line. As distance reference from surface, zcoordinate of O2s atom in slab supercell without H was used, marked as
vertical short-dashed line. The characteristic “periodic” dependence of
energy on hydrogen position
depth is visible. In case of PP
calculations “degeneration” of
opposite configurations (i.e.
2d and 5u, 3 and 4) was not
observed.
According
to
[13,15] the barriers for jump
from one oxygen atom to
another range from 0.5 to 1.1
eV, depending on the position
of bonding oxygen atoms and
distance from surface. These
barriers could be overcome at
modest
temperatures
(in
accordance with [13]). The
details of energy profile, like
barriers, are not visible in
approach presented here.
However, initial and final
states, corresponding to jump Figure 2. Slab system energy change as a
from one O atom to the next
function of hydrogen atom distance from
can provide details and
the surface. Top) PAW, bottom) PP.
possible
pathways
of
hydrogen drift from and to the surface.
CONCLUSION
In this paper we have presented the results of electronic structure
calculations of (1x1) and (2x1) (110) slabs of TiO2 – H system. The degree
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of H influence on host lattice clearly depends on H concentration and charge
redistribution mechanism (GGA or GGA+U). In case of PP calculations,
there is a preferred direction perpendicular to surface in a sense of
preference of closer-to-surface configurations, at least in the few atomic
layers close to the surface. This preference was not observed in PAW
calculations. The characteristic energy profile of close-to surface area show
that atomic layers parallel to surface act like barriers for hydrogen drift into
the bulk. At the same time, hydrogen should “jump” within the same
interlayer basin fairly easy. The rise of energy of configurations close to
bottom surface of slab supercell can be attributed to non relaxed and
stressed structure due to fixed positions of the lowest atomic layers. From
the same reason it is hard to estimate how deep influence of surface goes.
Larger supercell calculations showed that the influence of surface is
constrained to only few atomic layers closest to vacuum.
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ABSTRACT
The pressure-induced phase transition in magnesium fluoride (MgF2) is
studied using an ab-initio constant-pressure technique up to 800 GPa. Three
high-pressure phases of MgF2 are successfully observed through constant
pressure simulations. MgF2 undergoes a phase transformation from the
tetragonal structure to the cubic structure with space group Fm3 m at
280 GPa. This transformation proceeds via three intermediate phases with
space groups Pnnm, Immm and R3 m . Upon further increase of pressure a
gradual phase change to the orthorhombic structure with space group Pnma
occurs at 500 GPa. Another phase transformation from the orthorhombic
structure to tetragonal structure with space group I4/mmm is seen at
720 GPa. The transition pressures are also calculated from the Gibbs free
energy, and it is found that the structural phase transformations occur at
20 GPa for Fm3 m , at 45 GPa for Pnma and at 260 GPa for I4/mmm. As far
as we know, the last phase has not been obtained in any previous studies.
INTRODUCTION
The investigation of materials under high pressure has become a very
important topic in recent years. The high-pressure behavior of MgF2 is
reasonably inquisitive. Inquisitive structural features of phase
transformation mechanism are still mysterious because of difficulties in
monitoring movements of atoms in the experiments. Reliable dynamical
simulations are needed because of the difficulties in understanding the
atomistic motions while performing the experiments.
Whereas some studies [1-3] give prominence to that the tetragonal rutiletype MgF2 should be transformed into an orthorhombic CaCl2-type structure
with space group Pnnm, some other studies [4-6] underline that this material
should be transformed into a cubic fluorite-type structure with space group
Fm3 m at high pressures. The results of this study applying conjugategradient method support the later transformation.
MgF2 crystallizes in a tetragonal rutile-type structure with space group
P42/mnm at ambient conditions. Although this crystal also has the same
rutile-type structure as the transition metal compounds of AF2-type, Mg is
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not a transition metal; namely, Mg has no d-electrons. Lack of these
electrons and the highly ionic character of MgF2 simplify theoretical studies.
The phase transitions of MgF2 are found at lower pressures than in many
dioxides thanks to the higher compressibility of this material and relative
sizes of its ions.
COMPUTATIONAL
The computations were achieved using the ab-initio program SIESTA based
on pseudopotentials and a localized basis set [7]. Calculations were
performed in the density functional theory (DFT). For the exchange
correlation energy the generalized gradient approximation (GGA) was
performed [8]. Double zeta plus polarized basis sets were applied. A
uniform mesh with a plane wave cut-off of 150 Rydberg was used with the
purpose of representation of the electron density, the local part of the
pseudopotentials, the Hartree and the exchange-correlation potential. A
simulation cell of 96 atoms was selected and the periodic boundary
conditions were used. Gamma point sampling was employed for the
Brillouin zone integration.
To apply pressure to the system, conjugate-gradient method was used.
Firstly the system was relaxed at zero pressure, after that pressure was
increased step by step. For each value of the applied pressure, the structures
were allowed to relax and to catch their equilibrium volumes and lowest
energies by optimizing their lattice vectors and atomic positions together
until the maximum atomic forces were getting smaller than 0.01 eV Å−1 and
the stress tolerances were getting less than 0.5 GPa.
RESULTS AND DISCUSSION
We calculate the equilibrium phase transition pressure from the Gibbs free
energy, G = Etot+PV−TS. Since calculations are made at zero temperature
the TS term is neglected. Therefore, the static enthalpy can be expressed as
H = Etot + PV, where pressure is obtained by direct differentiation of the
calculated energy-volume curves i.e., P = −dEtot/dV. We take the energyvolume calculations into account and the thermodynamic criterion of equal
free energies to study the stability of different phases of MgF2. The
calculated energy-volume relations are fitted to the third-order BirchMurnaghan equation of states given by
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where P is the applied pressure, V is the volume at pressure, V0, B0 and B0'
are the volume, bulk modulus and its pressure derivative at ambient pressure
[9,10]. Fig. 1 shows the computed total energies of the orthorhombic
structure with space group Pnma and tetragonal structure with space group
I4/mmm as a function of volume.

Figure 1. The energy curves of
Figure 2. The enthalpy curves of
MgF2 structures as a function of
MgF2 structures as a function of
volume.
pressure.
For the reason that structural phase transitions in simulations occur through
the entire simulation cells, systems need cross a notable energy barrier for
transition one phase to another phase. Enthalpy calculations give commonly
realistic transition pressures relative to
experimental transition pressures. The
phase transitions emerge when the
enthalpies of the two phases equal to
each other. Thus, we compute the
enthalpies of the two phases and plot
them as a function of pressure in Fig. 2.
Figure 3. Tetragonal structure
We can conclude from the enthalpy
of MgF2 with space group
curves that the phase transformation
I4/mmm at 720 GPa.
from the orthorhombic structure to the
tetragonal structure with space group I4/mmm occurs at about 260 GPa. This
structure is depicted in Fig. 3.
CONCLUSION
We have used a constant pressure ab-initio technique to study the behavior
of MgF2 under the hydrostatic pressure and estimated three structural phase
transformations. The tetragonal rutile-type structure of MgF2 undergoes a
phase transformation to the cubic structure with space group Fm3 m at 20
GPa. This transformation proceeds through three intermediate phases with
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space groups Pnnm, Immm and R3 m . The cubic structure of MgF2
transforms to the orthorhombic structure with space group Pnma at 45 GPa
and this orthorhombic structure transforms to tetragonal structure with space
group I4/mmm at 260 GPa. The Mg–F bond lengths range from 1.839 to
1.999 Å and Mg is ten-fold coordinated by F and the F–F bond lengths
range from 1.828 to 2.274 Å and F is five-fold coordinated by Mg for this
tetragonal structure. As far as we know, although the first two high-pressure
phases are comparable to the findings of previous studies, the last phase
obtained in this study have not been observed in any other earlier studies.
ACKNOWLEDGEMENT:This study was supported by the Ahi Evran
University under Scientific Support Project No: PYO-Fen.4010.14.008.
REFERENCES
[1] J. Haines, J.M. Leger, F. Gorelli, D.D. Klug, J.S. Tse, Z.Q. Li, Phys.
Rev. B, 2001, 64, 134110-1-10.
[2] V. Kanchana, G. Vaitheeswaran, . Rajagopalan, J. Alloy and Comp.,
2003, 352, 60-65.
[3] H. Öztürk, C. Kürkçü, C. Kürkçü, J. Alloy and Comp., 2014, 597, 155160.
[4] N.L. Allan, R.I. Hines, M.D. Towler, W.C. Mackrodt, J. Chem. Phys.
1994, 100, 4710-4711.
[5] K. Nishidate, M. Baba, T. Sato, K. Nishikawa, Phys. Rev. B, 1995, 52,
3170-3176.
[6] H. Öztürk, C. Kürkçü, C. Kürkçü, J. Alloy and Comp., 2014, 609, 185.
[7] P. Ordejon, E. Artacho, J.M. Soler, Phys. Rev. B, 1996, 53, R10 441.
[8] J.P. Perdew, K. Burke, M. Ernzerhof, Phys. Rev. Lett., 1996, 77, 3865.
[9] F. Birch, Phys. Rev., 1947, 71, 809–824.
[10] F.D. Murnaghan, Proc. Natl. Acad. Sci. USA, 1944, 30, 244–247.

752

PHYSICAL CHEMISTRY 2014

I-09-P

AB INITIO CALCULATIONS OF HIGH-PRESSURE
STRUCTURAL PHASE TRANSITION IN CHROMIUM
DIOXIDE
C. Kurkcu1,2 and H. Ozturk 1
1

Physics Department, Faculty of Arts and Sciences, Ahi Evran
University, Kirsehir, 40100, Turkey
2
Physics Department, Institute of Science, Gazi University, Ankara,
Turkey
ABSTRACT
The structural phase transition of chromium dioxide (CrO2) are investigated
using density functional theory (DFT) within the Ceperley-Alder (CA) form
of local density approximation (LDA). We investigate the structural
behavior of CrO2 under the hydrostatic pressure up to 500 GPa. At 220 GPa,
tetragonal rutile-type structure with space group P42/mnm of CrO2
transforms to orthorhombic CrO2-type structure with space group Pnnm. At
440 GPa, CaCl2-type structure of CrO2 transforms to another orthorhombic
structure with space group Cmc21. We also study the stability of these
phases from the total energy and enthalpy computations. According to these
investigations, the phase transformations should occur from the tetragonal
rutile-type structure to the CaCl2-type structure around 15 GPa and from the
CaCl2-type structure to the another orthorhombic structure with space group
Cmc21 around 85 GPa.
INTRODUCTION
As a half-metal and ferromagnet, chromium dioxide has attracted
remarkable interest owing to its importance. This substance is considered as
an ideal material for developing spintronic devices, tunneling
magnetoresistance devices, magnetic heads, magnetic random access
memories and magnetic field sensor [1-11].
Chromium dioxide crystallizes in the tetragonal rutile-type structure at
ambient conditions like TiO2, MnO2, RuO2, SnO2 and GeO2, etc. Among
these rutile-type dioxides, CrO2 has special importance because CrO2 is the
only half-metallic ferromagnet. Maddox et al. [3] experimentally observed a
phase transformation from the rutile to the CaCl2-type structure at pressure
of 12±3 GPa. We have also obtained by ab initio calculations this phase
transformation at about 15 GPa in good agreement with their study.
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COMPUTATIONAL
The calculations were performed with the ab initio program SIESTA [12].
The method is based on the density functional theory (DFT) within the
Ceperley-Alder (CA) form of local density approximation (LDA). A
uniform mesh with a plane wave cut-off of 200 Ry was used with the aim of
representing the electron density, the local part of the pseudopotentials, and
the Hartree and the exchange–correlation potential. A simulation cell of 96
atoms with periodic boundary conditions has been chosen. In order to apply
pressure to the system, we used conjugate-gradient method. The system was
first equilibrated at zero pressure, and then the pressure was gradually
increased by a rise of 20.0 GPa. For each value of the applied pressure, the
structure was permitted to relax and find its equilibrium volume and lowestenergy by optimizing its lattice vectors and atomic positions together until
the maximum atomic forces were smaller than 0.01 eV Å−1 and the stress
tolerances were less than 0.5 GPa.
RESULTS AND DISCUSSION
The pressure was gradually increased beginning from the zero-pressure
structure and the structure of CrO2 at each applied pressure was analyzed
using the KPLOT program [13]. At 0 GPa, we have found rutile-type
structure of CrO2 with space group P42/mnm and depicted it in Fig. 1.

Figure 1. (Color online) Rutile-type structure of CrO2 at zero pressure.

This structure of CrO2 has 6 atoms per unit cell. Cr is six-fold coordinated
by O and the Cr-O bond lengths range from 1.773Å to 1.863Å for this
structure. Cell parameters of this structure are obtained as a=b=4.3754Å and
c=2.5932Å. These results are in good agreement with literature [11]. A
phase transformation from rutile-type structure with space group P42/mnm
to the orthorhombic structure with space group Pnnm has been found at 220
GPa. This orthorhombic structure is depicted in Fig. 2.
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Figure 2. (Color online) Crystal structures of CrO2 at 220 GPa.

This structure of CrO2 has also 6 atoms per unit cell. Cr is six-fold
coordinated by O and the Cr-O bond lengths range from 1.641Å to 1.743Å
for this structure. Cell parameters of this structure are obtained as
a=3.7145Å, b=4.2312Å and c=2.1888Å.
At 440 GPa we have found another phase transformation from orthorhombic
structure with space group Pnnm into another orthorhombic structure with
space group Cmc21. As far as we know, this phase has not been obtained in
any previous studies. This structure is depicted in Fig. 3.

Figure 3. (Color online) Crystal structures of CrO2 at 440 GPa.

This structure has 12 atoms per unit cell and is denser than the first two
phases of CrO2 obtained in this study. In this structure of CrO2, Cr is sevenfold coordinated by O and the Cr-O bond lengths range from 1.615Å to
1.725Å. Cell parameters of this phase are obtained as a=2.0887Å,
b=7.4108Å and c=3.6589Å.
The polyhedral views of CrO2 phases obtained in this study are illustrated in
Fig. 4.
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Figure 4. Polyhedral views of CrO2 phases: a) P42/mnm phase at zero
pressure, b) Pnnm phase at 220 GPa and c) Cmc21 phase at 440 GPa.
CONCLUSION
We have predicted three pressure-induced structural phase transitions in
CrO2. Rutile- type structure of chromium dioxide undergoes a phase
transition to orthorhombic CaCl2-type structure with space group Pnnm.
This result is important both as a model for TiO2 at high pressure and owing
to the fact that the rutile → CaCl2-type transition is a first step in the phase
transition sequence.
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ABSTRACT
The surface energy of amorphous polymer films (γSV), its dispersive (γdSV)
and polar (γpSV) components were determined using contact angle
measurements. The interrelation between the dispersive component of
surface energy, polymer fractional free volume and gas permeability of
polymer membranes were found.
INTRODUCTION
Surface (γSV) and interfacial «polymer-liquid» (γSL) energy of solid
materials and its alteration during the contact of material with different
media determine the different processes proceeding at the interface
(adsorption, adhesion, change of mechanical strength, etc.) [1]. That is why
this values may be a parameter of forecast of polymer efficiency for
practical tasks decision.
Contact angle measurements are widely used for the γSV determination
[2]. In present work new perspectives of this method for membrane
materials efficiency prediction are shown.
EXPERIMENTAL
Films of amorphous polymers, which are perspective for membrane
materials creation, were studied (Fig.1); films thickness was 300÷500 nm.
Polynorbornenes,
poly(4-methyl-2-pentine)
(PMP)
and
poly[1(thrimethylsilyl)-1-propine (PTMSP) were synthesized and characterized in
Topchiev Institute of Petrochemical Synthesis, RAS. Also commercial
statistic
copolymers
tetraflyuroethylene
with
2,2,4-thrifluoro-5thrifluorometoxy-1,3-dioxolane (Hyflons®ADХ, Solvay-Solexis) and 2,2bis(thrifluoromethyl)-4,5-difluoro-1,3-dioxolane (Teflons®AF, Du Pont)
were studied. Literature data about physical-chemical characteristics (glass
transition temperature Тg, gas (O2) permeability Р, fractional free volume
FFV) of polymers investigated were used. Polymer films were prepared by
coating from solutions at the surface of solid carriers (Alumina plates) with
size 10х15х1 mm. 1 wt% of metathesis polynorbornenes solution in
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toluene, 1 wt % of additive polynorbornenes solution in cyclohexane and 1
wt % of AD and AF in octafluorotoluene were used; then films were dried
during 48 h at 20 оС. PTMSP and PMP films were prepared in accordance
to technique described in [3] without solid carrier.

SiMe3

MPNB

n

n

n

Me3Si

SiMe3

(Me3Si) – MPNB

(Me3Si)2 – MPNB

PTMSP

PMP

n

APNB 2,3
n
SiMe3

SiMe3-APNB 2,3

AD 80: n = 0.85
AF 2400: n = 0.87
AD 60: n = 0.6
AF 1600: n = 0.65
Figure 1. Structural formulae of monomer links of polymers investigated.
Owens-Wendt-Kaelble approach for the determination of surface energy of
polymer films γSV, its dispersive γdSV and polar γрSV components was used
[2]. Contact angles of test liquids (water and ethylene glycol) were
measured by sessile drop technique with accuracy 1 degree. The accuracy of
γSV , γdSV, γpSV values determination was 1 mJ⋅m−2. All measurements were
performed at 20 оС. It is essential, that the determination of γSV and
measurements of gas permeability (P(O2)) were performed for the same
synthetic samples of polymers and very close conditions of films preparation.
RESULTS AND DISCUSSION
Since the structure of surface layers of polymer membranes influence
strongly in processes of transport and separation of gases and liquids,
surface energy characteristics may be used as parameters permitting to
predict permeability of polymer films. Neglecting the small-scale mobility
of macromolecules, interactions of polymer coils in the film in the first
approximation can be considered from the point of contact interactions
between particles phase.
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Figure 2. The dependence of polymer surface
molecular
weight
energy and surface tension of low molecular
liquids and surface
liquids (20 ÷ 25 оС) from energy of cohesion
energy of polymers
of polymer and evaporation heat, respectively
from its evaporation
(handbook data).
energy and energy of
cohesion, respectively (Fig.2). The general character of dependencies of
surface energy from energy of cohesion for polymers in the different phase
states should be mentioned. The deviation from linear dependence between
the bulk and surface characteristics is observed for substances, which are
able to the formation of hydrogen bonds. The u(av) depends on the distance
between the particles, which, in turn, is determined by its packing density.
In the short-range order within the dispersion interaction, characterized by
the lowest energy among other types of intermolecular forces [4], may be
more sensitive to changes in the distance. On the other hand, the polymer
density is related with its free volume, which has a decisive influence on the
mass transfer in films of glassy polymers. Polymer free volume is
determined by the low-range order, which, in turn, depends from interaction
of polymer links [5]. Lateral interactions of unrelated links influence on the
magnitude of the surface energy. Thus, the same factor affects on a free
volume and surface energy.
We obtained good correlation between the experimentally determined γdSV
values and literature data of FFV is observed for all investigated polymers,
exclude AD (Fig.3). In many cases gas permeability Р is related with
polymer fractional free volume FFV:
Р = A·exp(– B / FFV),
where А and В are the constants, individual for each gas [6]. So, the
correlation of experimentally determined γdSV values with literature data
about gas permeability of polymer films (Fig. 4) is the direct consequence of
the dependence presented at Fig. 3.
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Of course, the correlations experimentally obtained seem to be semi
empirical and require further theoretical analysis. Nevertheless, ones
illustrate the sensitivity of polymer surface energy characteristics to the
packing density of macromolecules in surface layers [7].
CONCLUSION
So, generalization and analysis of results obtained makes it possible to
determine new perspectives for the use of contact angle measurements for
comparison of the transport properties of polymer films and optimizing of
polymer choice for the creation of polymer membranes.
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ABSTRACT
On a series of copolymers based on styrene and n-butyl acrylate of various
composition and monomer unit distribution in the chain we demonstrate the
influence of solvent thermodynamic quality on the chain conformation in
the surface layer of the films by means of two different methods, namely
wetting and ATR-FTIR spectroscopy. Correctness of comparing the results
obtained by these techniques is discussed. Also the experimental data were
confirmed by quantum chemistry modeling.
INTRODUCTION
The combination of IR spectroscopy with quantum chemistry modeling
make possible to explain numerous fine points of the influence of
(co)polymer structure and conformation set of elementary unit on the
physical-chemical properties of polymer films [1−3]. ATR-FTIR technique,
in particular, allows getting information about change of conformation set of
maromlecules on the surface of polymer films. The values of contact angles
by-turn give access to the energetic characteristics of the surface, such as
dispersive (γdSV) and polar (γpSV) components of polymer surface energy
(γSV). Below we present the systematic study of films of the series of
copolymers with continuously changing composition and monomer unit
distribution by above mentioned methods and compare the data extracted
from these different approaches.
EXPERIMENTAL
The binary copolymers of styrene and n-butyl acrylate (BA) of various
composition and monomer unit distribution obtained via a controlled radical
polymerization (compositionally homogeneous, gradient GC or bloccopolymer BC) and conventional radical polymerization (compositionally
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heterogeneous, random RC) have been studied (Table 1). Their synthesis
and characterization is fully described in [4].
Polymer films were prepared by
Table 1. Characteristics of
dropping of 1 wt.% solutions in
(co)polymers
(FS – styrene mole
toluene or acetone on KBr pellets
fraction in copolymer)
with subsequent drying during 2 h in
air at room temperature. The choice
Sample FS, % Mn × 10–3 PDI
of the solvent was based on different
PS
100
25.8
1.20
thermodynamic quality with respect
GC-10
10
25.8
1.21
to
styrene
(good
and
bad
RC-10
10
19.6
1.18
respectively). The FTIR-spectra were
25
353.9
1.93
RC′-25
recorded using a Bruker IFS 66v/s
GC-25
25
16.6
1.25
IR spectrometer in two modes:
PBA
0
36.8
1.53
–1
transmission (FTIR, 4000–400 cm ,
resolution 1 cm–1) and attenuated total reflection (ATR, 4000–600 cm–1,
resolution 2 cm–1) using IR-microscope Hyperion2000, conjugated with IFS
66v/s. For surface energy characteristics measurement, Owens-WendtKaelble approach was used (test liquids were water and diiodomethane) [5].
Contact angles of test liquids were measured by sessile drop technique with
accuracy of 1 degree. The accuracy of γSV value determination was 1
mJ⋅m−2.
RESULTS AND DISCUSSION
Solvent influence on chain conformation in films of homopolymers PS and
PBA was studied first by FTIR and ATR-FTIR spectroscopy on samples
casted from toluene and acetone. Influence of solvent on conformational
ordering of functional groups in the polymer chain was shown for the block
(FTIR, transmission) and surface (ATR-FTIR) films for homopolymers. The
most significant conformational differences were found in the range of
absorption of CH deformation vibrations in mono-substituted aromatic ring
(δCH at 750–698 cm–1), the fact which confirms the different arrangement of
aromatic rings along the main backbone (Fig.1). A ratio of absorbance band
intensity δCH in aromatic ring with respect to νCHal in aliphatic group of
backbone (A757/A2924) was chosen as criterion, which characterizes the
arrangement of benzene rings along the main backbone. Results are
presented in Table 2 (spectra normalized with respect to the absorption band
νCH=3025 cm–1 intensity). The differences in chain conformation set may be
related to the extent of sample thermodynamic non-equilibrium: film formed
from toluene is more close to the equilibrium state (PS after annealing) as
compared with film casted from acetone.
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The analysis of ATR-FTIR data also indicates that the surface layer contains
more aromatic groups in the film casted from acetone with respect
to the one prepared from toluene
698
solution. It correlates fairly well with
the values of dispersive component of
specific surface energy γdSV; the latter
757
indicates the higher packing density for
754
PS film made from toluene solution
730
(Table 2). Our selection of structural
3
criteria set was approved by quantum
2
chemistry
calculations,
where
1
differences in geometry (dihedral angles
800
750
700 ν, cm
for instance) were obtained for
polymeric chain fragment associated
Figure 1. The fragments of
with acetone or toluene molecule via
FTIR-spectra of PS films
non-covalent interaction).
formed from acetone (1) and
Similarly, we found and approved the
toluene (2) solutions. FTIRstructural criterion for the orientation
spectrum of PS (Aldrich,
characteristics of functional groups in
9×104, Tg =100 °C) film after
PBA film casted from solutions in the
annealing (3) is given for
same solvents. In this case, the measure
comparison
was the ratio of νC=O band intensity with
respect to νCHal band intensity. Again this criterion well correlates with γрSV
value (Table 2) and is quite sensitive to the conformational changes.
-1

Table 2. Comparison of data obtained from IR-spectroscopy and
interfacial angle measurements for homopolymers
γdSV γрSV γSV
Sample / Solvent, method
A757/A2924 A1730/A2924
PS (annealing), FTIR
1.87
PS, toluene, FTIR
1.12
PS, acetone, FTIR
0.81
42
9
51
PS, acetone, FTIR-ATR
0.46
45
1
46
PS, toluene, FTIR-ATR
0.68
41
5
46
PBA, acetone
4.81
PBA, toluene
4.92
40
9
49
We applied our treatment for copolymers (Table 1), and compared obtained
results with the values of γрSV and γdSV. An excellent agreement between
results obtained by ATR-FTIR and by surface wetting was observed; as
example see data given in Table 3. Similar results were obtained for all
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studied gradient copolymers. On the contrary, the random copolymers do
not exhibit the dependence from solvent thermodynamic quality
irrespectively on the comonomer amount in the copolymer.
Table 3. Comparison of data obtained from IR-spectroscopy and interfacial
angle measurements for copolymers
γdSV
γрSV
γSV
Sample / Solvent
A757/A2924 A1730/A2924
GC-10 toluene
39
7
46
0.21
3.00
GC-10 acetone
47
0
47
0.15
2.17
RC-10 toluene
46
0
46
0.20
4.77
RC-10 acetone
0.20
4.97
46
0
46
The quantum chemistry calculations for gradient copolymer confirmed that
the non-covalent interaction with the solvent may orient the functional
groups of monomer units depending on the quality of the solvent.
CONCLUSION
We would like to stress the fact that results obtained by two different
methods of surface studies are in good agreement. Hence a valuable
information about influence of both factors – chain structure and solvent
nature on the macromolecule conformation in bulk and on suface of the film
can be revealed using the proposed structural criteria.
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ABSTRACT
Binuclear Ni-based coordination polymer was found to undergo reversible
3D to 2D framework transformation during dehydration around 365K with further
thermal degradation around 570K. Correlation between experimental
measurements and DFT calculations suggest formation of a layered 2D framework,
which remains stable even after thermal degradation around 570K. XRD
measurements show loss of long-range structure corresponding to each degradation
process. Rehydration of the dehydration product is possible in saturated water
vapor to regain the structure of the initial coordination polymer.

INTRODUCTION
Coordination polymers, or metal organic frameworks have been a focus of
particular interest in recent times due to their low cost, flexibility and
versatile chemistry [1, 2]. Their frameworks are composed of a wide variety
of structures: one-dimensional (1D), 2D and 3D, depending on their
coordination bonds. Materials that exhibit guest-responsive reversible
transformations from 2D framework to 3D framework represent a very
interesting class of materials because the can exhibit not only properties
characteristic of a 3D framework, but also stimulus-responsive properties
based on 2D-3D transformation [3, 4].
As a part of our multidisciplinary study of transition metal based
coordination polymers, this paper investigates thermally activated reactions
of
binuclear
hexaaqua-µ-[1,2,4,5-benzenetetracarboxylato(4-)]bis(ethylenediamine) dinickel (II) tetrahydrate [5], with a particular focus on
polymeric products and their structure and properties. Combination of
different experimental techniques and DFT calculations was used to
investigate and explain, in as much detail as possible, the structure of the
polymer products formed by dehydration and degradation reactions of this
compound and reversible nature of some of its transformations.
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EXPERIMENTAL
The
initial
hexaaqua-µ-[1,2,4,5-benzenetetracarboxylato(4-)]bis(ethylenediamine) dinickel (II) tetrahydrate was synthesized as described
in Ref. [5] from commercially available chemicals of analytical grade. The
X-ray powder diffraction (XRD) spectra were obtained using Philips
PW−1710 automated diffractometer, using Cu Kα line, operated at 40 kV
and 30 mA, in Bragg-Bentano geometry. Thermogravimetric analyses were
conducted using a Q500 TGA (TA Instruments) with sample weight of 10.0
± 0.5 mg, and a heating rate of 5 Kmin−1, in nitrogen atmosphere with gas
flow rate of 50 mLmin−1. DSC measurements were carried out at the same
heating rate, using DSC Q1000 (TA Instruments) with sample weights of
2.0 ± 0.2 mg, in nitrogen atmosphere with gas flow rate of 50 mLmin−1. All
DFT calculations were performed simulating aqueous solution with
continuous dielectric model using Gaussian 09 [6] program package. All
structures where fully optimized using C-PCM solvation method with Klamt
[7] radii, using the hybrid HF/DFT method with a combination of the threeparameter Becke [8] exchange and the Lee-Yang-Parr (B3LYP) [9] nonlocal correlation functional.

Figure 1. DSC/TG curves (left) and XRD patterns (right) showing thermal
degradation of [Ni2(en)2(H2O)6(pyr)]·4H2O complex.
RESULTS AND DISCUSSION
DSC scan shows that [Ni2(en)2(H2O)6(pyr)]·4H2O coordination polymer is
stable up to about 330 K and undergoes endothermic degradation in 330 –
400 K region (Figure 1). TGA scan shows three distinct losses of mass: one
in the temperature region investigated by DSC measurements, and two
outside of it. The loss of mass of around 27%, corresponding to the first
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process observed in both TGA and DSC, was correlated with the loss of 10
water molecules. The second peak in TG, around 570K, can be correlated
with release of ethylene diamine. XRD pattern of the initial coordination
polymer shows a crystalline structure, with numerous well defined sharp
peaks in 10-35o region, which provide a good description of the structure.
This crystal lattice exhibits P21/c group and having ten water molecules and
BTCA ligand, suggests substantial potential for polymerization.

Figure 2. Calculated structures of individual products (left) and reaction
scheme (right) of thermal degradation of [Ni2(en)2(H2O)6(pyr)]·4H2O.
DFT calculations were correlated with experimental results to determine
detailed structures of thermal degradation products (Figure 2). These show
that the initial complex undergoes polymerization during dehydration,
around 365K, resulting in 2-dimensional layered structure with weak
interconnectivity between the layers (polymer I). Further thermal
degradation around 570K results in loss of this interconnectivity, due to the
release of ethylene diamine, although 2-dimensional layers should remain
unaffected (polymer II). These structural changes are visible in XRD
patterns, manifesting as increasing loss of long-range structure after each

769

PHYSICAL CHEMISTRY 2014

J-03-O

degradation process, because the 3D bond network of the initial
coordination polymer depends on hydrogen bonding of water. In polymer I
this is replaced with fewer hydrogen bonds from ethylene diamine, while
interlayer connectivity is absent in polymer II. When the dehydration
product (polymer I) is exposed to saturated water vapor, it reabsorbs water
and reverts back to the structure of the initial coordination polymer,
exhibiting a reversible 3D to 2D framework transformation.
CONCLUSION
It was established that binuclear [Ni2(en)2(H2O)6(pyr)]·4H2O complex
undergoes reversible 3D to 2D framework transformation around 365K,
with further degradation around 570K. These both result in layered 2D
polymer structures, with loss of long-range structure after each successive
degradation process.
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ABSTRACT
The global and partial solubility parameters and radii of interaction spheres
poly(ethylene-co-propylene) rubber (EPDM) were determined from solubility
data and intrinsic viscosities using 9 solvents by the classical Hansen’s
method and an improved one. The poly(ethylene-co-propylene) rubber
(EPDM) is recommended as viscosity improvers for multi-grade mineral oils,
to estimate their efficiency of lubricating additive components for the mineral
oil SAE 10W-40.
INTRODUCTION
Solubility parameters are the most used quantities for the selection of
solvents for polymers and to predict their compatibility with some other
compounds or materials. That is why the solubility parameters of a polymer
must be accurately known.
The total solubility parameters, δ, defined by Hildebrand [1] as the square
root of the cohesive energy density, CED:
δ = (CED)1/2 = (∆EV/V)1/2

(1)

where ∆EV is the energy of vaporization and V – the molar volume, is a
measure of all the intermolecular forces responsible for the compound
cohesion.
The first step in differentiation of interactions types was made by Praunsnitz
et al. [2, 3], who divided the cohesive energy in two components: one due to
the dispersion (d) and the one due to all the other types of forces (a). Thus,
the total solubility parameter can be written as [4, 5]:
δ = (δd2 +δp2 + δh2)1/2

(2)
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The determination of the solubility parameters of many substances being a
difficult and laborious undertaking, some correlation between solubility
parameters and other physical properties were established [6 – 9].
A more accurate method to predict the solubility of a polymer in a solvent
was developed using an elaborated equation taking account of entropy
effects, polymer-polymer, polymer-solvent and solvent-solvent interactions
[10]. The equation was also used for oligomers [10].
The object of this paper was to determine the partial and total solubility
parameters for poly(ethylene-co-propylene) rubber (EPDM) is recommended
as viscosity improvers for multi-grade mineral oils, to estimate their
efficiency of lubricating additive components for the mineral oil SAE 10W40.
EXPERIMENTAL
The polymer poly(ethylene-co-propylene) (DSM Elastomers Europe B.V.)
was used EPDM . The poly(ethylene-co-propylene) rubber (EPDM) of
weight average molecular weight M w = 1.12 x 105 g mol-1, a number
average molecular weight M n = 4.73 x 104 g mol-1. Their ratio, which can
be taken as a measure of copolymer polydispersity, is 2.37.
The poly(ethylene-co-propylene) rubber (EPDM) was dissolved in solvent:
n-heptane, cyclohexane, benzene, toluene, o-xylene, chloroform,
triclorethylene, carbon tetrachloride and benzene chloride. The solutions
were prepared by dissolving each polymer in the solvent at room
temperature and concentrations of between 0.025 and 1%.
The viscosities of the solvents and solution were determined using two
Schott Ubbelohde- type viscometers (0a and Ia), selected according to the
values of their constant, so that the margins of the uncertainty, inherent in
the Hagenbach-Couette correction, does not exceed the error allowed for the
measurements. Intrinsic viscosities were determined from the dependence of
reduced viscosity on polymer concentration and their extrapolation to zero
polymer concentration.
RESULTS AND DISCUSSION
Determination of the partial and global solubility parameters of a polymer
by the classical (Hansen’s) method [4, 5] consists in testing polymer
solubility in different solvents with known global and partial solubility
parameters. The solubility parameters , the intrinsic viscosities obtained and
the normed ones for used solvents are given in Table 1.

772

PHYSICAL CHEMISTRY 2014

J-04-P

The method considers that good solvents of a polymer can be represented
into the three-dimensional space of coordinate’s δd, δp, δh as a system of
material points with different weighs.
The equations of the coordinates of the mass centre are [12]:
δd = ∑ (δdi x [η]’i)/ ∑ [η] i
(3)
δp = ∑ (δpi x [η]’i)/ ∑ [η] i
(4)
δh = ∑ (δhi x [η]’i)/ ∑ [η] i
(5)
where [η]’i is the intrinsic viscosity of the polymer in solvent i normalized
to unity. Normalization to unity was made by dividing the intrinsic
viscosities in the solvents given in table 1 by the maximum value obtained.
The highest value of Ri is considered the radius of interaction sphere. The
equation used to compute Ri is the well-known Hansen’s relation:
Ri =[4(δdi - δd)2 + (δpi - δp)2 + (δhi - δh)2]
(6)
Table 1. The solvents used, their global and partial solubility
parameters, intrinsic and normed viscosities at 25°C
Solvents
n-Heptane
Cyclohexane
Benzene
Toluene
o-Xylene
Chloroform
Triclorethylen
e
Carbon
tetrachloride
Benzene
chloride

δ,
(MPa)1/2
15.3
16.8
18.6
18.2
18.0
19.0
19.0

δd,
(MPa)1/2
15.3
16.8
18.4
18.0
17.8
17.8
18.0

δp ,
(MPa)1/2
0
0
0
1.4
1.0
3.1
3.1

δ h,
(MPa)1/2
0
0.2
2.0
2.0
3.1
5.7
5.3

[η], dl/g

[η]’i

1.5739
2.2385
0.6872
0.7289
1.2697
0.4726
1.6174

0.6062
0.8622
0.2646
0.2807
0.4890
0.1820
0.6229

17.8

17.8

0

0.6

2.5962*

1.0000

19.6

19.0

4.3

2.0

0.6370

0.2453

*The maximum value of intrinsic viscosity at which normation was
made.
The Hansen solubility parameters obtained using the two methods are given
in Table 2.
Table 2. The Hansen solubility parameters obtained by the classical and the
new method
Method
Classical
new

δ, (MPa)1/2
17.6
17.5

δd, (MPa)1/2
17.5
17.4

δp, (MPa)1/2
0.8
1.0
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δh, (MPa)1/2
1.0
1.8

R, (MPa)1/2
4.8
4.5
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CONCLUSION
The poly(ethylene-co-propylene) rubber (EPDM) is recommended as
viscosity improvers for multi-grade mineral oils, to estimate their efficiency
of lubricating additive components for the mineral oil SAE 10W-40.
The method presented determines more accurately the Hansen solubility
parameters and the radius of interaction sphere of a polymer, due to the
combination of intrinsic viscosity data (used to determine the Hildebrand
solubility parameters) with Hansen solubility parameters and an improved
mathematical method.
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ABSTRACT
The formation of self-assembled monolayers (SAMs) of disulfide based on
2-(2-pyridyl)benzimidazole and its complex with Co(II) at the gold surface
were investigated using contact angle measurements and quartz crystal
microbalance (QCM) method. The optimal conditions for formation of
metallocomplex surfaces were determined. The Co(II) monolayer formation
time was 1h and concentration of CoCl2 in ethanol solution was 10-3M.
INTRODUCTION
The formation of self-assembled monolayers (SAMs) of thiols, disulfides
and sulfides on gold has been studied during the last 30 years [1, 2]. The
strong chemical adsorption of sulfur-containing molecules on gold, stability,
a high level of order and the different terminal group of organosulfur
molecules provide an unique properties of SAMs connected with the
transport charge, biological and photochemical activity. The employment of
complexes of transition metals with terminal groups of SAMs allows
obtaining the compact catalysts and metallocomplex surfaces.
EXPERIMENTAL
SAMs of disulfide based on 2-(2pyridyl)benzimidazole (Fig. 1) and its
complex with Co(II) were investigated
using contact angle measurements and
quartz crystal microbalance method
(QCM).
The samples of Silicon (0,5 × 0,5
cm) with vacuum gold evaporated were
used. The thickness of gold film was
50±10 nm. The gold plates were
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Figure 1. Structure of
disulfide based on
2-(2-pyridyl)benzimidazole.
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immersed into 10-3M solution of ligand (L) in methanol for different time
(from 1s to 24h , Table 1). After drying (2 h at room temperature) the
advancing (θa) and receding (θr) contact angles were measured.
The fraction (X) of modified gold surface was calculated using molecular
theory of heterogeneous surfaces wetting and Cassie-Baxter equation [3].
The free surface energy (γS) of SAMs including dispersive (γdS) and polar
(γPS) components were calculated using the two-liquid method and OwensWendt-Kaelble approach [4, 5]. The method enables to determine the γS as
the sum of polar γpS and dispersive γdS contributions using two different
liquids. The probe liquids (water, W and ethylene glycol, EG) were used.
We used these liquids because the values of surface tension γL and its
dispersive γdL and polar γpL components are well known [4]. The
relationship between the equilibrium contact angle of liquid phase deposited
onto a solid surface is derived from the general Fowkes expression [4]
γL(1+cosθ) = 2(γdLγdS)1/2+ 2(γpLγpS)1/2 : (1),
γS = γdS + γpS.

The adsorption (Г) of L was measured by QCM (in situ) using AT-cut
quartz sensor with gold electrodes (200 nm thickness). The adsorption of L
was calculated using Saurbrey equation [6]:
∆f = −Cf ∆m, (2)
where ∆f – the observed frequency change in Hz, ∆m – the change in mass
per unit area in g·cm−2, Cf – the sensitivity factor for crystal (56,6 Hz·µg−1·
·cm2 for a 5 MHz AT-cut quartz crystal at room temperature). The sensor
was immersed into L solution. After SAM formation (∆f = const ) (Fig.1)
the sensor was put out from solution and after solvent evaporation the
contact angles of water and ethylene glycol were measured. Then the
modified sensor was immersed into 10-3M solution of CoCl2 in ethanol (Fig.
2). When the process of complexation was finished the amount of bound
cobalt with SAM was found.
RESULTS AND DISCUSSION
The results obtained (Table 1) show that when the time of gold surface
modification increases the contact angles hysteresis ∆θ = (θa – θr)
decreases. This is the evidence of SAM homogeneous on gold. The γpS
values increase and γdS values decrease. The complete modification of gold
surface occurs in 1 hour. The γS of SAM surface is close to one,s of
polyimides surfaces [7 , 8]. The adsorption of L was calculated from (2) and
its value was Γ = 7.4٠10-6mol·m−2 (∆f = 52.0 Hz, ML = 620 g·mol−1) (Fig.
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2). The contact angles of water and ethylene glycol were measured on
modified gold surface. Its values were 55 and 42 degree respectively.
The total surface energy γS = γdS + γpS = 7.8 + 38.3 = 46.1 (mJ·m−2) is close
to value presented in Table (1) and close to free surface energy of
polyimides. The adsorption of L on gold electrode Γ(L) = 7.0٠10-6 mol·m−2.
Table 1. Wetting properties (θa, θr, ∆θ, degree), surface energy of
monolayers (γ, mJ·m−2) and fraction of coverage of gold surface (X, %).
time ,
Water
s
X, %
θa θr ∆θ EG γdS γpS
γS
0
80 76 4
–
1
76 45 31 55 16.6 13.3 29.9
17
5
74 52 22 54 15.3 16.2 31.5
26
10
73 54 19 52 16.3 15.5 31.8
30
30
69 61 8
53 11.1 22.4 33.5
46
180 66 57 9
48 12.6 23.4 36.0
58
300 65 57 8
48 11.6 25.1 36.7
62
600 63 60 3
45 12.2 26.1 38.3
70
1800 58 55 3
43 9.4 33.4 42.8
90
3600 55 53 2
40 9.1 36.4 45.5
100
86400 55 54 1
40 9.1 36.4 45.5
100

It is known, that formation of metallocomplex surfaces occurs due to
coordination of metal ions through the lone electron pairs of the nitrogen
atom of terminal hydantoin groups [9].

Figure 2. SAM formation on gold.

Figure 3. CoII complexation
with SAM.

The complex formation Co(II) with SAM is finished in 1 hour, ∆f = 10.9 Hz
(Fig. 3) Γ(CoII) = 7.0٠10-6 mol·m−2. So, Γ(L) : Γ(CoII) ≈ 1:1. According to
literature data, during the disulfides molayer formation –S–S– bond breaks
and two equivalent fragments are obtained. After addition of CoII ions using
QCM method we observed that in metallocomplex layer two benzimidazole
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fragments bound one CoII ion, that is well-known from the coordinational
chemistry of cobalt.
The complexation of transition ions with terminal groups of thiols and
disulfides was used to reversible 2D and 3D architectures based on gold
nanoparticles and sulfur containing benzimidazole ligands [10].
CONCLUSION
The results obtained show a good agreement between the contact angle
measurements and QCM method data in study of kinetic of formation of
organosulfur SAMs at the gold surface and in determination of the optimal
time of complexation of metal ions with ligand, grafted at the gold surface.
The combination of contact angle measurements and QCM method permits
to control promptly the homogeneity and fraction of coverage of gold
surface with organosulfur ligand, efficiency of its complexation with metal
ions during the formation of metallocomplex surface and composition of
this surface.
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ABSTRACT
Polymer films based on styrene/n-butyl acrylate copolymers of various
chain microstructure have been formed from different solvents. Their
surfaces have been investigated by contact angles measurements and FTIRATR spectroscopy. It was found that the solvent nature and chain structure
affect macromolecule conformation in thin films.
INTRODUCTION
The macroscopic properties of polymer films may vary depending on their
prehistory, in particular, on chemical structure of residual solvent, which is
often kept in polymer films. Recently the efficiency of combination of
contact angle measurements with FTIR-ATR spectroscopy for investigation
of residual solvent influence on surface properties of amorphous polymer
films have been demonstrated [1].
The main idea of this study was to establish the regularities in changes of
surface energy values of polymer films (γSV), its dispersive (γdSV) and polar
(γpSV) components and to compare the results obtained with change in
polymer FTIR data.
EXPERIMENTAL
The binary copolymers of styrene and n-butyl acrylate of various
composition and chain microstructure obtained via a controlled and
conventional radical polymerization have been studied (Table 1). In
particular, gradient copolymer, GC-10, and compositionally homogeneous
random copolymers, RC-60a and RC-10, were synthesized via a RAFT
polymerization using dibenzyl trithiocarbonate [2], while compositionally
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heterogeneous random copolymer, RC-60b, was synthesized via bulk
conventional radical polymerization.
Table 1. Characteristics of (co)polymers: FS− styrene mole fraction in
copolymer, Mn – number average molecular mass,
PDI − polydispersity index.

Polymer sample
FS, %
Mn × 10-3
PDI

PS*
100
25.8
1.20

RC-60a RC-60b GC-10
60
60
10
14.5
230.9
25.8
1.24
1.32
1.12
*PS – polystyrene; ** PNBA – poly(n-butyl acrylate).

RC-10
10
52.0
1.41

PNBA**
0
36.8
1.53

Polymer films were prepared by coating of 1 wt. % solutions in toluene and
acetone on the surfaces of solid carriers (glass and alumina plates, size
10×15×1 mm) with subsequent drying at 2 h in air at room temperature. The
choice of the solvent was based on its different thermodynamic quality with
respect to styrene (toluene is a good solvent, while acetone is a bad one).
The surface tensions of toluene and acetone equal to 23.8 and 28.4 mJ·m–2
respectively were measured by Wilhelmy plate method.
Values of γSV = γdSV + γрSV were determined using Owens-Wendt-Kaelble
approach. The test liquids used were water and diiodomethane [3]. Contact
angles of liquids were measured by sessile drop technique with accuracy of
1 degree. The accuracy of γSV value determination was 1 mJ⋅m−2.
For FTIR spectroscopy investigations polymer films were formed on KBr
plates. The IR spectra were recorded using a Bruker IFS 66v/s IR
spectrometer in two modes: transmission (4000–400 cm–1, resolution 1
cm–1) and attenuated total reflection (ATR, 4000–600 cm–1, resolution 2
cm–1) using IR-microscope Hyperion2000, conjugated with IFS 66v/s (Ge
crystal). Spectra were processed using OPUS software (Bruker).
It was shown that the nature of carrier does not have the influence on
contact angles of test liquids on polymer surface. Hence, the comparison of
the results of investigation using contact angles measurements and FTIRATR data is quite reasonable. All measurements were performed at 20 оС.
RESULTS AND DISCUSSION
Experiments have shown that in fact two factors are responsible for
macromolecules chain conformation in thin polymer films, which can be
estimated from surface energy values, namely composition homogeneity of
copolymers and monomer distribution in polymeric chain. The values of
dispersive and polar components of surface energy of polymer films depend
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on the nature (thermodynamic quality) of residual solvent in the case of
composition of heterogeneous random copolymer RC-60b (Table 2). It may
be due to the presence of the chains enriched with styrene that were formed
at low and middle monomer conversions and the chains enriched with nbutyl acrylate formed at high monomer conversions in polymer synthesis. In
contrast, in the case when copolymer consists of the macromolecules of
close composition with random distribution of monomer units no influence
of the residual solvent on surface energy can be found.
The influence of chain microstructure can be revealed from the samples GC10 and RC-10. Again, no influence of the residual solvent on surface energy
can be found for random compositionally homogeneous copolymer, while
gradient structure affects it strongly.
Table 2. Surface energy (γSV, mJ·m–2) of polymer films formed from different
solvents, its dispersive (γdSV) and polar (γрSV) components.
toluene
acetone
Sample
γdSV
γрSV
γSV
γdSV
γрSV
γSV
PS
45
1
46
42
9
51
RC-60a
43
3
46
45
2
47
36
RC-60b
41
3
44
36
close to 0
GC-10
39
7
46
47
47
close to 0
RC-10
46
46
46
46
close to 0
close to 0
PNBA
40
9
49
41
5
46

Regularities of alteration of γdSV and γрSV modes are in a good agreement
with FTIR data. The differences in the conformational composition of the
polymer chains, which correlate with γdSV, were estimated by a qualitative
difference in the IR spectra (for example, wavenumbers and quantity of
absorption bands maximums). The relative content of polar and non-polar
groups at the films surfaces was analyzed using the ratio of absorption
bands intensities (A) of valence vibrations νCH and νCО (A2924/A1730) in
ATR-spectra. Spectra were normalized by νCH 2960cm–1.
As an example, the FTIR spectra of GC-10 film formed from acetone (1, 3)
and toluene (2, 4) from bulk (transmission, 1, 2) and surface (ATR, 3, 4) are
presented on Fig. 1. The variations in spectra can be observed between bulk
and surface (1 and 3, 2 and 4) as well between two solvents (3 and 4). The
uniform conformational composition in case of the film, formed from
acetone, leads to more dense of polymer chains packing and, in
consequence, to higher γdSV value (Table 2). For film, formed from toluene
and acetone, ratios A2958/A1730 are 0.28 and 0.23 respectively. Thus, the
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film, formed from toluene, contains more polar groups at the surface layer.
This result correlates with higher
A
γрSV value (Table 2).
758
1000
880
673
The absence of qualitative
4
differences in FTIR spectra of
RC-10 films, formed from
3
toluene and acetone, indicates
the identical conformational
composition of its surface layers;
2
γdSV are the same for these films
(Table 2). Close A2924/A1730
1
values (0.28 and 0.27 for films,
1100 1050 1000 950
900
850
800
750
700
650
600
formed from toluene and acetone
ν, cm
respectively) correspond to the
same (close to zero) γрSV values.
Figure 1. Fragment of FTIR spectrum
of GC-10 films, formed from acetone
CONCLUSION
(1,3) and toluene (2,4); transmission
The analysis of reflection and
(1,2) and ATR (3,4) modes.
absorption polymer FTIR spectra
combining with the determination of γdSV and γpSV values of polymer films
may be informative technique for study of polymer films in non-equilibrium
state and interpretation of its surface properties. So, investigations in this
field will be continued.
-1
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ABSTRACT
Macroporous crosslinked poly(glycidyl methacrylate-co-ethylene glycol
dimethacrylate) [PGME-deta] functionalized with diethylene triamine was
used for removal of Mo(VI) oxyanions from aqueous solutions. Kinetics of
Mo(VI) sorption was investigated in batch experiments by varying initial
Mo(VI) concentration. Sorption kinetics data was fitted to chemical-reaction
and particle-diffusion models. It was shown that Mo(VI) sorption adhered to
the pseudo-second-order kinetic model, with a definite influence of pore
diffusion. The maximum Mo(VI) sorption capacity at pH 2.0 and 298K was
391 mg g-1.
INTRODUCTION
Molybdenum (Mo) is a relatively rare chemical element that became of
great importance in alloys production and as an inhibitor for steel corrosion
due to its low toxicity [1]. In aqueous environment, Mo exists mainly in the
form of molybdate and/or other Mo polyanions, depending on the solution
pH. At low concentrations, Mo is essential for normal growth of animals
and plants, but it can be also considered as a pollutant when its
concentration exceeds 5 mg dm-3 in the environment (surface and ground
water). The degree of toxicity of Mo and its compounds ranks between
Zn(II) and Cr(III) compounds [2]. Therefore, the removal of those species
from the environment is a matter of vital importance. Polymeric resins have
been increasingly investigated as sorbents for the sorption of toxic
pollutants because of their controllable pore structure, stable physical and
chemical properties and their ability of regeneration and reuse. The
presented work was directed at the removal of Mo(VI) oxyanions from
aqueous solution using macroporous PGME-deta. Kinetic data were
collected at four different initial concentrations and analyzed using four
kinetic models including the evaluation of the kinetic parameters.
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EXPERIMENTAL
Macroporous crosslinked copolymer of glycidyl methacrylate (GMA) and
ethylene glycol dimethacrylate (EGDMA) were prepared through
suspension copolymerization (EGDMA content was 20 mass %) and
functionalized with diethylene triamine, as described elsewhere [3]. The
sorption kinetics of Mo(VI) oxyanions from aqueous solutions with
different initial concentrations (Ci= 0.01, 0.02, 0.05 and 0.1M; pH=2.0) was
studied in batch experiments at room temperature (T=298K). For
determination of Mo(VI) sorption rates, 0.50 g of copolymer PGMA-deta
was contacted with 50 cm3 of metal salt solution. In each experiment, 0.5
cm3 were withdrawn from the system at predetermined time intervals,
diluted to 50 cm3 and Mo(VI) residual concentration was determined by
ICP-OES (Thermo Scientific iCAP6000).
RESULTS AND DISCUSSIONS
The speciation of Mo(VI) oxyanions and the surface charge of sorbent are
dependent on pH value and initial concentration [4]. In this study, the
maximum experimental sorption capacity for PGME-deta was found to be
391 mg g-1 at 298K. Namely, at pH 2.0 a large number of PGME-deta amino
groups are in their protonated cationic form and electrostatic interaction
occurs between the sorbent and negatively charged oxyanions in solution
leading to Mo(VI) uptake. For example, Elwakeel et al. reported Mo(VI)
sorption capacity of 336-380 mg g-1 for chemically modified magnetic
chitosan resins [2]. Magnetic resins grafted with tetraethylenepentamine
displayed Mo(VI) sorption capacity of 407-593 mg g-1[1].
In order to investigate the
Table 1. Kinetic models.
controlling mechanism of
Kinetic
Equation
Ref.
Mo(VI) sorption by PGMEmodel
deta, the sorption data were
k1 t
PFO
[5]
log ( Qe − Qt ) = log Qe −
treated with four kinetic
2.303
models i.e. the pseudo-first1
1
t
[5]
PSO
=
+ t
2
order (PFO), the pseudoQ k 2Qe
Qe
second-order
(PSO),
the
IPD
[5]
Qt = k id t + cid
intraparticle diffusion (IPD)
[6]
Mckay log( 1 − F ) = − ⎛⎜ S ⎞⎟ t
and the Mckay’s model. The
⎝ 2 . 303 ⎠
applied equations are listed in
Table 1. where: Qt-amount of sorbed metal ions at time t, Qe-amount of
sorbed metal ions at equilibrium, k1-PFO rate constant, k2-PSO rate
constant, kid-IPD coefficient, Cid-intercept of IPD plot, S-rate parameter.
Kinetic parameters calculated from these four kinetic models are presented
in Table 2.
1

2
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Table 2. Kinetic parameters for Mo(VI) using PGME-deta as sorbent
(pH=2.0, T=298K)
Ci, M
0.01
0.02
0.05
0.1
-1
Qe, mg g
91
155
210
391
PFO
k1·103, min-1
2.76
2.53
2.76
4.14
calc
-1
Qe , mg g
69
108
164
277
0.906
0.953
0.980
0.906
R2
PSO
k2·103, g mg-1 min-1
0.105
0.0530
0.0358
0.0367
calc
-1
Qe , mg g
97
161
222
400
0.983
0.978
0.980
0.997
R2
IPD
k1id, mg g-1 min-0.5
3.05
5.33
6.84
20.5
C1id, mg g -1
13.7
17.4
21.5
22.8
2
0.987
0.997
0.961
0.981
R
k2id, mg g-1 min-0.5
1.47
2.72
3.80
3.96
-1
C2id, mg g
35.1
51.2
66.6
239.3
0.999
0.998
0.983
0.993
R2
McKay
S ·103, min-1
3.71
3.59
3.27
7.05
0.955
0.987
0.955
0.993
R2
As shown in Table 2, the PSO equation fitted well the experimental data,
indicating that the Mo(VI) oxyanions sorption onto PGME-deta is surfacereaction controlled.
Most sorption processes take place through multistep mechanism, especially
when porous sorbents are used [7]. Due to the fact that PFO and PSO
kinetic models cannot show influence of diffusion on the process, IPD and
Mckay’s models were applied. IPD plots showed two different slopes of the
linear plots in two different time intervals, with a non-zero values of Cid
(Figure 1), suggesting that IPD was rate-controlling, but not exclusively.
The sorption of Mo(VI) ions onto PGME-deta is controlled by IPD along
with boundary layer diffusion [2].
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At different Mo(VI) concentration
Mckay’s plots were linear in the
initial 180-min period with R2≥0.955
and passed quite near the origin, as an
indication that IPD was a major rate
determining mechanism particularly
in the initial sorption period (Figure
not shown).
Figure 1. IPD plots for Mo(VI) by
PGME-deta at 298K and pH 2.0
CONCLUSIONS
The removal of Mo(VI) oxyanions from aqueous solutions was studied
using macroporous amino-functionalized crosslinked copolymer, PGMEdeta. Kinetics of Mo(VI) sorption was investigated in the initial metal
concentration range 0.01-0.1M and analyzed using four kinetic models.
Mo(VI) sorption by PGME-deta obeys the PSO kinetic model. The results
show that the sorption reaction is controlled by IPD with some degree of
boundary layer control. Mckay’s model confirms that Mo(VI) sorption is
pore diffusion controlled especially in initial period of the reaction.
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ABSTRACT
Novel polyethersulfone membranes with integrated submicron adsorbent
particles were prepared by combining photoirradiation with liquid phase
inversion. These particles consist of cross-linked poly(glycidyl
methacrylate-co-acrylamido-2-methylpropane sulfonic acid), pGMAAMPS. After membrane preparation, the epoxide groups were reacted with
diethylene triamine to incorporate amine functionalities. Membranes were
characterized using FTIR-ATR, SEM and dynamic adsorption of copper
from a dilute solution. Effects of monomer concentrations on the properties
and separation performance of membrane adsorbers are presented.
INTRODUCTION
Polyethersulfone (PES) is frequently used for making high performance
ultrafiltration membranes [1]. Various functionalization methods, such as
surface or bulk modification of PES material, are often used to incorporate
desired functionalities or improve wettability [2]. Macroporous beads
obtained by radical suspension polymerization of glycidyl methacrylate
(GMA) are very attractive as adsorbents in biochemical and chemical
separations [3], due to its ability to integrate separation and purification
steps for processing large amounts of product in relatively short times [4].
In this paper, novel PES membranes with submicron crosslinked adsorbent
particles of GMA-AMPS copolymer were prepared by combining liquid
phase inversion with photopolymerization followed by amination of the
epoxide groups under alkaline conditions.
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EXPERIMENTAL
Materials
Glycidyl methacrylate (GMA, reagent grade), trimethylolpropane triacrylate
(TMPTMA), N-methyl-2-pyrrolidone (NMP, 99% purity), diethylene
triamine (DETA, reagent grade), sodium hydroxide (NaOH), hydroquinone,
2-acrylamido-2-methylpropane sulfonic acid (AMPS) and copper (II)
chloride dihydrate (CuCl2 · 2H2O, reagent grade) were purchased from
Sigma Aldrich. Polyethersulfone (PES, Ultrason E 7020P) was provided by
BASF. The photoinitiator (bis(2,4,6-trimethylbenzoyl)-phenyl-phosphine
oxide (Irgacure 819) was obtained from Ciba SC as a gift. All chemicals
were used without purification.
Membrane preparation
Sodium salt of AMPS was prepared by dissolving equivalent quantities of
NaOH and AMPS, 0.1% hydroquinone in water followed by its
crystallization upon acetone addition, filtration and drying under vacuum.
Solutions of GMA, sodium salt of AMPS, cross-linker TMPTMA and
solvent NMP were mixed in vials cooled with ice and protected from
ambient light, then combined with PES solution and photoinitiator, cast on a
glass plate, and exposed to UV irradiation under nitrogen blanketing.
Irradiated films were immersed into water bath to prepare final membranes.
Obtained membranes were functionalized with DETA by heating them in a
solution containing 5g DETA and 100g distilled water for 8 hours at 80°C
under reflux conditions.
Membrane characterization
FTIR-ATR analysis was conducted with Thermo Scientific Nicolet 6700
instrument equipped with Smart ATR Diamond accessory.
SEM analysis was performed with JEOL JSM-6610 L instrument using W
filament as an electron source. Air-dried membrane samples were fractured
after cooling in liquid nitrogen and sputtered with gold.
Feed solution containing 2 ppm Cu2+ in deionized water was permeated
through membranes at 0.5 bar transmembrane pressure using a Millipore
stirred cell, Model 8050. The concentration of Cu2+ in permeate was
determined using Atomic Absorption Spectrophotometry.
RESULTS AND DISCUSSION
FTIR-ATR spectra of a typical PES membrane with adsorbent particles
taken before and after functionalization are presented in Fig. 1. Strong
carbonyl peaks at 1726 cm-1 and epoxide peaks at 907 cm-1 originate from
GMA, while the peak at 1042 cm-1 corresponds to the sulfonic acid group
present in AMPS. It can be seen that the epoxide peak at 907 cm-1 after
functionalization was significantly reduced.
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Figure 1. FTIR-ATR spectra of a membrane (11% PES, 2 mmol/g GMA, 1
mmol/g AMPS and 15 mol % TMPTMA), before and after functionalization

Fig. 2 presents SEM images of a membrane with initial concentrations of
2.0 mmol/g GMA and 1.0 mmol/g AMPS. The interconnected structure of
crosslinked pGMA-AMPS submicron particles embedded within porous
PES membrane is clearly visible.

Figure 2. SEM images of a PES membrane with 2.0 mmol/g GMA and 1.0
mmol/g AMPS: a) cross-section, b) middle part at 10k magnification.

The separation performances of functionalized and non-functionalized
membranes are shown in Fig. 3. Heavy metal capture occurs by electrostatic
binding between sulfonic group present in AMPS and Cu2+, while, in the
case of functionalized membranes, by additional chelating action of the
amino groups. Best separation performance was achieved with the
functionalized membrane with 1 mmol/g AMPS and 2 mmol/g GMA.
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Figure 3. Filtration of Cu solution through functionalized PES
membranes made with 0.75 mmol/g sodium salt of AMPS (▲) and 1.0
mmol/g sodium salt of AMPS (○) and non-functionalized membrane with
1.0 mmol/g sodium salt of AMPS (●)
CONCLUSION
Novel PES membrane adsorbers were prepared by combining liquid
phase inversion with photopolymerization followed by post-amination.
SEM images show interconnected network of submicron particles.
Dynamic adsorption performance of these membranes using a dilute Cu2+
solution indicated that they could be useful for capture of heavy metals.
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ABSTRACT
The differences in mechanism of polyconjugated system formation and its
structure under low-temperature IR-pyrolysis depending on copolymer
synthesis conditions were determined by ATR IR-spectroscopy. Systematic
studies were carried out using acrylonitrile / methyl acrylate and
acrylonitrile / methyl acrylate / itaconic acid copolymers with low content of
comonomers synthesized via radical polymerization in DMSO, DMF,
aqueous solution of NaNCS, and in water.
INTRODUCTION
Pyrolysis of polyacrylonitrile (PAN) and its copolymers leads to
polyconjugated system formation (PCS), which structure at earlier lowtemperature stages is pre-determined by such factors as copolymer chemical
composition and sample prehistory, in particular, the possible non-covalent
interactions between functional side groups and residual solvent that may
influence the orientation of the former along the main polymeric chain [1].
Recently, it have been found that the relative amount of N atoms in PCS
surface layer affects H and O atoms adsorption and it leads to different type
of conductivity (protonic or electronic) [2]. PAN pyrolysis under the action
of incoherent IR-radiation leads to formation of PCS at lower temperature
and time comparing to thermal annealing [3].
The aim of the present research was to establish 1) the systematic
differences in PCS structure under low-temperature IR-pyrolysis of AN
copolymers comparing to PAN homopolymer depending from reaction
medium used in polymer synthesis and copolymer composition; 2) the
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possibility of governing of PCS structure at the initial stage of its formation
for directed changes of physical-chemical properties of materials on its
basis.
EXPERIMENTAL
Binary and ternary copolymers have been synthesized via radical
polymerization using AIBN as an initiator at 70 °C. Table 1 summarizes
molar mass characteristics of resulting copolymers formed in various
reaction media.
Table. Characteristics of AN binary copolymers and terpolymers
Sample
Monomer feed Mw×
Mw/Mn
Sample
Solvent
No
%, AN/МА/IA 10–3
1
H 2O
95/5/0
214
4.72
2
95/5/0
NaNCS (aq.)
168
1.85
PAN-MA
3
DMSO
95/5/0
110
1.97
4
95/5/0
DMF
40
1.89
94/5/1
255
2.84
H 2O
1′
94/5/1
88
2.43
2′
PAN-MA- NaNCS (aq.)
94/5/1
IA
DMSO
58
1.84
3′
94/5/1
DMF
41
1.81
4′

IR-pyrolysis of dry powder samples was performed in a special lab pulsed
photon annealing device in Ar-atmosphere conducted at 25, 100, 140, 150,
160, 170, 180 and 200 °C in the IR-chamber [3]. The structure of forming
PCS structure of these samples was investigated by ATR spectroscopy at
each temperature of IR-pyrolysis. The ATR spectra were recorded using IRmicroscope Hyperion 2000 (Ge crystal, 4000–600 cm–1, resolution 2 cm–1),
conjugated with vacuum spectrometer IFS 66v/s (Bruker).
RESULTS AND DISCUSSION
The influence of reaction media on the PCS formation and its structure was
studied for AN binary copolymers (Samples 1–4, Table) and terpolymers
(Samples 1′–4′, Table) and compared with commercial PAN. Analysis of
ATR-IR-spectra of binary copolymers revealed the conformational
differences of the main chain comparing to PAN (deformation vibrations in
the region of 1500–800 cm–1) and the shift of absorption bands maximum of
stretching vibrations –C≡N and –C=O groups in copolymers comparing to
corresponding homopolymers. Analogous, but less pronounced, effects were
observed in ATR-IR-spectra of terpolymers. Hence, the reaction media can
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affect the conformational composition of copolymer via change of CN and
CO-groups polarization and orientation along main polymeric chain due to
non-covalent polymer – solvent interactions. Previously, this effect for
homopolymers was described in [1].
PCS formation was studied for both AN binary and ternary copolymers;
however more interesting features in PCS mechanism formation distinct
from PAN were found for terpolymers (Fig. 1).
ATR-IR-spectra given on Fig.
1585
1367
1
were
normalized
to
1252
absorption band of νCN for the
each temperature. By to 160 °C
CH
5
CN
PCS was the most developed
NH
4
for Sample 4′ and less
1450, δ
developed for Sample 1′. 2 1
1671
Moreover, ATR-IR-spectra of 3
1742
the Samples 1′–4′ recorded at 124
3
160 °C, and hence their
3000
2200
1500
1200
900 ν, cm
structure varies drastically. It
means that kinetics of PCS Figure 1. ATR-IR-spectra of polymers 1′
formation is different. This
– 4′ (Table) at 160oC (curves 1–4) and
result allows easy control of
200oC (curves 1′–4′). PCS structure of
definite type of conjugation in PAN at 200°C of IR-pyrolysis (curve 5).
copolymers samples by simple
change of reaction media during polymer synthesis. Towards the completion
of pyrolysis two types of PCS can be observed. Type I is characterized by
extensive length of conjugation or similar length of with minor defects
(absorption bands referred to δCHH at 1450 cm–1 are absent). In contrast
Type II is characterized by short conjugation segments separated by defects
(e.g., individual residual СН2-groups). Type I was observed in ATR-spectra
of PCS as intensive region of absorption with feebly pronounced maxima
below 1300 cm–1 and as similar intensive maxima of absorption bands at
1585 and 1367 cm–1 (Sample 1′ and PAN). The PCS of Type II can be
distinguished in ATR-spectra as intensive maxima of absorption bands at
1585, 1367 and 1252 cm–1 (Samples 2′ and 4′). Thus depending from
conformational composition of initial copolymer, which is due to the
influence of non-covalent interactions, two different types of PCS may be
obtained. Details the impact of non-covalent interactions on the orientation
of functional groups along the polymer chain with quantum-chemical
modeling results in other papers by the authors represented. ATR-spectra of
/

/

CHH

/

/

-1
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copolymers at 100 °C of IR-pyrolysis are of particular interest. For Samples
1′, 3′ and 4′ the absorption bands at 1850 and 1780 cm–1 are observed in the
spectra, which may be referred to formation of either cyclic or cross-linked
carbonyl containing structures (lacton, lactam, anhydride, imide, etc.) as
intermediate structure in PCS. One embodiment of the reaction mechanism
of PCS formation provides for primary generation of C=N bonds and further
developing of conjugation due to formation of C=C bonds at more intense
pyrolysis. The appearance of С=С bonds results to noticeable bathochromic
shift in UV-spectra [4]. Our quantum-chemical calculations of theoretical
vibration spectrum with various content of C=N and C=C bonds in model
show the analogous shift for the theoretical C=N frequency value to the
long-wave region upon C=C formation. Under definite conditions and
copolymer composition the ability to govern the content of C=N and C=C
bonds in the macromolecule appears, which allow control of conductivity
type in PCS under conditions of selective adsorption of atomic H and O.
CONCLUSION
The influence of reaction media of polymer synthesis on AN conformational
chain composition and as a consequence on mechanism, kinetics and
structure of PCS was shown. The ability to govern the relative content of
conjugated С=N и С=С bonds was assumed. The obtained results may
cause interest for developing of materials with proton or electron
conductivity through specific atomic hydrogen or oxygen adsorption on
partly formed PCS.
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ABSTRACT
Kinetic parameters of thermal degradation of rubber materials were
investigated by thermogravimetic analysis (TGA). Rubber samples, based
on butadiene-nitril and polyurethane elastomers, were prepared with
different types of oil (referent oil, mineral and processing oil). The influence
of network precursors and oil types on the kinetic of rubber decomposition
was investigated by Šatava-Šesták and Flynn-Wall-Ozawa methods. Kinetic
analysis showed that activation energy (Ea) values are all positive, indicating
that the thermooxidative degradation process of rubbers is non-spontaneous.
Also, substitution of referent oil with mineral or processing oil enhanced
thermal stability of rubber, increasing the degradation time.
INTRODUCTION
Rubber is a multi-component material with elastic properties which is its
main features, and due to its characteristics has a specific role and
application in various fields. When designing the composition of raw
material for the preparation of rubbers, it is very important to make such a
choice of initial components which could produce the material for specific
applications by crosslinking reaction. During the crosslinking of
macromolecules, by selecting the types and quantities of the initial
components, elastic material with the desired mechanical, chemical and
thermal properties could be obtained. Knowing kinetic of rubber thermal
degradation is very important from the point of applications, because during
degradation many properties of rubber decreased and offer clues to
understand degradation mechanism. Therefore, contemporary research and
industrial practice in rubber industry focused on the investigation of thermal
properties of rubbers in order to obtain new types of elastomeric materials
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for specific high-temperature applications. The aim of this study is the
investigation of the influence of oil types on the degradation kinetic of
rubbers based on different network precursors (butadiene-nitril and
polyurethane). Also, was evaluated kinetic models which conseder a threedimesional diffusion process for the investigation of degradation kinetics of
rubber meterials based on different network precursors.
EXPERIMENTAL
The samples were prepared by mixing the components, Table 1, on the
laboratory rollers ("Veb Getriebe Ohorn 8506"-Germany), 20 minutes at 50
ºC. Curing was performed in the press at 120 ºC. Thermal stability of
prepared samples was investigated by thermogravimetric analyser (TGA
701 LECO (Leco Corp.,USA)) with three different heating rates (3, 5 and 20
ºC), in air atmosphere from 25 to 700ºC.
Table 1. Composition of investigated rubbers (phr)
Rubber
Sulphur
Curing activator
Curing accelerator
Dioctylphthalate oil
Mineral oil
Process oil
Carbon black
Other ingredients

PUR-R
100.00
8.60
0.76
1.99
5.43
0
0
91.77
1.90

PUR-M
100.00
8.60
0.76
1.99
0
5.43
0
91.77
1.90

PUR-P
100.00
8.60
0.76
1.99
0
0
5.43
91.77
1.90

NBR-R
100.00
0.97
6.10
3.05
24.39
0
0
91.46
11.58

NBR-M
100.00
0.97
6.10
3.05
0
24.39
0
91.46
11.58

NBR-P
100.00
0.97
6.10
3.05
0
0
24.39
91.46
11.58

*R-referent (Dioctylphthalate oil) oil, M-mineral oil, P-processing oil
RESULTS AND DISCUSSION
Activation energies of degradation process for different rubbers were
summarised in Tables 2 and 3. Different types of mathematical integral
function of conversion, g(α), were applied, where the function g(α)=[1-(1α)1/3]2 was denoted as a D3 model and function g(α)=(1-2/3α)1/3-(1-α)2/3 as a
D4 model. These two models were used because considered threedimensional diffusion process [1]. For fixed heating rates, β, (3, 5, 20 K/min),
the values of activation energy (Ea) and pre-exponential factor (A) can be
obtained using Šatava-Šesták method (Eq. (1)) at any selected g(α) [2].
ln g (α ) = ln

As E s
E
− 5.330 − 1.0516 s
Rβ
RT
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Table 2. Values of activation energy and pre-exponential factor obtained
for the thermal decomposition of polyurethane base rubber from ŠatavaŠesták method
Sample
D3
D4
D3
PUR-M
D4
D3
PUR-P
D4
PUR-R

β=3K/min
Es
lnAs
(kJ/mol-1)
82.06
81.41
86.71
86.10
77.78
77.18

8.371
8.183
8.610
8.440
7.703
7.529

R2
0.967
0.969
0.973
0.963
0.965
0.967

β=5K/min
Es
lnAs
(kJ/mol-1)
96.29
95.74
98.15
97.54
95.63
94.67

10.56
10.41
10.88
10.71
10.81
10.56

R2
0.974
0.975
0.980
0.977
0.979
0.981

β=20K/min
Es
lnAs
(kJ/mol-1)
115.2
114.0
121.0
119.8
120.8
119.3

12.88
12.60
13.84
13.54
14.61
14.23

R2
0.951
0.953
0.957
0.973
0.964
0.964

Table 3. Values of activation energy and pre-exponential factor obtained
for the thermal decomposition of NBR based rubber from Šatava-Šesták
method
Sample
D3
D4
NBR- D3
M
D4
D3
NBR-P
D4
NBR-R

β=3K/min
lnAs
Es
(kJ/mol-1)
87.98
87.46
90.63
89.97
92.09
91.35

R2

7.858 0.949
7.720 0.951
8.010 0.958
7.834 0.959
9.765 0.991
9.565 0.991

β=5K/min
lnAs
Es
(kJ/mol-1)
92.33
91.64
107.1
106.3
98.35
97.45

R2

8.335 0.966
8.146 0.968
11.09 0.978
10.86 0.979
10.34 0.991
10.10 0.992

β=20K/min
lnAs
Es
(kJ/mol-1)
125.6
124.3
131.3
129.9
115.4
113.8

R2

13.54 0.945
13.22 0.945
14.37 0.957
14.04 0.957
12.33 0.963
11.96 0.963

From Tables 2 and 3 can be concluded that Ea values increasing with
substitution of referent oil with processing and mineral oil, which imply
higher thermal stability of these samples. As it was expected, with a higher
heating rate higher values of Ea were obtained for all samples.
For transformation of non-isothermal data to isothermal in this work FlynnWall-Ozawa model (Eq. (2)) was used [2].
ln β = ln(

AE
E
) − 5.330 − 1.0516
Rg (α )
RT

(2)
The values of the time required to achieve apparent degradation degree of
different rubber samples are summarized in the Table 4. Degradation of
samples deviated from the predictable data at degradation degree higher
than 50%, which is expected due to higher contents of carbon black in the
samples and its hindering effect.
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Table 4. Dependence of degradation time on rubber composition for apparent
degradation degrees
Time (min)
α

PUR-R

PUR-1

PUR-2

NBR-R

NBR-1

NBR-2

0.05

0.092

0.166

0.166

0.199

0.205

0.357

0.1

0.133

0.357

0.364

0.579

0.677

1.051

0.15

0.186

0.686

0.707

1.326

2.780

3.040

0.2

0.272

1.281

1.327

2.745

19.396

9.868

0.25

0.446

2.415

2.498

5.394

276.605

39.473

0.3

0.904

4.692

4.833

10.356

1123.776

213.087

0.35

2.571

9.573

9.794

19.724

/

1648.105

0.4

9.269

20.867

21.194

37.729

/

15953.430

0.45

15.782

49.465

50.059

73.245

/

83734.900

0.5

/

129.741

132.419

145.796

/

/

Substitution of referent (dioctylphthalate) oil with chipper mineral and
processing oils increases the thermal stability for both investigated rubbers,
and increases the time to reach apparent degree of degradation, Table 4.
Results obtained by D3 and D4 models were similar, which confirmed
presumption about diffusion controlled degradation of rubber, due to steric
effect of carbon black.
CONCLUSIONS
The kinetic of thermal degradation process of the investigated rubber
materials was successfully investigated by applied models, D3 and D4. In
comparison to the samples with referent oil, the thermal stability of the
rubbers prepared with mineral and processing oil are improved. At a given
degradation temperature, the degradation rate of the samples with mineral
and processing oil are lower than those of the rubber with referent oil, which
indicated a higher durability and potential usage in high temperature
applications.
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ABSTRACT
In this paper the influence of concentration of blowing agent and calcium
carbonate filler as well as temperature and time of the blowing process on
the tensile resistance of the PVC foam were studied. Moreover, regression
analysis was performed in order to determine the significance of studied
parameters influence tensile resistance. Tensile resistance is defined by four
values: Maximum Power (Fmax), Maximum Power Extension (dLmax),
Tensile Strength (Fbreak) and Tensile Strength Extension (dLbreak). The
influence of all parameters (concentration of blowing agent and calcium
carbonate filler as well as temperature and time of the blowing process) on
the four mentioned values is practically the same. For that reason we have
chosen only Maximum Power Fmax as the representative for the model
analysis.
INTRODUCTION
In the last decade of the previous century demand for polymeric foams has
risen dramatically [1]. Trend of growth has continued at a rapid pace in the
whole world. The cause of this are the numerous excellent properties that
encompass light weight, excellent strength/weight ratio, superior insulating
abilities, and energy absorbing performance and comfort features of
polymeric foams [2]. Precise timing of foam expansion and careful choice
of temperature are critical for the foam properties. At high temperatures, the
melt viscosity is low so rapid gas expansion can cause cell rupture and
collapse [3]. Different studies have dealt with the influence of processing
conditions on foam density and thus on the foam properties [3]. Study of
CaCO3 particle size effect in foam formulations [4] proved that smaller
particle size enables efficient fusion of the compound.
In this study it was investigated the effect of four parameters on tensile
resistance of PVC foam. The parameters that were studied are temperature
(in the stabile range of 180 - 196 °C), expansion time (in the range 90-150s),
calcium carbonate filler concentration (40-100 phr) and azodicarbonamide
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blowing agent concentration (0.8 - 1.2 wt. %). Multiple regression analysis
was employed in order to determine the significance of the influence of the
different parameters on the tensile resistance.
EXPERIMENTAL
The plastisol consists of PVC powder (Solvic 367SF, Solvin, France), PVC
extender (Solvic 266SF, Solvin, Belgium), dioctyl phthalate plasticizer
(Roshalskiy Zavod Plastifikatorov, Roshaly, Russian Federation),
azodicarbonamide blowing agent (MC-2, OOO Norteks, Moscow, Russian
Federation), ZnO kicker (BC OM, Bellit, Saransk, Russian Federation),
TiO2 (R103, DuPont, Germany), calcium carbonate filler (Omycarb 40 UR,
Omya Ural, Russian Federation, with particle size 26 ± 5 µm), viscosity
regulator (Viskobyk 4041, BYK Chemie, Germany) and dispersing agent
(Dispersplast 1138, BYK Chemie Germany). Nine different formulations
were prepared with three different calcium carbonate concentrations (40, 70
and 100 phr) and three different blowing agent concentrations (0.8; 1,0; and
1.2 wt. %). The ratio of blowing agent to kicker percent was 3:1 in all nine
prepared formulations.
Poly (vinyl chloride) plastisols were prepared by mixing the appropriate
components in a laboratory vacuum mixer (LPE, Werner Mathis AG,
Switzerland). The prepared plastisols were coated on a silicon paper and
were left to gel for 30 s at 150 °C in an oven (LTF, Werner Mathis AG,
Switzerland). The samples were expanded into foam at five different
temperatures (180, 184, 188, 192 and 196 °C) and in three different time
periods (90, 120 and 150 s). The tensile resistance was measured by
mechanical test machine (Zwick/ Roell Z005) on samples 50 mm wide and
200 mm long with linear elongation speed of the material at 100 mm/min.
RESULTS AND DISCUSION
The main goal of this study was to determine which of the four studied
parameters (concentration of calcium carbonate – X1, concentration of
blowing agent – X2, foam expansion time – X3 and temperature – X4) has the
significant influence on the tensile resistance of the foam. Efforts were made
to find the appropriate linear correlation with the least number of
independent variables that would predict mentioned characteristic with an
acceptable level of accuracy. In the first step, linear correlation between
tensile resistance and each parameter was separately determined. The
highest value of correlation coefficient (R) and the lowest root mean square
error (RMSE) among four correlations indicate that calcium carbonate
concentration (CaCO3) is the best predictor on the tensile resistance of PVC
foam. At the same time azodicarbonamide blowing agent with the highest
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regression coefficient (-37.4) indicates biggest negative impact on tensile
resistance. Further on, forward stepwise analysis was performed, including
new parameters in the model in the order of their significance. Steps of
models are given below:
E1 = b0 + b1X1
(E1)
E2 = b0 + b1X1 + b2X2
(E2)
(E3)
E3 = b0 + b1X1 + b2X2 + b4X4
E4 = b0 + b1X1 + b2X2 + b3X3 + b4X4
(E4)
In table 1 all parameter models are shown. First, we have tried to improve
model E1 by including one more parameter. The effect of including each of
the three remaining parameters was explored. F ratio shows how individual
parameters affect the model if we include them. The higher F ratio means
the higher significance.
Table 1. Regression coefficients (bi), correlation coefficient (R), root mean
square error (RMSE), sum of square (SS) and F ratio for different
correlation models for tensile resistance dependence on studied parameters
Model
R
RMSE SS
F
E1 = 99.1 – 1.25X1
0.6661 10.3
11170 106
E2 = 139.27 – 1,28X1 – 39,23X2
0.8119 8.1
16597 128
E3 = 344,1 – 1,28X1 – 39,23X2 – 1,09X4
0.9290 5.1
21726 275
E4 =355,56 –1,28X1 –39,23X2 - 0,1X3 0.9446 4.6
22464 269
1,09X4
In the model E3 and E4, F ratio value is higher more than twice compared
with model E2, meaning higher significance, and correlation coefficient (R)
for E3 and E4 model are almost the same. Therefore, since the model E3,
with three parameters, is simpler, it was our model of choice. Comparison of
the values of the tensile resistance predicted by the model and the
experimental values were compared and the points that differ more than 2 σ
were disbanded (4 points from the total of 135 points).
Table 2. Intercept, regression coefficient bi, correlation coefficient (R), root
mean square error (RMSE) of correlations between tensile resistance and
each single studied variables (Model E1)
Variable
Intercept Coefficien
Parametar
designatio
R
RMSE
b0
name
t bi
n
CaCO3 (%)
X1
99,1
-1,25
0,6661 10,2618
ADCA (%)
X2
100,57
-37,4
0,4428 12,3357
Time (s)
X3
74,49
-0,1
0,1712 13,5551
Temperature
X4
267,88
-1,09
0,4513 12,2772
(OC)
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Although analysis (model E1 – table 2; individual impact of independent
variables) has indicated that concentration of the calcium carbonate
(CaCO3) is the most important predictor that determines the tensile
resistance trend. At the same time the linear regression analysis shows that
blowing agent has the highest regression coefficient and influence on tensile
resistance as well. Tensile can be performed in a very narrow range of
temperature and time. Optimal processing conditions are in temperature
range of 188-192 °C with a foaming time of 120 seconds. Adding calcium
carbonate filler has negative effect on the tensile resistance but significance
of its effect (expressed as F ratio) is relatively low (Table 1).This
information is very important as it shows that with the addition of the filler,
the price of the product can be lowered with an insignificant change of the
tensile resistance.
CONCLUSIONS
In this study effect of temperature, foaming time, calcium carbonate and
blowing agent concentration on tensile resistance was investigated.
Correlation models that describe these relations were developed. It was
found out that all studied parameters have negative influence on tensile
resistance. The most negative effect on tensile resistance shows the blowing
agent concentration while the calcium carbonate concentration is the best
predictor of the model. Increase of the calcium carbonate concentration in
the foam lowers the tensile resistance but it was found out that its influence
is not significant. These findings confirm usefulness of calcium carbonate in
order to lower the cost of the PVC foam products. This means that the
mixture formulation and the process conditions must be optimized in order
to obtain the desired characteristics and sustainable cost.
ACKNOWLEDGMENTS
This study was supported by the Ministry of Education, science and
technological development of the Republic of Serbia, Project No. III 45022.
We specially thank associates working in Juteks DD development sector
laboratories in Russia and Slovenia for their technical assistance.
REFERENCES
[1] J. Patterson, Addit. Technol., 1998, 4, 26–29.
[2] H. Demir, M. Sipahioğlu, D. Balköse, S. Ülkü, J. Mater. Process.
Technol., 2008, 195, 144-153.
[3] E. Rabinovitch, J. Isner, J. Sidor, D. Wiedl, Spe/Antec
Proceedings1997, 3, 3554-3559.
[4] B. Azimipour, F. Marchand, J. Vinyl. Addit. Technol., 2006, 12, 55-57.

802

PHYSICAL CHEMISTRY 2014

J-12-P

INFLUENCE OF ALKYL GALLATE SURFACE
MODIFIED TiO2 NANOPARTICLES ON THE
RHEOLOGICAL PROPERTIES OF ALKYD RESIN
T. S. Radoman1, V. V. Vodnik 2, J. V. Džunuzović3, K. B. Jeremić4, A. D.
Marinković4 and E. S. Džunuzović4
1

Innovation center, Faculty of Technology and Metallurgy, University of
Belgrade, Karnegijeva 4, Belgrade 11120, Serbia.
2
Laboratory for Radiation Chemistry and Physics "Gamma", Institute of
Nuclear Science Vinca, University of Belgrade, Mike Petrovica Alasa 1214, 11001 Belgrade, Serbia. (vodves@vinca.rs)
3
Institute of Chemistry, Technology and Metallurgy (ICTM)-Center of
Chemistry, University of Belgrade, Studentski trg 12-16, 11000 Belgrade,
Serbia.
4
Faculty of Technology and Metallurgy, University of Belgrade,
Karnegijeva 4, 11120 Belgrade, Serbia.
ABSTRACT
The influence of alkyl gallate surface modified TiO2 nanoparticles on the
rheological properties of long oil alkyd resin, based on soybean oil, was
investigated. Surface modification of TiO2 nanoparticles, obtained by acid
catalyzed hydrolysis of titanium tetraisopropoxide, was performed with
propyl, lauryl or cetyl gallate. The average particle size and the crystal
structure of synthesized nanoparticles were estimated by transmission
electron microscopy and X-ray diffraction. The gallate chemisorption onto
surface of TiO2 nanoparticles was confirmed by FTIR and UV spectroscopy.
The examined dispersions were prepared by the addition of modified TiO2
nanoparticles to the commercial alkyd resin. The viscosity of the prepared
dispersions was higher than viscosity of the pure resin and it increased with
increasing length of hydrophobic part of the gallate used for surface
modification of TiO2 nanoparticles. This occurred because the increase of
their hydrodynamic volume led to the increase of the effective volume
fraction of particles in dispersion.
INTRODUCTION
Alkyds are the most common synthetics resins used in the paint industry due
to their unique properties, such as good wetting, good mechanical
properties, durability, good anticorrosive properties, high gloss, etc.
Besides, one of their advantages is that they are available from renewable
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resources. Keeping in mind that the properties of alkyd resins (ARs) depend
in great extent on the type of the used vegetable oil, distinguished features
of the alkyd resins give the possibility of using the same procedure to
develop a number of products with different properties [1]. In order to
improve the quality of coatings, a great number of inorganic pigments were
incorporated in coating formulation. Pigments have influence on optical
properties, corrosion resistance, hardness, flexibility, adhesion and
durability of coatings. When the paint (coating) is wet, pigments affect the
rheology and influence the ease of application (spray, brush,…), film
formation (flow and leveling) and sag resistance. That influence depends on
the pigment size, its concentration, type of the applied surface modification,
etc. However, the commercially available pigments are micro-sized.
Therefore, in recent years, attempts have been made to use nano-sized
pigments. It has been found that incorporation of nanoparticles in polymer
resin-based coatings improves barrier properties, reduces the formation of
blistering or delamination and enhances the integrity and durability of
coatings. In particular, depending on the type, concentration, size, shape and
dispersion quality of the nanoparticles in the polymer matrix, a superior
barrier properties, UV and mechanical resistance, as well as improved
thermal stability and optical properties can be achieved [2]. The aim of this
work was to investigate the influence of incorporation of TiO2 nanoparticles
surface modified with different alkyl gallates on the rheological properties
of alkyd resin.
EXPERIMENTAL
The commercially available alkyd resin, CHS-ALKYD S 653 W 70 (70
wt.% solution of AR in white spirit), was purchased from Spolchemie. The
colloidal TiO2 dispersion was synthesized by hydrolysis of titanium
tetraisopropoxide (TCI Europe) at 80 oC under a stream of dry nitrogen, for
8 hours. Modification of colloidal particles with three gallates (propyl (PG),
lauryl (LG) and cetyl gallate (CG); Sigma-Aldrich) was performed in the
same manner. The dispersions (1 wt.% of TiO2, calculated with respect to
the mass of alkyd resin) were prepared by adding appropriate amount of
modified nanoparticles to the AR. X-Ray diffraction (XRD) measurements
were performed on a Phillips PW1710 powder diffractometer. The average
particle size of the TiO2 nanoparticles was determined by a transmission
electron microscopy (JEOL-1200EX). FTIR spectra of dry, unmodified and
modified, TiO2 nanoparticles were recorded on a Bomem MB 100 FTIR
spectrophotometer. The absorption spectra of the TiO2 colloid in water and
TiO2 surface modified nanoparticles in chloroform were recorded using a
Perkin-Elmer Lambda 35 UV/Vis spectrometer. The complex dynamic
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viscosity (η*) of the prepared dispersions was determined with a
Rheometrics mechanical spectrometer RMS-605, operating in frequency
sweep mode, using a cone and plate geometry at 25 oC and at a strain of 5%
(the linear viscoelastic region).
RESULTS AND DISCUSSION
The average particle size of 3.9 ± 0.9
nm of the synthesized TiO2
nanoparticles was estimated by TEM.
The anatase crystal structure of the
obtained TiO2 nanoparticles was
confirmed by X-ray diffraction. The
formation of a charge transfer complex
between the TiO2 nanoparticles and
gallates was confirmed by FTIR (Fig.
1). PG was bonded to the surface Ti
atoms through the adjacent –OH
groups, forming binuclear (bridging)
Figure 1. FTIR spectra of the
complex. The absorption spectrum of
TiO2 nanoparticles, PG and TiO2
the
surface
modified
TiO2
nanoparticles modified with
nanoparticles is red-shifted compared
propyl gallate (TiO2-PG).
to the unmodified TiO2 nanoparticles,
indicating charge transfer complex
formation (Fig. 2) [3,4].
Frequency dependences of the
complex viscosity of dispersions are
shown in Fig. 3. The viscosity of all
dispersions is higher than viscosity of
unfilled resin. Gallates adsorbed on
the surface of TiO2 nanoparticles are
used to prevent agglomeration of
TiO2 nanoparticles and to improve
their interaction with alkyd resin. The
Figure 2. UV spectra of TiO2
dispersions are sterically stabilized
and TiO2-PG nanoparticles.
and particle repulsion originates from
the interactions between chemisorbed gallate layers.
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Gallate adsorbed layer enhances
effective radius of individual TiO2
particles, thus leading to an effective
increase of volume fraction of TiO2,
causing an increase of the viscosity of
dispersion due to the good particleresin interaction. The TiO2-CG
dispersion has the highest viscosity,
indicating the presence of the thickest
adsorbed layer and the biggest
effective radius of TiO2 particles due
to the longest alkyl chain length of
gallate used for surface modification
of TiO2.

Figure 3. Frequency dependence
of the η* of dispersions of TiO2PG, TiO2-HG and TiO2-LG
nanoparticles in AR at 25 oC.

CONCLUSION
The formation of a charge transfer complex between the TiO2 nanoparticles
and the alkyl gallates was confirmed by FTIR and UV spectroscopy. The
viscosity of the prepared dispersions was higher than viscosity of the pure
resin and it increased with increasing length of hydrophobic part of the
gallate used for the surface modification of TiO2 nanoparticles. This
occurred because of the increase of the effective radius of TiO2 particles due
to the increased thickness of the gallate adsorbed layer.
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ABSTRACT
A series of novel thermoplastic polyurethanes (TPUs) nanocomposites
based on α,ω–dihydroxy ethoxy propyl poly(dimethylsiloxane) (EOPDMS), 1,4-butanediol (BD) and 4,4'-diphenylmethane diisocyanate (MDI)
was synthesized by in situ two-step polyaddition reaction in solution using
modified clay (Cloisite 30B). The clay percentage in the nanocomposites
was 1, 3, 5, 8 and 10 wt% in relation to the polymers. The aim of this study
was to improve some properties of TPUs by the addition of clay
nanoparticles. The prepared nanocomposites were characterized using FTIR,
AFM and DSC analyses. The influence of nanoparticles dispersion on the
morphology and thermal properties of TPUs was investigated.
INTRODUCTION
Segmented polyurethanes (TPUs) are an important class of thermoplastic
elastomers, which have potential use as a biomaterial [1]. TPUs are linear
block copolymers typically constructed with hard and soft segments (HS
and SS), which cause the formation of microphase separated morphology
[2]. They have very desirable properties, such as high abrasion resistance,
flexibility and elasticity [3]. However, polyurethanes have some
disadvantages, such as poor thermal stability and poor gas-barrier
properties. These disadvantages are overcome by introducing inorganic
fillers, especially nanoclay particles based on Montmorillonite [4]. Also, the
incorporation of poly(dimethylsiloxane) into the polymer chain can enhance
some properties of TPUs such as: low surface energy, thermal stability and
flexibility. The objective of this work was to synthesize nanocomposites
based on organoclay (Cloisite 30B) and polyurethane as matrix. The way, in
which the dispersion of the clay nanoparticles may affect the structure,
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thermal and morphological properties of TPUs was analyzed by different
experimental techniques.
EXPERIMENTAL
α,ω-Dihydroxy ethoxy propyl poly(dimethylsiloxane) (EO-PDMS) (from
ABCR, Mn = 1000 g/mol) was dried over molecular sieves before use. 4,4'Diphenylmethane diisocyanate (MDI) (Aldrich, purity > 98 %), was used as
received. 1,4-Butanediol (BD) (Aldrich) was purified by vacuum
destillation. Cloisite 30B (Rockwood) was dried in vacuum oven at 30 °C
for 24h. Tetrahydrofuran (THF) (Moss Hemoss) and N,Ndimethylacetamide (DMAc) (Merck) were distilled and purified before use.
The catalyst in this reaction was stannous octanoate (Sn(Oct)2) (Aldrich).
TPU nanocomposites (PUNC) with 20 wt% of HS were prepared with
addition of organically modified montmorillonite clay (Cloisite 30B) by in
situ two-step polyaddition reaction in solution of THF/DMAc (1:1 v/v).
Hard segment of TPUs, which were prepared in the form of films, consist of
MDI and BD, while EO-PDMS was used as the SS. Different content of
organoclay (1, 3, 5, 8 and 10 wt%) was incorporated into TPU matrix.
FTIR spectra were recorded using attenuated total reflection (ATR) mode on
Nicolet 6700 FTIR spectrometer. AFM analysis was carried out on atomic
force microscope (DimensionIcon, Bruker), equipped with the SSS-NLC
probe, Super Sharp SiliconTM-SPM-Sensor (NanoSensorsTM Switzerland;
spring constant 35 N/m, resonant frequency ≈ 170 kHz). Measurements
were performed under ambient conditions using the tapping mode AFM
technique. Differential scanning calorimetry (DSC) was carried out on a
DSC Q1000V9.0 Build 275 thermal analyzer. The DSC scans were recorded
under nitrogen atmosphere, in the temperature range from -90 to 230 °C, at
a heating and cooling rate of 10 and 5 °C/min, respectively.
RESULTS AND DISCUSSION
The molecular structures of the TPU and polyurethane nanocomposites were
confirmed by FTIR spectroscopy (Figure 1). Characteristic bands of
samples appeared at 3310 cm-1 (νN-H), 2960 and 2880 cm-1 (νsym and νasym of
C-H), 1710 cm-1 (νC=O), 1545 and 1260 cm-1 (νC-N + δN-H i.e., amide II and
amide III), 1030 and 1080 cm-1 (νSi-O-Si and νC-O-C), 1600 cm-1 (ν(C=C)arom) and
800 cm-1 (ρC-H in SiCH3). However, the bands of the organoclay at 520 cm-1
(νSi-O-Al) and 460 cm-1 (δSi-O-Si) are also observed in the spectra of the
nanocomposites. These bands indicate that the polyurethane chains are
incorporated into the galleries of layered silicates from organoclay.
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AFM analysis was used to
investigate topography of the
samples (Figure 2). The addition of
clays significantly affected the
topography of TPU nanocomposites
in comparison with neat TPU. Based
on AFM results it can be assumed
that
organoclay
particles
are
homogeneously dispersed in the TPU
Figure 1. ATR-FTIR spectra of
matrix with 3 wt% of organoclay.
neat TPU and TPU
Similar situation was observed for
nanocomposites with
other TPU nanocomposites with 1, 5,
3 and 8 wt% of organoclay
8 and 10 wt% of clay. RMS surface
roughness, Rq values, ranged from 30.5 to 93.6 nm for TPU
nanocomposites, while for the neat TPU sample, Rq value was 9.23 nm
(Table 1). The samples with higher Rq values have rougher surface.

Figure 2. 3D AFM images of the cross-section of films of the neat TPU a)
and TPU nanocomposites with 3 wt% of organoclay b) (scean area 2×2 µm)
Table 1. Rq values and DSC results of the neat TPU and
TPU nanocomposites
Rq
Tg HS Tm HS ∆Hm Xc Xc HS
Sample
(nm) (°C) (°C) (J/g) %
%
TPU
9.23
32
157
3.9
4.3 19.5
PUNC 1% 92.1
15
169
3.6
3.9 17.9
PUNC 3% 62.0
21
166
3.4
3.7 17.0
PUNC 5% 53.9
29
185
2.8
3.1 14.2
PUNC 8% 93.6
29
182
3.0
3.3 15.1
PUNC 10% 30.5
28
186
3.3
3.6 16.5

DSC
results
showed
that
melting (Tm) and
glass transition
temperatures
(Tg) of HS shift
toward higher
temperatures
upon increasing
the organoclay content to 5 wt%, but then there are no significant changes
when the organoclay content increased up to 10 wt%. The total degree of
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crystallinity (Xc) and degree of crystallinity of HS (Xc HS) as well as entalphy
of melting (∆Hm) of nanocomposites is lower in comparison with the neat
TPU. The presence of layered silicates from organclay in the TPUs can
result in the more ordered HS, having higher Tm values, but on the other
hand show losses in the degree of crystallinity of HS.
CONCLUSION
In this study, the TPU nanocomposites were successfully prepared by in situ
two-step polyaddition reaction in solution. FTIR spectra of TPU
nanocomposites showed characteristic peaks of urethane carbonyl group,
stretching band of urethane –NH group, amide II and III stretching
vibrations and characteristic bands of clay particles associated with the
stretching Si-O-Al and bending of Si-O-Si. The band positions of distinctive
functional groups of the TPUs are identical to those of the TPU
nanocomposites, confirming that the chemical structure of TPUs is not
significantly altered in the presence of silicate layers. AFM analysis
confirmed well dispersion of organoclay nanoparticles in the TPU matrix.
DSC results showed that Tm and Tg values of HS shift toward higher
temperatures from 166 to 185 and from 15 to 29 oC, respectively upon
increasing the organoclay content to 5 wt%, after which measured values do
not change significantly. The degree of crystallinity of nanocomposites is
lower in comparison with the neat TPU. The obtained results showed that
low clay loading (≤ 5 wt%) have affected thermal properties of TPUs, which
is significant for preparation of this kind of polyurethane materials.
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ABSTRACT
Two series of cross-linked polyurethanes (PUs) based on hydroxyethoxy
propyl terminated poly(dimethylsiloxane) (EO-PDMS) or hydroxyl propyl
terminated poly(dimethylsiloxane) (HP-PDMS) macrodiols, Boltorn®
aliphatic hyperbanched polyester of the second pseudo generation (BH-20)
and 4,4’-methylenediphenyl diisocyanate (MDI) were synthesized using
two-step polymerization in solution. The influence of the type and content
of soft PDMS segment on swelling behavior and thermal properties of PUs
was investigated. The obtained results revealed that cross-linking density
decreases, while thermal stability increases with increasing soft segment
content. Furthermore, PUs based on EO-PDMS have higher cross-linking
density and better thermal stability than samples synthesized using HPPDMS.
INTRODUCTION
Hyperbranched polymers (HBPs) attract large scientific attention because of
their specific chemical and physical properties, which are quite different
from those of their linear counterparts. The reasons for such high interest in
this well-known class of dendritic polymers are complex, three-dimensional,
globular structure, presence of a great number of end functional groups and
low entanglement degree of HBPs [1]. Beside other various application
possibilities, HBPs have also found their potential practical use as crosslinking agents for different polymers, such as polyurethanes [2,3]. The
presence of numerous adequate functional groups in HBP provides fast
curing of PUs and formation of highly cross-linked material with good
chemical resistance and mechanical properties. On the other hand, thermal
stability, surface properties, water and fire resistance of conventional PUs
can be considerably improved by incorporation of poly(dimethylsiloxane)
(PDMS) macrodiols into PUs, since PDMSs have low glass transition
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temperature, good thermal and oxidative stability, high flexibility, low
surface tension, low moisture permeability, etc. [4].
EXPERIMENTAL
Boltorn® aliphatic hyperbanched polyester of the second pseudo generation
(BH-20) (Mn=1340 g/mol; functionality=12), prepared from 2,2bis(hydroxymethyl)propionic acid and ethoxylated pentaerythrytol, was
supplied by Perstorp Specialty Chemicals AB (Sweden) and dried at 50 oC
under vacuum for 48 h before use. EO-PDMS (Mn(1H NMR)=1200 g/mol) and
HP-PDMS (Mn(1H NMR)=960 g/mol) were purchased from ABCR and dried
over molecular sieves. MDI was supplied by Aldrich. Two samples with 15
and 30 wt.% of soft PDMS segment (numbers written in the name of PU
samples) were synthesized in each series. Simplified synthesis reaction of
PUs based on the HP-PDMS is shown in Fig. 1, while details of the
synthesis are given elsewhere [2]. FTIR spectra were recorded using
attenuated total reflection mode on NICOLET 380 FTIR spectrometer.
Equilibrium swelling measurements were done at room temperature by
immersion of the samples in tetrahydrofuran (THF; J. T. Baker) for 24 h.
The equilibrium swelling degree, qe, was calculated with conventional
gravimetric method. Density of the prepared materials was determined at
20.1 oC, using pycnometer and distilled water as medium. Thermal stability
of PUs was determined using TGA Q500 V6.3 Build 189 instrument under
nitrogen, at a heating rate of 10 °C/min, from 25 to 700 °C. Cross-linking
density, ν, was calculated using Flory-Rehner equation [5]:
2
ln(1 − VPU ) + VPU + χVPU
ν =−
(1)
⎛ 1 V ⎞
Vs ⎜VPU3 − PU ⎟
2 ⎠
⎝
where, χ represents polymer-solvent interaction parameter equal to 0.34, Vs
is molar volume of the THF (81.7 cm3/mol) and VPU is the volume fraction
of the crosslinked polymer in the swollen specimen.

Figure 1. The simplified reaction pathway of the preparation of cross-linked
PU based on the HP-PDMS macrodiol (PUHP).
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RESULTS AND DISCUSSION
The chemical structure of the synthesized PUs was confirmed by FTIR
spectroscopy (Fig. 2). In the FTIR spectrum of BH-20 absorption bands
characteristic for the hydroxyl groups (3300 cm-1), carbonyl ester groups
(1723 cm-1), C-O linkage of ester
groups (1040-1210 cm-1), ether groups
(1010-1120 cm-1), –CH2– and –CH3
groups (2900-3000 cm-1) are observed.
In the FTIR spectra of PUs, absorption
bands characteristic for the amide II
and amide III vibrations (1258 cm-1
and 1537 cm-1), Si-O-Si and C-O-C
Figure 2. FTIR spectra of BH-20
groups (1015 and 1080 cm-1), Si-CH3
and selected PUs.
-1
linkage (790 cm ), symmetric and
asymmetric -CH2- and -CH3 (2961, 2903 and 2875 cm-1), aromatic C=C
(1596 and 1412 cm-1) and hydrogen-bonded –NH stretching vibration (3306
cm-1) are visible. The formation of urethane bonds is confirmed by the
absence of isocyanate (-NCO) peak at 2260 cm-1.
According to the values listed in Table 1, qe and molecular weight of
polymer chain between cross-links, Mc, of PUs increase, while ν decreases
with increasing PDMS content, due to the lower HBP content. PUs
synthesized using EO-PDMS are less swellable in THF, and consequently
have higher ν and lower Mc than PUHP samples.
Table 1. Density, ρ, equilibrium swelling degree, qe, cross-linking
density, ν, and molecular weight of polymer chain between cross-links,
Mc, calculated as ρ/ν, of the synthesized PUs.
Sample
ρ (g/cm3)
qe
ν × 104 (mol/cm3) Mc (g/mol)
PUHP-15
1.11
1.56
6.88
1610
PUHP-30
1.12
1.96
3.50
3200
PUEO-15
1.09
0.81
21.32
510
1.05
1.85
5.22
2010
PUEO-30

Thermal stability of the synthesized cross-linked PUs was examined by
thermogravimetric (TG) analysis and in Fig. 3 are given selected TG (Fig.
3a) and thermogram derivative (DTG) curves (Fig. 3b) of PUs. Thermal
decomposition of all synthesized cross-linked PUs in nitrogen occurs via a
four-step process between 250 and 650 oC. The first DTG peak (around 300
o
C) corresponds to the temperature at maximum rate of weight loss during
the first step of the thermal degradation, which occurs due to the
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decomposition of the urethane groups. During the second step of thermal
degradation (around 330 oC) ester components decomposed, while in the
third step (around 400 oC)
degradation of PDMS macrodiols
occurred. During the fourth step
(between 500 and 650 oC) aromatic
compounds
decomposed.
The
obtained results show that samples
with lower PDMS content have lower
thermal stability. Also, PUs prepared
using EO-PDMS are more stable than
PUs based on HP-PDMS, indicating
that hydroxyethoxy propyl terminated
PDMS is more efficient in improving
thermal stability of cross-linked PUs
based on BH-20 than HP-PDMS
macrodiol.
Figure 3. a) TG and b) DTG
CONCLUSION
curves of PUs with different PDMS
Two series of cross-linked PUs based
content.
on BH-20, MDI and EO-PDMS or
HP-PDMS have been synthesized. The cross-linking density increased,
while thermal stability decreased as the soft segment content decreased. PUs
samples based on EO-PDMS have higher cross-linking density and better
thermal stability than materials based on HP-PDMS. The obtained results
indicate that combination of BH-20 crosslinker and PDMS based
macrodiols yields cross-linked PUs with good thermal properties.
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ABSTRACT
Segmented polyurethanes are an important class of thermoplastic elastomers
which have potential use as a biomaterial. Biostability, biocompatibility and
some other features of polyurethanes can be improved by the introduction of
poly(dimethylsiloxane) in the polymer chain. A series of novel
thermoplastic polyurethanes was synthesized by two-step polyaddition
reaction in solution from 4,4′-diphenylmethane diisocyanate (MDI), 1,4butanediol (BD) and poly(propylene oxide)-b-poly(dimethylsiloxane)-bpoly(propylene oxide) (PPO-PDMS). The content of PPO-PDMS (i.e. soft
segment) was varied between 40 and 90 wt%. The influence of PPO-PDMS
content on the structure and thermal properties of copolymers was
investigated by FTIR, 1H and 2D NMR spectroscopy, as well as by DSC
analysis.
INTRODUCTION
Thermoplastic polyurethanes (TPUs) are linear segmented copolymers
consisting of a high molecular weight macrodiol, called the soft segment
(SS), and a diisocyanate and low molecular weight diol, which form the
hard segment (HS). Thermodynamic incompatibility between SS and HS
results in a phase separated structure [1]. The introduction of
poly(dimethylsiloxane) (PDMS) macrodiol, into the polyurethane structure
provides some good properties of prepared materials, such as: low surface
energy, excellent thermal, oxidative and hydrolytic stability, flexibility and
biocompatibility [2]. The aim of this work was to investigate the effect of
soft segment content on the structure and thermal properties of the
synthesized TPUs.
EXPERIMENTAL
Poly(propylene oxide)-b-poly(dimethylsiloxane)-b-poly(propylene oxide)
(PPO-PDMS) (from ABCR, Mn = 2900 g/mol) was dried over molecular
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sieves before use. 4,4'-Diphenylmethane diisocyanate (MDI) (Aldrich,
purity > 98 %) was used as received. 1,4-Butanediol (BD) (Aldrich) was
purified by vacuum destillation. Tetrahydrofuran (THF) (Moss Hemoss) and
N,N-dimethylacetamide (DMAc) (Merck) were distilled before use. The
catalyst was stannous octanoate (Sn(Oct)2) (Aldrich).
A two-step polymerization was employed to synthesize novel TPUs. Firstly,
the isocyanate terminated prepolymer was prepared by the reaction between
the PPO-PDMS and MDI in solution of DMAc/THF, at 80 °C for 40 min in
nitrogen atmosphere, and in presence of catalyst. Then, solution of BD in
DMAc/THF was added to the –NCO terminated prepolymer, at the same
temperature and the reaction was proceeded for 10 hours. The last two
numbers in the name of the sample represent the weight percent of the HS.
FTIR spectra were recorded using Nicolet 6700 FTIR spectrometer.
NMR experiments were collected on Brucer Avance 500 spectrometer. The
1
H NMR (at 500 MHz) and 2D NMR spectra (HSQC, HMBC and ROESY)
of copolymers were measured using DMSO-d6 as the solvent.
Differential scanning calorimetry (DSC) was conducted using a DSC
Q1000V9.0 Build 275 thermal analyzer. The copolymers were analyzed
under a nitrogen atmosphere in the temperature range from -90 to 230 °C at
a heating and cooling rate of 10 and 5 °C/min, respectively.
RESULTS AND DISCUSSION
The molecular structure of the copolymers was confirmed by FTIR
spectroscopy. Characteristic absorption bands appeared at 3330 cm-1 (νN-H),
2970 and 2895 cm-1 (νsym and νasym of C-H), 1705 cm-1 (νC=O), 1600 and
1415 cm-1 (ν(C=C)arom), 1540 cm-1 (amide II) and 1230 cm-1 (amide III), 1020
and 1080 cm-1 (νSi-O-Si + νC-O-C) and 810 cm-1 (ρC-H in SiCH3).
The molecular structure of the TPUs was also investigated by 1H NMR
spectroscopy. In 1H NMR spectra (Figure 1), the signals of the –SiCH3
protons appeared at 0.03 ppm. All methylene protons, derived from
propylene groups connected to PDMS, can be observed at 0.47, 1.48 and
3.26 ppm. The protons at 1.69 and 4.09 ppm originated from the central and
terminal methylene groups from the BD. The signal of methylene protons
from the MDI residue appeared at 3.77 ppm. The protons at 7.08 and 7.34
ppm were from the aromatic ring and at 8.53 and 9.50 ppm were from the
urethane –NH group present in the HS and SS. Also, the signals of the
methyl, methylene and methine protons from the poly(propylene oxide)
residue appeared at 1.00, 3.38 and 3.40 ppm, respectively.
The composition of the TPUs was determined from the 1H NMR spectra.
The values for the weight fraction of the SS ranged from 38.5 to 88.6%,
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which are in relatively good agreement with the values predetermined from
the composition of the feed (Table 1).

Figure 1. 1H NMR spectra of the PU-PPO40 copolymer

The assignments of the carbon and proton resonances in the structures were
also confirmed by two-dimensional NMR spectroscopy. The chemical shifts
of some overlapped and/or barely visible signals in 1H NMR spectra can be
solved with COSY, HSQC and ROESY spectra. The overlapped signals f, e
and d in the 1H NMR spectrum were determined and separated using HSQC
correlations. Also, from HMBC spectra it can be concluded that MDI is
incorporated into SS and HS.
Table 1. Composition and some DSC data of the TPU
wt%
TgHS TmHS
wt% SS
TgSS
SS
Sample
(in feed)
(°C)
(°C)
(°C)
NMR
PU-PPO10
90.3
88.6
14.7
-73.2
PU-PPO20
82.0
77.8
14.9
-69.1
PU-PPO30
69.8
65.9
14.9
-64.6
PU-PPO40
60.1
60.4
14.8 118.4 -66.0
PU-PPO50
47.8
47.9
14.8 130.5 -64.5
PU-PPO60
39.9
38.5
14.8 131.7 -64.4

The obtained DSC thermograms are shown in Figure 2 and results are
summarized in Table 1. The DSC curves show transitions which correspond
to the melting temperatures of HS (TmHS), glass transition temperatures of
the HS (TgHS) and SS (TgSS). The TmHS of TPUs ranged from 118 to 132 °C,
and increased with decreasing content of PPO-PDMS segment. The TmHS
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was observed only in sample with lower SS content. The TgHS were similar
for TPUs and their values were approximately 15 °C. The TgSS that
correspond to the PPO units in SS, were between -73 and -65 °C, and
increased with decreasing content of SS.

Figure 2. DSC thermograms (second heating run) of TPUs with different
content of PPO-PDMS
CONCLUSION
In this work, novel TPU copolymers based on PPO-PDMS were prepared
by two-step polyaddition reaction in solution. The multiblock structure and
composition of the obtained copolymers were confirmed by FTIR, 1H and
2D NMR spectroscopy. DSC analysis showed that TPUs exhibit two glass
transition temperatures, one corresponding to the hard segment and the
second to the PPO units in soft segment, and a melting temperature of hard
segment.
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ABSTRACT
In order to define the favorable conditions for radioactive technetium (99Tc)
uptake, the sorption behavior of its non-active chemical analogue rhenium
(75Re) on amino-functionalized macroporous hydrophilic copolymer was
studied. The pseudo-second-order (PSO) model provided the best fit for the
kinetic data, while the intraparticle diffusion (IPD) model indicated a
pronounced influence of the porous structure on the sorption rates. The
maximum sorption capacity was found to be 84 mg g-1 and 74 % removal
efficiency was reached after 180 min in citrate buffer at pH 5.0.
INTRODUCTION
Tc-99 is a key constituent of nuclear waste produced in large quantities by
nuclear fission of 235U or 239Pu in nuclear reactors. Its behavior can be
predicted by investigating 75Re, its excellent chemical analogue, owing to
their similar electronic configuration, stereochemistry and thermodynamic
properties, thus evading the use of a radioactive element at high
concentrations i.e. doses [1]. Solvent extraction and ion exchange appear to
be the most effective methods for the separation and removal of
pertechnetate (99TcO4-) and perrhenate (ReO4-) from aqueous media [2].
Formerly successfully tested poly(glycidyl methacrylate-co-ethylene glycol
dimethacrylate) grafted with diethylene triamine [PGME-deta] for 99TcO4sorption at low concentrations [3], was the subject of this study as ReO4sorbent at high concentrations.
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EXPERIMENTAL
A macroporous PGME sample (with 40 mass% of crosslinker) was
prepared by radical suspension copolymerization in the shape of spherical
beads with the average particle diameter of 150-300 µm and modified with
diethylene triamine [PGME-deta] [3]. The copolymer sample was analyzed
for its C, H, N content using the Vario EL III device (GmbH Hanau
Instruments, Germany), and the amino group concentration was calculated
(Table 1). The porosity parameters (for relevant abbreviations and
definitions please consult Ref. [3,4]) were determined by high pressure
mercury intrusion (Carlo Erba Porosimeter 2000, operating interval 0.1-200
MPa). pHPZC was ascertained as published elsewhere [4].
pH dependence for ReO4- sorption by
Table 1. Relevant
PGME-deta was determined by
characteristics
monitoring Re(VII) uptake in the pH
of PGME-deta [3,4].
range of 1-13 in batch experiments,
Ss,Hg, m2 g
55
3
using appropriate buffer solutions [3].
VS, cm g
0.91
The same mass of each sample (50 mg)
107
DV/2, nm
was contacted with 1 cm3 of NaReO4
Dav, nm
96
solution with the initial concentration
Amino group
-3
3
-1
concentration, mmol g
5.01 of 5000 mg dm and 4 cm of the
buffer solution, at T=298 K. The
pHPZC
7.8
sorption
dynamics
data
was
subsequently collected from deionized (DI) water adjusted to pH 5.0 with
0.1M HCl and from citrate buffer at pH 5.0. Re(VII) in supernatant was
measured by ICP-OES Thermo Scientific CAP6000.
RESULTS AND DISCUSSION
The ReO4- sorption dependence on pH (Figure 1a) was in concurrence with
the previously established thesis that non-specific sorption of ReO4- happens
via electrostatic interaction at the amine groups [1,3].
Determining the dynamics,
Table 2. Kinetic models.
Kinetic Equation
Ref. specifically the rate of Re(VII)
removal in the particular
model
solid/solution system is one of
k1 t
PFO
[5]
log (Qe − Qt ) = log Qe −
the critical factors for the
ln 10
2
effective design of the sorption
1
1
t
PSO
h = k 2 Qe [6]
=
+
t
system [6]. With the aim to
Q k 2 Qe 2 Qe
investigate the controlling
IPD
[7]
Qt = kid t + Cid
mechanism of this sorption
process, three kinetic models were applied to the experimental data, i.e. the
1

2
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pseudo-first (PFO), the pseudo-second order (PSO) and the intraparticle
diffusion (IPD) model (Table 2) [5, 6, 7]. For relevant abbreviations and
definitions in Table 2 please consult Ref. [5-7].
PFO kinetic model was not
Table 3. Kinetic parameters for ReO4appropriate for this sistem
sorption by PGME-deta (T=298 K).
2
-1
Ci, mg L
Unadjusted Citrate since R values were rather
low. The theoretical Qecalc
pH
buffer
values calculated from PSO
Qe, mg g-1
61
84
model are very close to the
PFO
-1
Qe values, with
k1, min
0.00622
0.0355 experimental
2
calc
-1
R
=0.999.
The
best fit of PSO
38
33
Qe , mg g
2
model
implies
that the
0.901
0.845
R
sorption
process
is
surfacePSO
3
-1
-1
reaction
controlled,
with
k2·10 , g mg min 0.488
3.349
-1
-1
chemisorption
involving
h, mg g min
1.91
23.3
valence forces through sharing
32.8
3.6
t1/2, min
calc
-1
or exchange of electrons
Qe , mg g
63
83
2
between PGME-deta and
0.999
0.999
R
ReO4- [6].
IPD
To identify the influence
k1id, mg g-1 min-0.5
3.37
14.1
-1
of
pore
diffusion on sorption,
11.8
0.886
C1id, mg g
2
the IPD equation was used
0.976
0.999
R
-1
-0.5
(Figure 1b) [7]. The plots Qt
0.634
N/A
k2id, mg g min
-1
vs. t1/2 did not pass through
C2id, mg g
37.4
N/A
the origin indicating that even
N/A
0.980
R2
though the sorption process
involved IPD, it was not the only rate-controlling step [7]. The positive
value of Cid is indicative of some degree of boundary layer control [7].

Figure 1. ReO4- Sorption as function of pH (a) & intraparticle diffusion (b).
The removal efficiency in citrate buffer reached 74% in 180 min, while in
DI water only 42% as the consequence of pHPZC value shifting the pH of the
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working solution towards neutral. Thus, in near neutral conditions, superb
capacity can be achieved at high Re(VII) concentrations: 84 mg g-1 in citrate
buffer and 61 mg g-1 in DI water adjusted to pH 5.0 after 24 h.
Very few papers deal with ReO4- sorption and its kinetics. The maximum
capacity of 60 mg g-1 for quaternized 4-vinylpyridine and divinylbenzene
resin [8], and 0.46 mmol g-1 for chitosan modified carbon materials [9] were
reported, which are comparable to the values presented in Table 3.
CONCLUSION
The sorption behavior of one of the principal constituents of nuclear waste
radioactive 99Tc can be predicted by studying its non-active chemical
analogue 75Re. Thus, ReO4- removal from aqueous solutions by aminofunctionalized macroporous hydrophilic resin was studied in order to define
the favorable conditions for 99Tc uptake. Non-specific sorption of ReO4- via
electrostatic interaction at the protonated amine groups was demonstrated to
occur most likely. PSO kinetic model fitted the kinetic data best, while IPD
model revealed a pronounced influence of the porous sorbent structure on
the sorption rates. Good removal efficiency of 74 % and maximum sorption
capacity of 84 mg g-1 were accomplished.
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ABSTRACT
Macroporous poly(glycidyl methacrylate-co-ethylene glycol dimethacrylate)
with attached diethylene triamine [PGME-deta] with high amino-group
content was used for the investigation of the Pd(II) sorption kinetics from
mixed chloride/nitrate aqueous solutions in acidic medium (pH 2.0) at
T=298 K. Four kinetic models were employed in order to comprehend the
mechanism of Pd(II) sorption. The maximum experimental Pd(II) sorption
capacity at initial pH 2.0 and 298 K was 20 mg g-1.
INTRODUCTION
Due to their high cost and low availability, precious metals separation and
recovery from wastes such as spent catalysts or scraps, and extraction from
ores has become vital [1]. Precious metal palladium (Pd) applications
include medical, catalytic and electrical/electronic uses, due its
corrosion/oxidation resistance, electrical conductivity and catalytic activity.
Amongst various processes for Pd recovery, sorption is the method with
great potential due to high efficiency and selectivity [2]. The prospect of the
application of inexpensive and easily synthesized macroporous glycidyl
methacrylate-based copolymer with amino ligand (PGME-deta) as a sorbent
for the removal of Pd(II) complexes from chloride–nitrate solutions was
tested in static conditions. Four kinetic models [pseudo-first order (PFO),
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pseudo-second order (PSO), Boyd and Mckay] were fitted to elucidate the
mechanism of Pd(II) sorption from aqueous solutions (pH 2.0) at 298 K.
EXPERIMENTAL
PGME with 20 mass% crosslinker was synthesized by suspension
copolymerization in the shape of spherical beads with the average particle
diameter of 150-300 µm and functionalized with diethylene triamine;
PGME-deta was subsequently characterized [3]. In static conditions, 0.50 g
of the copolymer was contacted with 50 cm3 of 500 mg dm-3 Pd(II) solution
prepared by mixing the appropriate amounts of the standard solution (1000
mg dm-3 Pd(NO3)2 in 0.5M HNO3; pH = 0.3; Merck, Germany) and 2.1·10-3
M NaCl(aq) to achieve equal quantities of chloride and nitrate in the working
solution. The initial pH of this solution was adjusted with 5M NaOH(aq) to
pH=2.0. After predetermined time intervals 0.50 cm3 solution aliquots were
withdrawn and, with adequate dilutions, Pd(II) in supernatant was
determined by ICP-OES (Perkin Elmer, Model ICP 400).
RESULTS AND DISCUSSION
The investigations of Pd(II) sorption by porous vinylpyridine anion
exchangers from chloride solutions [4], as well as on carbon adsorbents
from nitric acid solutions [2] have been published.
K=104.47
Pd 2+ + Cl ⇔ PdCl+
Pd2+ + 2Cl ⇔ PdCl2
K=107.76
Pd2+ + 3Cl ⇔ PdCl3−

K=1010.17

Pd2+ + 4Cl ⇔ PdCl24−

K=1011.54

Pd2+ + 2H2O ⇔Pd( OH) + H3O+

K=10-2.3

Pd2+ + 4H2O ⇔Pd( OH)2 + 2H3O+

K=10-4.2

Pd2+ + 6H2O ⇔Pd( OH)3 + 3H3O+

K=10-12

Pd2+ +8H2O⇔Pd( OH)4 + 4H3O+

K=10-14

+

−

2−

Figure 1. Speciation of palladium (500 mg dm-3) as the function of pH
calculated using ChemEQL 3.1 and the stability constants applied for graph
construction [6]. The species comprising ≤5% total are not shown
+
2+
2(Pd(OH)3 , Pd(OH) ,Pd , PdCl4 ).
Crosslinked chitosan containing approximately the same amount of nitrogen
as PGME-deta (Table 1) [5] also binds chloropalladate species efficiently
[6]. In the case of this study (mixed chloride-nitrate solutions), it should be
mentioned that the hydrated Pd(II) ions and their mononitrate complexes are
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almost absent when HNO3(aq)≤0.01 M [2]. Therefore, only graphs
representing the speciation of chloropalladate complexes and Pd(II)
hydrolysis products are shown in Figure 1. As for the mixed Pd-Cl--OHspecies, it appears that these can be disregarded, too [1]. Ruiz et al. already
demonstrated that the optimum pH for Pd sorption on modified chitosan was
2.0 in the presence of chloride ions, involving protonated amino groups [6].
Therefore, pH 2.0 was chosen as optimal given that the PGME-deta amino
group content is high (Table 1).
Table 1. Relevant characteristics of PGME-deta [3].
2 -1

SHg, m g
29

VS, cm3 g-1
0.89

dV/2, nm
212

CAG, mmol-1 %C
6.51
52.4

%H %N
8.1 9.1

Table 2. Kinetic parameters for Pd(II) using PGME-deta (pH=2.0, T=298K)
PFO
PSO
calc
2
Qe,
k1,
Qe , R
k2,
h,
Qecalc, R2
-1
-1
-1
-1
-1
-1
mg g
min
mg g
min
mg g min
mg g-1

20

0.093

6

0.879

0.053

17.6

18

0.999

Figure 2. PFO [7] (a), PSO [8] (b), Boyd plot [9] (c) and Mckay plot [10]
(d) for Pd(II) sorption onto PGME-deta.

Please refer to the cited papers for abbreviations and definitions given in
Tables 1 and 2 and Figure 2.
The theoretical Qecalc values calculated from the PSO model are very near to
the experimental Qe values, with R2=0.999 (Table 2), indicating
chemisorption of Pd(II) species on the protonated amino groups involving
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valence forces through sharing or exchange of electrons as the surfacereaction mechanism [6,8] (Figure 2). Boyd and Mckay plots suggest particle
and film diffusion control of Pd(II) sorption on PGME-deta [9,10].
CONCLUSION
The high amino-group content of macroporous glycidyl methacrylate based
copolymer with attached diethylene triamine [PGME-deta] is the key
characteristic for its capability to sorb metal ions through several
mechanisms dependent on the solution pH including ion-exchange or
chelation. The PSO kinetic model accurately describes the sorption behavior
over the whole time period and provides a good calculated capacity
compared to the experimental value of 20 mg g-1, indicating chemisorption
of Pd(II) species on the protonated amino groups which involves valence
forces through sharing or exchange of electrons. Boyd and Mckay models
confirm both particle and film diffusion as rate-controlling.
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ABSTRACT
Porous monolithic glycidyl methacrylate (GMA) and ethylene glycol
dimethacrylate (EGDMA) copolymer [PGME] and composite with alumina
(PGME/alumina) were synthesized by radical copolymerization in a cast
and functionalized by reaction of diethylene triamine (deta) with epoxy
groups. Additionally, amino functionalized PGME and PGME/alumina were
loaded with chromium [Cr(VI)] ions. All the samples were characterized
using FTIR-ATR spectroscopy, SEM and mercury porosimetry.
INTRODUCTION
Porous polymeric monoliths are a new generation of separation medium for
chromatographic application, high-throughput bioreactors enzyme
immobilization, molecular recognition, in advanced detection systems and
microfluidic chip applications [1,2]. Monoliths are prepared by
polymerization in a cast (cylinders, disks, plates, etc.) of a mixture
consisting of monomers (hydrophobic, hydrophilic, ionizable, and
zwitterionic), initiator and porogen. In general, chelating GMA based
copolymers with amino groups are selective towards multivalent metal ions
[like Cr(VI), Pt(IV), Rh(III), Au(III), etc.] over the alkali and alkali earth
metals and applicable for industrial separation and concentration of these
metals [3]. In this study, macroporous PGME monoliths were modified in
two ways: by addition of alumina in the reaction mixture (PGME/alumina)
and
by
additional
amino-functionalization
(PGME-deta
and
PGME/alumina-deta). The influence of amino-functionalization and Cr(VI)
ions immobilization on physico-chemical properties of synthesized
monoliths was investigated.
EXPERIMENTAL

For PGME synthesis, the reaction mixture consisted of 1.74 g of GMA, 1.16
g of EGDMA, 0.29 g of azobisisobytironitrile (AIBN), 3.04 g of
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cyclohexanol and 0.76 g of tetradecanol. For PGME/alumina synthesis, 1.45
g of boehmite sol was added in above mentioned reaction mixture. The
copolymerization was carried out in a glass tube (i.d. of 15 mm) at 343 K
for 2 h and at 353 K for 4 h. Monoliths were then purified by extraction in a
Soxhlet apparatus with ethanol for 16 h and dried in vacuum at 313 K.To
prepare boehmite sols, aluminium isopropoxide was hydrolyzed in excess
amount of water (100:1 H2O-Al3+, mol) at 358 K, followed by the
peptization with appropriate amount of HNO3 (0.07:1 H+/Al3+, mol) to form
stable colloidal sol. The sol was kept at a constant temperature (368 K) for
72 h under reflux conditions, during which most of the alcohol was
evaporated [3]. For amino-functionalization, a mixture of 3.0 g of PGME or
PGME/alumina, 13.1 g of DETA and 125 cm3 of toluene was left at room
temperature for 24 h, then heated at 353 K for 6 h. Modified samples were
filtered, washed with ethanol, dried and labeled as PGME-deta and
PGME/alumina-deta. Cr(VI) ions were sorbed from acidic aqueous
solutions (C0 = 0.1 M; pH = 1.8) at room temperature (T = 298 K). In batch
experiment under static conditions (without stirring) 0.50 g of copolymer
was suspended in 50 cm3 of metal salt solution. The concentration of Cr(VI)
in the aqueous phase was measured by flame atomic absorption
spectroscopy (FAAS) (PerkinElmer 3100).
Pore size distributions were determined by a high pressure mercury
intrusion porosimeter Carlo Erba Porosimeter 2000, operating in the interval
from 0.1 to 200 MPa. Infrared spectra were taken in attenuated total
reflection (ATR) mode using a Nicolet 380 FTIR spectrometer equipped
with a Smart OrbitTM ATR attachment containing a single-reflection
diamond crystal. SEM analysis was performed with JEOL JSM-6610 L
instrument using W filament as an electron source. Air-dried membrane
samples were fractured after cooling in liquid nitrogen and sputtered with
gold.
RESULTS AND DISCUSSION
Doping polymers with metal oxides enhances hardness, thermal
conductivity, resistance to abrasion, thermal shock and chemical attack, etc.;
which substantially broadens the potential applications in various fields,
especially in adsorption purposes [4,5]. In this study, the role of alumina,
amino-functionalization and immobilization of Cr(VI) ions on physicochemical properties of PGME based composites was investigated. The
results from FTIR spectroscopy indicate the presence of -NH and -NH2
groups in amino-functionalized samples (bands at 3300 cm-1 [ν(NH2)], 1660
cm-1 [δ (NH2), δ(NH)] and 1560 cm-1 [δ(NH)]). A strong OH bending at
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1080 cm-1 indicates alumina incorporation in polymer/ alumina composites
[6]. Two new peaks at ca. 790 cm-1 and ca. 900 cm-1 indicate the presence of
Cr−O and Cr=O in PGME-deta/Cr and PGME/alumina-deta/Cr [7]. The
incorporation of alumina in PGME had the significant influence on the
composite morphology. As seen in Figure 2, alumina promotes the
formation of smaller primary globules and their agglomerates, which results
in more compact spatial arrangement in PGME/alumina compared to
PGME. Amino-functionalization and chromium sorption have caused
considerable alteration of porosity parameters (Table 1). The most
prominent changes of SHg and dV/2 were observed between PGME-deta and
PGME (3.7 times lower SHg and 12 times higher dV/2 for PGME-deta) and
between PGME /alumina and PGME/alumina-deta/Cr (4.4 times lower SHg
and 20 times higher dV/2 for PGME/alumina-deta/Cr). Therefore,
considerable enhancement of
the pore size can be achieved
by introduction of alumina in
the reaction mixture, amino
functionalization
and/or
immobilization of Cr(VI)
ions. Large pores/channels(>
1µm) obtained within the
scope of this investigation
are desirable for applications
requiring a high liquid or gas
flow through the medium at
a reasonably low pressure,
Figure 1. FTIR spectra of indicated samples
like HPLC [8].

Figure 2. SEM micrographs (cross-section): PGME (left), PGME/alumina (right).
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Table 1. Textural properties of the composite samples.
Sample
SHg (m2 g-1)
Vs (cm3 g-1)
dV/2 (nm)

PGME
PGME/alumina
PGME-deta
PGME/alumina-deta
PGME-deta/Cr
PGME/alumina-deta/Cr

63
83
17
50
13
19

1.09
1.16
1.01
1.26
1.18
0.92

92
87
1126
163
1427
1722

P (%)
58
60
79
81
83
84

,a SHg, specific surface area, VS, specific pore volume and dV/2, pore diameter corresponding
to the half of the pore volume.

CONCLUSION
The results in this investigation show that properties of porous monolithic
glycidyl methacrylate (GMA) and ethylene glycol dimethacrylate
(EGDMA) copolymer [PGME] and composite with alumina
(PGME/alumina) could be altered within a very broad range, by
introduction of alumina in the reaction mixture, amino-functionalization
and/or immobilization of Cr(VI) ions.
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Karolinska Institute, 17176 Stockholm, Sweden

ABSTRACT
Detection of minute quantities of substance in microliter volumes of sample
is a daily challenge in forensic analysis. Experimental techniques that can
fulfill these requirements are not numerous. The aim of this paper is to
introduce Fluorescence Correlation Spectroscopy (FCS) and Fluorescence
Cross-Correlation Spectroscopy, methods for quantitative analysis with
single-molecule sensitivity and discuss their potential for forensic analysis.
INTRODUCTION
FCS is a quantitative method with single molecule-sensitivity that uses
statistical analysis of fluorescence intensity fluctuations recorded over time
to obtain information about molecular numbers and their transporting and/or
kinetic properties [1 - 4]. Principles of FCS were formulated about thirty
years ago, when the method was successfully applied in the founding
laboratories to measure in solution the concentration, diffusion coefficient
and kinetic rate constants of fluorescent molecules and their interactions [5 9]. In spite of this significant breakthrough, which confirmed that
quantitative analysis with single-molecule sensitivity is possible, early FCS
measurements were complex, requiring long signal acquisition and tedious
data analysis. More widespread application of FCS became possible only
after confocal optical arrangement and ultra-sensitive and ultra-fast photon
detectors, such as avalanche photodiode (APD) detectors were implemented
in FCS [10, 11]. Application of these innovations significantly improved the
signal-to-noise ratio (SNR), enabling single-molecule detection sensitivity,
low excitation intensities and short measurement times.
FCS MEASUREMENTS AND DATA ANALYSIS
A schematic presentation of a typical experimental setup for FCS is given in
Fig. 1. To induce fluorescence, the sample is illuminated by incident light
delivered by a continuous wave laser. The laser beam is reflected by a
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dichroic mirror and sharply focused by the objective to form a miniature
volume element, whose size is determined by the diffraction of light. The
volume from which fluorescence is detected is further reduced by a pinhole
(confocal aperture) in the image plane, rejecting stray and out of focus light
and keeping the Raman scattered light to a minimum. In this way,
fluorescence is detected from a minute observation volume element (OVE)
that is about 2×10-19 m3. This enables a sub-micrometer resolution and
specific detection at defined loci, as well as quantitative and backgroundfree analysis. The light emitted by fluorescing molecules passing through
the confocal volume element is separated from the exciting radiation and the
scattered light by a dichroic mirror and barrier filter, and transmitted to the
single-photon avalanche photodiode (APD) detector, which responds with
an electrical pulse to each detected photon. The number of pulses
originating from the detected photons, recorded during a specific time
interval, corresponds to the measured light intensity. Thus, in one FCS
experiment we register changes in fluorescence intensity in time.

Figure 1. FCS measurements and data analysis. A. Schematic drawing of
an inverted confocal microscope. B. and C.
Fluorescence intensity fluctuations (left) and corresponding autocorrelation
curves (right) recorded in a standard solution of Rhodamine 6G (Rh6G) in
water (B) and on the cellular plasma membrane (C). Autocorrelation
analysis (B, right) shows that the average number of Rh6G molecules in the
OVE is 2.3, which corresponds to a 23 nM solution. Autocorrelation
analysis (C, right) shows that the average number of molecules recorded at
the plasma membrane is 9.2. The biphasic curve shows two inflection
points, reflecting the presence of two fractions that can be distinguished by
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lateral diffusion. The molar fraction of the faster component, with respect to
the slower one is 0.6:0.4.
To evaluate the gathered data, i.e. to analyze time series sampled during one
run, statistical methods are applied to detect non-randomness in the data.
Typically, this is done by temporal autocorrelation analysis, but other
methods such as higher order autocorrelation functions[12, 13], fluorescence
intensity distribution analysis (FIDA) [14, 15], photon-counting histograms
(PCH) [16, 17], and the recently developed fluorescence cumulant analysis
(FCA) [18] and time-integrated fluorescence cumulant analysis (TIFCA)
[19, 20] can be also applied. However, the temporal autocorrelation analysis
of fluorescence intensity fluctuations is still the most frequently used
method in FCS applications.
In temporal autocorrelation analysis, the normalized autocorrelation
function G(τ) is first derived:
G (τ )

= 1+

δI (t ) ⋅ δI (t + τ )
I (t )

(1)

2

relating the fluctuation in fluorescence intensity measured at a certain time
point t, δI(t) = I(t) - 〈 I (t )〉 , which is given as the difference in fluorescence
intensity I(t) and the mean fluorescence intensity over the recorded timeseries ( 〈 I (t )〉 ), and its intensity measured at a later time, δI(t + τ) = I(t + τ) -

〈 I (t )〉 . For further analysis, G(τ) is plotted as a function of different lag
times τ, also called autocorrelation times, to construct the corresponding
autocorrelation curve (Fig. 1B and C, right). In molecular systems
undergoing stochastic fluctuations, random variations of G(τ) around the
value G(τ) = 1 would be observed. For processes that are not random, an
autocorrelation curve builds up with a maximal limiting value of G(τ) as τ
→ 0, decreasing to the value of G(τ) = 1 at long times, indicating that
correlation between the initial and the current property value has been lost.
For simple systems, with only one chemical species and one process that
underlies the fluorescence intensity fluctuations, autocorrelation curves with
only one characteristic time are being observed (Fig. 1B, right). In complex
systems, where more than one process underlies the fluorescence intensity
fluctuations, or chemical species with different diffusion times exist, more
than one characteristic time can be observed if the processes are sufficiently
well separated in time (Fig. 1C, right).
To obtain information about the average number of molecules observed, the
so-called non-uniform part of the normalized autocorrelation function is
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used, g(τ) = G(τ) -1. In this case one observes a maximal limiting value of
g(τ) as τ → 0 that decreases to the value of g(τ) = 0 at long times. The
limiting value of g(τ), as τ → 0, is then inversely proportional to the
absolute concentration of the fluorescing molecules. Both the normalized
autocorrelation function G(τ) and its non-uniform part g(τ) are independent
of the properties of the experimental setup, such as the laser intensity,
fluorescence quantum yield and detection efficiency [1]. A comprehensive
description of autocorrelation analysis and the derivation of autocorrelation
function for the simplest case, free three-dimensional (3D) diffusion in an
isotropic
medium,
can
be
found
at
http://www.biotec.tudresden.de/cms/index.php?id=151 [21]. We present here the most relevant
results.
To extract the information about molecular numbers (N) and lateral
diffusion times (τD), the experimental autocorrelation curves is fitted using
autocorrelation functions derived for the appropriate model system [1]. For
measurements performed in solution, a model for free 3D diffusion with
triplet contribution is typically used:
⎛
⎞
⎜
⎟
⎟ ⎡
⎛ τ
yi
1 ⎜
T
exp⎜⎜ −
G (τ ) = 1 + ⋅ ⎜ ∑
⎟ ⋅ ⎢1 +
2
1
N ⎜ i ⎛
T
−
wxy τ ⎟ ⎣
⎝ τT
τ ⎞
⎜
⎟
1
1
+
+
⎜ ⎜ τ ⎟
wz2 τ D ⎟⎠
Di ⎠
⎝ ⎝

⎞⎤
⎟⎟⎥
⎠⎦

(2)

In equation (2), N is the average number of molecules in the OVE, i is the
number of components that can be distinguished by difference in diffusion,
τDi is the diffusion time of the i-th component and xi is its relative amplitude
(Σxi = 1), T is the average equilibrium fraction of molecules in the triplet
state, τT is the triplet state relaxation time. The diffusion times, τDi, of the
investigated components is determined from the autocorrelation function (2)
that best matches the actual, experimentally determined autocorrelation
curve. For the autocorrelation curve shown in Fig. 1 B, only one
characteristic decay time is observed, indicating that there is only one
component whose diffusion time can be estimated from the inflection point
of the autocorrelation curve and the average number of molecules from the
amplitude of the autocorrelation curve. For the example shown in Fig. 1 C,
the autocorrelation curve is biphasic, showing two characteristic decay
times, which indicates that two components with different diffusion times
are detected. Again, the amplitude reflects the total number of fluorescence
molecules, and the contribution of one component with respect to the other
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is determined by their relative amplitudes. For the example shown in Fig. 1
C, the total number of molecules is 9.2, 60 % of molecules (about 5.5
molecules on the average) show shorter diffusion times (τD1 ≈ 3 ms),
whereas about 3.7 molecules (on the average) show a longer diffusion time
(τD2 ≈ 70 ms).
The diffusion time τD is related to the translation diffusion coefficient D
through the relationship:

τD =

wxy2

(3)

4D

where wxy is the so-called lateral radius, i.e. the radial distance of the
focused laser beam at which the collected fluorescence intensity has
dropped by a factor of e2 compared to its peak value in the center. This
parameter is derived in calibration measurements, using standard aqueous
solutions of fluorescent molecules whose diffusion coefficients are known.
For this purpose, fluorescent properties of the standard dye need to match
the properties of the fluorescent protein, and identical optical settings have
to be applied for FCS measurements (Figs 1B and C). Diffusion coefficients
of organic fluorophores typically used as reference in FCS can be found at
http://www.picoquant.com/technotes/appnote_diffusion_coefficients.pdf
[22]. The lateral radius wxy depends on the instrumental setting, but the
theoretical limit for a diffraction-limited spot gives size-range from 200-270
nm for the typically used excitation wavelengths 488-633 nm.
FLUORESCENCE
CROSS-CORRELATION
SPECTROSCOPY
(FCCS) MEASUREMENTS AND DATA ANALYSIS
Fluorescence cross-correlation spectroscopy (FCCS) takes advantage of two
fluorophores, which can be spectrally distinguished, and analyses the covariance between them to unambiguously establish whether interactions
between distinctly labeled molecules occur. Typically, the following
fluorofore pairs are being used, rhodamine 6G (Rh6G) and cyanine 5 (Cy5),
or Alexa488 and Alexa633. Rh6G and Alexa488 can be excited at 488 nm
and Cy5 and Alexa633 at 633 nm, and emit in the green and red part of the
visible spectrum, respectively. The fluorescent signal is further spectrally
selected by a band pass filter (BP 505-540 nm) for Rh6G or Alexa 488, and
a long pass filter (LP655) for Cy5 or Alexa633. The signal from each
fluorophore is recorded in a separate detector channel, and temporal
correlation analysis is performed between them, to identify instances when
the signal is observed in both detectors simultaneously. If this occurs
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randomly, such as when the fluorescently labeled molecules are not
interacting, random variations of G(τ) around the value G(τ) = 1 would be
observed in the cross-correlation curve, i.e. a cross-correlation curve would
not build up. If, on the other hand, the molecules interact, an autocorrelation
curve builds up with a maximal limiting value of G(τ) as τD → 0. Again, the
amplitude of G(τ) decreases to 1 at long times, indicating that correlation
between the initial and the current property value has been lost. A screen
print from a real FCCS measurement is shown in Fig. 2.

Figure 2. FCCS measurements and data analysis. Autocorrelation curves
reflecting properties of the Cy5 labeled molecule (top), Rh6G labeled
molecule (middle) and the cross-correlation curve (bottom) showing that the
Rh6G and Cy labeled molecules interact forming stable complexes.
Corresponding fluorescence intensity fluctuations are shown in the insert.

As in FCS, the average number of singly-labeled molecules is determined
from the amplitude of the autocorrelation curves (light and dark gray curves
in Fig. 2), and the number of dually-labeled molecules (Ngr) is determined
from the ratio of cross-correlation amplitude (Acc, black curve in Fig. 2) and
the autocorrelation amplitudes (ARh6G and ACy5):

N gr
1
=
N cc ( N g + N gr )( N r + N gr )

or

N gr

=

ACC
ARh 6G ⋅ ACy 5

(4)

FCS AND FCCS IN FORENSIC SCIENCE
Thus far, FCS and FCCS based analytical protocols are not standardly used
in forensic science, even though it was realized early on that these methods
may be invaluable for forensic analysis [10, 23].
An FCCS protocol was recently described for the detection of
adrenocorticotropic hormone (ACTH) [24]. This protocol relies on the
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usage of two distinctly labelled antibodies which recognize the N- or the Cterminal of ACTH. In this way the possibility of obtaining false-positive or
negative results was significantly reduced and single-molecule sensitivity
was obtained. The two-antibodies approach described in [24] may be
regarded as a prototype approach for peptide and protein detection in
biological samples.
A novel fluorescence-based method for detection of blood was recently
developed and applied to detect blood cells and DNA molecules in situ [25].
This method relies on the usage of fluorescently labelled antibodies for
protein detection and on fluorescent probes for DNA staining, and
fluorescence microscopy imaging for their visualization. In its present form,
the method aims at detecting low levels of material. The protocols described
in this study can be readily transferred and applied for quantitative analysis
with single-molecule/single-particle sensitivity using FCS and FCCS.
The speed of FCS and FCCS analyses can be efficiently improved by using
microfluidic devices to flow the analytes [26] or by quickly scanning the
laser beam through a static solution [27]. In either case, photophysical
processes that compete with fluorescence can be significantly reduced by
limiting the fluorophores exposure to the illuminating light. The signal-tonoise ratio (SNR) is additionally improved because the frequency of
encountering fluorescent molecules is increased by the flow/scanning. This
reduces the time required for an analysis, enabling high-throughput.
CONCLUSION
FCS and FCCS, quantitative methods with single-molecule sensitivity
which also require small sample volumes – an analysis can be performed in
a volume of about 50 µL, are indispensable for biomedical research, clinical
analysis and forensic science. Application of these methods in routine
laboratories is not yet widespread. The aim of this work is to introduce these
methods and highlight their potential for forensic applications.
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ELECTROCOAGULATION
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E. Apostolidou
Department of Petroleum & Natural Gas Technology, Kavala Institute of
Technology, 65404 Agios Loucas, Kavala, Greece (demerz@otenet.gr)
ABSTRACT
In the present work the decolorization treatment of colored nickel
phthalocyanine wastewater was studied using the electrocoagulation process
with sacrificial aluminum electrodes powered by a photovoltaic collector
without batteries. The photovoltaic electrocoagulation system is made
versatile according to the instantaneous solar irradiation by adjusting the
wastewater flow rate to the current intensity supplied by the photovoltaic
panel. All parameters affecting the efficiency of the process were
considered, such as initial pH, conductivity, flow rate and operating time.
The proposed process is appropriate for decolorizing colored textile dye
wastewaters and especially for small applications in remote and isolated
locations without connection to public electric grid.
INTRODUCTION
Electrocoagulation (EC) is an emerging technique for wastewater
remediation closely related to chemical coagulation. This process consists of
providing electrical current to a sacrificial anode and creating metallic
hydroxide flocs inside the wastewater by electrodissolution of soluble
anodes made of aluminum or iron. The electrochemically generated Al3+ or
Fe3+ at the anode and the OH- ions at the cathode combine to form in situ the
coagulants Al(OH)3 or Fe(OH)3 respectively, effecting the coagulation and
co-precipitation of particulates from the solution by adsorption.
The present paper discusses an electrochemical decolorization treatment of
nickel phthalocyanine (Ni-pc) dye wastewater using the EC process with
aluminum electrodes, directly powered by a PV array. The photovoltaic
electrocoagulation (PV-EC) system is made versatile according to the
instantaneous solar irradiation by adjusting the wastewater flow rate to the
current density supplied by the PV panel. Operating parameters that affect
the PV-EC process, such as pH, current density, conductivity, flow rate and
operating time are determined.
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EXPERIMENTAL
The photovoltaic module used was SUNPOWER (Maxeon Cell
Technology) SPR-327NE-WHT-D made from monocrystalline silicon with
a surface area of 1.63 m2 and a peak power of 327 W. The experiments were
conducted in Kavala Institute of Technology (latitude 40˚ 55΄, longitude 24˚
22΄ and altitude 138 m above the sea level).
Voltage and current were measured by a multimeter (PHYWE).
Conductivity was measured by means of a conductometer (WTW). The pH
and the temperature were measured by a temperature sensitive pH-meter
(WTW). The wastewater was circulated by a peristaltic pump.
All EC experiments were conducted at room temperature in a 500 mL
electrochemical reactor in which the nickel phthalocyanine (Ni-pc) dye
solutions of 200 mL were placed and slowly stirred with a magnetic bar at
500 rpm. Three aluminum plates (10cm x 2.5cm x 0.5cm) immersed to a
6cm depth with an effective area of 15cm2 each were used as electrodes in
the experiments. The electrodes were situated 0.5cm apart from each other.
KCl, as supporting electrolyte, was added to every treated solution. Samples
were extracted every 2.5 minues, filtered with Whatman filter paper (Grade
40) and analyzed by UV-Vis spectrophotometry (λmax=620nm).
Figure 1 shows the experimental set up.

Figure 1. Experimental setup: 1. PV Solar module, 2. Regulator, 3. EC
reactor, 4. Anode, 5. Cathode, 6. Filter, 7. Treated solution, 8. Flow meter,
9. Peristaltic pump, 10. Wastewater deposit.
RESULTS AND DISCUSSION
Effect of initial pH
In our previous work [1] the treatment of Ni-pc solutions was optimized by
means of conventional EC. It was found that maximum removal efficiencies
were achieved in near neutral pH values. The optimum near neutral pH
value for EC was suggested also by other researchers [2,3].

842

PHYSICAL CHEMISTRY 2014

K-02-O

Effect of applied current density
Measurements were carried out at various current densities, constant dye
concentration of 100 mg/L and pH 6.5. According to Table 1 the removal
rate of Ni-pc increased, as expected, with increasing current density. In 10, 5
and less than 5 minutes of electrolysis time at the corresponding current
densities of 5, 10 and 20 mA/cm2, the dye has been quantitatively
eliminated (>99.9%) and its concentration fell under the apparatus detection
limit (0.08 mg/L).
Table 1. Concentration variation of Ni-pc with time and current density
Time
[Ni-pc]*
[Ni-pc]**
[Ni-pc] ***
(min)
(mg/L)
(mg/L)
(mg/L)
0
100
100
100
2.5
26.3
5.6
0.3
5
2.7
8.4
<0.08
7.5
0.1
<0.08
10
<0.08
*5mA/cm2, **10 mA/cm2, ***20 mA/cm2
Effect of conductivity
The wastewater conductivity affects immediately the applied voltage and therefore
the electrical energy consumption. The removal percentage of the Ni-pc dye is
hardly affected and remains constant over 99.9 % for the three tested wastewater
conductivities of 1500, 3000 and 4500 µS/cm (Table 2).

Table 2. Electrocoagulation results for various wastewater conductivities
Conductivity
Voltage
Energy
Dye removal
(µS/cm)
(V)
consumption percentage (%)
(kWh/m3)
18.4
0.42
>99.9
1500
9.5
>99.9
3000
0.23
5.2
0.12
>99.9
4500
Effect of flow rate
The current density supplied by the PV array depends on the solar
irradiation and the temperature of the PV modules. These parameters cannot
be controlled and will change continuously through the hours in a day or
suddenly through clouds crossing or changes in wind speed. Valero et al. [3]
proposed a clever mode of operation in order to make the PV-EC system
versatile to instantaneous solar irradiation by keeping constant the ratio
current density/flow rate. Thus, when the current density supplied by the PV
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array changes, also the working flow rate must proportionally change to
maintain this ratio constant. This operation way implies that the volume of
treated wastewater is directly related to the solar energy incident on the
panels.
The experiments with constant current density and flow rate were
conducted at a sunny midday and in short periods to keep approximately
constant values of solar irradiation. As can be obtained from Table 3, by
increasing the current density the cell voltage and flow rate increase
proportionally, while the residence time decreases. The due removal
percentage is not affected and remains over 99.9%.
Table 3. EC results for different wastewater flow rates.
Flow rate
(L/h)
0.5
1.0
2.0

Current
density
(mA/cm2)
5
10
00

Voltage
(V)

Residence time
(min)

7.1
14.5
29.8

24
12
6

Removal
percentage
(%)
>99.9
>99.9
>99.9

CONCLUSION
This paper shows the feasibility of performing remediation of dye house
effluents by directly connecting the electrocoagulation reactor to the
photovoltaic generator. The PV-EC system is made versatile to
instantaneous solar irradiation by adjusting the wastewater flow rate and
keeping constant the ratio current density/flow rate. The dye removal
percentage remains high for the three tested wastewater flow rates of 0.5,
1.0 and 2.0 L/h and the three wastewater conductivities of 1500, 3000 and
4500 µS/cm. The proposed PV-EC process could present some advantages
for treatment of dye house effluents in isolated places without electric grid.
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IMMOBILIZATION OF LACCASE ON MAGNETIC
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ABSTRACT
Laccase, the blue oxidase enzyme with high potency in green synthesis and
biodegradation of phenolic compounds, was immobilized on magnetic-chitosanclay beads using glutaraldehyde cross-linking agent. The structure and morphology
of composite beads were characterized by SEM, TGA and FTIR analysis. The
maximum activity and Michaelis constant (Vmax and Km) of laccase immobilized on
chitosan composite beads, were found to be 12.05 U/mg and 0.410 mM,
respectively. The immobilized laccase exhibited improved thermal stability, a wide
range of pH stability and high tolerance against inactivating agents such as NaN3
and cysteine. Finally, the immobilized laccase was operated in a batch system, and
phenol was successfully removal in the enzyme reactor.
INTRODUCTION
Removal of phenols from industrial water effluents is an important practical
problem, since many of these compounds are toxic and their presence in drinking
and irrigation water is a health hazard. Conventional purification methods such as
solvent extraction, adsorption on activated carbon and chemical oxidation suffer
from serious drawbacks such as high cost and formation of hazardous by-products.
The use of free laccase (benzenediol: oxygen oxidoreductase, E.C.1. 10.3.2) which
catalyse the oxidative coupling of phenol compounds resulting in the formation.
However, enzymes have some limitations for nonbiological applications. Thus, for
many industrial applications, enzymes have to be immobilized, via very simple and
cost-effective protocols, in order to improve the properties of enzymes, such as
activity, stability, and selectivity [1,2]. Many different carriers have been used for
enzymes immobilization. Among them, chitosan as a macromolecular material
exhibits many interesting properties, namely biocompatibility, availability of
reactive functional groups for chemical modifications, hydrophilicity, mechanical
stability, regenerability, and ease of preparation in different geometrical
configurations suitable for a chosen biotransformation. Recently, there has been a
growing interest in chemical or physical modification of chitosan to improve its
solubility and widen its environmental and biomedical applications [1-6]. In this
study, laccase was immobilized on chitosan-clay-magnetic beads, and the
conditions for immobilization and characterization of the immobilized enzyme
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were studied systematically. Application of the immobilized system in phenol
removal was investigated in a batch system.
EXPERIMENTAL
Materials
Laccase (EC 1.10.3.2: p-diphenol:dioxygen oxidoreductase) from Trametes
versicolor, chitosan and 2,2-azinobis(3-ethylbenzthiazolin-6-sulfonate) (ABTS),
sodium triphosphate pentabasic (TPP), nanoclay (hydrophilic bentonite, average
particle size: ≤ 25 µ m, H2 Al 2 O 6 Si, 180.1 g/mol) were purchased from Sigma–
Aldrich (USA).
Preparation of chitosan beads
Fe3O4 nanoparticles were prepared by the co-precipitating method [7]. 2 g chitosan
were dissolved in 100 ml of 2% acetic acid with constant stirring on mechanical
stirrer for 1 h. 1 g magnetic nanoparticles Fe3O4 and 1 g clay were added to the
chitosan gel with stirring for 3 h. The resulting chitosan-clay- Fe3O4 slurry was
added drop wise into TPP (pH 8.2) solution under vigorous stirring using a syringe.
Then, the beads were washed with deionized water. The structure and morphology
of prepared supports were characterized by scanning electron microscope (SEM),
thermal gravimetric analysis (TGA) and FTIR analysis. Immobilization of laccase
Chitosan- clay-magnetic beads were treated with 4% glutaraldehyde solution in
0.05M acetate buffer (pH 5.0) for 2 h at 25°C, and washed with deionized water
[2,5]. An amount of cross-linked composite beads (0.5 g) was mixed laccase
solution (1mg/ml) and the immobilization reaction was carried out at 4°C.The immobilized laccase beads were stored in 0.05 M acetate buffer (pH 5.0) at 4°C until
use. The immobilization conditions including enzyme loading, immobilization
time and the amount of glutaraldehyde were optimized.
Characterization of immobilized enzymes
The activity of free and immobilized laccase was determined
spectrophotometrically at with a UV–vis spectrophotometer at λmax = 420 nm
with 1 mM ABTS as substrate in 0.1 M acetate buffer (pH 5.0) [3]. One unit (U)
of laccase activity was defined as the amount of enzyme needed to oxidize 1 µmol
of ABTS ((ε= 36000 M-1 cm-1 per minute. The thermal and pH stabilities of free
and immobilized enzymes were examined by measuring the activity of enzyme
after the enzyme had been in the solutions for 1 h respectively, at different
temperatures (20-70 °C) and different pH (3.0–8.0).The storage stability was
evaluated by storing the free and immobilized enzyme at 4 °C for 2 month and the
enzyme activity was measured every week. The kinetic parameters were estimated
from the Lineweaver–Burk plot by varying the subtrate ABTS at the temperature of
the maximum activity.
Removal of phenol
Application of the immobilized system in phenol removal was investigated in a
batch system. The residual phenolic compunds were measured on the basis of
colorimetric method with potassium ferricyanide and 4-aminoantipyrine (4-AAP)
with a UV–vis spectrophotometer at λmax = 510 nm.
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RESULTS AND DISCUSSION
The morphological structure of magnetic chitosan-clay beads presented in Fig. 1
revealed by SEM analysis showed that magnetic chitosan-clay beads were well
dispersed on the chitosan surfaces, indicating a homogeneous combination of the
constituents. The average diameter of the dry and wet beads is 0.35 mm and 1.5
mm respectively. Used as the support material, magnetic carriers can be easily
separated from the reaction medium and effectively controlled by applying a
magnetic field, thus the use of magnetic particles can reduce the capital and
operational costs (Fig. 2). The yield of the immobilization
A
B
C

Figure1. SEM micrograph of (A) natural chitosan (15,000×) and (B-C) magneticchitosan-clay-beads (B:15,000×, C: 200×).
and enzyme activity were recoeded % 75 and 2.90 U/g carrier. The Km values
were found to be for the free and immobilized laccase 0.297 mM and 0.410 mM,
respectively.The increase in Km value indicated the reduction in the affinity of
laccase for binding substrate after laccase immobilization. These results were
similar with other investigations reporting significant affinity decreases for the
immobilized biocatalyst [4-6]. The apparent Vmax value of the immobilized was
12.05 U/g, while Vmax value of free laccase was 26. 96 U/g Nevertheless, the
immobilized laccase exhibited remarkably improved stability properties to various
parameters, such as temperature, reuse, and storage time. In addition,
immobilization improved the stability of laccase in the acidic region. A similar
change was observed in several cases of enzymes immobilized on different carriers
[5]. During the study of reusability, laccase immobilized on chitosan-composite
bead retained 76% of initial activity after 10 cycles (Fig. 3). The immolized
enzyme was tested for its ability to removal of phenol in a batch system. Phenol
removal value of immobilized enzyme were obtained about 80% at the end of 4
h (Fig. 4).
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Figure 3.

Figure 4.

Figure 2. Demonstration of magnetic separation of magnetic-chitosan-clay beads.
Figure 3. Reusability potential of immobilized enzyme on composite beads.
Figure 4. UV-Vis spectrum of phenol solution (10 ppm) before and after treatment
by immobilize laccase.
CONCLUSION
Laccase was immobilized on the surface of magnetic chitosan beads by formation
of the Schiff’s base. The immobilized laccase exhibited the maximal enzyme
activity at pH 5.0. The Km of immobilized and free laccase for ABTS were 0.410
mM and 0.297 mM in acetate buffer (50 mM,pH 5.0) respectively. The thermal,
operational, and storage stabilities of the enzyme were improved greatly after they
were immobilized on the surface of the magnetic-chitosan-clay beads. The
immobilized laccase was operated in a batch reactor for the removal of phenol
from aqueous solution. These results demonstrate that the immobilized enzymes
are used in wastewater treatment.
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ABSTRACT
Activated carbon obtained by carbonization and activation of waste hemp
fibers was used as an efficient, low-cost sorbent for pesticide removal. Data
obtained from batch and continuous process of pesticide adsorption was
used for development of the mathematical model that describes the
phenomenon of pesticide transport through the porous sorbent matrices.
Effective diffusion coefficient and the pesticide concentration profile within
the activated hemp fibers, obtained as results of proposed model, give the
insight in the mechanism and the rate of adsorption process and pesticide
transport through the sorbent. A good agreement between model prediction
and the experimental data indicates that the proposed mathematical model
can be successfully used for optimization and selection of appropriate
adsorption process for pesticide removal.
INTRODUCTION
One of the methods used to deal with purification of water contaminated by
pesticides is adsorption on activated carbon. In the recent years there is a
growing interest in utilizing the use of low-cost and abundantly available
lignocellulosic materials as precursors for the preparation of activated
carbons. In our previous work [1], short hemp fibers obtained as a waste
from textile industry were used as a carbon precursor. Activated hemp
fibers, obtained by carbonization and activation of waste hemp fibers, were
successfully applied as a sorbent in solid-phase extraction procedure for the
pesticides analysis in water samples. In this work, effectiveness of activated
hemp fibers (ACh) as a sorbent for pesticide removal from polluted water
was tested through the sorption of dimethoate, nicosulfurone and
carbofuran, in batch and continuous flow process. In order to describe the
process of pesticide adsorption on activated hemp fibers, we have extended
and upgrade our previously developed mathematical model [2].
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EXPERIMENTAL
Activated hemp fibers (sample ACh129) were obtained by carbonization at
1000 oC and activation at 900 oC, using KOH as an activating agent [1].
Adsorption of pesticides on the ACh129 was performed from the aqueous
solution of pesticide mixture in batch system, with constant shaking, and in
continuous flow system, with flow rate of 1 ml/min. Initial concentration of
each pesticide in the mixture was 25 mg/dm3. The pesticides concentration
after adsorption was determined by liquid chromatography-tandem mass
spectrometry (LC-MS/MS).
RESULTS AND DISCUSSION
Mathematical model is based on pesticides mass balance equations for two
phases: the liquid solution and the fixed bed under batch and continual flow
conditions. Model is based on Fick’s second low, and considers the
adsorption of pesticides, from the pesticide mixture solution, on the
activated hemp fibers. Based on morphological analysis, made by scanning
electron microscopy, and activated hemp fiber textural characteristics [1],
for the model consideration fibers were presented as a cylinder, consisting
of the non-porous core region (radius Rcore) and porous annular region
(∆R=Rf - Rcore, ∆R is annular region width and Rf is fiber radius) where
pesticide adsorption occurs.
Model prediction for the decrease
of pesticide concentration in the
solution, during adsorption in the
batch process, is well fitted with the
experimental data (Figure 1).
Pesticides balance equation is
formulated, as shown in the literature
[2], and it was solved analytically by
Fourier’s dividing of the variables
and using Baseless functions. The Figure 1. Pesticide concentration
general solution of the model in the solution as a function of the
adsorption time
balance equation determines the
pesticide concentration profiles within the annular porous region of the
activated fibers (Figure 2). Profile of pesticides reaches its equilibrium
relatively fast and after 5 minutes the pesticide concentration through the
porous annular region of fiber is constant.
The model parameter which represents the specific rate of pesticide
concentration change, λi2, effective diffusion coefficient, De i, and
equilibrium concentration of pesticide within the ACh129, along with
experimentally obtained equilibrium pesticide concentrations are presented
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in Table 1. For purpose of comparison, equilibrium concentration of
pesticide within the commercial activated carbon CAC, is also presented in
Table 1.

Figure 2. Concentration profile of dimethoate (a), nicosulfuron (b) and
carbofuran (c) within the annular region of the ACh129
Pesticide concentration within the ACh129 obtained as a model prediction
are well correlated with the ones obtained experimentally. Higher extent of
resistance to the nicosulfuron and dimethoate transport is shown through the
lower values for both specific rate of concentration change and effective
diffusion coefficient. Due to the fact that the structure of pesticides plays an
important role in adsorption, the steric hindrance caused by nicosulfurone
high molecular weight and chemical structure may be the reason of its
slower adsorption on the ACh129 surface. Due to the aromatic structure of
carbofuran, dispersion forces between the π electron density of the graphene
layers on the ACh and the aromatic ring of the adsorbate should be
expected, and therefore the faster adsorption. On the other hand, adsorption
of dimethoate is not forced by mentioned π-π interactions, due to the
absence of aromatic ring, which induce slower adsorption.
Table 1. Model parameters that describes the pesticide transport through the
porous matrices of ACh129 during batch adsorption
Pesticid
M
CFeq,mod CFeq,exp
λ2
CAC,
De / D0
-1
-1
-1
(mg g ) (mg g ) (mg g-1)
e
(g/mol) (min )
D
229
0.20
0.065
6.234
6.232
6.001
N
410
0.12
0.045
6.210
6.215
5.407
C
221
0.80
0.265
6.222
6.228
5.746

* D-dimethoate, N-nicosulfuron, C-carbofuran

For continual flow system, balance equation of the pesticide concentrations
in the hemp fibers is similar as for the batch process, while the balance
equation for solution is considered within two regimes. In the Regime I,
the pesticide inflows Q CS0 i are totally adsorbed by the fibers and the outer
flows are Q CSi(t)≈0, while in the Regime II, only partial adsorption of the
pesticide inflows are achieved.
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The pesticide concentrations in out
flow solution, for continual flow
process, in the Regime II were
calculated
using
developed
mathematical model, while in the
Regime I these concentrations were
CS0i(t)≈0. The relative error of 5% was
obtained between the model prediction
and experimental data (Figure 3). Using
Figure 3. Continual process of
this
mathematical
model,
the pesticide adsorption on ACh129
breakthrough time (tB) and the
pesticides concentration on the ACh129 at the breakthrough point (CF(tB))
(Table 2), can be determined.
Table 2. The ACh129 adsorption capacity at breakthrough time
CFi(tB), mg/g
tBi, min
Pesticide
experiment
model
experiment
model
Dimethoate
472
473
24.69
23.64
Nicosulfuron
499
512
25.74
25.59
Carbofuran
567
575
28.95
28.74
CONCLUSION
Activated hemp fibers have proven to be an efficient low-cost sorbent for
pesticides removal. Effective diffusion coefficient and the pesticides
concentration profile through the ACh129, obtained by developed
mathematical model, show that mechanism of pesticide transport was
influenced by the pesticide structure. Proposed mathematical model enables
the deeper insight into the multi-scale phenomena of the pesticides transport
through the porous matrices, which is essential for designing the filters for
pesticide removal.
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ABSTRACT
Two aspects of environmental photochemistry are discussed. The first is the
primary mechanism of the photolysis of Fe(III) complexes with carboxylic
acids. Absorption of a light quantum results in an inner-sphere electron
transfer resulted in the formation of a long-living (up to several
milliseconds) complex between Fe(II) and organic radical. The second
aspect is the impact of clays and clay materials on the photochemistry in
water solutions. Both homogeneous and heterogeneous processes were
exmined. In all the cases, the spectral and kinetic properties of short-lived
intermediates were characterized by means of laser flash photolysis.
INTRODUCTION
Light-initiated photochemical reactions of Fe(III) complexes effect on a
number of iron-dependent processes leading to photochemical production of
CO and CO2, absorption of oxygen, and formation of active oxygencontaining compounds (AOC), such as •ОН, HO2•, H2O2 in aqueous
solutions. Both homogeneous and heterogeneous processes can be
responsible for the AOC formation. For mimicking the processes in natural
waters, one should know the details of the reaction mechanisms. This
knowledge could be obtained from time-resolved experiments allowing to
detect short-lived intermediates of photochemical reactions.
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In this work, a mechanistic study of the photolysis of Fe (III) complexes
with carboxylic acids (tartaric, pyruvic, glyoxalic and lactic) in solutions
was performed by means of nanosecond laser flash photolysis. Mimicking
the heterogeneous processes in natural waters, photodegradation of organic
compounds initiated by the photolysis of iron-rich clays was investigated.
EXPERIMENTAL
A laser flash photolysis setup [1] based on a YAG laser with excitation at
266 and 355 nm and pulse duration of 5–6 ns was used.
Synthetic clay montmorillonite KSF was purchased from Sigma-Aldrich.
The natural aluminosilicate containing more than 95% of a calcium-rich
montmorillonite (LAS) and natural aluminosilicate (AS) were obtained from
beds located in Mukhortala (Buryatia) and Khumuluut (Mongolia),
respectively. The sodium containing layered aluminosilicate (Na-LAS) and
aluminosilicate (Na-AS) and pillared interlayered clays (PILC) Al,Fe-AS
and Al,Fe-LAS were prepared using the procedure described in [2].
RESULTS AND DISCUSSION
Photochemistry of Fe(III) carboxylates It was proposed in the literature [3]
that the primary photochemical processes for Fe(III)-carboxylate complexes
was an inner-sphere electron transfer from the ligand to the central ion
followed by an escape of an organic radical to the solution bulk (reactions 1,
2). This mechanism was put forward based on the analysis of the final
reaction products, which needed confirmation by means of direct methods.
[Fe-OOC-R]2+ ⎯ hν → Fe2+ + R-COO•
(1)
(2)
R-COO• ⎯→ R• + CO2
(3)
R• + R• ⎯→ products
•
2+
2+
⎯→ Fe
+ products
(4)
R + [Fe-OOC-R]
Laser flash photolysis of Fe(III)-carboxylate complexes with methyl
viologen dication (MV2+) as a scavenger of organic radicals was performed.
For all the studied complexes the immediate formation of Fe(II)
accompanied by an escape of an organic radical to the solution bulk was
shown to be a side reaction. The main primary intermediate was
characterized as a long–living (up to several milliseconds) complex of Fe(II)
with an organic radical stabilized in the first coordination sphere (further –
radical complex, RC). The reactions of RCs are responsible for the final
reaction products. The literature mechanism of photolysis was modified
(reactions 5-7) [4]. The information concerning quantum yields for different
[Fe-OOC-R]2+ complexes is collected in Table 1.
(5)
[Fe-OOC-R]2+ ⎯ hν → [FeII..•OOC-R]2+
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(6)
[FeII..•OOC-R]2+ ⎯→ Fe2+ + R-COO•
(7)
[FeII..•OOC-R]2+ + O2 ⎯→ Fe2+ + R-OO• + CO2
When photolysis is performed in the presence of different substrates (like in
natural aquatic systems), the formation of the “secondary” radicals via the
Table 1. Quantum yields of photolysis (355 nm) of [Fe-OOC-R]2+
complexes in aqueous solutions (pH 3.0) (quantum yields of Fe(III)
disappearance ϕ(FeIII), Fe(II) formation in deaerated ϕ(FeII)Ar and aerated
ϕ(FeII)Air solutions, and free radicals formation ϕR)

Complex
III

2+

[Fe Gly]
[FeIIIPyr]2+
[FeIIITart]2+
[FeIIILact]2+

ϕ(FeIII)

ϕ(FeII)Ar

0.70
0.53
0.47
0.22

1.05
1.0
0.44
0.40

ϕ(FeII)Air

ϕR

0.80
0.46
0.40
0.22

≤0.01
≤0.01
0.07
≤0.002

decay of RCs (Reaction 6) and the oxidation of RCs by oxygen (Reaction 7)
could affect the content of the final reaction products.
Clay-assisted photochemical processes
Photochemistry of montmorillonite KSF gives as example of clay-assisted
homogeneous light-induced process [5]. The formation of the hydroxyl
radical upon the photolysis of KSF was observed in the laser flash
photolysis experiments. MV2+, which was known as an acceptor of •OH
radicals, was used to capture the organic radicals. The formation and decay
of MV•(OH)2+ radical cation was observed. The removal of the particulate
matter did not affect the initial concentration of MV(•OH)2+. Therefore, the
leached Fe(III) is responsible for the formation of •OH radicals upon the
photolysis of aqueous KSF samples.
For Na-clays and PILC materials, neither •OH formation nor Fe(III)
leaching was not detected. Nevertheless, these catalysts exhibit a sufficient
effect on phenol photoionization [6]. Both aquated electrons and phenoxyl
radicals were monitored in laser flash photolysis experiments. The increase
in quantum yields of PhO• radicals formation (20-90%, Table 2) was
explained by the heterogeneous processes. Two reaction pathways are
possible: (i) electron transfer from a phenol molecule situated in the solution
bulk to a Fe(III) cation located on the clay surface, and (ii) electron transfer
from a phenol molecule adsorbed to the catalyst surface.
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Table 2. Relative quantum yields of PhO• radicals formation (ϕ/ϕ0) upon
the photolysis of phenol in the presence of Na-clays and PILC.

Sample

[Fe] (mg/g)

pH (1g/L)

ϕ/ϕ0

Na-AS
Al,Fe-AS
Na-LAS
Al,Fe-LAS

50 ± 1
50 ± 1
50 ± 1
50 ± 1

8.0
6.1
6.3
5.5

1.2 ± 0.2
1.2 ± 0.2
1.9 ± 0.3
1.5 ± 0.2

CONCLUSIONS
Photolysis of Fe(III) carboxylates plays an important role in the
photochemical processes occurring in natural aqueous systems with pH
value close to neutral. The formation of long-lived radical complexes could
affect the content of final reaction products.
Effect of montmorillonite KSF clay suspension on photodegradation of
organic compounds is explained by reactions of the leached Fe(III) cations.
For Na-clays and PILC materials the photocatalytic effect is caused by
heterogeneous reactions.
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ABSTRACT
Desorption of 137Cs from Brachythecium mildeanum (Schimp.) Schimp
moss was performed. The following solutions were used for desorption:
H2SO4 (I), HNO3 (II) and their mixture H2SO4-HNO3 (III), with pH values
of 4.61; 5.15 and 5.75; and also distilled water (D) pH 6.50. After five
successive desorptions, each lasting 24h, 20.5-37.6% 137Cs was desorbed
from the moss using the solutions, while 30.7% of the starting content was
desorbed using distilled water. The first desorption desorbed the highest
amount of 137Cs (11.3%-18.4%) compared to the starting content in moss. It
was determined by measuring activity.
INTRODUCTION
The leading radionuclide, from the viewpoint of the formation of tissue
doses and radio-biological consequences is 137Cs (chemical and biochemical
homologue of potassium). The physical half-life of 137Cs in moss is long
(30.2 years). The retention time of 137Cs in an organism also depends on
damages in the organism it is polluting. The accident in Chernobyl
(26.4.1986, Ukraine) released a large amount of polluting radionuclides into
the environment – 1018 Bq, of which 3.7x1016 Bq of 137Cs [1].
Moss is an ancient, primitive group of organisms with a specific structure and
specific ecology compared to higher flora.
They are good bioindicators and biomonitors of pollution of the environment as
they cannot excrete absorbed materials, but accumulate them in tissue or on the
surface in amounts depending on their adaptability to chemical changes in the
environment [2-4].

Air pollutants are deposited on mosses in three ways: as an aqueous
solution (rain, fog), in gaseous form or as disperse particles. The
accumulation of pollutants in mosses occurs through a number of different
mechanisms.
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Atmospheric fallout reaches moss by moist fallout (rain, snow, dew) or dry
fallout (sedimentation, aerosols soot). Salts and other solid substances and
different gases dissolve in atmospheric water. Acid rain is fallout polluted
by acids formed from SO2, NOx and disoluting other acidic compounds. In a
polluted atmosphere pH values of the fallout can be significantly changed.
In our previous work we followed desorption of 137Cs from Homalothecium
sericeum (Hedw.) Schimp moss using acid solutions (pH from 4.60 to 5.75)
[5], while in this work we analyzed Brachythecium mildeanum (Schimp.)
Schimp moss. In this work we attempted to investigate whether 137Cs could
be isolated with acid solutions as simulated acid rain without destruction of
the moss cellular structure, which would imply that the whole amount of
137
Cs in the plant is ion-exchangeable.
EXPERIMENTAL
Brachythecium mildeanum (Schimp.) Schimp moss, originating from the
National park Djerdap, Serbia, was collected in 2006, (10 g dry mass) and
covered with 200 mL of distilled water (D) and acid solutions: (I) H2SO4,
(II) HNO3 and (III) H2SO4-HNO3. Solutions (I) and (II) were made by
adding concentrated H2SO4, HNO3, respectively to 200 mL of distilled water
(pH 6.50) to the required pH value: 4.60; 5.15 and 5.75. Solution (III) was
obtained by mixing 100 mL of solution (I) and 100 mL of solution (II) with
identical pH values. Samples were consecutively desorbed with a solution
five times and desorption series were repeated twice. Desorptions were
performed at room temperature and lasted 24 hours. After each desorption,
after filtration, moss samples were dried at room temperature to a constant
mass. In this work we have used the described method for 137Cs desorption
from moss, the same as in our pervious papers [5,6], as there is no standard
method for 137Cs desorption. Activity levels of 137Cs were measured in
samples before and after each desorption on an ORTEC-AMETEK
gammaspectrometer with 8192 channels, resolution of 1.65 keV and
efficiency of 34% at 1.33 MeV 60Co, with a measurement error below 5%.
Specific activities were calculated based on measurements (Bq/kg). The pH
value of a solution was measured on a pH meter (MA 5730 Iskra).
RESULTS AND DISCUSSION
Table 1 shows the activity of 137Cs (Bq/kg) in B. mildeanum (Schimp.)
Schimp moss before desorption and the percentage of non-desorbed 137Cs in
moss after each of the five consecutive desorptions using solutions (I), (II)
and (III), and also distilled water (D), and also the total amount (%) of
desorbed 137Cs. Activity levels of 137Cs in samples of moss before
desorption were from 3417 Bq/kg to 3463 Bq/kg. Five successive steps with
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distilled water desorbed 30.7% of the initial 137Cs+ in B. mildeanum. With
acid solutions (I), (II) and (III) the amount of total desorbed 137Cs+ ranged
from 20.5% (III, pH 5.75) of the initial radiocesium in moss to 37.6% (I, pH
4.60). Comparing obtained results with the previous ones obtained for
desorption from H. sericeum moss (from 22.8% (III, pH 5.75) to 33.2% (III;
pH 4.60), distilled water 31.8%), leads to the conclusion that the moss type
does not influence on 137Cs desorption. The first desorption, in accordance
with previous research, desorbed the most 137Cs in relation to the starting
activity in moss (11.3%-18.4%).
Changes in the desorbed amount of 137Cs depending on the number of
consecutive desorptions give exponential curves.
Table 1. Activity of 137Cs in moss before desorption (Bq/kg), percentage of
remaining 137Cs in moss after each desorption, total desorbed 137Cs from
moss (%) and values of the starting activity of 137Cs (C0e), determined by
extrapolation of the curves, given as a percentage in relation to the values of
C0(100%) in starting solution*
pH
Solution

4.60
I

II

5.15
III

Activity of
3417 3422

3463

I
137

II

5.75
III

I

II

6.50
III

D

Cs in moss before desorption (Bq/kg)

3433

3435

3459

3421

3439

3445 3438

137

I
II
III
IV
V
C0e (%)
∆C0**

Percentage of remaining Cs in moss after each desorption (%)
82.9 84.2 87.2 81.6 81.6
86.8
88.7
83.1 87.2
70.1 76.1 80.1 75.3 75.3
81.2
82.1
77.8 84.1
66.0 72.7 76.9 72.1 72.1
77.1
75.8
75.7 82.9
63.7 70.0 75.9 70.1 70.1
76.6
75.2
73.5 80.7
62.4 68.8 75.0 69.0 69.0
76.2
74.7
73.1 79.5
Total desorbed 137Cs from moss (%)
37.6 31.2 25.0 31.0 31.0
23.8
25.3
26.9 20.5
83.5 86.1 88.2 83.1
83.1
88.2
90.0
90.5 88.2
16.5 13.9 11.8 16.9
16.9
11.8
10.0
9.50 11.8

83.7
75.2
72.1
70.1
69.3
30.7
87.4
12.6

* solution compositions are given in the Material and Methods
** ∆C0=100-C0e (%)

Using equation (1) from our previous paper [5]
lnCx = lnC0 - anx
(1)
i.e. the change of the sorbed amount of substance, Cx, in the sorbent with
the desorption number, nx, for successive desorptions with the same volume
of desorption solution the value C0 has been determined by extrapolation on
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nx=0, C0 is the content of the sorbed substance (137Cs) before desorption and
a is a constant.
From Eq. (1), it follows that the dependence of the logarithm of the amount
of sorbed substance in the solid state is a linear function of the number of
successive volumes employed during desorption. For real systems, this is
valid when only one type of sorption exists, or if one type is dominant, so
that the others can be disregarded
CONCLUSION
The results indicate that NO3- and SO42- anions do not have a significant
influence on desorption of 137Cs. Reduction of the percentage of desorbed
137
Cs with the increase of the pH value, i.e. reduction of the concentration of
H+ ions, indicates that they have a significant, but not dominant influence on
the desorption of 137Cs from moss. The results of this and previous research
[5] indicate that the moss type does not have an influence on 137Cs
desorption.
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ABSTRACT
The main aim of this study was to establish the artificial neural networks
(ANNs) with the ability to precisely predict the reversed-phase HPLC
retention time of a set of 77 pesticides extracted from groundwater based on
in silico molecular descriptors. After training of 1000 ANNs applying
Broyden-Fletcher-Goldfarb-Shanno training algorithm, three of them were
selected as the best. The statistical and validation parameters of these
networks indicate their outstanding prediction ability.
INTRODUCTION
Artificial neural networks (ANNs) are a nonlinear tool that is usually trained
using iterative techniques. The most recommended techniques for training
of ANNs are the Broyden-Fletcher-Goldfarb-Shanno (BFGS) and scaled
conjugate gradient algorithms [1]. These algorithms perform significantly
better than the more traditional algorithms, for example gradient descent.
Generally speaking, they are more computationally demanding and memory
intensive [1]. However, these algorithms may require a smaller number of
iterations for ANN training given their fast convergence rate and more
intelligent search criterion.
ANNs can be very useful method in searching for complex relationships
between variables. Therefore, they have been applied in many quantitative
structure-retention relationship (QSRR) studies, where their main aim is
prediction of retention behaviour of analysed compounds [2-5]. In this paper
QSRR analysis with ANN method was applied in order to establish suitable
model for prediction of retention behaviour of diverse pesticides in
reversed-phase (RP) HPLC. Structure-retention relationships can facilitate
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insight into the mechanisms governing chromatographic separation. Based
on the established QSRRs it is possible to improve separations of
compounds by changing chromatographic conditions.
EXPERIMENTAL
The results of chromatographic separation of pesticides, extracted from
groundwater samples, are presented in literature [6]. The identified
compounds can be classified as fungicides, herbicides, metabolites,
insecticides and plant growth regulators. They have neutral, acidic and basic
characteristics.
Calculation of 125 2D molecular descriptors (lipophilicity,
physicochemical, topological and biological descriptors) was achieved by
using SimulationPlus ADMET predictor™, MarvinSketch and
Molinspiration software. Stepwise regression procedure was carried out in
NCSS & GESS software to obtain most suitable descriptors as input data for
the ANNs. ANN analysis was carried out by Statistica 10 program.
RESULTS AND DISCUSSION
Stepwise regression routine presented five molecular descriptors which are
the most suitable for prediction of retention time (logtr). These descriptors
are the following: lipophilicity descriptor (KOWWIN), specific inhibition
constant for the CYP 3A4-mediated metabolism of testosterone
(MET_3A4_Ki_tes), molecular weight (MWt), second order simple
connectivity index (χ2) and maximum sigma Fukui index on carbon
(EEM_XFc). These descriptors served as the input and logtr was the output
data in ANN analysis.
The whole set of compounds was divided into three subsets: training set (53
compounds), test set (12 compounds) and validation set (12 compounds).
The input and output data were processed by multilayer perceptron (MLP)
feedforward ANN model with BFGS training algorithm in self-training
mode. The values of weights of neurons were predetermined by the applied
software. The selection of the most appropriate ANNs was achieved on the
basis of correlation coefficients for training set (Rtrain), test set (Rtest) and
validation set (Rval), and root mean square errors for training set (RMSEtrain),
test set (RMSEtest) and validation set (RMSEval). Analysis resulted in the best
three out of thousand trained ANNs, which can be applied for precise
prediction of logtr. The architectures of selected networks are presented in
Table 1.
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Table 1. The architectures of the established
networks.
Hidden
Output
Net. name
activation
activation
MLP 5-10-1
Tanh
Identity
MLP 5-8-1
Exponential
Tanh
MLP 5-17-1
Tanh
Tanh

Statistical characteristics of
selected
networks
are
presented in Table 2. As it
can be seen from the data in
Table 2, the networks have
quite
similar
statistical
characteristics.

Table 2. Characteristics of the established neural networks.
Net. name

Rtrain

Rtest

Rval

RMSEtrain

RMSEtest

RMSEval

MLP 5-10-1
MLP 5-8-1
MLP 5-17-1

0.9614
0.9830
0.9827

0.9256
0.8996
0.9031

0.9772
0.9747
0.9747

0.0028
0.0012
0.0012

0.0035
0.0044
0.0039

0.0035
0.0038
0.0043

A

B

Figure 1. Comparison of the experimental and predicted logtr values (A) and
distribution of residuals (B).

Figure 1A indicates an excellent concurrence between the experimental and
predicted logtr data. This is confirmed with the random distribution of the
residuals around y = 0 axis and their low values (Figure 1B). The low
RMSE values, high correlation coefficients (R > 0.90) and the magnitude of
the residuals indicate an outstanding fitting of the experimental and
predicted logtr data with the established neural networks. Therefore, they
can be used for precise prediction of the retention behaviour of structurally
similar pesticides under the applied chromatographic conditions.
The influence of every molecular descriptor in input layer on variations of
logtr is estimated by global sensitivity analysis. The sensitivity coefficients
describe the change in the network’s outputs due to variations in the
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parameters that affect the network [7]. The sensitivity index values for input
variables for all three ANNs are presented in Table 3. Global sensitivity
analysis showed that lipophilicity parameter KOWWIN has the highest
influence on variations in logtr values.
Table 3. The results of global sensitivity
CONCLUSION
analysis.
Applied descriptors selection
MLP MLP MLP
method and artificial neural
Descriptor
5-10- 5-8- 5-17networks methodology with
1
1
1
BFGS algorithm resulted in
KOWWIN
8.4
32.3 14.3
three outstanding networks
MWt
3.1
9.9
2.5
which can successfully be used
MET_3A4_Ki_tes 4.4
5.5
4.9
for prediction of the retention
3.2
5.1
3.8
χ2
behaviour
of
structurally
EEM_XFc
1.3
1.4
1.1
similar pesticides in RPHPLC.
Sensitivity analysis revealed that the lipophilicity parameter KOWWIN has
the highest influence on logtr values in all three selected networks.
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ABSTRACT
Atmospheric concentrations of some heavy metal compounds (Pb, Cd, As,
Ni) and polycyclic aromatic hydrocarbons (PAHs) were identified and
determined in airborne PM10 particles in an urban area of Győr, northwest
area of Hungary in 2011. The PM10 concentrations ranged from 11 to 119.14
µg/m3 with the mean value of 47.43 µg/m3. The annual average concentration of
PM10 indicates a polluted area however the PM10 levels in the sampling periods
without heating show excellent or good air quality. The levels of heavy metals
indicate an excellent air quality. The total PAH concentrations (sum of the
concentrations of 19 individual PAH compounds) varied between 0.88 and
95.80 ng/m3 with the mean value of 20.06 ng/m3. The annual average
concentration of benzo[a]pyrene was two times higher than the EU air
quality target value.
INTRODUCTION
Atmospheric aerosols play an important role in air quality. Monitoring the
particulate matter with an aerodynamic diameter smaller than 10 µm
(PM10) and PM10-bound heavy metals and polycyclic aromatic
hydrocarbons (PAHs) could have important environmental significance and
health protection aspects [1].
The aim of this work was to give an overview about the levels of some
selected heavy metals (Pb, Cd, As and Ni) and PAHs in the PM10 aerosol
fraction in an urban area of Győr, Hungary with high traffic density during
the year 2011. Győr is a dynamically developing city due to its good
geographic situation and as an emphasized centre in automotive industry.
The Industrial Park of Győr provides place for significant and varied
industrial activity. The levels of pollutants determined in our study were
compared with the EU and the Hungarian air quality standards [1-3]. The
Hungarian air quality index (AQI) was also used for the assessment [2].
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EXPERIMENTAL
Győr (47°41´02˝N, 17°38´06˝E) is the most important city in the northwest
area of Hungary halfway between Wien, Bratislava and Budapest situated
on one of the important roads of Central Europe. The city is the sixth largest
in Hungary, and one of the seven main regional centres of the country. The
number of inhabitants is about 128,500. The sampling site is located at the
junction of Tihanyi Árpád street and Ifjúság boulevard, where the main
pollution source is the traffic.
PM10 aerosol samples were collected in four sampling periods at 14 day
intervals, continuously for 24 hours in 2011 at the monitoring site of Győr.
A Digitel High Volume DHA80 (Digitel Elektronik AG, Switzerland)
sampler was used for collection ambient aerosol particles, which were
chemically analysed later. Samples are taken onto high purity Advantec QR100 quartz fibre filters (size: 150 mm diameter) for a period of 24 h at a
flow rate of 30 m3/h into a container with about 700 m3 volume capacity.
The particle total mass was determined by weighing of the sampling filters
before and after sampling and the PM10 concentration calculated from the
weighed mass on the filter and the sampling volume.
The concentrations of heavy metals (Pb, Cd, As and Ni) in the PM10
aerosol fraction were measured by graphite furnace atomic absorption
spectroscopy (SOLAAR MQZ, Unicam Ltd., Cambridge, UK) equipped
with Zeeman and deuterium background correctors, a graphite furnace GF9
and an autosampler according to the Hungarian standard method procedure
[4]. The liquid-solid extraction of other half of the filter and PAH analysis
were conducted in accordance with the Hungarian standard method
procedure [5]. A gas chromatography-mass spectrometry (GC/MS) system
consisting of an Agilent 6890 gas chromatograph with an Rtx-5MS Integra
GC column and an Agilent 5973 mass spectrometer was used in the study.
RESULTS AND DISCUSSION
Table 1 shows the data measured for PM10 aerosol fraction with heavy metal and
PAH compounds. The PM10 concentrations varied between 11 and 119.14 µg/m3
with the mean value of 47.43 µg/m3. The highest concentration was detected in
winter. The annual average mass concentration of PM10 slightly exceeded the EU
and the equivalent Hungarian limit value (40 µg/m3). The reason is probably the
effect of public heating. The annual AQI for PM10 indicate a polluted area.
The comparison of the 24-hour PM10 concentrations with the 24-hour AQI
values show acceptable, polluted or heavily polluted results in heating
season, while indicate excellent or good air quality in the samplings of
spring and summer.
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The annual average concentrations of each heavy metal (Pb, Cd, As and Ni)
observed for Győr were below the permitted levels. The AQI results show that
the study area has excellent air quality with respect to heavy metals.
The total PAH concentrations ranged from 0.88-95.80 ng/m3 with the mean value
of 20.06 ng/m3. Four and five-ring PAHs including fluoranthene, pyrene and
benzo[b+k+j]fluoranthene were the dominant species in the samples. The
best known PAH compound is the highly carcinogenic benzo[a]pyrene (BaP) [6].
The concentration of BaP ranged from 0.41 to 6.92 ng/m3 with the mean of 2.97
ng/m3 in winter, and ranged from 0.02 to 0.43 ng/m3 with the mean of 0.09 ng/m3
in the sampling periods without public heating. The annual average
concentration of BaP was two times higher than the EU and the equivalent
Hungarian air quality target value (1 ng/m3). According to the Hungarian
annual average limit value for BaP (0.12 ng/m3) the AQI indicate a heavily
polluted area.
Table 1. Concentrations of PM10, heavy metals and PAHs in an urban
site of Győr in 2011
Compound
PM10 µg/m3
Heavy metals ng/m3
Pb
Cd
As
Ni
PAHs ng/m3
Naphthalene
2-Methylnaphthalene
Acenaphthylene
Acenaphthene
Fluorene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benz[a]anthracene
Chrysene
Benzo[b+k+j]fluoranthene
Benzo[e]pyrene
Benzo[a]pyrene
Indeno[123-cd]pyrene
Dibenz[ah]anthracene
Benzo[ghi]perylene
Total PAHs

16 February–
1 March
46.59–110.68

Sampling period
4–17
1–14 August
May
15.39–29.44 11.00–29.10

11.11–40.75
0.20–0.73
0.25–1.21
1.03–19.53

2.95–17.00
0.28–1.34
0.28–1.04
2.22–5.86

1.34–7.08
0.05–0.53
0.26–6.64
3.13–8.64

7.53–24.81
0.19–0.57
0.24–1.32
1.23–5.91

0.58–0.90
0.35–0.83
0.03–0.99
0.02–0.13
0.07–0.91
1.12–7.58
0.08–0.80
2.04–17.70
1.59–12.12
0.79–6.19
1.17–4.62
3.52–16.39
2.32–9.15
0.87–6.86
0.81–7.88
0.09–0.96
0.89–6.43
16.95–95.80

0.11–0.64
0.12–0.32
ND
ND–0.03
0.03–0.09
0.10–0.28
ND–0.03
0.11–0.53
0.09–0.50
0.03–0.14
0.08–0.26
0.25–1.51
0.11–0.53
0.03–0.43
0.06–0.45
ND–0.05
0.07–0.52
1.33–5.09

0.29–0.38
0.10–0.19
ND
ND
0.03–0.04
0.09–0.14
ND–0.02
0.03–0.09
0.04–0.09
0.01–0.07
0.02–0.09
0.06–0.26
0.03–0.12
0.02–0.09
0.03–0.11
ND–0.07
0.03–0.12
0.88–1.68

0.18–0.31
0.04–0.09
ND–0.02
ND
ND–0.02
0.02–0.37
ND–0.06
0.28–5.43
0.40–6.54
0.19–6.99
0.27–6.72
0.96–10.41
0.25–3.06
0.41–6.92
0.43–5.36
0.04–0.76
0.32–3.61
4.20–56.56

ND: Not detected
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CONCLUSION
PM10 aerosol samples were collected in the urban site of Győr, Hungary
during four sampling periods in 2011. Concentrations of heavy metals (Pb,
Cd, As and Ni) and 19 individual PAH compounds were analysed from the
samples.
The annual average concentration of PM10 indicates a slightly polluted
area. However, the concentrations of PM10 exhibit large variability during
the sampling periods. Levels of airborne heavy metal compounds were
relatively low, below the permitted concentrations. The annual average
concentration of BaP was two times higher than the EU air quality target
value. However, the concentrations of BaP show large variability during the
sampling periods with and without public heating.
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WATER QUALITY OF LAKE PALIĆ IN THE PERIOD
2011-2013
T. D. Grozdić, A. Hegediš, M. Nikčević and G. Mesaroš
Institute for multidisciplinary research, Kneza Višeslava 1a,11000 Belgrade,
Serbia(gtomisi@imsi.bg.ac.rs)

ABSTRACT
Determination of water quality is based on the results of the physicochemical parameters of Lake Palić. Water sampling was carried out on the
first and third embankments and in the fourth sector of Lake Palić, in the
period from 2011 to 2013. Apart from examining the physico-chemical
parameters of the quality of water of Lake Palić, the Serbian Water Quality
Index (SWQI) was determined, as well as the concentration of chlorophyll
“a”, saprobity index (Pantle-Buck) and lake trophicity. The aim of the
research is to determine water quality of the lake, and the impact of the
treatment plants for municipal water and wastewater from the towns of
Subotica and Palić on the water quality of the lake.
INTRODUCTION
Lake Palić is divided into four sectors [1 and 2]. Treated wastewater
(municipal and industrial) from the town of Subotica is discharged into the
first sector of the lake (from the central treatment plant), while lake water
drains from the fourth sector into the Palić-Ludaš canal, and from there into
Lake Ludaš and the river Tisa.
Since over time it was determined that treated wastewater from Subotica is
still burdened with organic matter, nitrogen and phosphorus compounds,
reconstruction and expansion of the existing facilities for wastewater
treatment began in 2006. The plant capacity was increased from 26000 m3
to 32000 m3 on a non-rainy day or 72000 m3 on a rainy day. The
reconstruction and expansion were completed in 2009 [2].
In order to test water quality in Lake Palić the following is tested: physicochemical, microbiological and biological parameters, and water quality
index (SWQI) is determined [3, 4 and 5]. The paper discusses the above
parameters, obtained by analysing the quality of the lake water in the period
2011-2013. The aim of this paper is to demonstrate the impact of the city
wastewater treatment plant operations on the quality of the water of Lake
Palić.
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EXPERIMENTAL
Physicochemical analysis of water quality of the lake includes the following
parameters: water temperature, pH, percentage of oxygen saturation,
chemical oxygen demand (COD from KMnO4), a five-day biological
oxygen demand (BOD5), content of suspended solids, total nitrogen, total
phosphorus, and chlorophyll “a” [3]. Determination of these and all other
parameters was performed by the authorized laboratory – the Institute of
Public Health of Subotica. Sampling was done at the lake entrance ( I
embankment), in the lake (III embankment) and at the lake outlet (IV
sector). Determination of chlorophyll “a” was performed in the years from
2011 to 2013. Heavy metals, pesticides and other industrial pollution are on
the borderline of sensitivity and, therefore, were not considered in the paper.
Samples for quantitative analysis were collected with a 2L hydrobiological
bottle from different depths of the lake. The samples were immediately
stabilized in 4% formaldehyde in plastic bottles, with the volume of 1 litre.
The content of chlorophyll “a” was determined by spectrophotometry.
Saprobiological analysis was performed using the index by Felfoldy or
Carlson and based on the use of phytoplankton as an indicator of the degree
of saprobity. The obtained average monthly results’ values will be analysed
in this paper.
RESULTS AND DISCUSSION
Based on the water quality testing of Lake Palić in 2011, 2012, and 2013,
high levels of suspended solids were noted. Their data are similar to those in
2005 [6], i.e. in the period before the reconstruction of the central treatment
plant for wastewater of Subotica. These values were increasing from year to
year, as can be seen from the Table 1. Unequal values of suspended matter
can be observed depending on the location of water sampling – at the lake
entrance (1st embankment), in the lake (3rd embankment) and at the lake
outlet (4th sector). The minimum value of 9 mg/L was recorded in December
2013 (4th sector), and the maximum of 100 mg/L in April 2012 (4th sector).
According to a certain amount of suspended solids in the 4th sector, whence
from the water drains to the final recipient – the river Tisa, water quality is
at the upper limit for Class III, which it often exceeds, and so it is
sometimes in Class IV of water quality. Saprobic index by Felfoldy or
Carlson is determined by the bioindicator value representative of plankton
community and is in the range of 2.00 to 2.39.
Serbian Water Quality Index (SWQI) characterized the water in Lake Palić
as poor, throughout 2012 and 2013, see Table 1.
Based on the results of water quality testing it was concluded that the degree
of saprobity in all cases is defined as β-mesoeutrophic [6].
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By analysing the
results of physico-chemical
analysis of the parameters,
which are indicators of the
Jan. Feb. Mar. Apr. May Jun. organic load in the water, it
2012 2012 2012 2012 2012 2012 can be established that the
rd
59
53
3 emb. 64 63 60 60
waters of Lake Palić are still
60
60
4th sec. 64 58 59 52
very burdened with organic
Jul. Aug. Sep. Oct. Nov. Dec. pollution. Concentrations of
2012 2012 2012 2012 2012 2012 nutrients, as indicators of
water quality, are also on the
rd
3 emb. 53 50 50 43
60
56
rise. Concentration of total
th
4 sec. 41 42 50 41
59
53
nitrogen increased in all
Jan. Feb. Mar. Apr. May Jun. localities of the lake, and
2013 2013 2013 2013 2013 2013 concentration
of
total
rd
49
53
3 emb. 55 61 61 55
phosphorus is high and
4th sec. 67 62 59 63
56
41
uniform throughout the year.
concentrations
of
Jul. Aug. Sep. Oct. Nov. Dec. High
2013 2013 2013 2013 2013 2013 nitrogen, ammonia nitrogen
and phosphorus have as a
3rd emb. 51 51 44 52
50
75
th
result an intensive organic
4 sec. 44 44 57 48
48
73
production, with negative
consequences on the eutrophication of the lake.
The regime of oxygen throughout the year is in negative state for the 1st and
3rd embankments and 4th sector of the lake. Due to a constant load of organic
substances perennial hyperproduction of phytoplankton is present. As a
consequence of this state, we note uniformly high concentrations of oxygen,
extremely high pH values, as well as significant amounts of suspended
solids.
Based on the saprobity index, water quality of the 1st sector corresponds to
Classes III-IV of water quality. Water quality of the 4th sector belongs to
Class IV, and sometimes it is beyond the prescribed classes of water quality.
Based on these facts, it can be concluded that the water quality at the outlet
of the lake is worse than at the lake entrance. Based on the results of several
years of water quality testing, a trend of increasing saprobity of the lake is
found. High density and biomass of phytoplankton was also detected, as
well as concentration of chlorophyll “a”, all of which points to an intense
eutrophication of the lake, which is mesoeutrophic by nature.
Table 1. Indicators of water quality (SWQI)
in 2012 and 2013. Samples of water from the 3rd
embankment and 4th sector of Lake Palić.
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CONCLUSION
Serbian Water Quality Index (SWQI) characterized the water in Lake Palić
as poor, throughout 2012 and 2013.
Since the lake is the recipient of treated wastewater from Subotica, the
quality of treated wastewater (effluent) is of great importance for water
quality of the lake. It is very important that the newly built treatment plants
for wastewater (municipal and primarily treated industrial wastewater) from
Subotica and Palić resorts, through efficient operation, not provide lower
content of organic matter and nutrients in the water after waste treatment
[6].
Water pollution is affected to a great extent by the fact that Lake Palić is an
unstable ecosystem, with a large amount of sludge and increased
eutrophication process.
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ABSTRACT
The research plan anticipates the determination of water quality by
determining physico-chemical parameters, and ichthyological researches of
water accumulations Uvac, Zlatar and Radoinja. The aim of the research is
to define the quality of water and other impacts on the ecological status.
Water samples were taken in the same location, before and after the
hydroelectric power plant in August and November 2011. Ichthyological
researches in the accumulations were done in the course of several years, in
April 2007, April, July and August 2008.
INTRODUCTION
"Decree on the Amendments of the Decree on the Protection of Special
Nature Reserve "Uvac" (Official Gazette of the Republic of Serbia, no.
25/06) [1], determined the protection zone of the Special Nature Reserve
"Uvac", thus including in the protected area all the waters of the Uvac basin
upstream from the dam profile on the accumulation "Radoinja". The main
reasons for amending the Decree on the Protection of Special Nature
Reserve "Uvac" are the provision of the integral protection of the area that
represents a unique natural and functional unit, and raising the management
organization of the protected nature reserve to a higher level. The protected
area is characterized by high levels of biodiversity, with a prominent
presence of rare and endangered species of national and international
importance. In addition to being an important component of the overall
diversity, ichthyofauna of this area is also an important natural resource
whose sustainable use can greatly improve the management and protection
of the natural reserve.
Previous researches concerning the area under consideration were
inadequate and incomplete. In the past thirty years, they mainly took place
in the form of making medium-term plans for the improvement of fishery
within the fishing areas to which these waters belonged before the
separation. Current state of the research and status of the discussed aquatic
habitats within the reserve require systematic environmental and fishery
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wise research, in order to acquire the basis for the sustainable use of fish
resources, with the simultaneous application of modern conservation
measures.
EXPERIMENTAL
Samples for quantitative analysis were collected with a 2L hydrobiological
bottle from the surface. The samples were immediately stabilized in 4%
formaldehyde in plastic bottles, with the volume of 1 litre. Physicochemical
tests included the following parameters: pH, oxygen saturation percentage,
COD, BOD5, consumption of KMnO4, content of suspended solids, nitrate,
nitrite and total phosphorus [2 and 3]. Determination of the above
parameters was performed by the Institute for Occupational Safety, Novi
Sad, for the year 2011. Sampling and analysis were carried out twice a year,
before and after the hydroelectric power plant (HPP). Sampling and testing
was done for the waters of Lakes Uvac, Zlatar and Radoinja. The analysed
results are for August and November 2011. Samples of the fish fauna were
taken from representative profiles. Identification of the species was carried
out in accordance with Simonović (2001) [4].
RESULTS AND DISCUSSION
Based on the physicochemical parameters of the lake water, Uvac belongs to
Class II, see Table 1. Some parameters are above the maximum permissible
concentration (MPC), and these are ammonia, nitrite, dissolved oxygen and
BOD5. The increased concentration of ammonia was detected in August
2011, when an increased consumption of KMnO4 and increased
concentration of suspended solids were noticed. After three months the
sample was taken again, and then some variation of the above parameters
was observed. The concentration of suspended solids is reduced almost by
half but there is an increase in the concentration of BOD5, nitrate and
ammonia. All this indicates that after the induced increase of the above
mentioned MPC parameters, the disintegration of the organic material
occurs. The ecosystem is trying to establish balance i.e. self-purification
occurs.
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Table 1. Physico-chemical parameters of water quality of Lake Uvac
measured August and November 2011th year.
Lake Uvac
August
November
Parameter
upstream downsrem upstream downsrem
of HPP
to HPP
of HPP to HPP
Height
above
962-978
sea level (m)
Water
tempe22.7
23.5
11.1
11
rature (°C)
Dissolved
4.96
5.11
4.96
5.01
oxygen (mg/l)
Conductivity
214
232
264
260
(µS/cm)
pH value
8.20
8.19
8.09
8.13
Turbidity
24.8
23.9
8.5
7.6
Amonijak
0.63
0.54
0.85
0.42
Nitrites
0.07
0.05
0.15
0.11
Nitrates
0.61
0.44
3.58
2.55
Chloride
4.05
5.32
10.02
6.01
COD
48
32
40
18
BOD5
6
4
8
4
consumption
32
24.2
4
0.8
KMnO4
Suspended
57
52
19.5
6.5
solids
Total P
<0.2
<0.2
0.22
< 0.2
Fats and oils
3.5
6
29
12
Zn
0.045
0.031
0.014
0.011
Mn
0.002
<0.002
0.029
0.022
Fe
0.059
0.054
<0.06
<0.06
Pb
0.033
0.029
0.053
0.035
As
<0.001
<0.001
<0.001 < 0.001
Hg
<0.001
<0.001
<0.0005 <0.0005
Total coliform
nd.
nd.
5
1
bacteria cfu/ml
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Hydrological (physico-chemical) parameters of water quality point to a
well-preserved environment and favourable conditions for the life of hydrobionics in the waters of the Special Nature Reserve "Uvac". During the
research 19 species of fish were documented, representatives of six families
(Cyprinidae, Salmonidae, Cobitidae, Gobiidae, Centrarchidae and Gadidae).
The most abundant species were of the family Cyprinidae (61.3 %), along
with the Salmonidae (11.1 %) and Cobitidae (11.1 %), while the presence of
the Gobiidae, Gadidae and Centrarchidae families is 5.5 % (or one species)
each [5]. The listed species are mostly autochthonous in the accumulations
but partly they are present due to wrong planning of water stocking.
Research results for the ichthyological fauna of the accumulations will be
presented in another paper.
CONCLUSION
The analysis of the physico-chemical parameters showed that water quality
of accumulation Uvac, Zlatar and Radoinja is of Class II. Concentrations of
nutrients, as indicators of water quality, are small but increasing,
particularly in Lake Radoinja. Concentration of total nitrogen is increased in
all locations, while concentrations of total phosphorus are low and
consistent throughout the year. The solubility of oxygen is 10-20 % above
the maximum allowed concentration in lakes Uvac, Zlatar and Radoinja, and
somewhat increased amounts of suspended solids were observed.
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ABSTRACT
The 137Cs activity concentrations in six undisturbed soil profiles collected
during 2013 in the basin of Pčinja River, southeastern Serbia, were
determined gamma-ray spectrometrically. Average value of six undisturbed
soil profiles by layers was calculated and vertical distribution of 137Cs
activity concentration at 5 cm interval samples was shown by average
profile. The 137Cs activity concentrations varied between 0.29 and 70.9 Bq
kg-1 with a mean of 10.7 Bq kg-1. Even 27 years after Chernobyl accident
74% of deposited 137Cs was found in the first 20 cm of the soil.
INTRODUCTION
Knowledge of 137Cs vertical distribution in soil, which is the 137Cs main
reservoir, is very important for an assessment of external dose. The 137Cs
vertical migration in soil is influenced by the physico-chemical properties of
soils, quantity and intensity of precipitation fallen since 137Cs deposition,
absorption and re-deposition by plants and biological characteristics of soils
[1]. In the undisturbed soil the 137Cs shows very slow vertical migration.
Different characteristics (physical, chemical and biological) of individual
soil horizons influence the migration and retention of 137Cs through the
profile.
Until 1986 the 137Cs activity concentrations in soil of Serbia was < 5 Bq kg1
, and in most plants, except mosses and lichens, have been below detection
limits [2]. Immediately after the Chernobyl accident 137Cs activity
concentrations were up to 50 kBq kg-1 in soil [3], with very inhomogeneous
spatial distribution, and in some plant species reached 3 kBq kg-1 [2].
Due to strong denudation and fluvial erosion in the basin of Pčinja River
southeastern Serbia, soils are washed out from certain locations, especially
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from those at higher slopes. The aim of this study was to present the vertical
distribution and behavior of 137Cs activity concentration in these soils, based
on collected undisturbed profiles.
EXPERIMENTAL
A total of six undisturbed soil profiles were collected during 2013 in the
basin of Pčinja River, southeastern Serbia. Soil samples were collected at 5
cm intervals from the uppermost layer down to 50 cm. All samples were
dried to constant weight at room temperature. Dried samples were
mechanically homogenized, sifted through a 2 mm mesh sieve, packed
into 0.5 L Marinelli beakers and weighed.
The 137Cs activity concentration were measured using HPGe gamma-ray
spectrometer ORTEC-AMETEK (34% relative efficiency and 1.65 keV
FWHM for 60Co at 1.33 MeV). The 137Cs activity concentration of each
sample was measured for 3.6 ks. The energy calibration and relative
efficiency calibration of the gamma-ray spectrometer were carried out using
0.5 L Marinelli calibration source MBSS2 supplied by Czech Metrological
Institute. Gamma Vision 32 MCA emulation software was used to analyzed
the gamma-ray spectra [4]. The 137Cs activity concentration was determined
from its gamma-ray line at 661.6 keV. The software package SPSS 16.0
(Statistical Package for the Social Sciences) for Windows was employed for
descriptive statistics of the results [5].
RESULTS AND DISCUSSION
In order to reveal general behavior of 137Cs in soil in the basin of Pčinja
River vertical distribution of 137Cs activity concentration at 5 cm interval
samples was shown by average profile (Fig. 1.) which represents calculated
average value based on the measured values of 137Cs activity concentration
for six undisturbed soil profiles by layers.
It was noted that 137Cs activity concentration decreased with soil depth up to
40 cm and then slightly increased down the profile. The re-distribution of
137
Cs in deeper soil layers could be consequence of number of factors. For
that reason, further investigation, which would include the influence of e.g.
type of soil, chemical properties, organic matter content, biological activity
of microorganisms in soil, and climatic conditions (such as rainfall,
temperature, or humidity) on the 137Cs distribution in soils are required.
Basic descriptive statistics of 137Cs activity concentration across all six
undisturbed soil profiles (all soil layers are consider as equal) is presented in
Table 1. The mean value of 137Cs activity concentration was 10.7 Bq kg-1,
with a range of 0.29 to 70.9 Bq kg-1.
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Petrović et al. (2013) and Dragović et al. (2012) reported mean 137Cs
activity concentration of 15.3 and 18.5 Bq kg-1, respectively, for Belgrade
area [6-7], and Dugalic et al. (2010) reported average 137Cs activity
Table 1. Basic descriptive statistics of 137Cs activity concentration in soil
in the basin of Pčinja River.
137
Cs (Bq kg-1)
Parameter
Mean
10.7
Mode
0.80
Standard deviation
14.5
Range
70.6
Minimum
0.29
Maximum
70.9
-1
concentration of 36.4 Bq kg for the territory of western Serbia [8], which is
higher than the mean value of 137Cs in soil obtained in this study.

Average profile
0

137Cs

10

20

(Bq kg-1)
30
40

0

Depth (cm)

10
20

y = 108x-0.76
R² = 0.79

30
Range by layers

cm

0-5

5-10

10-15

15-20

20-25

25-30

30-35

35-40

40-45

45-50

Bq
kg-

2.1955.6

0.8070.9

0.8352.3

0.6125.0

0.4016.8

0.8014.1

0.449.53

0.567.46

0.317.47

0.2929.7

1

Figure 1. Vertical distribution of 137Cs activity concentration in soil in the
basin of Pčinja River.
Based on the results for the average profile the highest amount of total 137Cs
in the soil (25%) was in the first soil layer (0-5 cm), while the lowest one
(2.46%) was in the eighth soil layer (35-40 cm). The 74% of the total 137Cs
in the soil in the basin of Pčinja River was found in the first four soil layers
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(0-20 cm) and only 26% was found in the last six soil layers (20-50 cm),
which indicates the slow migration of 137Cs in the deeper soil layers.
Clouvas et al. (2007) indicated that the vertical migration of 137Cs in soil is a
very slow process [9]. Karadeniz and Yaprak (2008) found 42-97% of the
137
Cs deposition in the first 10 cm of soil in Izmir, Turkey 18 years after
Chernobyl accident [10].
CONCLUSION
From average profile, it is clear that 137Cs activity concentration decreases
with the soil depth. Mean value of 137Cs activity concentration in soil was
10.7 Bq kg-1. About 74% of the 137Cs deposition was determined in the first
20 cm of soil profile in the basin of Pčinja River, southeastern Serbia.
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ABSTRACT
Changes in xylem chemistry in plane (Platanus acerifolia Ait.) tree-rings,
sampled from the King Aleksandar Boulevard, Belgrade, were examined. In
plane tree-rings at chosen location Fe was most abundant, while Ni was
least present. The concentration increase can be seen from 1989 to 2009 for Ba,
Cu, Fe, Mn, Ni and Sr, while decrease can only be seen for Pb in that
period. In the case of Zn and Al concentration increase can be noticed from
1998 to 2009. Unmix receptor model was run for the obtained element
concentrations and three sources were obtained.
INTRODUCTION
The plane is a large deciduous tree growing to 20–35 m tall, with a trunk up
to 3 m or more in circumference and it is a popular urban roadside tree. The
bark is usually pale grey-green and smooth. A large number of various
bioindicators are used to assess the quality of the environment, and mosses
are the most common. Choosing tree-rings as potential bioindicators was
due to trees large geographic distribution, long living and the fact that each
year tree forms a new tree-ring that can be easily dated. Dendroanalysis is
based on the assumption that the chemical content of an annual growth ring
at least partially reflects the chemistry of the environment in which the treering was formed [1, 2].
EXPERIMENTAL
Tree-rings of plane (Platanus acerifolia Ait.) were collected from the King
Aleksandar Boulevard, Belgrade in 2010, when the reconstruction of the
boulevard had begun and the plane trees were cut. Two trees of similar size
were selected, at breast height (1.3 m), for our purposes together with
corresponding soil samples at 0-20 cm depth. For further analysis the disks
were cut into segments with a stainless steel knife. Each plane core was
divided into 3 year segments starting from 1935 to 2009. The content of
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elements in solution samples was determined by inductively coupled plasma
atomic emission spectrometry (ICP-OES). ICP-OES measurement was
performed using Thermo Scientific iCAP 6500 Duo ICP (Cambridge,
United Kingdom) spectrometer. The digestion was performed on an
Advanced Microwave Digestion System (ETHOS 1, Milestone, Italy). In the
digestion, about 0.5 g of powdered tree-ring sample precisely weighed was
mixed in each clean vessel with a mixture of 3 ml H2SO4 and 5 ml HNO3
and then heated with microwave energy for 30 min. The temperature was
controlled with a predetermined power program. After cooling and without
filtration, the solution was diluted to a fixed volume of 25 ml.
RESULTS AND DISCUSSION
On Figures 1, 2 and 3 mean three-year concentrations of the investigated
elements (Pb, Ni, Cu, Zn, Sr, Mn, Fe, Al i Ba) in plane tree-rings were
shown, as well as width
Pb
of vessel lumen (L),
width of tree-rings (R)
and rainfall (RR [3]) in
Ni
the period from 1935 to
2009. The rank of the
investigated elements in
Cu
plane tree-rings was as
follow
Fe>Mn>Al>Sr>Ba>
Pb>Zn>Cu>Ni.
Zn
From figures 1, 2 and 3
increasing concentrations
of Ba, Cu, Fe, Mn, Ni
Years
and Sr in the period from
Figure 1. Mean Pb, Ni, Cu and Zn concentrations
1989 to 2009 can be (µg/g) in plane (Platanus acerifolia Ait.) tree-rings
seen,while for Zn and Al
at King Aleksandar Boulevard from 1935 to 2009.
from 1998 to 2009. At
the investigated location
during the last 20 years (1989-2009) the percentage increase of Ba (13%),
Cu (24%), Fe (27%), Mn (16%), Ni (43%), Sr (31%), and Zn (67%)
concentrations over that compa-red to the entire period (1935-2009) can be
seen, while the percentage increase for Al and rainfall was less than 1%.
The vehicles number increased by 631 in the busiest hour in the period from
1999 to 2006 at the study site [4]. In the case of Pb, width of tree-rings and
vessel lumen (Figure 1 and 3) it can be noticed a decrease in the period from
1989 to
19.2
14.4
9.6
4.8

0.92
0.69

c (µg/g)

0.46
0.23
2.8
2.1
1.4
0.7
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5.6
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2009 which amounts to 39%, 61% i 4%, respectively. Traffic activity
appears to be the main
16.8
source of trace metals at
Sr
12.6
this site. From Figure 1
8.4
we can observe the
4.2
0.0
highest Pb concentration
Mn
22.2
in the plane tree-rings in
14.8
the period 1980/82 and
7.4
one characteristic period
0.0
Fe
with
low
Pb
29.7
concentration
(198919.8
2009). The characte-ristic
9.9
0.0
Pb minimum
Al
22.2
concentration obtained
14.8
in that period can be
7.4
connected with the crisis
0.0
1935/37 1944/46 1953/55 1962/64 1971/73 1980/82 1989/91
1998/00 2007/09
of the nineties in our
Years
region as well as with the
Figure 2. Mean Sr, Mn, Fe and Al concentrations
higher use of cars on (µg/g) in plane (Platanus acerifolia Ait.) tree-rings
unleaded petrol. Absence
at King Aleksandar Boulevard from 1935 to 2009.
of correlations between
Ba
4.5
element concentration in
3.0
tree-rings and rainfall
1.5
were observed. Weak
0.0
Pearson’s
corre-lation
840 rainfall
was noticed only for Pb
720
600
(0.38). Plane trees try to
480
simulta-neously decrease
width of vessel lumen
126
their growths as they are
112
stressed by the pollu-tion
98
[5]. Large decrease of the
84
12.8
R can be seen in the
9.6
period when element
6.4
width of tree-ring
concentrations
have
3.2
increase.
1935/37
1944/46
1953/55
1962/64
1971/73
1980/82
1989/91
1998/00
2007/09
Years
Unmix receptor model
Figure 3. Mean Ba concentrations (µg/g),
was run for the obtained
width
of vessel lumen-L (µm) and tree-ring-R
element concentrations.
(mm) in plane tree-rings and rainfall-RR (mm).
Three factors were chosen
as the optimum number for this model. The element profiles of the sources
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Table 1.The element profile of for tree-rings are given in Table 1. The first
the sources for plane tree-rings profile extracted by Unmix is the traffic
resolved by Unmix.
exhaust source having the high loadings of
Traffic
Mixed
exhaust road dust

Soil Pb. This source reflects urban region where

the traffic activity is high and it has average
contribuion of 20%. The second Unmix
Ba 15.5
22.0
62.5 profile has high loadings of Zn and weaker
Cu 11.7
25.3
63.0 loadings of Cu, Mn, Ni, Ba and Sr with
Fe
7.3
14.4
78.4 average contribution of 26%. This factor is
Pb 91.5
3.1
5.4 interpreted as mixed road dust, which
includes soil dust mixed with traffic related
Mn 12.1
25.1
62.9
particles (combustion products from fuel
Ni
13.7
21.2
65.1
wear products from tires, brake linings, road
Zn
3.0
85.4
11.6
construction materials, crustal particles and
Sr
16.9
25.6
57.5 resuspended road dust [6]). The factor
%
20
26
54 characterized with high loadings of Al, Fe,
Mn, Ni, Ba, Cu and Sr was resolved as soil and it has average contribution
of 54%. Al and Fe are typical soil constituents. Metals may enter trees
through roots, leaves, or bark to become incorporated in tree rings. Uptake
by roots is still considered the major pathway by which metals enter trees.
Al

9.5

11.5

78.9

CONCLUSION
At the investigated location during the last 20 years (1989-2009) the
increase of Ba, Cu, Fe, Mn, Ni, Sr, and Zn concentrations can be seen, and
decrease of Pb and width of tree-rings. Traffic activity at this site appears to
be the main reason. Three factors were chosen as the optimum number and
interpreted as traffic exhaust, mixed road dust and soil.
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ABSTRACT

Soil acidification is a globally important issue which causes base cation loss
and phytotixic element increase, especially Al, in the soil. Ca and Al
concentrations were measured in larch tree-rings (Larix europaea Lam.) and
corresponding soil samples from four forestry locations. Ca/Al ratio rather
than Ca or Al alone could be a better indicator of soil acidification.
Observed positive correlation (PK=0.75, p<0.01) between pH and Ca/Al
ratio in soil can be regarded as an evidence of changes in Ca/Al ratio in soil
solution by soil acidification. Ca/Al ratio in tree-rings showed a decreasing
pattern for all sites except for the AK location. This decreasing pattern of
Ca/Al ratio in tree-rings is believed to reflect historical changes of the soils
by soil acidification.
INTRODUCTION
Forestry areas are more efficient at intercepting airborne particulate material
than other types of vegetation, so the environment within wooded urban
enclaves can be modified. One of the reasons of forest decline could be the
soil acidification. Soil acidification is associated with decreases in
exchangeable Ca and increases in Al concentrations in soil, leading to low
Ca/Al ratio in soil solutions. The disturbed soil solution chemistry can thus
result in characteristic Ca/Al ratios in tree-rings. As tree-rings can serve as a
datable archives of environmental change, Ca/Al ratio of their tree-rings
may show decreasing pattern in accordance with the progress of soil
acidification [1-3].
EXPERIMENTAL
Tree-rings of larch (Larix europaea Lam.) from three woodland locations in
Serbia and one from Montenegro were collected together with soil (0-20 cm
in depth). The first one is Avala (AA), a mountain located 16 km south-east
of Belgrade. The Belgrade-Niš highway, Kružni put and regional road to

885

PHYSICAL CHEMISTRY 2014

K-13-P

Ca/Al

Mladenovac runs east, north and west from the mountain. The second
location is REIK Kolubara (AK). Larch at the Kolubara location has been
applied for the rehabilitation by aforestation of the mechanically damaged
land. The third location was Kučevo (AKU). Samples were taken from the
management unit Donji Pek. The forth location was village Trepča in
Andrijevica municipality in the north-east part of Montenegro (ACG). At
Kučevo and Andrijevica locations anthropogenic impact is low because there
are no major industrial facilities and roads.
Three larch and Douglas-fir trees of similar size were selected at each
location. Stem disks were taken from felled trees at breast height (1.3 m).
For further analysis the disks were cut into segments with a stainless steel
knife. Each core was divided into 3 year segments starting from 1980 to
2009. The content of elements in solution samples was determined by
inductively coupled plasma atomic emission spectrometry (ICP-OES). ICPOES measurement was performed using Thermo Scientific iCAP 6500 Duo
ICP spectrometer equipped with CID86 detector, standard glass concentric
type nebulizer, quartz torch, and alumina injector and purged with argon.
The digestion of tree-rings was performed on an Advanced Microwave
Digestion System ETHOS 1, using HPR-1000/10S high pressure segmented
rotor. In the digestion, about 0.5 g of powdered tree-ring sample precisely
weighed was mixed in each clean vessel with a mixture of 3 ml H2SO4 and 5
ml HNO3 for tree-ring sample and then heated with microwave energy for
30 min. After cooling and without filtration, the solution was diluted to a
fixed volume of 25 ml. Samples of soil were examined by sequential
extraction using the Tessier procedure [4].
The method involves five
18
fractions (exchange-able,
Soil
carbonate, Fe/Mn oxides,
16
y=6.8x-30.2
organic and residual), in
PK=0.75, p<0.01
14
which the mobility and
12
bioavailability
of
10
elements decrease with
increasing
extraction
8
phase. The extraction was
6
carried out progressively
4
based on an initial
2
amount of about 1.0 g of
0
soil, accurately weighed.
4.2
4.4
4.6
4.8
5.0
5.2
5.4
5.6
5.8
6.0
6.2
The first three fractions
pH
form “mobile content”, Figure 1. Relationship between Ca/Al ratio of
i.e. the part of the total
“mobile content” in soils and soil pH
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concentration which under certain conditions can be mobilized and thus
enter biogeochemical cycles. Soil pH was measured as follows: 5.0 g of soil
was precisely weighed and 5ml of 1M KCl added. The suspension was then
subjected to continuous agitation for 10 min and left to stand before pH was
determined.
RESULTS AND DISCUSSION
Figure 1 shows relationship between soil pH and Ca/Al ratio of “mobile
content” in soil. Across the four sites pH ranged from 4.30 to 6.05.
Relationship between soil pH and Ca/Al ratio was assessed by simple
regression analysis using all the soil data regardless of sites. As soil pH
decreases from 5.5 to 4.0, Al ions take the exchange sites in soil colloids,
resulting in a low Ca/Al ratio [3]. Observed positive correlation (PK=0.75,
p<0.01) can be regarded as an evidence of changes in Ca/Al ratio in soil
solution by soil acidification suggesting that progress of soil acidification
increased exchangeable Al, while inducing leaching of Ca. Decomposition
of coniferous tree litter have also contributed to the soil acidification [3].
1400
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ACG
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c (µg/g)
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Figure 2. Mean
trends in Ca and Al
concentrations, as
well as Ca/Al ratio
in larch tree-rings
at four examined
locations.
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c) Ca/Al
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Mean Ca concentrations in larch tree-rings from the AKU and ACG
locations have decreasing trend, while at locations AA and AK slightly
increasing trend (Figure 2a). Mean Al concentrations in larch tree-rings
were increasing at all locations (Figure 2b). The decline of the Ca tree-ring
concentration may indicate soil acidification history but such pattern can be
a natural process due to reduced cation binding capacity of trees towards the
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cambium in larch tree-rings [3, 5]. Therefore, Ca/Al ratio rather than Ca or
Al alone could be a better indicator of soil acidification as their ratio can
overcome the physiological pattern of single cation in tree-rings [6].
Based on the mean Ca and Al concentrations in tree-rings their ratio was
calculated and the obtained values are shown in Figure 2c. Ca/Al ratio
showed a decreasing pattern for all sites except for the AK location. This
decreasing pattern of Ca/Al ratio in tree-rings is believed to reflect historical
changes of the soils by soil acidification.
CONCLUSION
The decrease of the Ca/Al ratio in larch tree-rings in the period from 1992 to
2009, relative to the entire period of study, was the biggest at AKU location
and amounts to 53%. At this location the lowest soil pH at the time of
sampling was measured. At AA and ACG locations decreasing percentage
were smaller and amounts 30% and 25% respectively, while at the AK
location small increase of 1% was detected. Ca/Al ratio in tree-rings could
serve as an indicator of historical soil acidification.
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ABSTRACT
The effect of clay dosage and contact time on adsorption efficiency of fired
and unfired clay pellets for Zn(II) ions removal was studied in a laboratory
batch mode. The adsorption efficiency of Zn(II) ions removal from the
waste printing developer was the function of clay dosage and its
composition. The maximum adsorption efficiency of 94.1% was achieved
with unfired clay pellets. Therefore, clayey pellets could be a good
economical alternative for the purification of waste printing developers.
INTRODUCTION
Zinc, as one of the most toxic heavy metal, is becoming a serious threat to
environment [1, 2]. Evidently, waste printing developers should be treated
before discharging into recipient. Among various purification methods,
adsorption is one of the effective and widely used method for removal of
heavy metals. A great number of low-cost adsorbents have been studied for
the removal of metal ions, such as clay [1], bentonite [2] and zeolite [3].
The objective of this study was to investigate the efficiency of fired and
unfired clay pellets as adsorbents for Zn(II) ions removal from a waste
printing developer. The study included the evaluation of two experimental
factors: clay dosage and contact time.
EXPERIMENTAL
The sample of waste printing developer was taken from an offset printing
facility, Novi Sad (Serbia).
The raw material mixture that contains natural pozzolanic material (PM),
waste glass (WG), surface active material (SAM) and wooden dust (WD)
was shaped by extrusion, dried (105 °C, 24h) and fired at 1020 °C (τ=2h) in
laboratory conditions. The fired and unfired clayey pellets with different
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initial size (d1 ≈ 8 mm, d2 ≈ 15 mm, noted as FCP8 and UFCP15,
respectively) were chosen for the adsorption process.
The PSD (Particle Size Distribution) analysis of both clayey samples was
performed using a Malvern Mastersizer 2000 Particle Size Analyzer
equipped with a Scirocco 2000 dry dispersion unit.
The adsorption experiment of Zn(II) ions onto fired and unfired clay pellets,
FCP8 and UFCP15, was studied in laboratory batch mode under the
following conditions: 0.04 - 0.24 g clayey pellets, 25 mL waste printing
developer, shaking speed 160 rpm, and shaking time 30/60 min. At the end
of the predetermined time intervals, the solutions are centrifuged for 10
minutes at 3000 rpm and then filtered through a quantitative filter paper
(Advantec, grade 5oC). The equilibrated Zn(II) ion concentrations were
determined in the acidified filtrate (conc. HNO3) by Inductively Coupled
Plasma Mass Spectrometry (ICP-MS) method using a PerkinElmer Elan
5000 mass spectrometer.
RESULTS AND DISCUSSION
The results of PSD analysis, Figure 1, represent the particle size distribution
obtained for the fired FCP8 and unfired sample UFCP15. For FCP8, the
maximum of particle size was found at 126.1 µm (4.7%), whereas the
sample UFCP15 had the maximum at particle size of 501.8 µm (5.5%). This
broader distribution of the particle size for UFCP15 has influenced a better
adsorption process.

Figure 1. PSD analysis of the fired and unfired clayey pellets.

The influence of contact time on Zn(II) ions adsorption, Figure 2, shows a
sharp increase in capacity uptake within 30 minute for UFCP15, after which
the equilibrium has been established. Whereas the sample FCP8, shows a
slightly different shape of the curve with the equilibrium established at 60
minute.
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Figure 2. Influence of the contact time on the adsorption of Zn(II) ions.

The observed fast adsorption rate can be explained by the availability of
active sites on the clay surface that gradually became time occupied with
maximum capacities (about 1750 and 2100 mg/kg for FCP8 and UFCP15,
respectively) achieved in 30/60 min of the experiment.
Beside the availability of more active sites on the clay surface, the clay
dosage also influenced the increase of the adsorption efficiency, Figure 3.
The maximum adsorption efficiency of 94.1% was achieved with the sample
UFCP15 due to the pellet composition.

Figure 3. Influence of the clay dosage on the adsorption efficiency.

The values of distribution coefficient (Kd) increase with the decrease of the
clay dosage, Figure 4, indicating the opposite trend in relation to Figure 3.
Considering the effect of the pellets size, the following decrease order was
obtained according to the values of distribution coefficients: UFCP15 >
FCP8.
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Figure 4. Influence of the clay dosage on the distribution coefficient.
CONCLUSION
The elimination of undesired and potentially harmful Zn(II) ions from the
waste printing developer was successful by using the fired and unfired clay
pellets. The results showed that the adsorption efficiency of Zn(II) ions
removal increased with the increasing of clay dosage. The unfired clay
pellets achieved the highest removal efficiency (94.1%) with particle size of
501.8 µm and pellet size of 15 mm in relation to fired clay pellets (92.8%).
Evidently, the designed clayey pellets could be the promising adsorbents in
the future treatment of waste printing developers.
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ABSTRACT
The paper investigates the mutual correlation between ozone, non-methane
hydrocarbons and nitrogen dioxide in working premises of one
photocopying facility in Novi Sad, Serbia. Using multiple linear regression
model and software package STATISTICA 10, the concentrations of
occupational hazards were mutually correlated. Based on the obtained
multiple coefficients of determination, a medium positive and a weak
correlation between the observed variables were determined. Ternary graphs
were constructed in order for better presentation of the mutual influence of
the measured organic pollutants concentrations. The results showed that
variable could be presented by the general regression model: y = b0 + b1xi1+
b2xi2.
INTRODUCTION
Non-methane hydrocarbons (NMHCs) are known to have an important role
on air quality due to their high reactivity. Short chain alkanes (C2 - C5) are
predominantly emitted because of extensive usage of toner during
photocopying process. They can generate tropospheric ozone (O3) through
atmospheric chemical reactions with nitrogen oxides (NOx) and radicals
with relatively high NOx concentrations [1]. In this way, they present a
potential public health concern. Therefore, printing industry has been
making efforts to reduce emissions of reactive NMHCs and NOx in the
atmosphere in order to improve the indoor environment [2].
Considering that our previous work included examination of various gases
released during photocopying process [3, 4], the main objective of this study
was to investigate a quantitative correlation as well as the strength of the
correlation between ozone, non-methane hydrocarbons and nitrogen
dioxide.
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EXPERIMENTAL
Multiple regression analysis was used to determine the nature of
relationship and a form of dependence between ozone, non-methane
hydrocarbons and nitrogen dioxide concentrations. Data analysis was
performed using software STATISTICA version 10. As an dependent
variable O3 concentration was selected, while NMHC and NO2
concentrations present independent variables. The processed data were
obtained from five days measurements at three sampling points during three
time intervals.
RESULTS AND DISCUSSION
Correlation analysis determined whether there is quantitatively agreement
between the observed phenomena as well as the strength of the agreement
[5]. The results of regression analysis are presented in Table 1.
Table 1. The results of regression analysis.
Sampling Multiple coefficient
SD
t
point
of determination
A
0.4313
0.0023
2.5961
B
0.4882
0.0018
0.6310
C
0.1909
0.0028
4.0379

Multiple coefficients of determination with values of 0.4313 and 0.4882 at
sampling points A and B indicate a medium positive correlation between the
observed variables. In contrast, a weak positive correlation is observed at
sampling point C, with multiple coefficients of determination of 0.1909.
Standard error of regression (SD) shows the average deviation of the
regression line from the empirical relationships between the observed
phenomena. The bigger error, the less reliable is prediction based on the
used regression models.
Value of tcritical, for n-k degrees of freedom and a significance level of 0.05
is 1.7823. The obtained values of parametar t are higher than tcritical at
sampling points A and C, which certainly (> 95 %) confirms a presence of
positive correlation between the observed phenomena. At sampling point B
parametar t is less than tcritical so there is not enough evidence to confirm the
correlation between the parameters.
Ternary graphs of sampling points with the highest correlation coefficient
were constructing by using software package STATISTICA 10. Figures 13 represent the spatial dependence of O3 concentration on NMHC and NO2
concentrations at sampling points A, B and C, respectively.
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Figure 1. Ternary graph of regressive surface at sampling point A.
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Figure 3. Ternary graph of regressive surface at sampling point C.

In the three-dimensional graphs, x-axis represents the concentration of nonmethane hydrocarbons, y-axis the concentration of nitrogen dioxide, and zaxis the concentration of ozone. The resulting surface shows an average
stacking variation of investigated variables, which can be presented by the
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general regression model: y = b0 + b1xi1+ b2xi2. Independent variables x1 and
x2 present the concentration of non-methane hydrocarbons and nitrogen
dioxide respectively, while dependent variable y presents the ozone
concentration. Therefore, the following individual regression models
presented by equations are obtained:
Sampling point A: ŷ = 0.0061 – 0.0010x1 – 0.1247x2
Sampling point B: ŷ = 0.00061 + 0.00156x1 + 0.5272x2
Sampling point C: ŷ = 0.00626 – 0.00128x1 – 0.00184x2
Obtained regression equations allow measuring the quantitative agreement
between the variation of variables and more accurate knowledge of their
mutual relations.
CONCLUSION
A multiple linear regression analysis was performed to predict and
determine the mutual correlation between dependent variable (ozone
concentration) and independent variables (non-methane hydrocarbons and
nitrogen dioxide concentrations). The software package STATISTICA 10
was used for this evaluation. The obtained multiple coefficients of
determination indicated a medium positive correlation (sampling point A
and C) and a weak correlation (sampling point B) between the observed
variables. Ternary graphs were constructed in order to better represent the
mutual influence of the pollutants.
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ABSTRACT
Animal bones are reach source of calcium hydroxyapatite which was
approved as a good sorbent material for heavy metals and radionuclides.
Various treatments can reduce the content of bone organic phase and
improve sorption properties. In this study sorption capacities of raw bovine
bones (B) and samples obtained by chemical treatment using NaOH
(BNaOH), by heating at 400 oC (B400) or by combined chemical and thermal
treatment (BNaOH+400), were compared. It was shown that sorbents exhibited
different sorption mechanisms towards Ni(II) ions, and that maximum
sorption capacities increased in the order B<BNaOH<B400<BNaOH+400.
Synergetic effect of chemical and thermal treatment produced the material
with highest sorption efficiency.
INTRODUCTION
Nickel is a heavy metal which ions affect human health [1]. This metal is
frequently found in industrial products and articles of common use, mostly
stainless steel and variety of alloys, catalysts, rechargeable batteries, etc. [2].
Furthermore, liquid radioactive waste often contains long half-lives
radioactive isotopes 59Ni and 63Ni [3]. The purification of wastewaters
containing Ni(II) ions can be conducted using different sorbent materials.
Previously, it was reported that thermal treatment of bones, especially at
400oC, can improve their sorption capacity toward Co(II) ions [4].
Comparison of various chemical reagents for the treatment of fish bones has
revealed that treatment with NaOH produced sorbent with highest efficiency
for Cu(II) removal [5].
In this study, sorption of Ni(II) ions was tested and compared using four
different materials obtained from animal bones. The performance of
untreated bones, was compared with the samples obtained under previously
determined optimum conditions for chemical [5] and thermal [4] treatments,
as well with the sample exposed to combined chemical/thermal treatment.
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Sorption experiments were conducted at room temperature, in the wide
range of initial Ni(II) concentrations.
EXPERIMENTAL
Sorbents were prepared from bovine femur bone, boiled three times in water
for the removal of fat tissue. After drying at 80oC, bones were crushed and
milled (sample B). Thermally treated sample B400 was obtained by heating
of B at 400oC, for 4h, in the preheated electrical oven. Chemically treated
sample BNaOH was prepared by mixing 50 g of B with 1 dm3 of 2 mol/dm3
NaOH, for 3 h, at 60oC. The sample was washed on the Buhner funnel with
the excessive amounts of distilled water, and then dried at 80oC. Finally,
BNaOH+400 was produced by applying previously described thermal treatment
on sample BNaOH.
Sorption experiments were conducted in batch conditions. Separate batches
were prepared in 0.05 dm3 polypropylene centrifuge tubes. Each one
contained 0.1 g of sorbent and 20 mL of solution prepared from NiCl2 salt
and distilled water. The initial Ni(II) concentrations varied between 10-4 and
6x10-3 mol/dm3, whereas the initial pH values were 6±0.1. In order to
achieve equilibrium, suspensions were mixed on the overhead shaker at 10
rpm, for 24 h. Subsequently, liquid phases were separated from spent
sorbents by centrifugation at 7000 rpm for 10 min. Equilibrium pH values
were measured in clear supernatants. Determinations of residual Ni(II)
concentrations, as well as the concentrations of Ca(II) ions released from
bio-apatite phase, were performed on Perkin Elmer 3100 Atomic
Absorption Spectrometer. The amounts of Ni(II) removed from the solution
were calculated as the differences between the initial and the equilibrium
concentrations.
RESULTS AND DISCUSSION
The sorption isotherms of Ni(II) onto raw and differently treated bovine
bones are presented in Figure 1,a. It is evident that each treatment
influenced the increase of sorption capacity in respect to raw sample. Thus,
sorbed amounts of Ni(II) generally increased in the order
B<BNaOH<B400<BNaOH+400. Considering the most concentrated solution
applied in this study, sorbed amounts were 0.35 mmol/g, 0.30 mmol/g, 0.28
mmol/g and 0.22 mmol/g, for BNaOH+400, B400, BNaOH and B, respectively.
Equilibrium pH values (Fig. 1,b) decreased along with the increase of initial
metal concentration, in the order B≈B400<BNaOH<BNaOH+400. This
phenomenon can be related to the specific cation sorption followed by the
release of surface H+ ions, or to the hydrolysis and precipitation of Ni(II).
Ni(II) removal from aqueous media using samples BNaOH and BNaOH+400 was
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especially enhanced in the low concentration range (10-4 - 5x10-4 mol/dm3),
where equilibrium solution pH were ~8, which is Ni(OH)2 precipitation
threshold.
The sorption of Ni(II) from the solutions of different initial concentrations,
was followed by almost linear increase of aqueous Ca(II) concentration
(Fig. 1,c). This sorbate concentration dependent relationship between sorbed
metal quantity, equilibrium pH and the quantity of released Ca(II), indicates
that several sorption mechanisms were operating: specific cation sorption,
ion-exchange with Ca(II) from HAP-phase crystal lattice, Ni(II) hydrolysis
and precipitation. Furthermore, the complexation of Ni(II) with the organic
phase of bone is likely to occur.

Figure 1. a) Ni(II) sorption isotherms (symbols - experimental points, lines
– fitting by Freundlich equation, error bars - deviations between
experimental and predicted values), b) Relationship between equilibrium pH
values and initial Ni (II) concentration, and c) Relationship between
amounts of released Ca(II) ions and sorbed Ni(II) amounts.

Sorption isotherms were well described using Freundlich theoretical model,
in the following linear form:
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ln Qe = ln K + 1 / n ⋅ ln Ce
where K (mmol
·dm ·g−1) and n are the Freundlich constants related to
the capacity and intensity of the sorption process. Model parameters are
summarized in Table 1. Based on the correlation coefficients (R), a good
agreement exists between the model and experimental data. The calculated
K values increased in the order B<BNaOH<B400<BNaOH+400.
1−(1/n)

3/n

Table 1. Parameters of Freundlich isotherm model.
K
Parameter
n
(mmol1−(1/n)·dm3/n·g−1)
B
0.118
1.78
BNaOH+400
0.264
3.14
0.162
1.65
BNaOH
0.200
2.02
B400

R
0.993
0.991
0.865
0.974

CONCLUSION
All investigated treatments improved sorption capacity of bovine bone
toward Ni(II) ions, when compared to the raw sample. For initial metal
concentrations higher than 10-4 mol/ dm3 sorption capacities increased in the
order B<BNaOH<B400<BNaOH+400. The results indicate that the material with
the highest sorption efficiency towards Ni(II) was produced by the
combination of chemical and thermal treatment.
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ABSTRACT
The mobility of pollutants in the soil is closely related to their toxicity, and thus
very important information for the selection of remediation strategies. In this study,

leaching of Sr2+ and Co2+ ions from contaminated soil was investigated and
compared under dynamic conditions. As a model soil, a sample from the
“Vinča” Institute was tested. The soil artificially contaminated with inactive
Sr2+ and Co2+ ions was packed in the columns, while acidic rain water was
used as a leaching solution. Desorption of both cations was the most
pronounced at the beginning, reaching the peak after the second day for
Co2+ and after the seventh day for Sr2+. During the course of experiment (37
days), cumulative percentages of desorbed Co2+ and Sr2+ were 0.7% and
19.8 %, respectively. The results indicated significantly higher soil affinity
towards Co2+ ions. In spite of its higher total concentration in the soil, Co2+
mobility was much lower compared to Sr2+.

INTRODUCTION
Radioactive isotopes of 90Sr and 60Co are important environmental
pollutants which arise during regular operation of nuclear power plants and
research reactors. They can end up in soil as a result of accidental spills of
liquid radioactive waste. 90Sr is also widespread due to above-ground
nuclear testing. The remediation of contaminated soil includes various insitu and ex-situ methods [1]. Mobility of the particular pollutant in the soil is
the major factor influencing the selection of appropriate clean-up
technology.
In this study, the mobility of 90Sr and 60Co was studied and compared using
the soil sample from the “Vinča” Institute. This location serves as a nuclear
waste repository, therefore, soil contamination with various radionuclides is
possible.
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EXPERIMENTAL
Surface sample of soil was taken to a depth of approximately 20 cm. The
soil was dried in air atmosphere, crushed and sifted in order to separate a
fraction of particle size < 2 mm for further experiments. Two portions of
sifted soil were placed into plastic containers and mixed with the 5.10-2
mol/dm3 of cobalt or strontium containing solution, at 1:2 solid/solution
ratio. Inactive Co2+ and Sr2+ ions in the form of nitrate salts were used. The
suspensions were allowed to equilibrate for one month. The soil was
separated from the residual metal solution by filtering, and finally dried in
air at room temperature. The total concentrations of Sr2+ and Co2+ ions in the
contaminated samples were determined by ICP-OES method, using iCAP6500 Duo (Thermo scientific, United Kingdom). Prior to measurements,
each contaminated sample (0.5 g) was mixed with 7 cm3 of concentrated
HNO3 and 2 cm3 of 30% H2O2 and subjected to acid digestion in a
microwave oven (CEM MDS 2100).
Two polypropylene bottles (0.5 dm3) were used to make appropriate
columns. They were attached to the laboratory stands upside down, and the
soil samples were placed between two PVC dredgers. The lower ends were
covered with filter paper and layer of plastic pellets to retain the soil. At
column top, Raschig rings were added to allow uniform elution and to
minimize loss of evaporation. Contaminated soils (200 g) were packed in
the columns. Rain water collected at the same site, was used as a leaching
solution. Its initial pH was adjusted to 5 by a few drops of 0.1 mol/dm3
HNO3, to mimic more aggressive - acid rain scenario. 100 cm3 of such
solution were added daily to the top of each column, for a total time period
of 37 days. The concentrations of metal cations in the leached fractions were
determined.
RESULTS AND DISCUSSION
Chemical analysis showed that, under the same experimental conditions,
total concentration of Co2+ in the contaminated soil was 8260 mg/kg,
whereas 4450 mg/kg of Sr2+ was detected. The results indicated
significantly higher capacity of soil towards Co2+ ions.
Desorption of studied cations from the contaminated soil varied as a
function of time (Fig.1). Rapid grow of desorbed amounts was detected at
the beginning of the process. The maximum was reached after 2 days for
Co2+, whereas after 7 days for Sr2+. The longer time required to reach the
maximum desorption, as well as the higher concentrations of leached Sr2+
ions confirm that a large quantity of Sr2+ was weakly associated with the
soil. From the day 5, only small oscillations in Co2+ desorption were noted
until the end of experiment. On the other hand, Sr2+ leached amounts
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fluctuated, and reached another peak between 24. and 26. day. This
illustrates the process complexity. Namely, various phenomena such as
diffusion, convection, ion-exchange, specific cation sorption as well as
formation and dissolutions of secondary phases, may occur simultaneously
with different rates [2].
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Figure 1. Time dependant concentrations of cations leached from
contaminated soil.
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Figure 2. Cumulative percentages of leached metal cations
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At the end of the experiment, cumulative percentages of desorbed Co2+ and
Sr2+ (Fig. 2) were 0.7% and 19.8 %, respectively.
The inorganic contaminants can be bound to components of soil by several
mechanisms [3]. Preferred sorption and considerably lower desorption of
Co2+ in respect to Sr2+, indicate different binding mechanisms of these ions
to soil components. Due to high electronegativity, Co2+ ions are
significantly subjected to ion-change reactions, and formation of complex
compounds with organic phase of soil [4]. The week alkaline reaction of the
studied soil with water [5] enhances the sorption on oxides and
aluminosilicates, and favors the hydrolysis and precipitation of Co2+ ions.

CONCLUSION
Although total concentration of Co2+ in the contaminated soil was initially
higher in respect to Sr2+, leached amounts were less significant. Higher
electronegativity of Co2+, together with weak alkaline soil/water reaction,
influenced its significantly lower mobility. Due to the different mobility of
Co2+ and Sr2+ cations in the contaminated soil, different remediation
strategies should be considered.
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ABSTRACT
Standard gamma-ray spectrometric analysis of air samples was performed in
Belgrade (Serbia) during 2009-2011 and values of 7Be specific activities
were obtained. Meteorological data from the same period were collected, as
well, and correlations between them were calculated. Values of correlation
coefficient are low, but in accordance with the literature.
INTRODUCTION
The radionuclide 7Be (t1/2=53.3 d) forms in the stratosphere and upper
atmosphere in reactions of spallation on nuclei of oxygen and nitrogen by
beams of protons and neutrons from cosmic radiation. Almost immediately
after creation, atoms of 7Be are captured by aerosol particles and follow
their paths through the air masses. Aerosol particles contain most of the air
pollutant particles, so they can be used as a tracer for circulation pathways
in the atmosphere, as well as for deposition kinetics of atmospheric macro
and micro particles.
It is well known that the production of 7Be depends on the intensity of
cosmic radiation reaching the upper atmosphere. Seasonal variation of 7Be
in the lower layers of the atmosphere depends on the vertical and horizontal
flow of air masses [1]. Continuous daily monitoring of 7Be concentration in
surface air can provide information on solar activity by using a simple
gamma-spectrometric method [2], since the 7Be concentration in the air is
independent of human activities, i.e. nuclear tests and technological
development. In this study, we present results of 7Be specific activities
measurements in near-ground air by using standard gamma-spectrometric
procedure, and correlations between 7Be specific activity and
meteorological parameters.
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EXPERIMENTAL
Air sampling was conducted in the period from March 2009 to December
2011 at Kumodraz, on the outskirts of Belgrade, Serbia. Standard sampling
procedure was performed. Samples were collected weekly, with a total of
101 samples. Digital samplers were capable of measuring temperature,
pressure and relative humidity. Values for wind speed, insolation (sunny
hours per day), global Sun warming and precipitation were provided by the
Republic Hydrometeorological Service of Serbia.
The measurements were performed on a gamma-ray spectrometric system
AMETEK-AMT (ORTEC, USA) with a coaxial high-purity germanium
(HPGe) detector with relative efficiency of 59.2% measured on the line 1.33
MeV 60Co. Resolution of the device was 1.78 keV on the line 1.33 MeV
60
Co. Gamma-ray spectrometric analyses were conducted on the device
calibrated to the filter geometry. 7Be specific activity of air samples was
evaluated from its line at 477.6 keV, for 250 000 s by using the Gamma
Vision 32 software package [3].
RESULTS
The 7Be average monthly activities for the period from March 2009 to
December 2011 are presented in Figure 1. Table 1 presents descriptive
statistics on experimental data, while Table 2 presents correlation
coefficients of meteorological parameters of air and 7Be specific activities.
Year
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Figure 1. The 7Be average monthly activity for the period from March 2009
to December 2011 measured at Kumodraz, Belgrade
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Table 1. Descriptive statistics of experimental data for the period from
March 2009 to December 2011
Experimental data mean
specific activity
(mBq/m3)

1.8

maximum
21.9
temperature (oC)
precipitation (mm) 11.1
insolation (h)
38.5
global Sun
1268.3
warming (W/cm2)
wind speed (m/s) 2.5
maximum pressure
(mm Hg)
711.4
relative humidity
(%)
83.9

standard
median mode min max skewnesskurtosis
deviation
3.4

0.2

9.2
12.9
21.4
697.4
0.7

/

0.02 14.8

2.4

4.7

23.1

28.3 -0.6 36.1

-0.7

-0.1

6.9
38.4

0.0
63.2

1.5
0.1

2.1
-1.0

0.05

-1.0

0.9

1.3

0.0 58.2
0.0 88.3

1288.3 1667.3 1 2615.8
2.3

2.2

1.3

4.9

18.1

707.9 707.9 683.8 765.1

1.1

0.7

15.0

89.0

-2.0

3.9

89.0 25.0 100.0

Table 2. Correlation coefficients of meteorological parameters of air and
7
Be specific activities
Meteorological parameter
Correlation coefficient
wind speed (m/s)
-0.24
insolation (h)
0.20
precipitation (mm)
-0.17
maximum pressure (mm Hg)
-0.15
o
maximum temperature ( C)
0.16
relative humidity (%)
-0.04
global Sun warming (W/cm2)
0.23
DISCUSSION
The 7Be specific activity was in the range from 0.03 mBq/m3 to 11.95
mBq/m3 (see Fig. 1). This is in agreement with the results for the Belgrade
area obtained by other authors, whose values ranged from 0.6 mBq/m3 to 7
mBq/m3 [4] and from 1.9 mBq/m3 to 10.2 mBq/m3 [5]. It is characteristic
that the maximum values are observed in summer and minimum in winter,
which was observed in all studies. Todorovic et. al. (2010) reported that the
average 7Be activities for five years, observed in the Vinca Institute
(outskirts) and in downtown Belgrade, were 2.54 mBq/m3 and 2.73 mBq/m3
respectively. Activity values found in our study, obtained for the period of
less than three years, and at one location (outskirts) were 1.8 mBq/m3.
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Positive correlation was observed between air temperature and specific
activity which was consistent with the results of other authors [4, 6, 7].
Considering the fact that insolation, global Sun warming and air temperature
are correlated, a positive sign of the correlation coefficient between these
parameters and specific activity seems quite logical. The correlation
coefficient between precipitation and specific activities was negative, which
can be due to the removal of 7Be by wet deposition [8]. Negative sign in
cases of wind speed and pressure show possible inverse correlation, while
relative humidity doesn’t seem to have any influence on 7Be specific
activity [6, 7]. Some authors have stated that this might be due to the type of
climate or to the height of the sampling location [6]. However, values of all
correlation coefficients are rather low. It has been suggested [7] that
correlation can be improved if sampling is performed on a daily basis
instead of on a weekly basis as done here.

CONCLUSION
The results presented here are in accordance with the literature. Maximum
specific activity values in the summer could be explained with vertical air
mixing and a transport of cosmogenic radionuclides towards low
atmospheric level. Moreover, seasonal variations seem to be more related to
temperature and parameters correlated with it, and precipitation, than to
other meteorological parameters.
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ABSTRACT
Among the industries using large quantities of water, we find the textile and
tannery industries. These industries generate an important pollution which is
often difficult to eliminate. The effects of these industries, particularly on
the fauna and flora are serious [1], [2]. In this study, the efficiency of the
Advanced Oxidation Process (AOP) has been investigated to degrade a
model molecule as an industrial dye, namely Congo red, CR.
Among the processes used for the treatment of industrial effluents, the AOPs are
attracting much interest. These processes can lead, under optimal conditions, to a
complete mineralization yielding CO2, H2O and the corresponding mineral acids.

INTRODUCTION
The AOPs are based on the in situ generation of the hydroxyl radicals (•OH)
known as powerful oxidizing species which can oxidize recalcitrant organic
molecules [3], [4]. Among the AOPs the Fenton process is based on the
following reactions:
(Eq.1)
Fe2+ + H2O2 ----> Fe3+ + •OH + OHFe3+ + H2O2 ----> Fe2+ + •OOH + H+
(Eq.2)
In this paper the results of the study on the discoloration parameters of
Congo red are presented. The parameters under investigation were solution
pH, concentration of Fe2+ catalyst and concentration of H2O2. Furthermore,
under optimum conditions the discoloration of CR was found to reach 90%
after 3 hours.
EXPERIMENTAL
The degradation of CR was studied using a batch reactor consisting of a
beaker under constant stirring in the absence of light. The normalized
concentration of the residual concentration of CR was measured using a
UV-Vis spectrophotometer (Equinox) at λ = 504 nm. All the reagents used
(H2O2, 33%; FeSO4.7H2O; HNO3; Methanol) were of analytical grade. The
pH of solutions were monitored using a pH-meter « HANNA »
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RESULTS AND DISCUSSION
Figure 1 shows that at pH = 3 the degradation rate of CR reaches a
maximum of 90%. This is in agreement with previous studies which
indicate that the optimum pH value yielding the highest rate of degradation
for Fenton process is the range 2 - 4 [5]. In this pH interval the Fe2+ ions are
very reactive leading to a maximum production of hydroxyl radicals •OH.

Figure 1: Effect of pH on the degradation of Congo red
Conditions: CR concentration C0 = 50 mg/l, [H2O2] = 5.10-2 M ;
[Fe++] = 5.10-5 M; λ = 504 nm
From figure 2 it is clear that the dye degradation increases with the increase
of the Fe2+ ions concentration within a given interval which is due to the
production of Fe2+ ions by Fenton process. However, the excessive addition
of Fe2+ ions has a negative effect on the discoloration rate of dye. Indeed,
for a Fe2+concentration exceeding (0.0001 M), the degradation rate is
significantly reduced. This is probably due to the side reaction between •OH
and Fe2+.
Figure 3 shows that the increase of H2O2 concentration yields an increase in
the degradation efficiency of CR in the concentration range [0.00001 –
0.05M]. Consequently it can be assumed that a concentration of 0.05 M of
H2O2 is an optimum concentration. Beyond this value, the degradation
efficiency decreases. This is due to the trapping of •OH radicals by excess
H2O2.
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Figure 2: Effect of Fe2+ concentration on the degradation of Congo red
Conditions : CR concentration C0 = 50 mg/l, [H2O2] = 5.10-2 M; pH = 3;
λ = 504 nm.

Figure 3: Effect of H2O2 concentration on the degradation of Congo red
Conditions : C0 = 50 mg/l, [Fe++] = 5.10-5 M; pH = 3; λ = 504 nm
Figure 4 represents the evolution of the degradation rate of CR under the
optimum conditions. It can be noticed that the initial degradation rate is
relatively small followed by a faster process leading to an almost complete
degradation (90%) after 180 minutes.

Figure 4: Degradation rate of CR using H2O2/Fe++ system.
Conditions: C0=50 mg/l; [H2O2] =5.10-2 M; pH=3; [Fe++] = 5.10-5 M;
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λ = 504 nm

CONCLUSION
The present study demonstrated the efficiency of the AOP in degrading
Congo red. The results obtained in the present study showed that at pH = 3
the discoloration of CR is more significant. Furthermore, the increase of
H2O2 and Fe2+ ions favors the dye degradation. However, an excess of these
substances had a negative effect. Optimal concentrations of 0.05 M and
5.10-5M were retained for H2O2 and Fe2+ respectively. Under the optimal
conditions obtained the degradation of CR was 90% after 3 hours.
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ABSTRACT
Occurrence of 17 pharmaceuticals, 2 metabolites and 15 pesticides were
investigated in groundwater in Serbia. Groundwater samples were collected
from drainage system near Danube River and groundwater source on the
bank of Morava River. Sampling was conducted in the period from 2010 to
2013, mostly in spring or early summer and fall. Occurrence of
pharmaceuticals and pesticides was also monitored in corresponding surface
water. The total number of analysed samples was 65. Concentrations of
investigated analytes in surface water were higher for Morava than for
Danube River. However, the occurrence of investigated analytes was less
frequent, in lower concentrations in Morava then in Danube groundwater.
Pharmaceuticals and pesticides were detected in low concentrations
(>100 ng l–1) in 72 % of investigated Danube River groundwater and in 42%
of investigated Morava River groundwater samples.
INTRODUCTION
The aim of this work was to monitor occurrence of pharmaceuticals and
pesticides in groundwater (GW) in several drainage systems near Danube
River and groundwater source on Morava River bank. Surface waters may
be an important source of groundwater pollution. Therefore corresponding
surface waters (SW) were also monitored. The following pharmaceuticals
and metabolites were chosen for this study: sulfamethoxazole, trimethoprim,
erytromicyn, azitromycin, doxycykline (antibiotic); diazepam, bromazepam,
lorazepam, carbamazepine (sedatives); bisoprolol, metoprolol, enalapril,
clopidogrel, atorvastatin, amlodipine, simvastatin (cardio vascular);
diclofenac (analgoantipyretic); 4-formylaminoantipyrine, AAA, 4-

913

PHYSICAL CHEMISTRY 2014

K-20-P

acetylaminoantipyrine, FAA (metamizole metabolites). The investigated
pesticides include: atrazine, simazine, propazine, linuron, monuron, diuron
(herbicides); monocrotophos, dimethoate, malathion, imidacloprid,
acetamiprid, tebufenozide, carbofuran, carbaryl (insecticides); carbendazim
(fungicide).

EXPERIMENTAL
Groundwater samples were collected from drainage system near Danube
River and groundwater source on the bank of Morava River in the period
from the year 2010 to 2013, mostly in spring or early summer and fall.
Samples were analyzed using previously developed methods for
pharmaceutical and pesticide analysis [1, 2]. Sample preparation consisted
of solid-phase extraction using Oasis HLB cartridges, 100 mL of the water
sample (pH = 6), and methanol-dichloromethane (1:1) as extraction solvent.
As for the LC–MS2 method, the chromatographic separation of compounds
was performed on a reverse-phase Zorbax Eclipse® XDB–C18 column,
75 mm × 4.6 mm ID and 3.5 µm particle size. The mobile phase consisted
of water, methanol and 10% acetic acid. The mass spectrometric
measurements were obtained using the quadrupole ion trap mass
spectrometer with positive electrospray ionization. The most abudant MS2
fragment was used for quantification, while other MS2 and/or MS3
fragments were used for conformation of investigated analytes. Calibration
was conducted using the standard addition method.
RESULTS AND DICUSSION
Concentrations of pharmaceutical and pesticide residues detected in
investigated samples are presented in Table 1. Additionally, maximum
concentrations and number of positive observations are listed. In all the
samples of surface water and groundwater the most frequently found were
pharmaceuticals: carbamazepine, metamizole metabolites AAA and FAA
and pesticide carbendazime.
In all tested surface water samples of Morava River at least one of the
investigated analytes was found. Out of all monitored compounds, ten were
found to be present in Morava River surface water, seven pharmaceuticals,
including metamizole metabolites, and three pesticides. In Morava River
groundwater only three of all investigated analytes were found
(carbamazepine, AAA and FAA), in 42 % of samples. Average
concentrations found for AAA and FAA were ten and two time,
respectively, lower in groundwater then in surface water. In comparison to
surface water, concentration of carbamezepine was not significantly lower

914

PHYSICAL CHEMISTRY 2014

K-20-P

in groundwater. Among pesticides, carbendazim was found in 33 % of
surface water samples but it was never detected in groundwater. In the most
of the positive samples more than one anlayte was found, ranging from
maximum 7 in surface water to maximum 3 in groundwater.

Table 1. Occurrence and average concentrations observed for
pharmaceuticals and pesticides in surface waters (SW) and groundwater
(GW) (maximum concentrations and number of positive samples per
compound are given between brackets)
Morava River
Danube River
Compound
SW (n=12) GW (n=12) SW (n=12) GW (n=29)
Pharmaceuticals
Carbamazepine
39 (65, 7)
29 (75, 4)
22 (30, 8)
12 (41, 15)
AAA
302(520,
(N-acetil-430 (53, 5)
125 (260, 8) 34 (105, 9)
10)
aminoantipirin)
FAA
(4-formilamino138 (248, 6) 61 (70, 2)
65 (144, 8) 38 (67, 15)
antipirine)
Ttimethoprim
223 (–, 1)
–
110 (–, 1)
–
Lorazepam
20 (–, 1)
–
–
–
Bisoprolol
4 (6, 2)
–
–
5 (–, 1)
Sulfamethoxazole 11 (–, 1)
–
–
–
Azithromycin
–
–
56 (–, 1)
44 (68, 2)
Metoprolol
–
–
35 (–, 1)
–
Clopidogrel
–
–
–
5 (–, 1)
Pesticides
Carbendazim
82 (296, 4)
–
13 (23, 5)
29 (88, 13)
Atrazine
165 (–, 1)
–
12 (21, 2)
23 (64, 9)
Dimethoate
5 (7, 2)
–
–
1 (–, 1)
Carbofuran
–
–
–
5 (6, 3)
Propazine
–
–
8 (–, 1)
< LOQ (–,
3)
Simazine
–
–
8 (–, 1)
< LOQ (–,
3)
In Danube River groundwater, more compounds were detected than in
surface water. The most frequently detected analytes were carbamazepine,
AAA and FAA. In 84 % of surface water samples 2–6 analytes were
detected. In groundwater 72 % of analysed samples contained 1–7 of
investigated analytes, pointing out to the accumulation problem. Generally,
concentrations found for pharmaceuticals in groundwater were lower then in
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surface water. Pesticides, carbendazime and atrazine were more frequently
and with higher concentrations detected in groundwater than in surface
water. Atrazine (banned in Serbia in 2008) and carbendazim are relatively
stable in the environment and their presences in groundwater most likely
due to the accumulation.

CONCLUSION
In this work occurrence of pharmaceuticals and pesticides in groundwater
(GW) in several drainage systems near Danube River and groundwater
source on Morava River bank were monitored. Analytes and their
concentrations were compared with those obtained in related surface water.
In Morava river groundwater less anlytes were found and in lower
concentrations than in surface water. Only carbamazepine was not
significantly reduced. In Danube River groundwater more analytes were
found than in related surface water. Concentrations found in groundwater
were generally lower than in surface water. Pesticides, atrazine and
carbendazim were detected more frequently and in higher concentrations in
Danube River groundwater, pointing out the accumulation problem.
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ABSTRACT
This work represents a fundamental study of the simultaneous sorption of
heavy metals from aqueous solutions by locally available raw and
mechanochemically activated natural clay. The obtained results show that
the investigated clay, as an economical and efficient sorbent, has potential
for application in the treatment of heavy-metal-contaminated wastewaters.
INTRODUCTION
Wastewaters containing heavy metals as contaminants originate from a large
number of metal-related industries and mines. Heavy metals are toxic and
nonbiodegradable, and their presence in streams and lakes causes serious
environmental problems. To avoid water pollution, treatment, that is, the
removal of heavy-metal ions from industrial wastewaters, is needed before
disposal. Among other conventional techniques, adsorption appears to be an
attractive process in view of its efficiency and simplicity of operation, as
well as the availability of a wide range of adsorbents [1 - 3].
Clay minerals are good adsorbents for metal ions from aqueous solutions
owing to their high cation-exchange capacities, high abundance and local
availability, nontoxicity, chemical and mechanical stability, low costs, and
ability to be recycled [4]. To improve the adsorption characteristics of the
clays, different techniques of modification (acid activation, intercalation and
pillaring, mechanochemical activation, etc.) can be applied. In comparison
with other methods, mechanochemical activation represents an
environmentally friendly and inexpensive method of materials modification.
The aim of this study was to investigate the simultaneous removal of Pb(II),
Cu(II), Cd(II) and Zn(II) ions using locally available raw and
mechanochemically activated clay as adsorbents. The effect of the time of
adsorption and the adsorbent concentration on the process efficiency was
observed.
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EXPERIMENTAL
The raw natural clay used as an adsorbent was obtained from the mine Bogovina
(Serbia). Mechanochemical activation (milling) was performed in air in a Turbula
type 2TC mixer at ball-to-powder ratio (BPR) fixed at 4:1. The milling times tested
were 2 and 19 h.

Batch experiments were carried out at room temperature by mixing an
adequate amount of the clay and 25 cm3 of working multimetal ion solution
in closed polyethylene bottles. Multimetal ion solution was prepared in
milli-Q water using the analytical reagent grade chemicals Pb(NO3)2,
Cd(NO3)2, Cu(NO3)2 and ZnCl2. The total metal ion concentration in the
working solution was 50 mg dm-3 at pH 5.5. The samples were shaken at
stirring speed of 200 rpm for different periods of time (ranging from 30 s to
24 h). After that, the liquid phases were separated from the solid phases by
filtration. The residual concentration of heavy-metal ions in each sample
was determined with a 797 VA Computrace polarography system
(Metrohm, Switzerland) using the Metrohm's procedure No. 231/2 e.
The efficiency of the adsorption process was evaluated by the two
parameters: (1) the removal efficiency of particular metal ion, E, that
represents the percentage of the metal ion removed from the initial solution
and (2) the adsorption capacity of the clay, qe, that represents the amount of
metal ion adsorbed per unit mass of the adsorbent.

RESULTS AND DISCUSSION

Figure 1. Effect of contact time on the adsorption of Pb(II), Cu(II), Cd(II)
and Zn(II) by the raw clay at the fixed adsorbent concentration of 2 g dm-3.
Fig. 1 shows the effect of contact time on the adsorption of Pb(II), Cu(II),
Cd(II) and Zn(II) onto the raw clay. As can be seen, the equilibrium
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adsorption was established after 60 min of contact, and the maximum
uptake on the raw clay for all investigated metals was reached: 94.7% (6.0
mg g-1) for Pb(II), 89.2% (5.4 mg g-1) for Cu(II), 61.6% (3.8 mg g-1) for
Zn(II) and 60.8% (3.7 mg g-1) for Cd(II). After equilibrium was reached, the
contact time had no longer influence on the metal-ion adsorption.
In addition, it is evident that, after only 5 min of adsorption, the E values of
Pb(II), Cu(II), Cd(II) and Zn(II) exceeded 85% of their values at
equilibrium. This imply that the sorption mainly took place at the surface of
the sorbent during the initial stage. The adsorption time of 60 min was used
for the rest of the study.

Figure 2. Effect of adsorbent concentration on the adsorption of (a) Pb(II)
and (b) Zn(II) onto raw clay (RC) and 2- (MC 2h) and 19-h milled clay (MC
19h)
The effect of the adsorbent concentration was studied using raw and 2- and
19-h milled clays as adsorbents. The results obtained for Pb(II) and Zn(II)
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ions are shown in panels a and b, respectively, of Fig. 2, and for the other
two ions, Cu(II) and Cd(II), the obtained dependencies were similar.
Obviously, upon increasing the adsorbent concentration, the amounts of
adsorbed metal ions (i.e., their E values) increased. It can be explained by
the fact that the number of available adsorption sites increased with
increasing amount of clay and, hence, the E values of metal ions increased.
The maximum removal efficiency for the raw clay was attained at the
adsorbent concentration of 10 g dm-3, whereas the same removal effect,
using the 2- and 19-h milled clays, was achieved at an adsorbent
concentration of 2 g dm-3. Thus, the modification of the used raw clay by
mechanical milling not only improved the adsorption characteristics of the
adsorbent, in terms of the E values of the investigated heavy metal ions, but
also reduced, by a factor of 5, the amount of adsorbent necessary to achieve
the highly efficient removal of metal ions from aqueous solutions.

CONCLUSION
Raw natural clay from the Serbian mine Bogovina is an effective adsorbent
for the simultaneous removal of heavy metals from aqueous solutions. The
results showed that equilibrium was established after 60 min of contact.
Mechanochemical activation of the raw clay significantly improved the
adsorption behavior of the adsorbent and reduced the amount of adsorbent
necessary to achieve the highly efficient removal of Pb(II), Cu(II), Cd(II)
and Zn(II) ions by a factor of 5.
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ABSTRACT
Soil samples, collected in an recreational park area in Belgrade, at different
distances from the street, were analyzed for concentrations of Cr, Cu, Mn,
Ni and Zn. All elements except for Zn showed larger concentrations at
distances from the street up to 50 m. While Zn concentration did not show
systematic variability with distance from the street, it varied along the street,
with the largest value near the junction. Manganese showed gradual
decrease with increasing distance from the street, while other metals did not
show consistent decreasing trend.
INTRODUCTION
While heavy metals are naturally present in soil, studies show that their
concentrations are higher in soils in urban areas [1]. Their elevated
concentrations, particularly in urban parks and recreational areas where
people easily come in contact with soil, can have harmful effects on human
health. Heavy metal pollution of urban soil may have a variety of sources,
mainly traffic emissions, but also weathering of building and pavement
surface, industrial emissions, and waste incinerators [2]. Traffic emission
comes from engine fuel combustion and wearing of vehicle parts such as
brakes and tires, thus contributing to the environmental concentration of
metals, such as Cr, Cu, Mn, Ni and Zn [3]. Here, we examine the influence
of traffic on soil heavy metal pollution in a Belgrade urban park.
EXPERIMENTAL
The soil samples were collected in May 2013, in a park in a Belgrade
residential area, located between Nikola Tesla Boulevard, characterized with
high traffic density, and Sava river. Three transects perpendicular to the
boulevard were chosen for sample collection (Figure 1). Topsoil samples (010 cm depth) were taken using a stainless steel shovel, at 8 to 12 locations
along each transect, with distances of 10 m to 20 m between them. At each
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sampling location four sub-samples were taken from a rectangular of
approximately 2 m × 2 m and mixed to obtain a composite sample. A total
of 36 composite samples were made by mixing and homogenizing the
collected sub-samples, and placed into polyethylene bags. The
measurements of Cr, Cu, Mn, Ni and Zn concentrations in the soil samples,
pressed into pellets, were performed using a PANalytical´s MiniPal 4 X-ray
fluorescence (XRF) spectrometer and the analysis of the spectral data was
performed using MiniPal/MiniMate software. Detailed description of the
measurements is given elsewhere [4].

Figure 1. The three transects at the sampling location.
RESULTS AND DISCUSSION
A total of 36 samples collected along the three transects perpendicular to the
street were analyzed for heavy metal content. The average abundance order
of heavy metals in the samples was: Mn > Cr > Zn > Ni > Cu. Large
differences were obtained between minimum and maximum concentrations
for all metals of interest, showing their high variability in the study area.
Concentrations of elements are within the ranges of values reported for
Belgrade urban soil in other studies [5, 6]. The exception is Cr, which
showed higher concentration values than those reported in these studies.
Heavy metal concentrations did not show large variability along the street.
The exception is Zn, with the largest concentration near the junction. Since
Zn is mainly originating from tire abrasion, this can be associated with car
deceleration due to traffic lights at the junction [7].
Variability of the elements of interest along each transect generally had
similar pattern, with larger concentrations at distances from the street up to
50 m. Figure 2. shows the average element concentrations at three distance
intervals: less than 30 m, 30 - 50 m, and more than 50 m.
Element concentrations were not consistently decreasing with distance.
Copper, Ni and Cr showed maximal concentrations at distances of about 30
- 50 m from the street. This was particularly notable for Cu concentration.
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Major traffic-related sources of Cu, Ni and Cr are brake linings and
combustion of unleaded petrol and diesel fuels [3]. Their increase could be
attributed to the accumulation caused by the tree tops preventing further
intrusion of the emitted pollutants. In addition to the described concentration
variability with distance from the street, Cu concentration also showed
decrease with distance from nearby car parks (Figure 1). Copper and Ni
concentrations at distances from the street above 50 m showed little
variability and similar values along the three transects. The concentration of

Figure 2. Average element concentrations at the three distance intervals
along (a) transect 1; (b) transect 2; and (c) transect 3.
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Zn exhibited variability in the examined area, however without systematic
trend, or correlation with distance from the street and from the car parks,
suggesting prominent influence of an alternative source which is not related
to traffic. It should also be noted that the fast fallout of Zn-containing
particles emitted from tire abrasion could be responsible for the absence of
decreasing trend with distance from the street [7]. Conversely, concentration
of Mn showed gradual decrease with increasing distance from the street,
suggesting that traffic emissions may be an important source.

CONCLUSION
This paper presents preliminary results of analysis of horizontal distribution
of heavy metal concentrations in a recreational park area in Belgrade. Soil
samples, collected at different distances from the street, were analyzed for
concentrations of Cr, Cu, Mn, Ni and Zn. The largest concentrations of Cu,
Cr and Ni were obtained at distances of 30 - 50 m, while concentration of
Mn showed clear decrease with increasing distance from the street. Zinc
concentration did not show systematic variability, however it varied along
the street and showed the maximal value near the junction. Absence of the
decreasing trend with increasing distance from the street might be attributed
to some additional sources, not related to traffic. In order to provide more
insight into the effect of traffic on the park soil pollution, further analysis at
higher depths, along with pollution mapping are required.
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ABSTRACT
Dimethyl phthalate (DMP), benzylbutyl phthalate (BBP) and diethylhexyl
phthalate (DEHP) are substances that are mainly used as additives in
plastics in aim to increase their flexibility.The goal of this investigation was
determinationof DMP, BBP and DEHP concentration in six water samples
by GC-MS in single ionmonitoring (SIM) and full scan (FS), for
comparingthe mode sensitivity.The results indicate the presence of DEHP
and absence of BBP and DMP in all water samples.Average values for
DEHP in water samples were 0.236-1.634 µg/L. Since the maximum
allowed concentration for DEHP is 6 µg/L, the examined water samples
don’t influence to human health. A care should be taken in usage of distilled
water in laboratory, since the level of DEHP could be significantly high.
INTRODUCTION
Phthalates, dialkyl or alkyl aryl esters of 1,2-benzenedicarboxylic acid, are
well-known polymer additives that are used in formulations of plastics to
make it soft and pliable.According to the literature, each phthalate shows
differentpositive or negative impacts and toxicological properties, so each of
them should be considered separately.Phthalates are commonly found in
many consumer products, like beverage and drinking water
containers.Productsthat contain phthalates can result in human exposures
through direct contact and use, indirectly through leaching into other
products (water, milk, food, etc.), because phthalates are not covalently
bound to the plastics. Phthalate migration from plastic packaging specially
can be enhanced in critical conditions of usage, such as long storage times,
high storage temperature, etc. [1-2].
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EXPERIMENTAL
All reagents used were pro analysis or HPLC grade purity.All used
laboratory dishes were made of glass.
Fresh distilled water was collected from water distillation apparatusdirectly
into glass container. Distilled water stored in plastic container was the
distilled water from the samewater distillation apparatus, stored in plastic
container for 20 days before the analysis. Tap water samplewas collected
from local distribution network. Samples, that were commercially available,
were purchased frommarket in Serbia and used as received, after water
storage for one month in plastic bottles with plastic screw caps.
Water samples (150 ml of each) were mixed with 20 mLof hexaneby using
ultrasonic bath for 30 minutes per sample.Hexane extracts were evaporated
to dryness under a nitrogen flow.The residue was redissolved in 1.0 mL
hexane and analysed by GC-MS.
Gas chromatographic analyses were performedon a Hewlett Packard 6890
Gas Chromatograph equipped with an Agilent 5973 Mass Selective Detector
and a DB-5 MS capillary column (30 m × 250 mm × 0.25 mm) for
chromatographic separation.The MSD was used in SIMmode at m/z 149 and
m/z 163.The identification of target compounds was based on the relative
retention time, the presence of target ions and their relative abundance. The
quantification ion was m/z 149 for BBP and DEHP and m/z 163 for DMP.
Target ions and retention times for the investigated phthalates by GC-MS
are given in the Table 1.
Table 1. Target ions and retention times for the investigated phthalates by
GC-MS
Phthalate
Retention time (min)
m/z
DMP
163, 194
8.03
BBP
149, 91, 206, 238
16.02
DEHP
149,167,279, 150
18.39
RESULTS AND DISCUSSION
In both acquisition modesthreeanalyzed phthalates were separated.
Calibration curves were constructed.Linearity was good in the range from
0.25 to 50 mg/L with determination coefficients higher than 0.988.
Chromatogramsand mass spectra showed that operation of a GC-MS in SIM
mode provides detection of phthalates with increased sensitivity compared
to FS mode. SIM acquisition mode ensuresthe elimination ofdifficult matrix
interferences and the selectivity is greatly enhanced.In the Figure 1 and
Figure 2 are shown MSspectra for DEHPrecorded under FS and SIM mode,
respectively.

926

PHYSICAL CHEMISTRY 2014

K-23-P

Figure 1. MS spectrum recorded under FSacquisition mode

Figure 2. MS spectrum recorded under SIM acquisition mode
GC-MS analysis showed that only one of these phthalates, DEHP, was
detected in the samples of water. The reason for that could be enormous use
of DEHP as a plasticizer in manufacturing of the packaging material.
Determined DEHP might be leached from package,for example, plastic bits
for automatic pipettes contains DEHP.Laboratory air also contains DEHP.
According to the Table 2, the highest concentration of DEHP in natural
bottled mineral water. Also, distilled water contains some amount of
DEHP.This is a problem for laboratory analysis and contamination of
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samples. The amount of DEHP in distilled water from plastic container is
greater than the amount in fresh distilled water, due to DEHP leaching from
plastic container.Amounts of DEHP in carbonated bottled mineral water are
similar. DEHP is the only compound regulated in United States of America
by US EPA (2009) at a maximum level of 6.0 µg/L and in World Health
Organization (WHO) at level which is 8.0 µg/L. All analyzed sixwater
samples are below that limits.

Table 2. Phthalates concentration in the investigated water samples
Phthalate concentration (µg/L)
Tap
Fresh
Distilled
Carbonated
Natural
water distilled water from
bottled mineral
bottled
water
plastic
water
mineral
container
water
1
2
DMP
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
BBP
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
DEHP n.d.
0.224
0.935
0.318
0.236
1.634
CONCLUSION
This study shows that single ion monitoring is more sensitivein
quantification of phthalate. Also, determined concentration of phthalates in
water samples do not represent any risk for human health as can be seen by
comparing the concentrations found to the existing US EPA regulation or
WHO regulations.No significant correlation was found between
concentrations of DEHP and the physical and chemicals properties of the
different water samples.
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ABSTRACT
Unmix receptor model was applied on pollutants concentration data set
obtained from two monitoring stations in Belgrade (Serbia) urban area. The
aim of this work was to resolve potential emission sources and asses
average source contributions. Three main source profiles were resolved for
each sampling site. Two of them, traffic and mixed combustion processes,
were common for both locations, while the third ones, heavy oil burning and
secondary aerosol accumulation, reflect the difference in sampling site
environments.
INTRODUCTION
Estimation of the quantitative relationship between ambient air quality and
pollutant sources is a significant topic of air pollution research known as
source apportionment. Receptor modeling, based on pollutant
concentrations measured at the receptor site, is a widely used method of
providing information about potential emission sources. Several source
apportionment studies of air pollutants (particulate matter, its chemical
components and gaseous pollutants) have successfully applied Unmix
receptor model for this purpose [1]. Belgrade district is the commercial
center of the Republic of Serbia and, as important intersection of roads and
industry, requires special attention. Recently developed air quality
monitoring network in Belgrade allows determination and control of
pollution levels, which are needed for concrete actions in order to identify
sources and reduce pollutant emission. In this study Unmix model was
applied on data sets obtained from two monitoring stations for identifying
main emission sources and their average contributions.
METHODOLOGY
Data sets of measured pollutant concentrations at two monitoring sites in
Belgrade urban area were obtained from the Institute of Public Health of
Belgrade [2]. Sampling site “Bulevar Despota Stefana” (BDS) is located in
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the city center, with heavy and slow traffic in busy canyon street, while
“Belgrade Bus Station” (BBS) is in the vicinity of the train and two main
city bus stations. US EPA Unmix receptor model [3] was applied on data
sets containing SO2, NO2, CO, PM10, As, Cd, Mn, Ni, Pb, Cl-, NO3-, SO42-,
NH4+, K+, BaP daily concentrations in the case of BDS, and soot, SO2, NO2,
PM10, As, Cd, Mn, Ni, Pb and BaP daily concentrations in the case of BBS.

RESULTS AND DISCUSSION
Concentrations of PM10 were significantly higher than prescribed annual
limit value (40 µg m-3) at both sites for each year during the analyzed
period. According to previous studies in Belgrade [4], PM10 emission
reduction is required to comply with the Air Quality Standard. Unmix
receptor model was applied in order to recognize the main types of sources
whose emission reduction would improve the air quality. Three main source
types were reconstructed for each sampling site. At BDS sampling site,
source profiles were identified as mixed combustion processes (fossil fuel
and biomass burning), secondary aerosols and traffic (include both,
emissions and resuspension of particles on the roads). Profile of the first
type is characterized by the dominance of As, Cd and 3,4 benzo(a)pyrene,
and, along with medium loadings of Pb, and K+ and NO3- ions, it can be
interpreted as mixed combustion processes [5]. The second profile is
dominated by NH4+ and SO42- ions, with the loading of NO3- ions that is not
negligible and can be related to secondary aerosols formation enhanced by
the effect of canyon street that prevents ventilation. A third profile is
predominantly composed of the gases (NO2, SO2 and CO), Mn, Ni, and Cl-,
wherein the chlorine presence is a consequence of salt resuspension from
the roads during winter [6]. Estimated mean contributions of reconstructed
source profiles are shown in Figure 1(left). In addition to the pronounced
influence of emissions from traffic and other combustion processes, Unmix
resolved third profile at the BBS with high loadings of SO2, Cd and Pb,
attributed to heavy oil burning, which is most probably the consequence of
proximity of two bus stations and a river marine to the sampling site.
Estimated mean contributions of reconstructed source profiles at this
location are shown in Figure 2 (right).
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Table 1. The chemical source profiles (%) resolved by Unmix model at the
BDS sampling location
Species Source I Source II Source III
SO2 27.8
0
72.2
NO2
34.7
3.5
61.8
CO
33.9
10.2
55.8
PM10
40
17.4
42.6
As
67
9.3
23.7
Cd
74.5
0.5
25
Mn
13.7
1.4
84.9
Ni
18.6
10.7
70.7
Pb
50.4
11.7
37.9
Cl
26.9
7.6
65.4
NO344.3
37.3
18.4
SO4217.4
66
16.6
22.4
77.6
0
NH4+
+
K
48.5
28.2
23.3
BaP
89.1
10.9
0
Table 2. The chemical source profiles (%) resolved by Unmix model at the
BBS sampling location
Species Source I Source II Source III
Soot
0
37.1
62.9
SO2
40.2
19.8
40
NO2
10.5
0
89.5
2.2
33.6
64.2
РМ10
As
23.9
74
2.1
Cd
80.9
0
19.1
Cr
27.7
8.7
63.6
Mn
4.8
0
95.2
Ni
0
5.3
94.7
Pb
100
0
0
BaP
0
100
0
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Figure 1. Average source contributions at BDS (left) and BBS (right)
CONCLUSION
Both sampling sites represent urban locations under the high influence of
traffic emission, heating plants and residential heating units. Higher
traffic contribution at BBS and existence of heavy oil use, makes the
main distinction, while the additional difference is reflected in presence
of secondary aerosols source profile in canyon street environment.
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ABSTRACT
Mass concentrations of PM10 (particle matter with aerodynamic diameter
less than 10 µm) were measured from 2011 to 2013 in Obrenovac (Serbia)
seriously affected by industrial pollution. The main purpose of this study
was to assess the frequency of daily PM10 limit values exceedances, as well
as the emission source reduction required to comply with air quality
standard. Since annual and daily mean values were exceeded for each year,
the required source emission reduction was estimated to be within the range
46-108%. In recent years, the decreasing trend of PM10 concentrations was
observed.
INTRODUCTION
European Union Air Quality Standard (AQS) [1] established the PM10
annual limit values of 40 µg m-3 and daily concentration of 50 µg m-3 not to
be exceeded more than 35 days per year. In places that have surrounding
industrial facilities, it is very difficult to achieve the required environmental
standards. Thermal Power Plants "Nikola Tesla" A and B are the dominant
sources of air pollution in Obrenovac (Serbia) and exceedances of the limit
values occur during the whole year, which could greatly affect the human
health and life quality [2]. By using statistical methods of fitting the
measured concentrations to known distribution functions it is possible to
predict the number of exceedances, as well as to evaluate the required
reduction of the sources emission to achieve AQS. Information about
dynamics of pollutants and necessary reduction at the sampling site
contributes to the implementation of emission abatement technologies in
large combustion plants.
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METODOLOGY
Hourly PM10 mass concentration data for the period 2011-13 were obtained
from the “Obrenovac” automatic monitoring station of the Institute of
Public Health of Belgrade [3].
For statistical analysis three theoretical frequency distributions lognormal,
Pearson type 5 and Weibull were used to fit complete data set. KolmogorovSmirnoff (K-S) and Anderson-Darling (A-D) statistical tests were used for
evaluating the goodness of fit. Required source emission reduction for each
year was calculated on the basis of distribution that best fit measured
concentrations and rollback equation [4]. For each year estimated reductions
are shown in a minimum - maximum range, where background
concentrations used in rollback equation were set to zero and the measured
value in suburban environment, respectively [5]. In addition, concentration
trends were analyzed with the Openair software [6].
RESULTS AND DISCUSSION
During the analyzed period, PM10 annual mean values were in the range
from about 50 to 96 µg m-3 (Table 1), which exceeds the EU air quality
guideline. During the same period, daily mean PM10 concentrations
exceeded the value of 50 µg m-3 for 450 days. PM10 pollution in Obrenovac
is mainly associated with coal combustion in thermal power plants and
individual heating units.
Table 1. Mean, maximum and minimum values of PM10 [µg m-3]

2011
2012
2013

Mean

Max

Min

62.43
96.07
49.69

347.37 7.04
392.03 13.14
286.61 6.71

Mean
Winter Spring Summer
61.56 25.96 65.61
70.00 77.13 105.53
101.6 24.81 26.46

Autumn
95.33
128.38
40.37

For each year, increase in concentrations during the heating seasons
(October - March) was noticeable. In addition, PM10 concentration trend is
presented in Figure 1. Increasing of concentrations and positive trend can be
seen, with the highest PM10 values obtained during 2012. The occasional
scattering of particles from the surrounding ash dumps could have
contributed significantly to measured concentrations in this period.
Decreasing concentrations during 2013 and reduction of the number of
exceedances were most probably consequence of industrial plants renewal.
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However, this PM10 emission decline still is not enough to match the AQS.

Figure 1. Trend of PM10 mass concentrations during the
period 2011-2013.
Statistical tests indicate the best fit of lognormal distribution for PM10
concentrations measured during 2011 and 2012, and Pearson type 5 for
2013. Evaluated maximum emission reductions were in interval from 70 to
108% (Figure 2), indicating that reducing just the local source emissions
might not be sufficient to comply with AQS.

Table 2. Estimated distribution parameters, goodness of fit tests and
comparison between predicted and observed number of exceedances
Number of
Probability
Goodness of
exceedances of
Year Density
Parameters
fit
daily limit value
Function (PDF)

2011

2012

2013

Shape
Lognormal
0.74
Pearsons type 5 2.01
Weibull
1.34
Lognormal
0.62
Pearsons type 5 2.59
Weibull
1.72
Lognormal
0.79
Pearsons type 5 1.98
Weibull
1.16

Scale
3.85
72.65
68.69
4.38
168.84
108.39
3.55
52.59
52.91
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K-S
0.026
0.056
0.074
0.056
0.102
0.057
0.095
0.047
0.148

A-D
0.229
1.801
3.992
0.716
3.36
1.623
3.135
0.605
11.345

Predicted
153
137
169
216
208
215
107
95
129

Observed
147

214
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Figure 2. Estimated range of required source emission reduction based
on three years monitoring period
CONCLUSION
Based on the three-year period of measured concentrations, analysis
shows significant PM10 pollution impact in Obrenovac. According to
estimated source emission reduction, more strict mitigation measures are
necessary for this area to comply with the AQS. Announced general
reconstruction of power plants may contribute to this cause in the near
future.
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ABSTRACT
In this paper, cellulose acetate/Na-activated montmorillonite composite
materials were synthesized and used as adsorbent for removing Cu(II) ions
and methylene blue from aqueous solutions. Method for making composites
consisted of mechanically mixing the Na-activated montmorillonite clay
with cellulose acetate. The objective was to investigate the effect of clay
percentage on the sorption behavior of composite samples.
INTRODUCTION
Natural materials such as clay minerals can be used for the removal of a
wide spectrum of pollutants (inorganic - heavy metal ions, as well as
organic - pesticides, organic dye, etc.) from waste waters because of their
high specific surface area, chemical and mechanical stability, availability
and low cost. The disadvantage of application of clay minerals in this
purpose is difficulties to separate the clays from the solution after the
adsorption because of the small particle size and the powder materials are
not suitable for recycling. Therefore clay minerals were dispersed in the
polymer matrix and provided adsorption sites [1]. A lot of different clay
minerals have been used in the manufacture of polymer/clay composites,
such as kaolinite, illite, but montmorillonite is favored for two reasons.
First, it allows chemical modification that makes compatible the organic
matrix. Second, it can be found in the nature in the mineralogical pure state,
which reduces costs [2].
Cellulose acetate was used as polymer matrix because it could be easily
produced into different forms.
The experimental part of the paper was focused on getting the sorbents
based on cellulose acetate (CA) and Na-activated montmorillonite (NaMMT), and examination the influence of clay percentage on the sorption
behavior. The composite materials were tested for removal the Cu(II) ions
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and methylene blue (MB) from the model wastewater in the stationary
conditions. MB was chosen in this study because of its known strong
adsorption onto solids and its recognized usefulness in characterizing
adsorptive material [3].

EXPERIMENTAL
Preparation of CA is carried out as follows: 2.0 g of the cellulose, 80 mL of
glacial acetic acid, 20 mL of acetic anhydride and 12 drops of concentrated
sulfuric acid were stirred in the Erlenmeyer flask during 8 hours until the
cellulose dissolves. Thereafter the solutions were poured out within the
beaker containing 400 mL of cold deionized water and CA was separated as
a precipitate. The precipitate is squeezed on a Buchner funnel and washed
with deionized water. CA was dissolved in acetone and Na-MMT was
added in different range to get material comprising: 75% CA and 25% clay
(hereinafter CG25), 50% CA and 50% clay (CG50), and 25% CA and 75%
clay (CG75). The resulting materials were dried in an oven at 105 ºC during
24 hours.
The adsorption equilibrium experiments were conducted in 250 mL
Erlenmeyer flasks, containing 125 mL of the Cu(II) ion solution (the
concentration of 50.0 mg L-1) and 0.5 g of sorbent material. The initial pH
value was adjusted to 5.0, using HNO3 or NaOH solutions, the
concentration of 0.1/0.01 M. Aliquots of solutions (4.0 mL) were withdrawn
at preset time intervals, the sorbent material was removed by centrifugation
and the supernates were analyzed for Cu(II). All experiments were
conducted at ambient temperature (20.0±0.5°C). Similar procedure was
performed to investigate sorption of methylene blue onto composite
material, wherein the pH of initial solution was adjusted to 8.0.
The concentrations of residual Cu(II) ions in the solution before and after
adsorption were determined by using an atomic absorption
spectrophotometer (AAS Analyst 300, Perkin Elmer, USA) at the
wavelength 324.8 nm. The spectrophotometer was calibrated by a series of
standard solutions. The concentrations of residual methylene blue in the
solution before and after adsorption were determined by measuring their
absorbance at 660 nm on a UV/VIS spectrophotometer Perkin Elmer
Lambda 15.
The removal efficiency (RE) of the adsorbent was estimated according to
the following equation:
RE = × 100%
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where C0 and Ce are the initial and equilibrium concentrations (mg L-1) of
adsorbate in solution, respectively.

RESULTS AND DISCUSSION
The
efficiency
of
CA/Na-MMT
composites with various
clay content on removal
of Cu(II) ions and MB
from aqueous solutions
is presented in Fig. 1.
Also, the results for
removal efficiency of
Na-MMT under same
conditions are given as
a comparative system.
Na-MMT showed the
highest efficiency on
removal of Cu(II) ions
Figure 1. Removal efficiency of Na-MMT and
from aqueous solution.
various CA/Na-MMT composites for Cu(II)
The decrease of clay
ions and methylene blue
content in composites
(75%, 50%, and 25%)
caused decreasing in the removal efficiency for copper ions (58%, 37%, and
14%, respectively) onto sorbent materials. This suggested that the
adsorption of copper ions was majorly attributed to the Na-MMT particles
in the composites. On other side, CG50 showed the highest removal
efficiency for MB (78%), followed by CG75 (removal of 51% of total MB),
and CG25 (removal of 34% of total MB).
CONCLUSION
The results of our investigation demonstrate that the sorbent materials based
on cellulose acetate and montmorillonite can be used effectively for the
removal of organic dyes from waste waters, but less effective for the
removal of copper. The higher clay percentage within composite material
leads to improve sorption behavior. Therefore, the adsorption of copper ions
and methylene blue was majorly attributed to the Na-MMT particles in the
composites.
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ABSTRACT
The activity concentrations of 40K, 226Ra and 232Th from 23 locations of the
territory of Subotica were determined by gamma ray spectrometry. Based on
the results obtained the value of absorbed gamma dose rate in air was
calculated. Mean values of activity concentrations were found to be 277 Bq
kg-1 for 40K, 18 Bq kg-1 for 226Ra and 18 Bq kg-1 for 232Th. The total
absorbed gamma dose rate varied between 20 and 44 nGy h-1. The mean
value 31 nGy h-1 is lower than the world average value.
INTRODUCTION
Around 90 % of human radiation exposure arises from natural sources such
as cosmic radiations, exposure to radon gas, and terrestrial radiations. The
naturally occurring radionuclides present in soil include 40K, 226Ra and 232Th
[1]. The knowledge of activity concentrations and distributions of the
radionuclides in soil are of interest since it provides useful information in
the monitoring of environment radioactivity.
The aim of this work to determine the activity concentrations of 226Ra, 232Th
and 40K in soil samples collected across the city of Subotica, using gamma
ray spectrometry and use the results to calculate absorbed gamma dose rate
in air.
EXPERIMENTAL
Subotica is the most northern city in Republic of Serbia. It is located on
latitude 46⁰5'55'' North and longitude 19⁰39'47'' East. By cencus from 2002
it has 99,471 inhabitants and it is the second largest city in Autonomous
Province of Vojvodina and sixth in Republic of Serbia. Subotica with its
surroundings has continental climate and average annual temperature of
11.4°C. City is located in the Pannonian plane on 1,008 km2 [2].
The samples of undisturbed soils (n=23) were collected from 23 locations of
Subotica during 2013-2014. From each location, 3-4 subsamples were
collected by template method [3], up to depth of 10 cm, and they were
mixed (put together) into one composite sample. Samples were dried at
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105°C to a constant weight and then homogenized. The homogenized
samples were placed in 0.5 L Marinelli beakers. The beakers were sealed
hermetically and kept a side for about a month to ensure equilibrium
between 226Ra and its daughters before being taken for gamma spectrometric
analysis.
The measurements were performed using HPGe gamma-ray spectrometer
ORTEC-AMETEK (49% relative efficiency and 1.85 keV FWHM for 60Co
at 1.33 MeV, 8192 channels) shielded with 10 cm lead internally lined with
2 mm copper foil. The activity of each sample was measured for 60 000 s.
The activity of 226Ra was evaluated from the gamma ray of 609.3 keV of
214
Bi peak and 351.9 keV of 214Pb, while 911.2 and 969.1 keV gamma-ray
lines emitted by 228Ac and 238.6 keV emitted by 212Pb was used to
determine 232Th. The activity of 40K was determined using its 1460.8 keV
gamma-ray line. Gamma Vision 32 was used to process the spectra
obtained.
The external gamma dose rate in the air at 1 m above ground level was
calculated from the measured activity concentrations of 226Ra, 232Th and 40K
in soil assuming that other radionuclides, such as 137Cs, 90Sr and the 235U
series can be neglected as they contribute very little to the total dose from
environmental background [4]. The calculation were performed according to
the following equation:
D = 0.462ARa+ 0.604ATh+0.042AK

(1)

where ARa, ATh, and AK are activity concentrations (Bq kg-1) of
and 40K, respectively.

226

Ra,

232

Th

RESULTS AND DISCUSSION
Activity concentrations of 40K, 226Ra and 232Th in soil samples collected in
Subotica area are presented in Table 1.
It can be seen that activity concentrations of 40K, 226Ra and 232Th ranged
from 160 to 390 Bq kg-1, from 12 to 29 Bq kg-1 and from 13 to 23 Bq kg-1,
respectively. Mean values of activity concentrations were found to be 277
Bq kg-1 for 40K, 18 Bq kg-1 for 226Ra and 18 Bq kg-1 232Th. These values are
lower than the averages in Serbia (40K 607 Bq/kg, 226Ra 34 Bq/kg, 232Th 42
Bq/kg) because of the different geological structures [5], but are similar to
those obtained for Palic (40K 310 Bq/kg, 226Ra 19.9 Bq/kg and 232Th 23.5
Bq/kg) [6].
Activity concentrations of analyzed radionuclides in soil are lower than
those reported for neighboring Hungary (40K (79-570) Bq/kg, 226Ra (14-76)
Bq/kg and 232Th (12-45) Bq/kg) [7]. However, they are similar to the range
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of activity concentrations in soil of Csongrad, the city in Southeast Hungary
about (130 km far from Subotica) with similar geological substrate (40K
(276-453) Bq/kg, 226Ra (14-44) Bq/kg, 232Th (14-35) Bq/kg) [8].
The values of total gamma dose rates varied between 20 and 44 nGy h-1,
with the mean value 31 nGy h-1 (52% lower than the world average value of
58 nGy h-1) [9]. The contribution to the total absorbed gamma dose rate by
40
K, 226Ra and 232Th was 38%, 27% and 35%, respectively.

Table 1. Activity concentrations of 40K, 226Ra and 232Th in soil samples
collected in Subotica (Bq kg-1)
Location
Su-1
Su-2
Su-3
Su-4
Su-5
Su-6
Su-7
Su-8
Su-9
Su-10
Su-11
Su-12
Su-13
Su-14
Su-15
Su-16
Su-17
Su-18
Su-19
Su-20
Su-21
Su-22
Su-23

40

226

K
310±20
320±20
280±20
360±30
250±20
390±30
300±20
270±20
200±20
260±30
270±20
230±30
350±30
240±20
280±30
160±10
350±20
220±20
310±30
300±30
240±20
200±30
290±20

Ra
19±3
18 ±3
18±2
20±4
13±2
22±3
21±3
16±3
13±2
17±3
19±4
21±3
22±3
12±3
16±2
29±3
22±4
15±3
20±4
18±4
14±3
12±3
18±3

232

Th
20±3
19±3
18±3
21±2
15±2
23±3
20±2
18±4
19±3
16±3
17±3
15±2
23±4
13±3
19±4
15±3
22±4
14±3
21±3
20±4
15±2
14±3
20±4

CONCLUSION
The activity concentrations of natural radionuclides 40K, 226Ra and 232Th in
23 soil samples collected from the territory of Subotica were measured by
gamma ray spectrometry. Based on these concentrations, the value of
absorbed gamma dose rate in air was calculated. The obtained activity
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concentrations and total gamma dose rates are lower than the world average
values.
The results obtained in this study may be used for preliminary estimation of
population exposure due to natural radionuclides. Further investigation is
needed before definite conclusions on this issue are drawn.
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ABSTRACT
The concentrations of VOCs (obtained by PTR-MS), ethylbenzene, xylene,
NOx, NO, NO2, SO2, CO and meteorological parameters were measured at
Belgrade (Serbia) urban site during winter 2014. US EPA Unmix receptor
model was applied on obtained dataset resolving six emission sources and
their contributions to urban air pollution. The dynamics of traffic source
contribution and its variation with meteorological parameters were
analyzed. The results showed that the urban site is strongly influenced by
traffic-related emissions with average contribution of 26%.
INTRODUCTION
Volatile organic compounds (VOCs) include large group of pollutants
emitted from biogenic and man-made sources. Anthropogenic sources,
estimated to be the major contributors, include traffic-related emission,
industrial facilities, solvent usage, refineries, etc. [1]. On-line, real time
monitoring of pollutant mixtures by means of Proton Transfer Reaction
Mass Spectrometry (PTR-MS) allows high time-resolved and ultra-sensitive
quantification of VOCs. Identification of daily and seasonal variability of
concentrations and accurate determination of emission source profiles are
substantial in understanding dynamics driving the VOCs variability and
developing of efficient emission abatement strategies.
EXPERIMENTAL
During the campaign from January 22th to March 25th 2014, VOCs, NOx,
NO, NO2, SO2 and CO concentrations, and meteorological parameters were
measured at the Institute of Public Health in Belgrade (Serbia) urban area.
VOC measurements were conducted by Proton Transfer Reaction Mass
Spectrometer (PTR-MS, Ionicon Analytik, Austria), while the other data
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were obtained from the automatic monitoring station [2]. PTR-MS
measuring cycle (24 s) consisted of 34 masses. The E/N parameter, reaction
time and mean count rate of H3O+ ions were around 145 Td, 90 µs and
5.1·106 cps. Normalized sensitivities were calculated according to Taipale et
al. [3]. For the purpose of source apportionment, US EPA Unmix receptor
model [4] was applied on 26 compounds (1-hour averaged concentrations).
The Openair software was used for the analysis of measured concentration
dynamics, and their dependence on meteorological parameters [5].

RESULTS AND DISCUSSION
Unmix resolved six source profiles, with the most abundant one accounting
for 26% of average contribution. The dominant portions of the total
concentrations of benzene (41.3%), NOX (44.1%), toluene (46.3%), CO
(50.6%), NO (56.4%), o-xylene (75.5%), mp-xylene (87.5%), ethylbenzene
(80.5%) are apportioned to this source, indicating the profile can be
attributed to traffic. Basic statistics regarding traffic-related compounds and
meteorological parameters is presented in Table 1.
Apart from emissions, pollutant concentrations are strongly influenced by
photochemistry and meteorological conditions. Regarding this, a
pronounced diurnal pattern for the traffic-related source is observed in
Figure 1. Weekday traffic is characterized by a prominent peak in the
morning rush hour (07:00 - 10:00 h) and steady increase in the evening
(18:00 - 22:00 h). During the midday (12:00 - 17:00 h), measured levels are
decreasing due to the photochemical processes, moderate traffic intensity
and pollutant dilution into an expanding daytime boundary layer. The
highest contribution of traffic-related compounds is observed on Friday,
whereas the weekend traffic load is significantly lower than on weekdays,
and does not exhibit clear diurnal patterns. As can be seen in Figure 2, the
maximum pollutant contributions coincide with the wind of low speed,
which indicates the dominating impact of locally generated traffic emissions
in the stagnant zone. The observed hotspot area of significant contribution at
this site is enhanced by the specific conditions of a canyon street with low
ventilation. The daytime data reveal a moderate contribution (for wind
speed of around 3 m s-1) of the emission area located in western sector
which can be attributed to the nearest crossroad with heavy, slow traffic.
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Table 1. Basic statistics for traffic related compounds VOCs, NOx, NO [µg
m-3] and CO [mg m-3], and meteorological parameters.
Species
Mean
Min
Max St. Dev.
-1
Wind speed [m s ]
1.69
0
6.15
1.19
Pressure [mbar]
1003.58 986.58 1018.24
7.39
Temperature [C°]
8.52
-5.95
22.90
6.02
Relative humidity [%]
63.52 17.80
93.83
17.18
NOx
149.69 11.24 912.42 116.19
NO
86.76
1.19 673.33
88.32
CO
0.68
0.16
3.42
0.38
Ethylbenzene
2.31
<d.l.
36.93
2.41
mp-Xylene
8.99
<d.l. 124.62
9.52
o-Xylene
1.88
<d.l.
18.52
1.72
m/z 57 (acrolein, MBTE)
1.94
0.26
28.82
1.93
m/z 79 (benzene)
1.35
0.05
6.95
0.90
m/z 93 (toluene)
3.36
0.19
29.66
2.62

Figure 1. Daily, weekly and monthly variations of the traffic-related source
contribution.
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Figure 2. Wind speed and wind direction dependence (left) and cluster plot
(right) of the traffic-related source contribution.
CONCLUSION
In this study Unmix receptor model was used in order to resolve emission
source profiles and their contribution to urban air pollution. The dominant
shares of several compounds were apportioned to traffic-related source
profile. The contribution exhibits clear diurnal pattern, weekend/weekday
differences, and specific dynamics related to urban site location and canyon
street topography. As can be concluded, environmental regulation measures
should be targeted on mitigating the pollutant emissions from the trafficrelated sources.
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ABSTRACT
During a two-month campaign in winter 2014, the concentrations of VOCs
were measured by Proton Transfer Reaction Mass Spectrometer (PTR-MS)
together with other air pollutants (NOx, NO, NO2, SO2 and CO) and
meteorological parameters in Belgrade (Serbia) urban area. US EPA Unmix
receptor model was applied resolving six source profiles. The profile with
the third largest an average contribution of 12.8% was attributed to chemical
industry. The spatio-temporal variations of source contributions and the
impact of meteorological parameters were analyzed by Openair software. As
shown, the air pollution from petrochemical complex located in Pančevo has
a noticeable impact on air quality of Belgrade urban area.
INTRODUCTION
Over the last decade, great emphasis has been placed on anthropogenic
emissions of volatile organic compounds (VOCs) due to the clear evidence
of an association between short- and long-term exposure to those
compounds and adverse health effects [1]. Apart from direct toxic or
mutagenic effects, they are important contributors to the generation of ozone
and other photochemical oxidants. The chemical industry is recognized as
one of the major sources of VOCs originating from the production
processes, leakages, loading and unloading operations, and waste treatment.
Depending on the level and nature of emitted species, chemical plants pose
serious environmental risks, not only on a local, but also on regional scale.
The city of Pančevo in Serbia is home to the petrochemical complex (HIP
Petrohemija), and is the leading polymer and petrochemical producer in the
region with the annual production of more than 650 000 t of ethylene,
propylene, methyl tertiary butyl ether (MTBE), synthetic rubber etc. [2].
Assessing the impact of petrochemical industry emissions on the Belgrade
urban area is presented in this study.
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EXPERIMENTAL
The VOC measurements were conducted using the Proton Transfer Reaction
Mass Spectrometer (PTR-MS, Ionicon Analytik, Austria) for the two-month
period (January 22nd to March 25th 2014) at the Institute of Public Health
in Belgrade (Serbia). The concentrations of NOx, NO, NO2, SO2 and CO
and meteorological parameters were obtained for the same period from the
automatic monitoring station at the same location [3]. PTR-MS measuring
cycle (24 s) consisted of 34 masses with the E/N parameter, reaction time
and mean count rate of H3O+ ions were around 145 Td, 90 µs and 5.1·106
cps, respectively. Calibration was conducted according to Taipale et al. [4].
US EPA Unmix receptor model [5] was applied to the obtained dataset
consisting of 1-hour mean concentrations for 26 compounds. The analysis of
source contribution dynamics and impact of meteorological conditions was
conducted using Openair software [6].
RESULTS AND DISCUSSION
Out of six source profiles resolved by the use of Unmix, one of the sources
is shown to have the third largest average contribution of 12.8%. The source
contribution coincided with the winds of different speed, from all directions.
Still, the highest contribution was associated with the winds coming from
the northern and north-eastern direction, whereas winds from the southwestern sector were of minor significance. On the basis of the given data,
the contribution from the south-western sector was limited only to two
isolated incidents that occurred during the night hours on March 2nd and
15th, when the double increase in contribution of several compounds was
detected.
As regards weekly variations, the source contribution was highest during
weekdays, followed by Saturday, with the maximum observed during
working hours (9.00 a.m. - 04.00 p.m.), whereas for Sunday it exhibited a
decrease (Figure 1). The decrease is also observed for the period from
January to March, which can probably be associated with the prevailing
winds blowing from the west in March rather than with the change in source
emission. According to meteorological data, the wind speed follows weekly
pattern with lowest values recorded on Monday and the average daily speed
rising throughout the week. The source contribution follows the same
pattern during weekdays; however stronger eastern and north-eastern winds
during weekends did not result in higher contribution. On the basis of the
observed source contribution dynamics, it can be assumed that the emission
originates from the anthropogenic source located in the north-eastern sector
which can be related probably to HIP Petrohemija.
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The significant shares of the compounds with protonated masses m/z 41
(21.7%), m/z 57 (29.7%), m/z 61 (27.2%), m/z 71 (29.6%), m/z 73 (28.4%),
m/z 75 (35.8%), m/z 79 (25.9%), m/z 81 (57.9%), m/z 93 (29.0%), m/z 99
(30.3%), m/z 101 (23.8%), m/z 105 (31.6%) and m/z 137 (63.9%) are
apportioned to this source. Four of them are biogenic tracers: peaks m/z 137
and m/z 81 can be attributed to monoterpenes and their fragments, and m/z
99 and 101 to hexenal and hexanal, respectively. It should be taken into
consideration that, although apportioned to this source, the last two
compounds shown acceptable correlation (over 0.60) only with each other.
High loading of monoterpenes and their fragments can be associated with
the Botanical garden, located in the vicinity of the sampling site, and in the
pathway of air masses coming from the north-eastern sector. As expected,
the main part of the source profile comprises compounds that are abundant
in petrochemical industry emissions. The two of them are produced in HIP
Petrohemija: the most commonly used fuel oxygenate, MTBE (m/z 57), and
one of the most important feed stocks in the petrochemical industry,
propylene (m/z 41).

Figure 1. Diurnal, weekly and monthly variations of the source
contribution related to petrochemical complex and wind speed [m s-1].
CONCLUSION
In the current study, the Unmix model was applied for the purpose of
assessing the effects of petrochemical industry emissions on the urban
area of Belgrade. The results have shown that the emissions from
petrochemical complex account for 12.8% of the observed pollutant
contributions. As diurnal analyses revealed, the source contribution
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exhibited a clear daily pattern with the maximum observed during
working hours, followed by decrease on Sunday. The significant shares
of several compounds which can be related to petrochemical industry,
such as benzene, toluene, MTBE and propylene, are apportioned to this
source.
The effects of air pollution related to petrochemical industry have to be
considered on both local and regional scale and further investigations
should be encouraged as they can provide a solid foundation for
preparation and implementation of pollution abatement regulations.
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ABSTRACT
The concentrations of nitrogen oxides, SO2, CO, and BTEX were measured
in an urban area of Belgrade (Serbia) in the period from 2011 to 2013. This
paper presents analyses of concentrations and dynamics of measured
pollutants on a daily, weekly and annual basis. Daily and seasonal variation
indicate a significant impact of anthropogenic activities on pollutant
concentrations, primarily traffic and heating. Considering meteorological
parameters, predominantly local origin of the air pollution was observed.
INTRODUCTION
High population density, and consequently a high level of air pollution, is
one of the main factors that determine the quality of life in urban areas.
Production of pollutants characterizes almost all economic and social
activities, of which industry and traffic are with the largest contribution [1].
Some of them are known to have adverse effects on human health and the
environment. In order to estimate air pollution level in Belgrade urban area,
a monitoring network was recently established by the Institute of Public
Health of Belgrade [2]. This paper presents the analysis of data obtained at
the "Slavija" automatic monitoring station, located in the city center, which
is characterized by high traffic density and a large number of individual
heating installations.
METHODOLOGY
The analysis were based on a three year (2011-13) data set that includes 1hour mean concentrations of NO, NO2, NOx, SO2, CO, benzene, toluene,
ethylbenzene, xylene (BTEX compounds) and corresponding
meteorological parameters. Concentration dependence on wind speed and
direction were analyzed with the Openair software [3].
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RESULTS AND DISCUSSION
Table 1. Mean, minimum and maximum values for measured pollutants and
meteorological parameters from 2011-2013.
Species

Period
2011

Wind speed
[m s-1]
Pressure
[mbar]
Temperature
[C°]
Relative
humidity
[%]
NO
[µg m-3]
NO2
[µg m-3]
NOx
[µg m-3]
SO2
[µg m-3]
CO
[mg m-3]
Benzene
[µg m-3]
Toluene
[µg m-3]
mp-Xylene
[µg m-3]
o-Xylene
[µg m-3]
Ethylbenzene
[µg m-3]

2012

2013

Mean

Min

Max

Mean

Min

Max

Mean

Min

Max

2.13

0.11

8.39

2.24

0.03

9.02

1.97

0.02

7.71

1004.44

986.34

1022.32

1000.78

975.87

1020.33

1000.01

969.38

1025.14

16.68

-2.68

38.29

14.38

-14.6

38.95

14.24

-3.72

38.02

60.48

20.69

100

60.67

12.33

100

65.65

12.98

100

64.27

<d

801.17

60.6

0.06

915.88

57.39

0.58

1135.29

52.4

0.01

1298.23

62.64

< l.d.

288.45

53.9

0.95

247.43

74.7

1.13

1067.36

101.65

< l.d.

1655.27

141.5

4.59

1901.39

30.82

0.4

841.38

33.21

5.01

470.27

39.59

4.06

645.26

1.21

0.13

14.66

0.86

0.01

10.75

1.03

0.04

17.8

4.34

<d

42.77

3.49

< l.d.

476.74

2.43

< l.d.

78.87

1.89

<d

51.97

4.49

< l.d.

80.27

5.87

< l.d.

410.74

0.78

<d

13.46

1.95

< l.d.

44.06

2.86

< l.d.

35.59

0.25

<d

1.91

0.64

< l.d.

20.7

0.88

< l.d.

11.18

0.26

<d

2.51

0.64

< l.d.

6.71

1.09

< l.d.

11.98

*

l.d. – limit of detection

Mean, minimum and maximum values of the measured concentrations and
the corresponding meteorological parameters are shown in Table 1.
According to air quality standards [1], limit mean annual value of NO2 (40
mg m-3) was exceeded each year, while the concentrations of SO2, CO and
benzene were within the permissible limits. Meteorological conditions at the
end of 2011, low air pressure and wind speed of less intensity, favored the
large accumulation of air pollution which was reflected in significant
number of NO2 hourly limit value exceedances (200 µg m-3).
Concentrations of all measured pollutants were lower on weekends (Figure
1). Also, the maximum pollutant contributions coincide with the maximum
intensity of anthropogenic activities (early morning and afternoon). The
nitrogen oxides ratio (NO/NO2 > 1) point toward the traffic as one of the
dominant sources of pollution [4]. The increase in concentration, especially
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SO2 during the heating season, indicates a significant influence of nearby
heating plant. For BTEX compounds, there is evident concentration increase
at the end of the year caused by intensifying traffic and by meteorological
conditions favorable for their accumulation.

Figure 1. Daily, weekly and monthly variations of NO, NO2, NOx, SO2 and
BTEX concentrations (mean and 95th confidence interval).
Figure 2 shows that the pollutant concentrations were highest under the low
wind speed conditions, indicating dominant contributions from the local
sources. Also, it can be observed that some higher concentrations
coincidence with higher wind speeds, indicating the formation of NO2 in the
oxidation process, as well as the existence of additional, weaker source of
SO2 in the vicinity.
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Figure 2. Mean NO, NO2 and SO2 [µg m-3] concentrations dependence on
the wind speed and wind direction.
CONCLUSION
The characteristic dynamics of analyzed pollutants indicates the
dominant influence of anthropogenic sources of emission in Belgrade
urban area. High concentrations occurrence especially during the winter,
as well as the fact that their emission sources are located mainly in the
immediate area, point to the need for reduction of traffic density and the
number of individual heating installations.
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ABSTRACT
This paper presents the values of concentration of total Sr, as well as the
activity concentration of radioactive isotope 90Sr in waste water samples
taken around the coal-fired power plant "Nikola Tesla A". Also,
conductivity and pH value of these water samples were determined.
Concentration of total Sr was determined by atomic absorption
spectrometry. Determination of 90Sr content is based on the radiochemical
analytical separation of 90Y from the sample and measuring its activity after
the establishment of radioactive equilibrium with 90Sr. The obtained results
for the concentration of total Sr ranged between 0.1 and 1.3 mg/L. The
obtained activity concentration of 90Sr was from 0.015 to 0.037 Bq/L.
INTRODUCTION
Coal-fired power plant "Nikola Tesla A" (TENT A) is the biggest power
plant in the Republic of Serbia, consisting of six units with total installed
power of 1650 MW. Built on the right bank of the Sava River, near
Obrenovac, it is the biggest individual producer of electric power in Serbian
electric power system. At the average, more than 8 billion kilowatt hours are
produced per year [1].
Coal combustion in power plant may enhance environmental pollution
levels in the vicinity of the coal-fired power plant due to fly ash and bottom
ash as main solid wastes of coal combustion, which are released into the
surrounding environment. Considering that coal-fired power plant TENT A
is located in populated area the impact on the environmental impact and the
neighboring population can been significant.
Strontium (Sr) is found naturally as a non-radioactive element and has 16
known isotopes. Naturally occurring Sr is found as four stable isotopes: 84Sr,
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Sr, 87Sr and 88Sr. Other isotopes are radioactive [2]. One of the most
important Sr radioactive isotopes in the environment is 90Sr because of its
long physical and biological half-lives and similarities with Ca. It has been
distributed worldwide since 1945 in fallout from atmospheric weapons
testing or as a result of normal or accidental releases related to the nuclear
power industry [3].
The aim of this study is to determine the Sr content in waste water samples
around the power plant, with special attention to 90Sr.

EXPERIMENTAL
Sampling of five waste water samples was performed in September 2013 at
five locations near the power plant TENT A: overflow water (pumping
station), drain water at well, drain water between wells, Sava river upstream
from the TENT A and Sava river downstream from the TENT A.
Before determination of Sr content, all samples were analyzed for pH and
conductivity. For pH measurement pH meter (Hanna Instruments, pH/0C
Tester pHep4) was used. Calibration of the instrument was carried out by 4,
7 and 10 pH standard solutions. The conductivity measurements were done
with conductometer (CON 400) with a cell constant of K=1.0. The
measuring range 0-1999 µS was calibrated at 1411 µS using standard 0.01
M KCl solution at 25 oC.
The content of total Sr was determined by atomic absorption spectrometer
SENSAA 2G. For measurement of Sr at wavelength of 460.4 nm
PHOTRON LAMP was used. Nitrogen as inert gas for the determination of
Sr was applied. Determination of total Sr was performed from non-paired
water samples.
About 10 L of each water sample was evaporated to a 200 mL under
infrared lamp and taken for analytical procedure for radiochemical
determination of 90Sr. The method consists from precipitation of calcium
and strontium oxalate, firing till oxide and usage of Al collector for 90Y [4].
The samples were stored for 18 days to reach the radioactive equilibrium
between 90Sr and 90Y. After 18 days 90Y departs on collector Al(OH)3,
which is then firing till oxide. Measurement was performed on low level
proportional counter THERMO EBERLINE FHT 770 T.
RESULTS AND DISCUSSION
The content of total Sr and 90Sr, as well as conductivity and pH value for
investigated waste water samples are presented in Table 1.
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Table 1. Content of total Sr and 90Sr, conductivity and pH values in
investigated waste waters.
90
Sr
Sr
Conductivity
Sample
pH
(mg/L)
(Bq/L)
(µS/cm)
Overflow water
0.8
0.036±0.004
851
8.3
(pumping station)
Drain water at
1.1
0.026±0.004
1343
8.4
well
Drain water
1.3
0.027±0.004
1807
8.4
between wells
Sava river
upstream from
0.1
0.037±0.004
439
8.5
the TENT A
Sava river
downstream from
0.2
0.015±0.004
423
8.5
the TENT A
As can be seen from Table 1, the values for conductivity ranged from 423 to
1807 µS/cm. According to regulation on quality and other requirements for
natural mineral water, spring water and bottled drinking water [5]
recommended value for conductivity should be up to 2500 µS/cm.
Considering the fact that the investigated waters are not drinking waters,
this criterion is met anyhow. All waters are alkaline (pH values are from 8.3
to 8.5).
The content of total Sr ranged from 0.1 to 1.3 mg/L, while the activity
concentrations of radioactive strontium, 90Sr, ranged between 0.015 and
0.037 Bq/L. The similar results for content of total Sr have been found by
Frei and Frei [6] for Denmark surface waters and values ranged between
0.06 and 1.05 mg/L. On the other hand, similar results for 90Sr activity
concentrations have been found in river waters Sava and Danube in the
Republic of Serbia where values ranged from 0.009 to 0.06 Bq/L [7,8].
Derived activity concentration of 90Sr in drinking water is 4.9 Bq/L [9]. The
activity concentrations of 90Sr in water samples analyzed in this paper are
less than above mentioned value, even though the analyzed waters are not
drinking waters.
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CONCLUSION
The concentration of total Sr, the activity concentration of radioactive
isotope 90Sr, as well as conductivity and pH value in five waste water
samples taken around the coal-fired power plant "Nikola Tesla A" were
determined. The obtained values for conductivity meet the limited values
according to the Official Gazette [5]. All waters are alkaline, pH values are
higher than 7. The concentrations of total Sr and radioactive strontium (90Sr)
are similar as values published in literature for river water samples.
Determination of 90Sr in the environmental samples is important in the
routine environmental radiation monitoring. This is the first study of this
type in waste water samples in Republic of Serbia and investigation will be
continued in future.
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ABSTRACT
Methylene blue and hexavalent chromium are two important toxic pollutants
which exist frequently in many categories of industrial wastewaters. For
practical reasons, the simultaneous removal of these contaminants is an
attractive approach. The results of a simultaneous removal of methylene
blue and hexavalent chromium using a combined system TiO2/Fe(III)/solar
are presented. The results show that, only the TiO2/Fe(III)/solar system
ensures a complete simultaneous removal.
INTRODUCTION
Many industrial wastewaters are contaminated by both organic and
inorganic pollutants. Therefore, it is of interest to develop methods for
simultaneous and efficient removal of both categories of pollutants.
Hexavalent chromium (Cr(VI)) is one of the most heavy metals that exists
in contaminated wastewater discharges from several industrial activities.
The co-existence of both Cr(VI) and organic pollutants namely Methylene
blue (MB)in wastewaters is extremely probable. The combination of the
(TiO2/UV) and (Fe(III)/UV) methods gives an efficient synergistic process
for simultaneous removal of Cr(VI) and organic dyes [1]. The use of free
sunlight to drive these processes is an attractive alternative to artificial UV
light, particularly in Algeria where the average sunshine duration is about
2500 hours per year [2]. The comparison of the efficiency of this, i.e., the
combined system (TiO2/Fe(III)/solar) for simultaneous and simple (Cr(VI)
or MB) removal cases was investigated.
EXPERIMENTAL
The KRONOS 1077 TiO2 (Kronos company, Germany) was used as a
photocatalyst in this work. It is a pure micro-sized anatase pigment that is
particularly suitable for delustering of man-made fibers and pigmentation of
paper coatings. The specific surface area of this material is about 12m2/g.
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Potassium dichromate and MB solutions were prepared in double-distilled
water, adjusting the pH with H2SO4. Ferric stock solutions, were prepared
by dissolving Fe(NO3)3.9H2O in acidic medium. The photocatalytic
experiments were performed using a static batch reactor consisting of
250mL-Pyrex beakers open to air under natural sunlight at sea level and at
ambient temperature on sunny days (July). The solution of the substrate
(200mL) for the three cases in the presence of catalysts was exposed to
natural sunlight under a constant stirring for 5 h. Prior to that all solution
were agitated at least 30 minutes in dark in order to achieve
adsorption/desorption equilibrium. The catalysts were KRONOS 1077 TiO2,
iron salt or both for the TiO2 photocatalysis, Iron cycle and the combined
system respectively.
The residual concentration of MB was determined colorimetrically using a
UV–Vis spectrophotometer and estimeted at a wavelength of 662 nm. The
intensity of sunlight radiation at 365nm was measured using a VLX-3W
radiometer with a cell diameter of 1 cm2. The extent of water evaporation
during the solar photocatalysis experimental was in average of 6.0% in
volume after 5 h of irradiation which is considered to be within the
experimental errors. Due to the inherent non reproducibility of solar
radiations and in order to minimize the experimental errors, the study of the
effects of each parameter was performed simultaneously on a set of
experiments along with a blank sample (without TiO2).
The removal rate of pollutant was calculated using Eq.1

Where

and

represent the pollutant concentration

RESULTS AND DISCUSSION
The results of the MB photooxidation alone using TiO2/solar, Fe(III)/solar
and TiO2/Fe(III)/solar processes are shown in Fig.1. The direct photolysis
rate of MB was 9% after 5h. It can be seen from the same figure that, while
the oxidation of MB by TiO2/solar and TiO2/Fe(III)/solar processes is
completely achieved after 2h, it was faster with the latter system. However,
the oxidation by the Fe(III)/solar system was only 45% after 5h. The
oxidation of MB using TiO2/solar system occurs by the photogenerated
hydroxyl radicals (•OH) during the photoexcitation of TiO2 by UV part
irradiation coming from solar light. The oxidation of MB in the case of
Fe(III)/solar system is attributed to the participation of hydroxyl radicals
produced by the solar photoexcitation of Fe(III) hydro-complex [3]. As
nitrate iron salt was used for making the iron cycle system, it is important to
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note that hydroxyl radicals can be produced from the photolysis of nitrate
ions at wavelength of 302 nm. However this reaction is negligible since the
solar irradiation at this wavelength is very low.

Figure 1. Photooxidation of MB alone under natural sunlight. [MB]:
30ppm, pH: 2.7, [TiO2]: 0.16g/L, [Fe(III)]: 40ppm
Fig. 2 presents the oxidation of MB using the same processes with the
presence of Cr(VI) ions. From this figure, it can be noticed that the presence
of Cr(VI) has a negative effect on the MB photooxidation in the system
TiO2/solar since the oxidation rate decreases to 85% from 100% (in the
absence of Cr(VI)).
This decrease may be related to the saturation of surface sites by both
pollutants. However, in the case of the combined system
(TiO2/Fe(III)/solar), the Cr(VI) ions do not affect the MB oxidation. This
may be due to the participation of hydroxyl radicals produced by the
Fe(OH)2+ photolysis. Furthermore, there is a significant increase in the
oxidation rate from 45% to 100% (after 5h) in the case of Fe(III)/solar,
where the iron cycle comes into action to oxidize MB and reduce Cr(VI).
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Figure 2. Photooxidation of MB under natural sunlight in the presence of
Cr(VI). [MB]: 30ppm, [Cr(VI)]: 30ppm, pH: 2.7, [TiO2]: 0.16g/L, [Fe(III)]:
40ppm
CONCLUSION
The results of the present study demonstrate that both pollutants Cr(VI) and
MB can be efficiently and simultaneously eliminated by the
TiO2/Fe(III)/sunlight process. The synergistic effects of this system obtained
by the combination of iron cycle and TiO2 photocatalytic reactions leads to
efficient photoredox pathways.
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ABSTRACT
The passive sampling technique is widely used to characterize the spatial
and temporal variability in gaseous pollutant concentrations in the ambient
air. Kavaja Street in Tirana was selected for mapping spatial distribution of
ozone and nitrogen dioxide concentrations. The sampling campaign is
carried out during two weeks period using passive diffusion samplers
exposed in different positions along and perpendicular to each sides of the
street. Estimated regression function between NO2 and ozone concentrations
over entire examined area was discussed.
INTRODUCTION
Air pollutants are being continuously monitored in Albania, and elevated
levels of NO2 and O3 concentrations are reported during recent years by
Institute of Public Health. Combustion sources contribute to the major part
of NO2 and ground level ozone in the ambient air. Nitrogen oxides are
traffic related air pollutants emitted by diesel and petroleum vehicles as the
predominant contributors. The burning of fuels at high temperatures emit
nitrogen oxides NOx, mostly in the form of nitric oxide NO and a small part
of NO2. In the atmosphere NO is oxidized to NO2 mainly due to the
presence of ozone causing the depletion of ozone [1]. Ground level ozone
(GLO) is a secondary air pollutant formed as the result of photochemical
reactions between other pollutants, mainly nitrogen oxides and VOCs under
strong solar radiation [2]. GLO usually is found to be higher far away from
the source areas of the precursor emissions. Since it is a secondary pollutant,
cautions taken to manage it in local levels are resulted with low efficiency.
The spatial variability of O3 and NO2 concentrations for environments
such as roadsides is discrete and very complicated. Understanding of
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roadways as emission sources affecting pollutant concentrations has been
the focus of many investigations [3], [4], [5]. Diffusive sampling method
provides reliable low cost analysis of air quality and useful information on
average concentrations during periods of time from one week to a month
from traffic emissions which have not large fluctuations from day to day.
Diffusive sampling is characterised as an indicative technique which is not
very high accuracy technique. It gives the possibility to characterize spatial
concentration distribution of gaseous pollutants [6].

EXPERIMENTAL DESIGN
Tirana is the capital and largest city in Albania based on population which
has now reached about 760 000. It is characterized by absence of heavy
industries, but with a high traffic network which causes problems such as air
pollution. At Kavaja Street, for both directions (toward Tirana centre and
away from the centre) total daily traffic intensity in the street adds up to
about 13 170 vehicles (JICA Project, October 2011, carried out during a
normal working day). The percentage of private cars (sedan, van) was 77%.
The surrounding environment is characterized by residential houses
generally comprised of 4-5 floors. Its axis orientation is in the direction 255⁰
(W-SW to E-NE). The street has two sided building facades and the height
to width ratio <0.3W/H <0.7 (it is 24 wide and 15m average building height)
with two main intersections and several openings. During the examined
period of time wind directions were predominantly blowing out from the
southwest to northeast, 52% of the time, at an angle 30⁰ relative to the street
axis (provided by Meteoalb station). The percentages of calm conditions
(<1m/s) and low wind speeds (<2m/s) were 53% and 35% respectively. The
highest wind speeds are measured for SW to NW direction. Average O3 and
NO2 concentrations were measured using passive diffusion tubes. In total
30 sampling points for each pollutant were included in sampling campaign
at Kavaja street area. Sampling points were located at 10m, 30m and 60 m
distance to the both sides of the street axis (to the south and north side),
whereas along the street axis at distances 440m, 1170m, 1600m and 2100m
from the first point. Passive samplers were attached to a support 3 m from
the ground and far from any obstacle of air flow. The samplers were
exposed for two weeks period at the end of the winter, from 20 February
2013 to 4 March 2013. This winter period is relatively drier with no high
speed winds which may cause turbulent diffusion leading to significant
errors.
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RESULTS AND DISCUSSION
Exposed samples were analysed by Saltzman method using a
spectrophotometer at 442nm for
NO2 Spatial Distribution (µg/m3)
O3 and 540nm for NO2. The
detection limit for O3 and NO2
passive sampling method were
found to be 2.51µg/m3 and
2.17µg/m3, respectively. Over the
entire examined area O3 and NO2
average concentrations were
observed to be 30.08±6.2µg/m3
and 22.2±1.8µg/m3, respectively.
Ozone concentrations varied
Ozone Spatial Distribution (µg/m3)
from a maximum 47.4 µg/m3 to a
3
minimum 12.8 µg/m . NO2
concentrations varied from a
maximum 51.2µg/m3 to a
minimum 8.4µg/m3. In Figure 1a
and 1b are presented contour
plots as the function of distances
along and perpendicular to the
street axis, to visually compare
the horizontal distribution of
Figure 1. a) Contour plot of NO2 spatial
ozone and NO2 concentrations.
distribution. b) Contour plot of O3 spatial
The highest NO2 concentrations
distribution.
were resulted in the roadside
sampling points, while there is a
decrease on NO2 concentrations
when the distance from the street
axis increases. The ratio between
NO2 roadside average values and
backyards values is 2.04. Inside
the street canyon NO2 average
levels at leeward side (south
side) is 37.18 µg/m3 and NO2
Figure 2. Fitted line plot of quadratic
average levels at windward side
3
regresion between NO2 and O3
(north side) is 30.08 µg/m .
concentrations.
ozone
Contrary
to
NO2,
concentration ratio between
roadside and backyards average values is 0.9. Estimated regression function
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between NO2 and ozone concentrations is shown in Figure 2. Very small
positive R-squared value of 2.6% and S-value of 0.21 were found between
O3 and NO2 concentrations. Very poor correlation between O3 and NO2 may
be result of incomplete photochemical processes due to the short distances
of sampling points that fresh air masses have to travel away from the
emission source.

CONCLUSIONS
Spatial distribution of O3 and NO2 concentrations were investigated using
passive sampling method. The measurements were performed at 30
sampling points along and perpendicular to each side of the street, during
two weeks period. NO2 concentrations were found to to be very close to the
EU Standards limit. Taking into account that campaign was conducted in
winter season and sampling points were near the emission sources the ozone
concentrations can be considered a concern. Combined effects of O3 and
NO2 cause poor air quality in Tirana. Ozone concentrations were observed
to be less variable within 60m distance from the road axis than NO2. The
highest concentrations of NO2 occurred at roadside sampling points and a
strong negative correlation between NO2 levels and distance to the road
were observed. Statistical analysis using quadratic regression showed very
low correlation coefficient between O3 and NO2 levels for selected sampling
points.
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ABSTRACT
The effects of different concentrations (40%, 60% and 70% w/w) and
temperatures (20ºC, 35ºC and 50 ºC) of sucrose solution on mass transfer
kinetics during 360 minutes of the osmotic treatment of pear cubes was
investigated. Increase in sucrose solution concentration resulted in higher
water loss and solid gain values through the osmotic treatment period, due
to increase in the osmotic pressure gradients. The applicability of Peleg‘s
model to the experimental data was evaluated. The linearized Arrhenius
equation was used for determination of the activation energy for water loss
and solid gain.
INTRODUCTION
Pear (variety: Pyrus communis L.) is one of the most traditionally consumed
fruit, particularly in temperate climate zones. This fruit abounds in
saccharides and dietary fiber as well as in nutritionally valuable compounds
such as antioxidants. [1]. Osmotic dehydration (OD) is a process of partial
removal of water by immersing fruit in hypertonic solution during which the
water and small amounts of natural solutes (such as pigments, sugars,
organic acids, minerals, vitamins etc.) diffuse from fruit to the solution and
the solute is transferred from the osmotic solution to the fruit tissue in a
countercurrent mode. According to literature data, temperature and
concentration of osmotic solution are the most influencing parameters on
mass transfer kinetics during the process of osmotic dehydration [2].
EXPERIMENTAL
„Abate Fetel“ pears were purchased daily from the local market at Belgrade,
Serbia. The peeled pears were manually sliced into cubes of 1 cm3.
Analytical grade sucrose was purchased from “Merck”. Osmotic solutions
were prepared by mixing sucrose with required amount of distilled water to
give desired concentration of final solution. The pear cubes were immersed
in the glass jars, containing 40%, 60% and 70% mass content of sucrose in
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solutions, with a sample to solution ratio of 1:10 (w/w). Temperature
uniformity during experiment was assured by placing containers in a
constant temperature water bath. Fruits were removed from the containers
at a period of 30, 60, 90, 120, 180, 240, 300 and 360 minutes, quickly rinsed
with distilled water and gently blotted with tissue paper to remove excess
solution from the surface. The mass of the fruits was then measured and the
moisture content (dry matter) was gravimetrically determined.

RESULTS AND DISCUSSION
In this study, the kinetics of solid gain (SG) and water loss (WL) during
osmotic treatment of pear cubes has been investigated.
Water loss (WL) and solid gain (SG) of the samples were calculated as
follows:
and

Mo − Mi
⋅ 100
Wo
S − So
SG (%) = i
⋅ 100
Wo

(1)

WL(%) =

(2)

where Mo is the moisture content in fresh fruit (g); Mi is the moisture
content at time “t” of osmotic treatment (g); S0 is the dry matter of fresh
fruit (g); Si is the dry matter after time “t” of osmotic treatment (g); W0 is
the mass of fresh fruit before the osmotic treatment (g). Peleg’s two
parameter equation was used for describing the mass transfer in osmotic
treatment of pear’s cubes:
X = X0 ±

t
k1 + k 2 t

(3)

where X is moisture or solid content (g) at time t (h), Xo is initial moisture
or solid content (g), k1 is the Peleg's rate constant that relates to dehydration
rate at t=t0 and k2, Peleg's capacity constant, which relates to minimum
attainable moisture content [2,3,4]. Figure 1 shows the experimental data for
SG and WL during osmotic treatment of pear in sucrose solution of 60%
(w/w) concentration and at different operating temperatures. As it might be
expected, WL and SG increased with immersion time. In all cases, there is
an initial rapid rate of mass transfer, followed by slower removal of water
and uptake of sugars from fruit tissue in later stages. This trend is due to the
large osmotic driving force between fresh fruits’ dilute sap and surrounding
hypertonic solution at the beginning of the process.
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Figure 1. Pear water loss and solid gain versus time at several temperatures.
Table 1. Peleg’s equation parameters and goodness of fit for SG and WL
during osmotic treatment of pear
Temp. Conc. (%)
(oC)
20
70
60
40
35
70
60
40
50
70
60
40

Water loss
k1WL
0.51±0.12
0.64±0.1
1.12±0.23
0.41±0.05
0.45±0.09
0.58±0.13
0.28±0.07
0.15±0.05
0.33±0.08

k2WL
0.48±0.03
0.51±0.03
0.58±0.07
0.34±0.02
0.45±0.03
0.62±0.04
0.32±0.02
0.49±0.02
0.54±0.02

R2
0.984
0.991
0.962
0.993
0.990
0.989
0.987
0.997
0.994

Solid gain
k1SG
3.20±0.51
2.89±0.47
5.48±2.87
1.58±0.35
2.46±0.86
4.33±0.58
0.97±0.37
1.12±0.36
1.70±0.47

k2SG
2.17±0.15
3.42±0.25
5.50±0.84
2.75±0.11
1.67±0.14
3.54±0.17
1.85±0.10
2.52±0.10
3.65±0.14

R2
0.986
0.984
0.936
0.995
0.980
0.993
0.991
0.995
0.996

At constant solution concentration, k1WL and k1SG decreased with increasing
temperature of osmotic solution, which indicates an increase in the initial
rate of mass transfer. Both k2WL and k2SG decrease with increasing
concentration, while they do not exhibit particular trend with increasing
temperature. The linearized Arrhenius equation represents the temperature
dependency of the Peleg’s rate constant:
ln k1 = ln ko – Ea/RT
(4)
where k1 is the Peleg’s rate constant for WL or SG (h g/g); k0 is the
frequency factor (1/s); Ea is the activation energy (kJ/mol). The parameters
of Arrhenius equation for the Peleg's rate constant of SG and WL at
different sucrose concentrations were graffically determined and are
presented in Table 2.
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Table 2 . Parameters of Arrhenius equation for the Peleg rate constant of
SG and WL at different sucrose concentrations
Parameter
Concentration (%)
70
60
40
Water loss
ln k0
-7.15±1.35
-16.19±4.95
-12.97±0.35
Ea (kJ/mol)
15.86±3.46
38.69±12.66
31.88 ±0.89
R2
0.98
0.95
1.00
Solid gain
-11.76±0.92
-8.87±4.03
-10.64±4.46
ln k0
31.45±2.35
24.46±10.30
30.37±11,37
Ea (kJ/mol)
R2
1.00
0.92
0.94
The linearity of the data (R2>0.94) reveals that the k1 for all the kinetics
terms followed an Arrhenius relationship as a function of temperature,
regardless of concentration. Higher values of Ea revealed the greater
temperature sensitivity of k1 constant.
CONCLUSION
The SG and WL were increased with increasing sucrose solution
concentration and temperature during osmotic treatment of „Abate Fetel“
pear. Peleg’s equation presented good fitting to experimental data. The
Arrhenius equation was successfully applied to evaluate the temperature
dependency of the Peleg’s rate constant.
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ABSTRACT
Thermal characteristics and oxidative stability of raspberry (Rubus idaeus
L., Willamette cultivar) and blackberry (R. fruticosus L., Čačak Thornless
cultivar) seed oils have been followed by Differential Scanning Calorimetry
(DSC). The raspberry and blackberry seed oils presented a crystallization
peak at -66 oC and -61 oC with enthalpy of 25.10 J/g and 29.04 J/g,
respectively. Polymorphism was detected in both oils during heating.
Blackberry seed oil was shown to be more oxidatively stable than raspberry
seed oil because of a lower quantity of linolenic fatty acid, which is less
stable in terms of oxidation.
INTRODUCTION
The processing of berry fruit for juices and puree typically removes the seed
as a byproduct. The development of a value-added use of seeds could
expand the market for berry products and increase grower profit margins.
For instance, red raspberry seed was reported to contain 12.2 % protein and
11-23 % oil [1]. High-value vegetable oils (like berry seed oils) are gaining
attention owing to the health benefits they may produce, linked to their high
content of polyunsaturated fatty acids and antioxidants. All berry seed oils
have a high content of polyunsaturated fatty acids in common, thus
providing essential fatty acids [2]. The properties of some berry seed oils
have been reported in the literature. Parry et al. [3] found significant
amounts of linolenic acid, tocopherols, polyphenols and carotenoids in
marionberry, boysenberry, red raspberry and blueberry seed oils.
Oxidation of polyunsaturated fatty acids is the main reaction that affects the
quality of oil and oil products during storage and use. There are various
methods available for measurement of lipid oxidation. Changes in chemical,
physical or organoleptic properties of fats and oils during oxidation can be
monitored to assess the extent of lipid oxidation. Since oil oxidation is an
exothermic reaction, it releases heat that can be measured using Differential
Scanning Calorimetry (DSC). Because it is a simple, time saving method
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that does not require the use of toxic chemicals, DSC could be used for
routine analysis in the oils and fats industry.
The present study was conducted with the aim to investigate raspberry
(Rubus idaeus L., Willamette cultivar) and blackberry (R. fruticosus L.,
Čačak Thornless cultivar) seed oils for their thermal characteristics and
oxidative stability by Differential Scanning Calorimetry.

EXPERIMENTAL
Berry seed oils preparation: Examined oils were obtained by extraction
from milled raspberry (Rubus idaeus L., Willamette cultivar) and blackberry
(R. fruticosus L., Čačak Thornless cultivar) seeds using hexane as described
in literature [4]. The oil was stored at -20 oC until analysis. All chemicals
and reagents used were of analytical grade (p.a.).
Thermal analysis: All measurements have been performed on TA
Instruments DSC Q 1000, Differential Scanning Calorimeter, with TA
Universal analysis 2000 software. Oil samples of 3.0 ± 0.3 mg [5] were
weighed into open aluminum pans and were placed in the equipment’s
sample chamber. An empty open aluminum pan was used as an inert
reference to balance the heat capacity of the sample pan. For determining
thermal characteristics of berry seed oils DSC scans were conducted in
temperature range of 40 to -90 oC, under N2 purge flow of 50 ml/min. A
programmed cycle was followed in which the sample was cooled from 40 to
-90 oC at 2 oC /min, maintained at this low temperature for 5 min and heated
back to 40 oC with same rate. For determining oxidative stability oils were
heated in nitrogen flow (50 ml/min) to 120 oC. Then the samples were held
isothermal in flow O2 until the start of the oxidation process. Oxidation
induction time, OIT (min), was determined from the resulting curve, as the
intersection of the extrapolated baseline and the tangent line (leading edge)
of the exothermal peak.
RESULTS AND DISCUSSION
On the Figure 1. DSC curves of blackberry and raspberry seed oils are
presented. These curves are very similar to each other.
The blackberry and raspberry seed oils presented a crystallization peak at 61 oC and -66 oC with enthalpy of 29.04 J/g and 25.10 J/g, respectively.
Polymorphism was detected in both seed oils: after melting of the low
temperature form at -41 oC (for both oils), an additional form crystallized
with an exothermic peak at -37 oC (for both oils). At -19 oC and -22 oC (for
blackberry and raspberry seed oils, respectively) this forms melted with an
originally existing crystallite of the same kind.
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Figure 1. DSC profile of: a) blackberry seed oil; and b) raspberry seed oil.
Similar thermal behavior was observed for grape seed oil by Kaisersberger
[6]. These polymorphic changes can be hindered by addition of emulsifiers.
According to Garti et al. [7], the first small endothermic peak at -41 oC
represents the melting of the unstable crystal form a followed by the
crystallization of the more stable form b which is characterized by an
exothermic peak. The melting enthalpy of blackberry and raspberry seed
oils were 72.44 J/g and 63.95 J/g, respectively.
Isothermal DSC oxidation curves of blackberry and raspberry seed oils at
120 oC and the way of determining oxidation induction time (OIT) are
presented in Figure 2. It can be seen that DSC curves have the same shape
for both oils. Oxidation induction times were determined from these curves:
165 min for blackberry and 68 min for raspberry seed oil. By comparing
OIT values, it can clearly be seen that the OIT of blackberry seed oil is about
2.5 times higher than that of raspberry seed oil, which indicates that
blackberry seed oil is more stable in terms of oxidation.
It can be expected as content of linolenic acid in the raspberry seed oil is
higher regarding linoleic acid, as compared to the content of these fatty
acids in the blackberry seed oil [2]. Fatemi and Hammond [8] showed
earlier that the relative ratio of autoxidation rate of linoleic and linolenic
ester was about 1:2, respectively which is in agreement to our results.
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Figure 2. Isothermal DSC oxidation curves of raspberry (1) and blackberry
(2) seed oils at 120 oC in O2 flow 50 ml/min, OIT – oxidation induction
time.
CONCLUSION
It was shown that in both, blackberry and raspberry seed oils, polymorphism
was detected during heating treatment. Blackberry seed oil was shown to be
more oxidatively stable than raspberry seed oil because of a lower quantity
of linolenic fatty acid, which is less stable in terms of oxidation.
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ABSTRACT
The glass transition temperature (Tg) of osmotically dehydrated pork meat
in sugar beat molasses, was determined from the obtained DSC heat flow
curves. Samples with low moisture content only showed up the glass
transition. Tg decrease with increasing moisture content. Tg decreased from
−6.8 °C to −10.3 °C when the moisture content increased from 4% to 6%.
INTRODUCTION
The glass transition temperature (Tg) was used as a parameter for
quantifying water mobility and food stability, which became popular in the
late 1980s [1]. Biological materials are rigid and brittle below the glass
transition temperature. Nevertheless, they are not crystalline with regular
structure but retain the disorder of the liquid or amorphous state [2]. The
physical state of foodstuffs is very stable below the glass transition
temperature because compounds involved in deterioration reactions take
many months or even years to diffuse over molecular distances, and
approach each other to react [3]. Furthermore, water molecules become
kinetically immobilized within the concentrated phase, thus being unable to
support or participate in the reactions causing deterioration. Most scientists
concur that the glass transition temperature under conditions of maximal
freeze concentration, Tg, is the technologically significant transition which
has the greatest influence on low-temperature stability [3]. The consequence
as far as food products are concerned is that a small change in temperature
in the temperature region of the glass transition will result in pronounced
changes of texture, other dynamic properties and also in the sensory
properties [4, 5]. Glassy and freezing characteristics of pure substances are
more commonly reported than that of real foods, which are complex
multicomponent mixtures [2]. The intention of this work is to define
conditions for glassy state formation and glass temperature (Tg)
identification of osmotically dehydrated pork meat.
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EXPERIMENTAL
Pork meat, L. dorsi muscle, was purchased unfrozen from a local
supermarket. Preparation of osmoticaly dehydrated pork in sugar beat
molasses has been described elsewhere [6]. A differential scanning
calorimeter (DSC, Q1000, TA Instruments, New Castle, DE) was used to
perform DSC experiments. Osmoticaly dehydrated pork meat samples (7–11
mg) with different water content, were subjected to heating, in Al pans, in
the temperature range from -90 ºC to 150 ºC, with controled heating rate
Hr= 5 ºC/min, under the N2 purge flow of 50 ml/min. The wather content
was estimated by Thermogravimetric analysis (TGA). TGA measurements
were performed on TGA Q 500, (TA Instruments, New Castle, DE) under
N2 purge flow of 60 ml/min, in temperature range from 25 ºC to 900 ºC, and
heating rate Hr= 5 ºC/min. Each thermogram was analyzed by TA
Advantage Universal analysis 2000 software to obtain the glass transition
parameters (onset, Tonset; midpoint, Tg; final Tend,) for the onset, mid and end
of transition, and also to obtain the percentage of mass loss from TGA
curves. The water activity (aw) has been determined by thermoanalytical
techniques as previously described by de Silva et al [7].
RESULTS AND DISCUSSION
Decreased enthalpy and temperature maximum of transition, obtained from
DSC curves, which represents meat protein denaturation of osmoticaly
dehydrated pork meat compared to for fresh pork meat suggest that
destabilization of meat proteins and conformational changes were induced
by the process of osmotic dehydration. Thermodynamic parameters of
protein denaturation for osmoticaly dehydrated and fresh pork meat obtained
from DSC and TGA thermograms are presented on Table 1.
Table 1. Thermodynamic parameters of protein denaturation for osmoticaly
dehydrated and fresh pork meat obtained from DSC and TGA thermograms.
Pork meat

Osmoticaly
dehydrated
Fresh meat

Onset
temp.
To(ºC)

Peak
temp.
Tm (ºC)

Enth
∆H
(J/g)

Moisture
(%)

Residue
at 700 ºC
(%)

Water
activity
aw

53.26

89.30

652.3

37.70

5.65

0.745

27.56

81.92

979.1

70.90

1.45

0.938

These changes of material thermal behavior were consequence of water loss
and interaction with molasses components. Further loss of water leads to
new changes in the material and the appearance of characteristic thermal
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behavior for samples having unfreezible water [3,5,7]. Since much of the
water was bound to the solid matrix, samples of dehydrated pork meat with
low moisture content (below 20%) only showed up the glass transition
Figure 1.

Figure 1. DSC curve of
osmotically dehydrated pork meat
with low moisture content <20%

As expected Tg decreased with increasing moisture content, as shown in
Table 2.

Table 2. Water content, glass transition temperature, freezing point and
water activity (aw) of osmoticaly dehydratated pork meat with freezable and
unfreezible water.
Moisture
(%)

To
(ºC)

Tg
(ºC)

Tend
(ºC)

38.10
35.02
26.28
20.70
5.90
3.77

-20.2±3.0
-17.2±3.1

-10.3±1,1
-6.8±1.0

-2.62±2.5
-1.81±2.7

Ice
melting
(ºC)
-37.44
-33.39
-33.67
-31.60
-

aw
0.745
0.732
0.724
0.720
<0.7
<0.7

Transition observed in this work was at a relatively higher temperature
which could be due to the initiation of mobility in protein molecules what is
agreeable to literature [8] but also results obtained in this work are in
agreement with results obtained by Brake and Fennema [9]. It can be
suggested that endothermic peaks at ~100 °C and ~150°C correspond to
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water evaporation and beginning of material thermal degradation
respectively.

CONCLUSION
Since much of the water was linked to the solid matrix, samples with low
moisture content (under 20%) only showed up the glass transition. As
expected Tg decreased with increasing moisture content: Tg decreased from
−6.8ºC to −10.3 ºC when the moisture content increased from 4 to 6%.
It can be proposed that initiation of protein molecules mobility could be
induced not only by water loss but also with protein interaction to molasses
components.
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ABSTRACT
The aim of this study is determination of antioxidant activity of berries
(strawberry, raspberry and blackberry) of the West-Serbian origin. The
antioxidant activity (AO) of the whole berries was determined using the
method with DPPH (2,2-diphenyl-1-picrylhydrazyl) and recently reported
direct current (DC) polarographic method. It was found, that blackberry
showed the strongest AO, having the highest amounts of polyphenols and
anthocyanins, followed by raspberry and strawberry. Order of EC50
reciprocal values from DPPH method has been found in correlation with
results of AO obtained using DC polarographic assay.
INTRODUCTION
Berry fruits are rich source of phenolic compounds such as phenolic acids,
flavonoids, and anthocyanins which possess wide range of bioactive
properties including, anticancer, antiinflamatory, antihypertensive,
hypoglycemic and antimicrobial activity [1-4]. Number of these health
benefit effects can be attributed to high free radical scavenging activity of
above mentioned compounds. AO as well as nutrient composition of
different berry products has been well documented [1-5], and it varies
significantly depending on genetic factors, ripe degree, cultivating and
climate conditions [6].
EXPERIMENTAL
Determination of antioxidant activity by DPPH-method
The common method with the stable radical DPPH [7] was used to
determine the AO of whole fruits. The amount of 2.2 mg of DPPH dissolved
with methanol to 50 ml. Then, the aliquots of 0, 10, 20, 30 and 40 µL of
polyphenolic extracts of whole berries in methanol (concentration of stock
solution around 300-400 µg/ml) were diluted with methanol to 200 µL, then
mixed with 1800 µL of DPPH solution, placed at dark for 30 min and the
absorbance was measured at 517 nm. Methanol (1800 µL) mixed with the
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sample solution (200 µL) was used as the blank (Ab), while the mixture of
DPPH solution (1800 µL) and methanol (200 µL) served as the control (Ac).
All determinations were performed in triplicate, and four different dilutions
were used for every sample. The DPPH antiradical-scavenging activity,
DPPH (%), was determined using following equation:
DPPH (%) = 100 * (1- (As –Ab)/Ac) where As is the absorbance in the
presence of samples in DPPH solution. Quantity of polyphenols needed to
decrease absorption of DPPH radical for 50%, EC50, was obtained from the
graph DPPH (%) = f(c), where c is the value expressed in µg of
polyphenols.
Polarographic assay for determination of antioxidant activity
Recently developed DC-polarographic method [8] based on atypical anodic
current was performed. This anodic current in form of peak instead of wave
was obtained on dropping mercury electrode (DME) in the presence of H2O2
in alkaline solution. The peak is attributed to mixed perhydroxyl-hydroxyl
complex of Hg(II) formation at potential of anodic dissolution of mercury.
The height decrease of this peak in the presence of antioxidants was used as
a measure of AO activity. Dependence of anodic current decrease on
amount of added sample, during its addition in equal aliquots, was followed
and plotted as limiting current intensity (il) vs. volume (v) of aliquots added.
The slope of the linear part of that plot was considered as measure of AO of
that sample. It was expressed as percentage of peak height decrease per
volume of complex samples added, or amount of individual compounds. All
polarographic current potential (i-E) curves were recorded on Houston
Instrument Omnigraphic 2000 X-Y recorder using the Princeton Applied
Research (PAR) 174 Polarographic analyzer. The dropping time of DME
working electrode was τ =1 s, while low pass filter for damping current
oscilation was 3 s. Saturated calomel electrode (SCE) was used as reference
and platinum foil as auxiliary electrode. The initial potential was 0.10 V vs
SCE and potential scan rate was 10 mV/s. Clark and Lubs (CL) buffer of pH
9.8 was used. Initial solution was prepared by addition of 0.100 mL of 1.00
M solution of H2O2 in 19.9 mL of CL buffer pH 9.8. Before each i-E curve
recording (initial solution as well as after addition of every aliquot of
investigated sample) solution was deaerated with pure gaseous nitrogen.
Inert atmosphere in the electrolytic cell was kept during i-E curve recording.
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RESULTS
Determination of antioxidant activity by DPPH-method
The graphs for the AO for the whole fruits using DPPH-method are were
constructed (data not shown). On the X-axis, the mass of fruits extracted
with methanol in the total volume of 1 ml was given and the values on the
Y- axis represented the % for decreasing of DPPH concentration. A good
linear dependence of decreasing of DPPH concentration on the mass of
extracted fruit entering the reaction was obtained. From these plots the
concentration of fruits per ml needed to decrease the DPPH concentration
for 50%, i.e. EC50 value, was calculated. Table 1 shows the EC50 values
for all three berries together with their reciprocal values ARP (anti radical
power).
Table 1. The antioxidant activity of berries obtained by DPPH-method
Sample
EC50 value
ARP
(conc. of berries)
Blackberry
4.05 ± 0.22 mg/ml 0.25 ± 0.03
Raspberry
4.50 ± 0.25 mg/ml 0.22 ± 0.03
Strawberry
5.92 ± 0.34 mg/ml 0.17 ± 0.02
Antioxidant activity by DC polarographic assay based on the anodic
current analysis Aliqouts of methanolic extracts of fruits juice, whole
berries and pulp have been gradually added into initial buffered peroxide
solution. Prominent difference between anodic limiting current of 5 mmolL-1
solution of H2O2 in CL buffer (pH 9.8), recorded before and after the
addition of tested samples, has been observed. Remaining anodic limiting
current (ilr) obtained upon gradual addition of tested samples has been
compared with height of initial limiting current (il0). Percentage of il
decrease has been calculated after each addition of tested samples according
to eq:
⎛ i ⎞
% scavenged [ H 2O 2 ] = ⎜ 1 − lr ⎟ × 100
il
⎝ il0 ⎠
The volume of the linear part of dose-response curves, percentage of il
decrease calculated upon samples added (%/µL), has been used as criterion
of AO activity and is shown in the Table 2.
Table 2. The antioxidant activity of different berry samples using DCpolarographic method
Sample
%/µL
Strawberry
0.042
Raspberry
0.052
Blackberry
0.072
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DISCUSSION
In the Table 1 the results for AO of whole fruits of strawberry, raspberry
and blackberry are given using DPPH-method. The reciprocal values of
EC50, ARP, have higher values for higher AO. The most potent AO showed
blackberry, which is in accordance with its total polyphenols and
anthocyanins content. These results are in strong correlation with those
obtained using DC-polarographic method. The bigger the value %/µL in the
Table 2, the higher AO is to expect. Future studies aiming to follow
antioxidant capacity of berries during growth, storage and processing could
be facilitated by application of simple, rapid easy-to-handle, low cost and
accurate DC polarographic assay.
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ABSTRACT
The aim of this study was determination of nutritive properties of berries
(strawberry, raspberry and blackberry) of the West-Serbian origin. The
content of polyphenols and anthocyanins in the methanolic extracts of
berries and their respective parts (pulp and juice) was determined with
spectrophotometric methods (previously reported), followed by the
determination of the moisture, proteins, sugars and dietary fibers content.
INTRODUCTION
Serbia is known as one of significant producers and exporters of berries,
with annual export of over 100000 tons, primarily raspberries and
blackberries. Raspberry (Rubus idaeus), blackberry (Eubatus focke) and
strawberry (Fragaria versa, Fragaria ananassa) are season berries, with
attractive odour, color and aroma. These sensory and organoleptic properties
come from micronutrients and phytochemicals, which constitute nutritive
and bioactive values of berries together with dietary fibers. Berry fruits are
rich source of phenolic compounds such as phenolic acids, flavonoids, and
anthocyanins which possess wide range of bioactive properties including,
anticancer, anti-inflammatory, antihypertensive, antihypoglycemic and
antimicrobial activity [1-4]. Because this health promoting effects,
especially blackberries have been used since the 16th century in Europe.
The aim of this work was to investigate proximate composition as well as
technological quality characteristics of the berries from the West-Serbian
origin, to give an indication for quality, and to give some recommendations
for the most adequate industrial appliance (dry berries, teas, gelees, juices).
Dry matter, total dietary fibers, protein and carbohydrates were subject of
investigation.
EXPERIMENTAL
Berries The berries from West Serbia, Čačak and Arilje region, were
investigated. Strawberries (Fragaria L., cultivar Clery) were from Čačak
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region. Raspberries (Rubus idaeus, cultivar Willamette) were from Arilje
region. Blackberries (Rubus fruticosus L., cultivar Čačak Thornless
(Čačanska bestrna) were from Arilje region. All berries were immediately
frozen at -20 °C upon arrival. Each time 100 g respectively was defrosted
for analysis and kept for 24 h at room temperature (RT).
Spectrophotometric measurements
All spectrophotometric measurements were done at Thermo Fisher
Evolution 600 spectrophotometer.

RESULTS
Moisture content of berry fruits
The moisture in fruits was determined by drying 1g of fresh samples at 105
°C for 2 hours, cooling in a desiccator and weighing. The moisture content
of the berries is given in the table 1.
Table 1. The moisture content of berries.
Strawberry
Raspberry
Blackberry
89.66 ± 0.54 % 85.03 ± 0.50 % 85.89 ± 0.50 %
Total soluble sugars content
Soluble sugars were extracted from the 1 g of fresh starting material three
times for 15 min. with 20 ml 80% ethanol at 60 °C. After centrifugation, the
supernatants were combined and the ethanol was evaporated. The total sugar
content was determined gravimetrically and expressed in percentages [5].
Sample
Strawberry
Raspberry
Blackberry

Table 2. Total soluble sugars in berries.
Total soluble sugars (%)
6.93 ± 0.18
5.84 ± 0.16
5.13 ± 0.16

Total protein content
The total proteins were determined using the Warburg-Christian method by
measuring the absorbance of the solution at 260 and 280 nm [6]. After
ethanolic extraction of carbohydrates, residues were mixed with 8M urea to
convert all proteins into their soluble form. The subsequent separation of
urea extract allowed the determination of the protein content. 8M urea
solution was also used as blank. The total protein concentration was
expressed in mg/ml using the calculation 1.55*A280-0.76*A260, where A is

986

PHYSICAL CHEMISTRY 2014

K-38-P

absorbance at given wavelength. In the table 6 the total protein content is
given, calculated as percentages in fresh material.

Table 3. Total proteins in berries
Sample
Strawberry
Raspberry
Blackberry

Total proteins (%)
0.89 ± 0.04
1.34 ± 0.06
1.23 ± 0.06

Total dietary fibers content
Total dietary fibers were determined according to the method of AOAC [7].
Briefly, 1 g of fresh samples were weighed with 0.1 mg accuracy and
defatted with petroleum ether for 30 min at RT. Samples were then dried
and digested with α-amylase, protease and amyloglucosidase to cleave the
proteins and starch. 78% ethanol was used to precipitate the soluble dietary
fibers. The residue is then filtered and washed with 95% ethanol and
acetone. After drying, the residue was weighed, then a half of samples were
analyzed for protein content and the other half was ashed. Total dietary
fibers were calculated by subtraction of weight of the protein and ash from
the weight of the residue and the results were expressed as percentages in
table 4.
Sample
Strawberry
Raspberry
Blackberry

Table 4. Total dietary fiber content in berries.
Total dietary fibers (%)
1.78 ± 0.10
5.44 ± 0.33
4.86 ± 0.29

DISCUSSION
As seen from table 1, the moisture content in strawberries, raspberries and
blackberries is between 85% and 90%, which is usual for berry fruits.
As seen from table 4, the most dietary fibers were found in raspberry and
blackberry, which differs slightly. Strawberry had the smallest content. The
protein and carbohydrate content of berries given in the tab. 2 and 3 are
almost identical with the available data.
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ABSTRACT
Two series of chitosan-clay nanocomposites were synthesized using
commercial (CLOISITE® Na+) and Na+-enriched Serbian clay from seldom
investigated locality Mečji Do. The samples were characterized by X-ray
diffraction and intercalation of chitosan into bilayer structures was
confirmed for particular chitosan/clay ratio in both series of chitosan-clay
naonocomposites. Reactivity of chitosan-smectite biointerfaces vs.
alkylammonium-clay interfaces in adsorption process was compared using
textile dye Reactive Black 5 (RB5) as adsorbate. Chitosan-clay
naonocomposites had similar adsorption uptake, being more than three
times higher than adsorption uptake of commercial alkylammonium-clay
CLOISITE® 30B.The Langmuir adsorption model was found to be
appropriate for all investigated adsorbents.
INTRODUCTION
Chitosan-clay nanocomposites are promising materials with organicinorganic hybrid interfaces [1-4]. Since these materials contain a biopolymer
such as chitosan they represent a green alternative to conventional
alkylammonium organoclays in their applications, i.e. as adsorbents. The
intercalation of chitosan into smectite clay can result in monolayer and/or
bilayer arrangements. When bilayer structures are formed some free –NH3+
groups are present in the interlamellar region [1,5] making these materials
suitable for adsorption of anionic species, i.e. anionic textile dyes.
In this work series of chitosan-clay nanocomposites with different chitosan
loading were synthesized using two smectite clays: commercial
(CLOISITE® Na+) and Na+-enriched Serbian clay. The XRD was used to
confirm the intercalation of chitosan. Only nanocomposites with bilayered
intercalation of chitosan were tested as adsorbents. The adsorption of
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anionic dye RB5 on the selected samples was tested and compared with the
adsorption on CLOISITE® 30B.
EXPERIMENTAL
Materials
Two bentonite clays were used for synthesis of nanocomposites:
commercial clay CLOISITE® Na+ (Southern Clay Products Inc., Texas,
USA) and Na+-enriched Serbian clay, from locality Mečji Do denoted as
KB2, both with particle size <2 µm. High molecular weight chitosan (av.
MW =342,500 g mol-1) was supplied by Sigma-Aldrich. Organoclay –
CLOISITE® 30B (Southern Clay Products, Inc., Texas, USA) was used to
compare reactivity of chitosan-smectite biointerfaces vs. alkylammoniumclay interfaces in adsorption process. The synthetic textile dye –RB5, was
supplied from Sigma Aldrich, and used for adsorption tests.
Synthesis and characterization of chitosan-clay nanocomposites
Chitosan solutions were prepared by the addition of 20, 40, 80, 160, 400 and
640 mg of chitosan to 1% (v/v) acetic acid and stirred until complete
dissolution. After the pH was adjusted to 4.6-5, the chitosan solution was
added into 2% clay suspension (0.5 g clay/25 cm3 bidistilled water) at room
temperature. The suspension was stirred for 48 hours. The obtained samples
were centrifuged and then air-dried at 50 °C and ground to powder. The
samples were denoted according to initially added chitosan mass and clay
designation. The obtained samples were characterized using powder X-ray
diffractometer BRUKER D8-ADVANCE equipped with scintillation
detector and copper Kα radiation (40 kV and 30 mA).
Adsorption test
The adsorption of RB5 was performed in a batch system at 25°C using
thermostated shaker (Memmert WNE 14 and SV 1422). The initial
concentrations of RB5 dye were: 20, 30, 40 and 50 mg dm-3. The 0.0100 g
of the adsorbents were dispersed in 50.00 cm3 of adsorbate solution and
shaken for 1440 min. Equilibrium was reached for shorter times, but 1440
min was taken as adsorption time sufficient for all adsorbents to reach
maximum of adsorption. After adsorption, solid and liquid phase were
separated by centrifugation. The RB5 concentration was estimated by
Thermo Electron Nicolet Evolution 500 UV-VIS spectrophotometer at
λmax=599nm. All the adsorption experiments were conducted in duplicate,
and the mean values were reported.
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RESULTS AND DISCUSSION
XRD Analysis

Figure1. XRD patterns of 640KB2
and 640 CLOISITE; Cb–cristobalite,
Q –quartz, S– smectite.

Loading of 640 mg chitosan per 0.5
g for both clays was needed to
obtain solely bilayers of chitosan
chains confirmed by characteristic
d001 values (Fig. 1) [1]. The lower
loadings lead to formation of
monolayers and mixtures of bi- and
mono-layers and these samples
were not included in further
investigation. Besides smectite in
both XRD spectra the associated
minerals like cristobalite and quartz
are also identified.

Adsorption test
The adsorption isotherms of RB5 dye on 640 CLOISITE, 640KB2 and
CLOISITE® 30B are given in Figure 2.
The adsorption isotherms showed
that the 640KB2 and 640CLOSITE
have similar uptake of RB5. The
adsorption affinity of CLOISITE®
30B was significantly lower. The
equilibrium amount of adsorbed
RB5 on CLOISITE® 30B was
approx. 30% of the amount
adsorbed on chitosan–clay samples.
It can be assumed that 640KB2 and
640CLOISITE with intercalated
Figure 2. Adsorption isotherms of
bilayered chitosan chains possessed
RB5 removal on 640KB2,
the additional cationic sites (640CLOSITE and CLOISITE® 30B. NH3+), similarly to previously
reported systems [1,4].These groups can be regarded as active sites that
enable interaction with anionic –SO3- groups of RB5 and therefore
significantly enhance adsorption capacity.
The adsorption data were fitted with Langmuir and Freundlich models, and
corresponding constants were calculated from the intercepts and slopes and
given in Table 1.

993

PHYSICAL CHEMISTRY 2014

L-01-P

Table 1. Langmuir and Freundlich parameters

Freundlich parameters
KF
n
R2
(dm3g-1)
640CLOISITE
122.2
32.38 0.775
640KB2
117.2
12.20 0.910
CLOISITE® 30B 9.63
2.64
0.916
Samples

Langmuir parameters
KL
qmax
(mg g-1) (dm3mg-1)
137.93 3.816
166.67 6.000
54.38
0.062

R2
0.999
0.999
0.993

The correlation coefficient in Langmuir model is closer to unity and
therefore this is the most appropriate model for all adsorbents.
CONCLUSION
The promising chitosan-clay naonocomposites with bilayered structure of
incorporated chitosan, a green alternative to conventional alkylammonium
organoclays, were synthesized using two different clays as starting
materials. These eco-friendly naonocomposites had superior adsorption
properties in adsorption of the anionic dye Reactive Black 5 in comparison
to commercial alkylammonium organo clay (CLOISITE® 30B) having
around three times higher adsorption capacity. The chitosan
naonocomposites synthesized using the clay from locality Mečji Do (Serbia)
showed somewhat better adsorption properties than nanocomposites
obtained with commercial CLOISITE® Na+.
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ABSTRACT
The paper presents the time evolution of the complex dielectric coefficient
for the interface formed between the chalcopyrite natural mineral and the
potassium ethyl-, isobutyl- respectively amyl-xanthate solution. The work
was carried out using differential optical reflectance spectroscopy so the
kinetics of the real and imaginary part of the complex dielectric coefficient
can be observed over a UV-VIS-NIR spectral domain. The computations
were carried out in the framework of the Kramers-Kronig formalism.
INTRODUCTION
Differential reflectance spectroscopy is a useful tool to study “in situ”
evolution of froth flotation processes, to determine the optical and electrical
properties of interfaces formed at natural mineral – xanthate solution, to
detect intermediates and products, because changes in reflectance values can
be observed with de aid of this rapid measurement technique. Using UVVIS reflection spectra in the framework of the Kramers-Kronig formalism,
one can evaluate the complex dielectric function for the interface over the
specified spectral domain.
EXPERIMENTAL SETUP AND THEORY
Our reflectance determinations were made using the SPECORD M-40
spectrophotometer in the 200-900nm wavelength interval. We did not
proceed further in the IR domain not to influence the adsorption process as a
catalyst.
The chalcopyrite mineral samples came from the Cavnic mine in our county.
The potassium ethyl-, isobutyl- respectively amyl-xanthates were used to
prepare the solutions for the “in situ” determinations. Based on our previous
work, the solution concentration was fixed to a value of 100mg/l, the pH to
8, and we used a volume of 5ml, because these values led to optimal
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adsorption rates and to stable interface layers at industrial temperatures of
18oC [1]. The surface of the mineral was cleaned using chemical and
physical methods, minimizing the surface roughness to 0.02µm, and then
cleaning any foreign molecule with a spray of argon atoms in a low pressure
chamber.
The measurements were carried out at normal radiation incidence angle,
over a period of 35 minutes, after which the adsorption-desorption process
reached dynamic equilibrium, and the first decomposition products appeared
in the solution. A scan of the entire UV-VIS domain, including the time to
reset the recorder, took 4.5min. After the determination of 6 successive
spectra, we observed no variations in the reflectance, marking the reach of
the dynamical equilibrium. The initial values used in our differential
reflectance spectroscopy determinations were the reflectance of the polished
mineral surface without xanthate solution and then that of the mineralxanthate solution system at the initial moment.
The complex reflection coefficient r was used in our computations, knowing
that ln r = ln R + iθ , where R is the experimental reflectance and θ is the
unknown phase shift, determined applying the Kramers-Kronig formalism
[2-5]. The complex dielectric function has the form ε=ε1+iε2. The magnetic
permeability was taken equal with the unity, as usual in the optical
determination, and the spatial dispersions were neglected. Here ε1 is the
dielectric constant (permittivity) and ε2 is the dielectric loss function. The
complex dielectric coefficient was computed using ε = (1 − r )2 (1 + r )2 .
Applying the Kramers-Kronig formalism requires that R must be known at
all frequencies. Our measurements were made on a sufficiently broad
frequency domain so that reliable extrapolations could be done. To
determine the phase θ(ω0)= θ1(ω0)+θ2(ω0)+θ3(ω0) we considered three
frequency intervals, heaving the experimentally determined data in the
middle one, denoted (a,b). We have [4]:
R(a ) ⎛ a + ω0 ⎞
⎟,
(1)
θ1 (ω0 ) = ln
ln⎜
2π ⎜⎝ a − ω0 ⎟⎠
for the low frequency domain,
ω b ln R(ω )
(2)
dω ,
θ 2 (ω0 ) = − 0 P ∫ 2
π a ω − ω02
for the frequency interval (a,b), and for the high frequency domain:
2 n −1
1 ln R(b ) ⎞⎛ ω0 ⎞
R (b ) ⎛ b + ω0 ⎞
(3)
⎟⎟ + ∑ ⎛⎜ bn +
θ 3 (ω0 ) = ln
ln⎜⎜
⎟⎜ ⎟
π
π 2n − 1 ⎠⎝ b ⎠
⎝ b − ω0 ⎠ n=1 ⎝
where bn were series expansion coefficients determined numerically.
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RESULTS AND DISCUSSIONS

a.) ethyl xanthate

a.) ethyl xanthate

b.) amyl xanthate

b.) amyl xanthate

c.) isobutyl xanthate

c.) isobutyl xanthate

Figure 1. Time dependence of the
Figure 2. Time dependence of the
spectral distribution of the
spectral distribution of the
dielectric constant for the
dielectric loss function for the
chalcopyrite – xanthate solution
chalcopyrite – xanthate solution
interface
interface
A program for a personal computer was created to find the coefficients in
the series expansion of the reflectivity, to compute the phase shift using the
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experimental and extrapolated values, after which the real and imaginary
part of the complex valued dielectric constant could be determined.
To have a better overview on the time evolution of the spectral distribution
for the real and imaginary part of the complex dielectric constant we used
3D graphs. Figure 1 and 2 presents these graphs for the three xanthate
solutions that we used on the chalcopyrite mineral.
The variations of the real dielectric constant exhibit huge initial time
dependent oscillations in the 1-1.5eV domain. These oscillations tend to
smooth out as the dynamic adsorption equilibrium sets in after 20-25min.
After the relatively smooth time dependence of the local minimum found
around 1.5eV, the dielectric constant reaches its time oscillating maximum
at around 2.5eV, and then an exponential drop follows. At energies over
4.3eV the values of ε1 remain constant.
The same oscillations are present in the behaviour of ε2 at low energies. This
quantity reaches its maximum at energies slightly higher than 3eV; a
decrease follows to a constant plateau at high energies. One can also
observe higher absolute values for amyl-xanthate, lower ones for the
isobutyl-xanthate, while ethyl-xanthate produces the lowest ones.
CONCLUSION
In this work we present UV-VIS differential reflectance spectroscopy as a
method of determining the “in situ” dynamics of adsorption processes at the
chalcopyrite and potassium ethyl-, amyl-, isobutyl-xanthate solution
interface. One determined the complex reflection coefficient measuring the
differential reflectance of the interface, then computing the phase shift in the
Krames-Kronig formalism. The extrapolation used in the computations is
also presented. One could plot the time dependent behaviour of the real and
imaginary part of the complex dielectric coefficient over the UV-VIS
domain. Initial oscillations in the low energy region are observed, the
maximum values are identified, plateaus at high energies are obvious, while
a time to reach dynamical adsorption equilibrium of 20-25min can be
determined.
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ABSTRACT
The paper presents the time evolution of the optical spectral distribution for
the attenuation coefficient, refractive index and extinction coefficient,
effective valence number and of the electron loss functions for the interface
formed between the chalcopyrite natural mineral and the potassium ethylxanthate solution. One used the complex dielectric coefficient computed
from differential optical reflectance spectroscopy data in the framework of
the Kramers-Kronig formalism.
INTRODUCTION
Dynamic “in situ” measurements can be made with the differential
reflectance spectroscopy method and, using computer aided data processing,
fast access to the variation of the studied microscopic carrier dynamics in
strongly correlated electron thin layers can be obtained. One can draw
conclusions of the electrical and optical properties of thin films formed at
semiconductor-collector reagent interface, determining optical and electrical
functions that cannot be measured directly.
EXPERIMENTAL SETUP AND THEORY
Our differential reflectance spectroscopy measurements were made using
the SPECORD M-40 spectrophotometer in the domain of 200-900 nm for
the chalcopyrite natural mineral in contact with potassium ethyl-xanthate.
The Kramers-Kronig formalism with a suitable extrapolation for the
reflectance on low and high energy domains was used to determine the
phase of the complex reflectance. When complex dielectric coefficient,
denoted here by ε=ε1+iε2 [1-3], over the covered optical spectrum was
computed, one could proceed to determine time dependence of the spectral
distribution of the some electrical and optical parameters of the interface.
The complex dielectric constant is directly linked to the complex index of
refraction and absorption n* of the medium by the relation:
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n* = ε = n + ik ,
(1)
where n is the refractive index and k is the extinction coefficient. These two
quantities cannot be measured directly at the same time in optical
experiments. We used the following formulas to determine them [4,5]:
n=

ε 12 + ε 22 + ε 1

, k=

ε 12 + ε 22 − ε 1

(2)
2
2
Using the classical theory of absorption and the Beer-Lambert law, the
absorption coefficient α can be computed from the extinction coefficient by
the relation:
α = 2ωk ,
(3)
where the speed of light was set to be equal with the unity. The skin depth
and the penetration depth, defined as δskin=2δpen=2/α, were not studied
separately.
The effective valence number neff can give a numerical estimate of the
various physical quantities involved in the cohesion of atomic aggregates. It
represents the average valence number of the chemical compound divided
by the number of atoms found in that compound.
The characteristic electron loss functions –Im(1+ε)-1 and –Im ε-1 are
important in the determination of the energy needed by an electron to jump
over the band gap formed between the valence band and conduction band.
RESULTS AND DISCUSSIONS
For a better view over the time evolution of the spectral distribution of the
studied properties we have represented the variations using 3D graphs.

Figure 1. Time and energy
Figure 2. Time and energy
dependence of the refractive index n
dependence of the extinction
of the interface
coefficient k of the interface
The variation of the refractive index is presented in figure 1. At low energies
of 1-1.5eV one can see time dependent oscillations of the refractive index
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which tend to smooth out, at the onset of the dynamical adsorptiondesorption equilibrium, after approximately 20min. The refraction index
shows maximum values of around 5 in the 2-3eV (410-620nm) interval.
Semiconductors have high refraction indexes in the VIS part of the
spectrum. The maximum oscillates in time and has the tendency to shift to
higher energies. As the theory predicts, at high energies, above 4eV this
quantity tends to reach values slightly higher than 1. The time and energy
dependence of the extinction coefficient can be seen in figure 2. It presents a
saddle-like behaviour with low extinction in the NIR region and a maximum
that shifts with time from 3eV towards 3.5eV. At higher energies one can
observe a relatively high extinction that reaches a plateau value of 2.

Figure 4. Time and energy
Figure 3. Time and energy
dependence of the effective valence
dependence of the absorption
number neff of the interface
coefficient α of the interface
The time dependent behaviour of the absorption coefficient α is presented in
figure 3. One can observe very low absorption values in the NIR spectrum, a
steep increase in the VIS domain until a constant, very high absorption is
reached in the UV part of the spectrum. The initial absorption values are the
lowest. At the onset of the adsorption dynamic equilibrium the values over
the NIR spectrum raise rapidly, as the values of k do. The effective valence
number does not exhibit dramatic changes over time. In the spectral
dependence one can see that it takes values close to 0 for low energies, a
monotonous increase towards in the VIS domain to attain a high positive
value on the UV part of the spectrum. The values remain always positive
indicating that the interface has an electropositive character, fact that is
easily predictable [6]. Studying the representations of the electron energy
loss functions in figure 5 one can observe their monotonous increase until
reaching the UV part of the spectrum. One cannot observe the van Hove
singularities that were so obviously displayed in the case of the mineral, but
only on the first measurement near the 6eV value. The presence of valence
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band gap is being masked out by the adsorption thin layer interface
products.

a.)

b.)

Figure 5. Time evolution of the spectral distribution for the electron
energy loss functions a.) –Im ε-1 and b.) –Im(1+ε)-1 of the interface
CONCLUSION
In the present work we computed and presented the time evolution of the
spectral distribution of some optical (refraction index, extinction and
absorption coefficient) and electrical (effective valence number and electron
energy loss functions) properties of the adsorption interface formed between
chalcopyrite natural mineral – potassium ethyl-xanthate. Because these
quantities cannot be determined during one experiment, we used differential
reflectance data and applyied the Kramers-Kronig formalism for the “in
situ” dynamical monitoring of the evolution of the adsorption process.
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ABSTRACT
Enormous efficiency losses and subsequent economic consequences in
energy systems, caused by deposition of corrosion products on heat
exchange surfaces, created a requisite to study the surface characteristics of
deposit components in order to minimize and control its formation. This
work treats and summarizes employed experimental techniques for
characterization of magnetite/aqueous electrolyte solution interface at high
temperatures. Consequently, potentiometric titrations, mass titrations,
electrophoresis and streaming potential were considered, their capabilities
were highlighted and main features were discussed. It was concluded that
potentiometric titrations together with electrophoresis are the most effective
techniques for future researches of interest to the power industry and the
further work should be focused on improving of experimental techniques in
the direction of higher temperature measurement.
INTRODUCTION
Processes at oxide/water interfaces are of utmost importance for deposit
formation in water/steam cycles of power plants and other industrial
equipment using high temperature water medium. Magnetite (Fe3O4) is a
predominant deposit compound in all types of power plants and knowledge
of its surface and electrokinetic characteristics at high temperatures are
highly important for understanding the mechanism of deposition formation.
However, there is a deficiency of data on surface properties of magnetite
due to lack of experimental techniques and facilities operating at high
temperatures. In this paper a succinct review and analysis of existing
experimental techniques for magnetite surface characterization at elevated
temperatures was presented and directions for their future development and
utilization in power industry was given.
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EXPERIMENTAL
The following electrochemical techniques were used so far for the study of
surface characteristics of magnetite at high temperatures: potentiometric
titrations, mass titrations, electrophoresis and streaming potential. The
temperatures at which the measurements were performed are presented in
Table 1.
The potentiometric titrations are the widely used technique for determining
temperature effect on the interface magnetite/aqueous electrolyte solution
[1, 2, 3, 4]. This technique represents a useful tool for estimation of surface
charge density and the point of zero charge of magnetite particles from the
inflection point. The value of the surface charge was derived from the
following equations:
σ=(F/A)(ΓH+-ΓOH-)

(1)

where σ is surface charge density (C m-2), F is the Faraday constant (9.6485
x 104 C mol-1), A is the specific surface area (m2 g-1), and ΓH+ and ΓOH- are
the adsorption densities of H+ and OH- (mol m-2), respectively. Amount of
H+ and OH- at the surface area was calculated as a difference between the
amount of acid or base added in suspension and that added in blank. Then,
the difference was divided by the surface area of the colloidal magnetite
particles. The point of zero charge (pHpzc) is obtained by calculating the
surface charge as a function of the concentration of the charge-determining
ions (H+ and OH-) at various concentrations of the background electrolyte.
The common intersection point of surface charge curves is acquired at three
or more ionic strengths. For determination of the point of zero charge mass
titration was also employed [5] involving the addition of subsequent shares
of oxide powder in aqueous electrolyte solution to achieve a constant pH
value of equilibrated dispersion, which represents the point of zero charge.
In comparison with potentiometric titration this technique is simpler, easier
and does not require the utilization of different ionic strengths or blank
titrations. A very useful technique for determining the surface characteristics
of magnetite is electrophoresis [6] which makes it possible to measure
potential at the surface of shear (zeta potential) and provides the plausible
data at high temperatures. Electrophoresis is referred to as movement of
charged surface spaces under the influence of an external electric field. The
zeta potential of magnetite was computed from the experimental particle
mobility values using the O’Brien and White (1978) numerical approach.
The zeta potential enables the determination of the isoelectric point (pHIEP)
representing the condition at which the suspension exhibits the lowest
stability. The most obvious advantage of this technique is that, except the
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particle-particle interaction, permits the particle-wall interaction comparing
the zeta potential of magnetite particles with that of the substrate. Besides
electrophoresis, the zeta potential of magnetite at 235oC was measured by
streaming potential [7] which is based on measuring the potential drop
between two ends of a fine capillary or a powder packed column. However,
these measurements showed a lack of reproducibility.
.
RESULTS AND DISCUSSION
Good agreement was found between the values of the point of zero charge
(pHpzc) and isoelectric point of magnetite (pHIEP) obtained by above
described techniques (Table 1). Only the results obtained by streaming
potential
show
Table 1. Techniques used to study the magnetite
inconsistency
oxide/electrolyte solution interface at high
with other results.
temperatures and obtained values of pHpzc and pHIEP
Therefore, some
pHpzc pHIEP
Technique
Reference
Temperature
(oC)
authors do not
25
6.55
consider
this
35
6.30
Potentiometric
Tewari and
45
6.10
technique as a
titration and oxide
McLean (1972)
55
5.90
addition
suitable for the
60
5.80
80
5.60
measurement of
90
5.40
magnetite surface
25
6.90
Potentiometric
Blesa et al.
30
6.80
properties
titration
50
6.45
(1984)
considering
it
80
6.00
Jayaweera
235
6.10
Streaming potential
more appropriate
50
6.50
for the study of
100
6.24
Potentiometric
Wesolowski et
150
5.65
flat surfaces. It
titration
200
5.47
al. (2000)
was found in the
250
5.31
290
5.55
literature
that
5
6.60
some
authors
15
6.30
25
6.20
consider
the
35
6.10
credibility
of
50
6.00
Barale et al.
Mass titration
50
5.60
point of zero
70
5.50
(2008)
charge obtained
90
5.50
125
5.20
by mass titration
250
5.20
also
limited
285
5.90
320
6.10
because of high
25
6.35
sensitivity to the
Vidojkovic et
Electrophoresis
100
6.00
al. (2011)
150
5.25
minor
200
5.05
concentrations
of
100
6.08
Potentiometric
Zebardast et al.
125
5.81
acidic
or
basic
titration
(2014)
150
5.44
impurities present
175
5.11
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on the surface. Consequently, the mass titration can be recommended only
for very pure (acid-and base- free) materials. On the other hand, results
obtained by potentiometric titration and electrophoresis allowed the reliable
characterization of magnetite oxide/electrolyte solution interface at
temperatures up to 290oC and 250oC, respectively.
CONCLUSION
Based on the analysis of literature data the conclusion was made that
combination of the zeta potential and compatible surface titration data
would be the most effective in studying the surface behaviour of magnetite
particles at high temperatures. They can enable the establishment of relation
between suspended particles and metal substrate, determination of the effect
of adsorption of charge determining species on the surface properties of
suspended particles and creating mathematical models for predicting the
surface behaviour of magnetite particle. Future advancement of these
techniques should go towards achievement the temperature ranges over
290oC for potentiometric titration and 250oC for electrophoresis.
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ABSTRACT
Separation of Y(III) from Sr(II) was performed using the hollow fibre
membrane contactor operated in a recirculation mode. The steady-state was
established after ~5 h of operation and the maximum removal of Y(III) from
the donor to the acceptor was achieved at the donor flow rate of 4.7 cm3
min-1. The investigated system showed promising results as a method which
could be potentially applied for the preparation of 90Sr/90Y generator system.
INTRODUCTION
Sr is an ideal source of carrier-free 90Y (T1/2 = 64.1 h, E ,max = 2.3 MeV),
which has suitable radionuclidic characteristics for the application in
endoradiotherapy of malignant tumors. The separation of carrier-free 90Y
from 90Sr might be achieved by a variety of physicochemical methods [1 4], among them is method based on the supported liquid membranes
(SLMs).
SLM extraction is based on a three-phase system and involves simultaneous
extraction and re-extraction. The pores of a microporous hydrophobic
membrane are filled with the organic phase (extractant or liquid membrane)
held by the action of capillary forces, while the feed (donor) and the
stripping (acceptor) solutions are placed at the opposite sides of the
membrane. SLM extraction is performed in a continuous-contact mass
transfer devices – membrane contactors, designed as compact units using
either flat sheet or hollow fibre (HF) hydrophobic membranes.
The purpose of the present study was to investigate SLM extraction of
strontium and yttrium with di(2-ethylhexyl)phosphoric acid (DEHPA) as a
carrier in a continuous HF contactor operated in a recirculated mode, with
90
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regard to the potential application of the applied system for the generation of
carrier-free 90Y from 90Sr source. The influence of the time of extraction and
the donor phase flow rate on the efficiency of separation of Y(III) from
Sr(II) was observed.
EXPERIMENTAL
Separation of Y(III) from Sr(II) was carried out in the self-designed
membrane contactor containing seven HF polypropylene membranes,
ACCUREL 50/280 (Membrana GmbH,
Wuppertal, Germany), enclosed in a
glass shell. Experimental setup of a
recirculating SLM extraction system is
shown in Fig. 1. SLM extraction
system consisted of a HF membrane
contactor (C), two reservoirs for the
donor and acceptor solutions (R1 and
R2), two peristaltic pumps (P1 and P2)
and magnetic stirrer (M).
HF membranes, with the effective
length of 119 cm, were impregnated
with 15% DEHPA in dodecane. The
donor solution (5.5 mM Sr(II) and 0.2
mM Y(III)/0.1 M HCl), 25 cm3, was
fed along the shell side of the fibre and
recirculated in a closed loop between
the module and reservoir R1 using
Figure 1. Experimental setup of
peristaltic pump P1. The flow rate of
3
a recirculating SLM extraction
the donor phase, QD, was 0.8-4.7 cm
-1
system.
min . The acceptor solution (3 M
3
HCl), 4 cm , was pumped through the lumen of the HF using peristaltic
pump P2 and recirculated between the module and reservoir R2. The flow
rate of the acceptor, QA, was 0.8 cm3 min-1. The donor and acceptor
solutions flowed co-currently within the module.
Strontium and yttrium concentrations in the donor and acceptor solutions
were determined by ICP-OES, Spectroflame model B (Spectro Inc., MA,
USA). The efficiency of Sr(II) and Y(III) mass transfer through the liquid
membrane was evaluated using the following parameters: the removal
efficiency, ER, (represents the fraction of the respective metal ion removed
from the donor phase), the extraction efficiency, E, (represents the fraction
of the metal ion initially present in the donor phase that was found in the
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acceptor after extraction) and the memory effect, M, (the fraction of the
respective metal ion captured in the organic phase).
RESULTS AND DISCUSSION
Fig. 1 shows time-dependent variations of the Y(III) concentration in the
donor and acceptor phase reservoirs at five different donor flow rates. As
can be seen, the concentration of Y(III) in the donor reservoir decreased
significantly during the first 4 h of operation, and then gradually reached a
plateau, whereas its concentration in the acceptor increased nearly in the
same manner. The steady state was established after ~5 h of operation.
The lowest Y(III) concentration in the donor and the highest Y(III)
concentration in the acceptor were achieved at the QD of 4.7 cm3 min-1. At
the same QD, Sr(II) concentration in the donor was reduced by 8%
compared to the initial Sr(II) concentration. Despite this fact, re-extraction
of Sr(II) in the acceptor was practically negligible (< 0.03% of its initial
concentration). The obtained results suggest that the applied system could
be potentially applied as a generator of 90Y for use in nuclear medicine.

Figure 2. Time dependence of the Y(III) concentration in the donor (cD) and
acceptor (cA) phase at different QD: (■) 0.8 cm3 min-1, (□) 1.6 cm3 min-1, (●)
2.4 cm3 min-1, (○) 3.2 cm3 min-1, (▲) 4.7 cm3 min-1. QA was 0.8 cm3 min-1.
The steady-state values of the extraction parameters (E, ER and M) are
presented in Table 1. It can be seen that the ER of Y(III) increased
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significantly with increasing the QD from 0.8 to 3.2 cm3 min-1, but the effect
was less pronounced with further increase in the QD. E of Y(III) was not
such affected by increasing the QD, indicating that a portion of the extracted
Y(III) remained in the organic phase. The reason for the suppressed reextraction of Y(III) at higher QD could be the increased viscosity of the
organic phase or insufficient contact area provided for the re-extraction.
Table 1. Efficiency parameters of Y(III) transport through SLM as a
function of the donor flow rate.
QD, cm3 min-1 ER, %
E, %
M, %
0.8
48.6
44.2
4.4
1.6
59.6
49.8
9.8
2.4
72.3
54.8
17.5
3.2
87.0
56.8
30.1
4.7
89.9
59.3
30.6
CONCLUSION
The obtained results indicated that the HF membrane contactor under
recirculation mode of operation enabled efficient separation of Y(III) from
Sr(II) at all investigated donor flow rates. The maximum removal of Y(III)
(~60%) from the donor to the acceptor was achieved after 6 h of operation at
the QD of 4.7 cm3 min-1. However, additional effort is needed to ensure
lower degree of Y(III) accumulation in the organic phase.
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ABSTRACT
Ordered mesoporous carbon (OMC) was used as an adsorbent for the
removal of pertechnetate (TcO4-) anion. Batch experiments were performed
to study the effects of pH and ionic strength of the solution. The adsorption
of TcO4- is almost pH-independent in very wide pH region (from 4.0 to
10.0). Maximum distribution coefficient, Kd, was obtained at pH 2.0.
Adsorption of TcO4- was not affected by the ionic strength changes.
INTRODUCTION
The presence of the long-lived radionuclide 99Tc (t1/2 = 2.1 x 105 y) in the
environment comes from anthropogenic nuclear activities such as nuclear
power plants, nuclear weapons testing facilities, reprocessing of spent
nuclear fuel, nuclear accidents and medical application of 99mTc. The
predominant chemical form of the radionuclide 99Tc is the highly soluble
and environmentally mobile TcO4- anion, that easily penetrates the
ecosystems [1]. Because 99Tc is hazardous to the environment, its effective
removal from contaminated groundwater and sediments is considered a
primary task.
Removal of TcO4- by activated carbons is one of the most efficient
processes, because of large specific surface area, porous structure and
variety of surface functional groups of activated carbons. Ordered
mesoporous carbon belongs to a family of porous materials which attracted
great attention in recent years due to its unique features such as high surface
area and uniform, large and tunable pore channels. These features make
OMC attractive for use in the adsorption processes.
The aim of the present paper was to investigate the influence of the solution
pH and ionic strength on the TcO4- sorption by the OMC.
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EXPERIMENTAL
The OMC was synthesized under acidic conditions as previously described
by Momčilović et al [2]. Radioactive technetium (in the form of
pertechnetate) was obtained from a 99Mo/99mTc generator and its radioactive
concentration was determined by a Capintec CRC-15 dose calibrator
(Capintec, Inc. Ramsey, USA). The resolution of the instrument is 0.001
MBq, i.e. 0.01 Ci. The measurements of 99mTc activity in aliquots were
made using vial geometry.
Batch experiments were performed at room temperature by mixing 0.04 g of
well powdered OMC adsorbent and 10 cm3 of working 99mTcO4- solution in
closed glass vials. Experimental set-up is presented in Fig. 1. The total
99m
TcO4- radioactive concentration in the working solution was 1.4 MBq
cm-3 (37.8 mCi cm-3). The initial pH was adjusted by using either 0.1 M HCl
or NaOH. The samples were shaken on a laboratory shaker for 60 min at a
stirring speed of 200 rpm. After that, the liquid phases were separated from
the solid phases by filtration
through
a
microporous
membrane filter (0.45 µm).
The
residual
radioactive
concentration of 99mTcO4- in
each aliquot was determined
with a Capintec CRC-15 dose
calibrator.
The effects of solution pH
(2.0-12.0) and ionic strength
(0.01 and 0.1 M NaCl) were
investigated with respect to
Figure 1. Experimental set-up for the
the removal efficiency of
sorption of TcO4- onto the OMC.
TcO4-. All experiments were
carried out in duplicate, and
the data obtained were used for analysis.
The removal efficiency (E, %) and the distribution coefficients (Kd, cm3 g-1)
of 99mTcO4- were calculated using the following equations:
(Ai − A f )
E=
(1)
× 100
Ai
(Ai − A f ) V
(2)
Kd =
×
Af
m
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where Ai and Af are the initial and the final 99mTcO4- radioactive
concentrations in the liquid phase (MBq cm-3), V the volume of the solution
(cm3) and m the mass of adsorbent (g).
RESULTS AND DISCUSSION
The effect of the solution pH and ionic strength, I, on the adsorption of
TcO4- using the OMC was investigated at varying pH values from 2.0 to
12.0. The obtained results are presented in Fig. 2. It is evident that the
adsorption of TcO4- was pH-dependent, with maximum removal efficiency
of 99% at the pH value 2.0. Then, the removal efficiency slightly decreases
and reaches the value of 93% at the pH values between 4.0 and 10.0. At the
pH values beyond 10.0,
the adsorption of TcO4decreased sharply and the
removal efficiency of
TcO4- fell to 72%. The
distribution coefficients,
presented in the insert in
Fig. 2, behaved in a
similar manner as a
function of solution pH,
with the maximum Kd
value of 6.6 x 103 at the
pH 2.0, plateau with the
mean Kd of 2.9 x 103 at the Fig. 2 Effect of pH and ionic strength (0.01 and
pH range from 4.0 to 10.0, 0.1 M NaCl) on the sorption of TcO4- by the
and the Kd value less than OMC. Insert: Variation of Kd values with pH
1 x 103 at the pH > 10.0.
and ionic strength.
Under the investigated
experimental conditions, E and Kd values are insensitive to ionic strength
changes, indicating that the sorption of TcO4- was not affected by the
presence of competing Cl- ions.
CONCLUSION
Ordered mesoporous carbon (OMC) was investigated for its sorption
capability to remove pertechnetate (TcO4-) anions from aqueous solutions.
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The conclusions are summarized as follows:
- Maximum E and Kd values of 99% and 6.6 x 103 cm3 g-1,
respectively, were obtained at the pH 2.0;
- The adsorption of TcO4- is almost pH-independent in very wide pH
region (from 4.0 to 10.0);
- The sorption of TcO4- was not affected by the presence of
competing Cl- ions.
The obtained results indicate that the TcO4- sorption by the OMC is well
classed compared to other carbon materials (adsorbents). As a material
resistant to aging (to the oxidizing conditions and the presence of water), as
well as its good sorption properties, the OMC appears to be an efficient
adsorbent for the TcO4- removal from aqueous solutions.
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ABSTRACT
Zeta and redox potentials and IR data showed that the adsorption of
ethylxantate anions ( C 2 H 5 CS −2 , EX−) on oxidised galena surface started by
ion exchange reaction with sulphate ions from the surface oxidation layers.
The next steps are: 1) surface oxidation layers solubility; 2) chemical
adsorption of EX− on -Pb- surface galena sites; 3) formation of physically
adsorbed Pb(EX)2.
INTRODUCTION
Many researchers have studied the sulphide minerals surface oxidation as
the degree of surface oxidation and thermodynamic and kinetic stability of
oxidation products affect surface properties, mechanism of the collector
adsorption and thereby the hydrophobic-hydrophilic surface balance and
mineral floatability. In the case of the galena (PbS) the metal-deficient
surface, metal polysulphide or elemental sulphur are suggested as species
responsible for galena surface hydrophobization. A prolonged oxidation
lead to the formation of hydrophilic sulphur-oxygen compounds of
thiosulphate and sulphate [1] and/or carbonate or basic carbonate of lead:
2PbS + 5H2O = PbO + S2O 32− + 10H+ +8e
(1)

and/or
PbS + 5H2O = PbO + SO 24− + 10H+ + 8e
(2)
For each of the above reaction the cathodic balance is an oxygen reduction
reaction.
The goal of this study was to investigate the effect of the galena surface
oxidation on the mechanism of ethylxanthate adsorption in the pH range
from 6.0 to 7.0.
EXPERIMENTAL
Natural galena (n-type conductivity), was manually selected and ground in
an agate mortar several hours. Samples of the mineral used in the test
immediately after grinding are referred to as fresh galena. The oxidised
galena samples were prepared by being exposed after grinding to air for two
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years. The specific surface areas of mineral samples were determined in a
Coulter Counter Model D Industrial (fresh galena 2.20 m2/g; oxidised
galena 2.25 m2/g). Commercial grade potassium ethylxanthate (KEX) was
purified by multiple recrystallizations from acetone, and then used as
flotation collector (surfactant for galena surface hydrophobization). Nanitrate was used to adjust the ionic strength I=1x10-2) in zeta potential
measurements which were made on a Riddick Zeta-meter using the
microelectrophoretic technique. Reflection infrared spectra were recorded
using a Perkin Elmer Infrared Spectro-photometer with ATR-attachment.
The mineral suspension (0.250 g of the mineral and 0.025 dm3 of distilled
water) was stirred without or with KEX for 15 minutes, except when a
different stirring time was selected. After decantation sedimented mineral
was placed on the Ge crystal and IR spectrum was recorded. Redox
potential expressed in relation to the SHE, was deter-mined in the same IR
experimental conditions, using platinum and saturated calomel electrodes.
The pH of mineral suspensions was between 6.0 and 7.0.
RESULTS AND DISCUSSION
For fresh galena (Fig.1, curve 1) an increase in KEX concentration
provoked the rise in negative values of zeta potential, which indicating EXadsorption in the Stern layer of the double electric layer of the mineral.
However, the oxidised galena zeta potential remained unchanged up to
1x10-4 mol dm-3 of KEX concentration (curve 2). Further increase in KEX
concentration led to an increase in negative zeta potential values also
confirming EX- adsorption.
For electrochemical mechanism of xanthate adsorption on galena surface
[2]:
(3)
PbS + 2EX − = Pb(EX)2 + So + 2e
−
½ O2 + H2O + 2e = 2OH
(4)
redox potential of galena suspension relative to KEX concentration was
calculated using the Nernst equation (Fig.2, curve 3) [2]:
Eh =  0.139  0.059 log cEX(5)
Curve 1 (Fig. 2) shows that the fresh galena suspension redox potential
decreases with the increase in KEX concentration. This curve has similar
slope as curve 3, but the values were more positive than those obtained
according to the Nernst equation (5). The oxidised galena redox potential
(Fig. 2, curve 2) is the most positive. The values slowly decrease with
increasing of KEX concentration up to 1x10-4 mol dm-3, as in the case of
zeta potential.
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Figure 1. Zeta potential of galena as a function of KEX concentration:
1) Fresh galena; 2) Oxidised galena.
Figure 2. Redox potential of galena as a function of KEX concentration:
1) Fresh galena; 2) Oxidised galena; 3) Calculated data using equ.3.
Figure 3. IR spectra of galena: 1) oxidised
galena (OG); 2) OG+KEX; 3) OG+KEX
(agitated in distilled water 15 minutes and
decanted before KEX addition); 4) fresh
galena+KEX; 5) OG+KEX (1x10-3 mol dm-3);
6) OG (agitated in distilled water 35 minutes)
+ KEX.
In any case, according to Eh-pH diagram [1]
the measured redox potential of each tested
galena sample fell in the region of Pb(EX)2
stability, under the tested pH conditions and
reagent concentrations. The absorption band
in the range 1200-900 cm-1 in the spectrum 1
of oxidised galena (Fig.3) confirms the formation of surface sulphate and/or
thiosulphate [3]. In the presence of KEX (Fig. 3 spec. 2) both lead
ethylxanthate in a small amount (band about 1210 cm-1), and lead sulphate
could be identified in the oxidised galena surface layers. However, the
intensive absorption band at 1210 cm-1 characteristic for Pb(EX)2 (Fig.3,
spec. 3) was obtained for the same KEX concentration only when the
oxidation product was partly removed from mineral surface and aqueous
solution decanted before the KEX addition. The position band above 1200
cm-1 indicates the prevailing presence of stoichiometric lead ethylxanthate at
the mineral surface [4]. The same effect on oxidised galena is accomplished
using 2.5 times higher KEX concentration in the solution, without
decantation (Fig. 3, spec. 5). In contrast, KEX adsorption layers on fresh
galena (Fig.3, spect. 4) contain both, monocoordinated (-Pb-EX (-Pb-
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surface mineral site), 1195 cm-1) and stoichiometric lead ethylxanthate
(Pb(EX)2, 1210 cm-1), in approximately equal quantities. The prolonged
agitation without decantation of the solution did not have any significant
effect on the amount or form of the adsorbed ethylxanthate (Fig.3, spectrum
6).

CONCLUSION
The obtained IR results showed that the oxidised galena was covered by
multilayers of surface oxidation compounds (lead thiosulphate and
sulphate). The prevailing suggested mechanism of the ethylxanthate
adsorption is at the beginning the ion exchange reaction between anionic
groups at the surface (not deep) of the oxidation layers and EX− anions from
the solution:
PbSO4+2 EX− =Pb(EX)2 +SO 24−
(the oxidised galena zeta potential remained unchanged at lower KEX
concentrations; IR confirmed Pb(EX)2 on the surface). But due to the
relatively high solubility of oxidations products (solubility products: PbSO4
1.3x10-8; PbS 9.3x10-29, at 298 K) physically adsorbed Pb(EX)2, was then
removed from the oxidised galena surface together with several layers of the
surface oxidation film, not participating in the galena surface
hydrophobization. After this "cleaning" of the surface ethylxanthate anions
were chemically adsorbed, forming monocoordinated -Pb-EX at galena
surface and affecting the zeta potential, and physically, stoichiometric
Pb(EX)2, according to the electrochemical mechanism (reactions 3 and 4).
These adsorption species are necessary for the mineral hydrophobization
and they are formed on the oxidised galena surface or after aqueous solution
decantation before KEX addition or using higher surfactant concentration
and longer agitation time.
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ABSTRACT
The performances of mixtures of different surfactants: anionic (sodium
lauryl ether sulfate (SLES) and ά-olefin sulfonates (AOS), amphoteric (coco
betaine) and nonionic (coco amide, amine oxide, AO and various etoxylated
alcohols, C12-C15-7EO, C10-7EO and C9-C11-7EO), were studied. The
parameters measured were critical micelle concentration (CMC) and surface
tension of particular tenside mixture. The combination of SLES/AOS/C9C11-7EO/AO at ratio 75/15/7/3 achieved the lowest both the CMC and
surface tension compared to the other examined tenside mixtures
(SLES/AOS, SLES/AOS/coco betaine/AO, SLES/AOS/coco amide/AO,
SLES/AOS/C12-C15-7EO/AO and SLES/AOS/C10-7EO/AO). This study
showed that adding nonionic tenside (alcohol ethoxylate, C9-C11-7EO)
improved SLES/AOS foaming properties, synergism in detergency between
them. The reduction in the surface tension was obtained, thus indicated that
alcohol ethoxylate, C12-C15-7EO, C10-7EO and C9-C11-7EO can be used
to produce better cleaning products.
INTRODUCTION
Washing and cleaning in aqueous wash liquor is a complex process
involving the cooperative interaction of numerous physical and chemical
influences. In the broadest sense, washing can be defined as both the
removal by water or aqueous surfactant solution of poorly soluble matter
and the dissolution in water (soluble impurities from textile surfaces).
Surfactants (tensides or surface active agents) are amphiphilic molecules
that possess both hydrophobic and hydrophilic properties. A typical
surfactant molecule consists of a long hydrocarbon “tail” that dissolves in
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hydrocarbon and other non-polar solvents, and a hydrophilic ″headgroup″
that dissolves in polar solvents (typically water) [1]. Because of its dual
affinity, an amphiphilic molecule in different solvents show more or less
marked tendency to the spontaneous: a) accumulate in the phase boundary
surfaces by reducing the surface tension of the solution, and b) form
aggregates of molecules (micelles). Namely, when a sufficient amount of
surfactant is dissolved in water, several bulk solution properties are
significantly changed, particularly the surface tension (which decreases) and
the ability of the solution to solubilize hydrocarbons (which increases).
These changes do not occur until a minimum bulk surfactant concentration
is reached. This concentration is called the critical micelle concentration,
CMC. Several experiments, show that below the CMC, the surfactant exists
mainly as solvated monomeric species, whereas above the CMC these
monomers undergo selfassembly to form roughly spherical structures
(having an average diameter of ~5 nm). Micelles are the simplest of all
selfassembly structures.
Generally, the main component for cleaner or detergents is a surfactant or
mixture of surfactants (anionic and non-ionic) such as in the modern
detergent formulations. Synergism between surfactants in detergent
formulations will affect the surfactant properties such as detergency,
foaming and wetting. For estimating detergency power and detergent
concentration of use, it is very important to determine both, the critical
micelle concentration and surface tension [2].
In this work, we investigated mixtures of different surfactants: anionic
(sodium lauryl ether sulfate, SLES and ά-olefin sulfonates, AOS),
amphoteric (coco betaine) and nonionic (and coco amide, amine oxide, AO
and various etoxylated alcohols, C12-C15-7EO, C10-7EO and C9-C117EO). The CMC values and surface tension of various tenside mixtures
were obtained from the conductometric and stalagmometric method.

EXPERIMENTAL
The conductivity measurements were applied to determine the CMC in
various combinations of surfactant systems. Those measurements were
carried out with digital conductivity meter SensION 5 (Hach, USA) with the
accuracy ± 0.5 %, and with the 51975 conductivity probe that uses the
4−ring method. The conductometric method is based on the finding of a
breaking point on the curve which describes the concentration dependence
of electrical conductivity. The value of CMC is the intercept of two linear
functions with mutually different slopes.
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All the surfactants mixtures were soluble in water. The surfactant mixture
solutions were prepared in a standard 100 mL volumetric flask (w/v) and
than diluted to desired concentration. The surface tension of each mixed
surfactants were measured with a stalagmometer. The determination of the
surface tension can be done by the drop-weight method or drop counting
method, and we used drop counting method.

RESULTS AND DISCUSSION
In this study, the values of the CMC and surface tension of different tenside
mixtures were obtained. We tested following mixture of surfactants: 1) two
anionic surfactants (SLES and AOS) − SLES/AOS; 2) two anionic
surfactants (SLES and AOS), one ampoteric (coco betaine) and one nonionic (AO) − SLES/AOS/coco betaine/AO; 3) two anionic (SLES and AOS)
and two non-ionic (coco amide and AO) − SLES/AOS/coco amide/AO; 4)
two anionic (SLES and AOS) and two non-ionic (C12-C15-7EO and AO) −
SLES/AOS/C12-C15-7EO/AO; 5) two anionic (SLES and AOS) and two
non-ionic (C10-7EO and AO) − SLES/AOS/C10-7EO/AO; 6) two anionic
(SLES and AOS) and two non-ionic (C9-C11-7EO and AO) −
SLES/AOS/C9-C11-7EO/AO. The ratio of SLES/AOS is (80/20) and in the
other experiment SLES/AOS/tenside/AO (75/15/7/3)
Representative plot of specific conductivity, κ, as a function of the
concentration, c, for surfactant mixture SLES/ά-olefin sulfonates (in the
ratio of 80/20 at 23 °C is shown in Figure 1.
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Figure 1.
Conductivity vs concentration
at 23°C for SLES/ά-olefin.
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For all examined mixtures of surfactants, each plot shows the single break
point. The CMC is obtained from the intersection of the fitting lines of the
κ−C plots above and below the break point [3]. For the criterion of the fit,
the best correlation coefficient was chosen. The obtained values of the CMC
of different tenside mixtures are all summarized in Table 1.
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The values of surface tension of 0.1% water solutions of tenside mixtures
are presented in Table 1. Using SLES/AOS mixture, the surface tension was
found higher (35.3 mNm−1) than with using other examined mixture
probably because of the lower polar charge of the latter. Mixing both
amphoteric tenside and nonionic tensides in the mixture of anionic
surfactants (SLES/AOS), further reduced the surface tension compared by
the SLES/AOS. This suggests a mixed micelle formation between anionic
and nonionic surfactants. The best detergency was obtained for
SLES/AOS/C9-C11-7E/AO from the ratio 75/15/7/3 with surface tension
22.8 mNm−1.
Table 1. The CMC and surface tension of various tenside mixtures
CMC (g/L)

γ (mN/m)*

SLES/AOS

0.33

35.3

SLES/AOS/coco betaine/AO

0.28

29.2

SLES/AOS/coco amide/AO

0.25

29.0

SLES/AOS/C12-C15-7EO/AO

0.10

23.2

SLES/AOS/C10-7EO/AO

0.09

23.0

SLES/AOS/ C9-C11-7EO/AO

0.09

22.8

Tenside mixture

*For 0.1% water solutions of tenside mixture

CONCLUSION
Nonionic tenside have a great influence on the CMC of anionic surfactant
mixture. Thus, mixture of tensides (anionic and nonionic) can be used in a
lower concentration. Favorable detergency properties of nonionic
surfactants derive largely from the following factors: a) low critical micelle
concentration, CMC = 0.09 g L−1, b) very good detergency performance and
c) the low CMC values of nonionic surfactants indicate that they show high
detergency performance even at relatively low concentrations.
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ABSTRACT
Two series of square-planar Ni(II) complexes with tridentate PNO ligands
and monodentate pseudohalides of the general formula [NiLX] and [NiL'X]
(L = ethyl (2E)-2-[2-(diphenylphosphino)benzylidene]hydrazinecarboxylate
and L' = 2-(diphenylphosphino)benzaldehyde 4-phenylsemicarbazone, X =
NCO-, NCS- and N3-) were synthesized. In this work DNA-binding and
cleavage activity have been studied by fluorescence methods.
INTRODUCTION
Two series of square-planar Ni(II) complexes with tridentate PNO ligands
and monodentate pseudohalides of the general formula [NiLX] and [NiL'X]
(L
=
ethyl
(2E)-2-[2-(diphenylphosphino)benzylidene]hydrazine
carboxylate and L' = 2-(diphenylphosphino) benzaldehyde 4-phenyl
semicarbazone, X = NCO- (1, 4), NCS- (2, 5) and N3- (3, 6) were
synthesized (Scheme
1).
The structures of
the complexes 1–6
were determined by
elemental analysis,
IR
and
NMR
spectroscopy and Xray crystal analysis
Scheme 1. a) Complexes of Ni(II) (1–3) with
[1, 2].
HL; b) Complexes of Ni(II) (4–6) with HL'.
Complexes 1–3 showed
a significant antifungal
activity, while only complex 3 displayed antibacterial activity [1].
Semicarbazonato complexes 4–6 showed moderate antibacterial activity [2].
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All investigated complexes 1–6 exhibited moderate cytotoxic activity to
tested tumor cell lines [2]. The activity was, at least in part, a consequence
of damage to DNA. The study of the interactions of these Ni(II) complexes
with linear calf thymus DNA (CT-DNA) and circular double stranded
plasmid DNA (pUC19) would provide information if DNA is the target
responsible for biological activity of the complexes.
EXPERIMENTAL
Fluorescence measurements: The competitive interactions of Ni(II)
complexes and the fluorescence probe ethidium bromide (EB) or Hoechst
33258 (H) with CT-DNA have been studied by measuring the change of
fluorescence intensity of each DNA−complex solution after addition of the
probe. Reaction mixtures containing 98 µM of CT-DNA (calculated per
phosphate) and different volumes of the complexes (10 mM stock solutions)
in 1 mL of bicarbonate buffer (40 mM, pH
8.4) were incubated for 60 min with
occasional vortexing at 37oC. 1 µL of 1%
EB solution or 1.5 µL of 1.5% H were
added to each solution. The incubation was
prolonged for 15 min at room temperature.
The control was DNA−probe solution.
Fluorescence spectra were recorded using a
Thermo Scientific Lumina Fluorescence
spectrometer (Finland) equipped with a
150W Xenon lamp at room temperature.
The slits on the excitation and emission
beams were fixed at 10 nm. EB and H were
excited at 500 nm and 350 nm,
respectively. Fluorescence emission was
collected in the range 520−700 nm for EB
and 390−650 nm for H.
Agarose gel electrophoresis on 0.8%
agarose gel prepared in TAE buffer (pH 8.24)
was used to analyzed double-stranded closed
circular plasmid pUC19 after incubation (at
37oC for 90 min) with different
concentrations of investigated compounds in
bicarbonate buffer (40 mM, pH 8.4). The gel
was stained with ethidium bromide and
visualized under UV light.
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Figure 1. A - Changes of
fluorescence intensities of
EB bound to CT-DNA in
presence of 1, 2 and 3;
B - quenching curves of
EB bound to CT-DNA in
presence of 1, 2 and 3.
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RESULTS AND DISCUSSION
For the study of the binding mode between the Ni(II) complexes and CTDNA, the relative binding characteristics such as quenching constant were
determined by fluorescence spectroscopy. Complexes had no obvious
fluorescence and EB was chosen as a probe to investigate the interactions of
CT-DNA with 1, 2 and 3 and H was probe
with 6. EB is known as a typical DNA
intercalator with strong binding affinity.
The extent of fluorescence quenching of
EB by competitive displacement from
DNA is a measure of interaction between
the second molecule and DNA [3]. The
emission spectra of EB bound to CT-DNA
in absence and presence 1, 2 and 3 were
recorded. The fluorescence intensities of
the emission band at λmax=596 nm for
EB−CT-DNA decreased remarkably with
the increasing of concentration of the
complexes (Fig. 1A). The obtained
fluorescence quenching data were analyzed
according to the Stern-Volmer equation
I0/I=1+Kr [4], where I0 and I represent the
fluorescence intensities of probe−CT-DNA
Figure 2. A-Changes of
in absence and presence of the complex,
fluorescence intensities of H
respectively. K is Stern-Volmer quenching bound to CT-DNA in presence
constant dependent on the ratio of the
of 10, 20, 30 and 40 µM of 6;
bound concentration of the probe to the B–quenching curve of H bound
bound concentration of CT-DNA. r is the
to CT-DNA by complex 6.
ratio of the concentration of the complex to
CT-DNA. K was determined by linear regression of a plot of I0/I against
r=[NiLX]/[CT-DNA] (Fig 1B). The quenching constants of EB−CT-DNA
system by 1, 2 and 3 were calculated as K=1.56±0.27, 0.71±0.12 and
1.18±0.26, respectively. The results indicate a good agreement of the
interactions between Ni(II) complexes and EB−CT-DNA with the model
based on Stern-Volmer equation which indicate that quenching process
occurred due to fluorophore−quencher complex formation i.e. EB−CTDNA−Ni(II) complex. The K values suggest that the effects of 1 are
stronger than those of 2 and 3. Minor groove binder H binds strongly and
selectively with high affinity to double stranded B-DNA structure [5]. The
fluorescence intensities of the emission band at λmax=444 nm in H−CT-DNA
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system decreased remarkably with the increasing of concentration of 6 (Fig.
2A).Quenching curve shown in Fig.2B was applied to determine K by linear
regression of a plot I0/I against r=[6]/[CT-DNA]. The corresponding
quenching constant of H−CT-DNA system by 6 was calculated as
K=1.82±0.59 (Fig. 2B). Deviation from linearity might be a consequence of
other processes such as base modification
and/or nicks formation.
The potential of Ni(II) complexes to cleave
pUC19 plasmid was studied using agarose
gel electrophoresis (Fig. 3). Upon the
addition of the complex 1 to the plasmid,
the supercoiled DNA converted into
nicked form and shorter fragments. 3 had a
weaker nuclease activity than other
Figure 3. Agarose gel
complexes. The maximal cleavage effect was
electrophoretic
analysis of
produced by 6, when the bands of the
cleavage
pUC19
by Ni(II)
supercoiled and linear forms almost
complexes
1,
2,
3
and 6. P
disappeared with decreasing of the mobility.
– control pUC19
CONCLUSION
The present study indicate possible degradation of CT-DNA by squareplanar Ni(II) complexes, therefore reducing its interactions with EB (1-3)
and H (6). The result show that DNA cleavage present a mode of action
for this Ni(II) complexes.
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ABSTRACT
Stacking interactions of metal-chelates with aromatic rings were
investigated by performing quantum chemical calculations. Very accurate
calculations leading to estimation of CCSD(T)/CBS interaction energies
revealed that copper chelate stacks to benzene molecule stronger than nickel
chelate. Several Minnesota functionals were shown to be in good agreement
with benchmark data and were used to construct the potential energy
surface. The most stable stacking interactions of copper and nickel chelates
with benzene have the energies of -6.40 and -4.75 kcal/mol, respectively.
The described interactions are of great importance in materials science,
since the properties of materials can be highly dependent on the stacking
interactions of its constituents.
INTRODUCTION
Metal-chelate rings and their interactions with aromatic molecules are of
great importance for the process of designing of conducting and magnetic
materials and in the areas of crystal engineering and catalysis [1-2]. Their
crystal structures are extensively studied [3] and interactions of metalchelates with aromatic rings are described [4].
However, energies of these interactions have not yet been adequately
described, although some attempts have been made [5]. The energies at
CCSD(T) level, the golden standard of quantum chemistry which requires
considerable computation resources, could not be easily computed.
Therefore, noncovalent interactions of metal-chelates and metal systems
overall are seriously underrepresented in all databases of energies of
noncovalent interactions.
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In this work we present our results on energies of stacking interactions of
metal-chelates and benzene. We managed to obtain very accurate
CCSD(T)/CBS energies of these interactions and found that several
dispersion corrected Minnesota DFT functionals as can reproduce the
benchmark data and therefore be used for calculation of potential energy
curves.
THEORETICAL METHODS
All calculations were performed in Gaussian09 series of programs. As
model-systems for metal-chelates we used nickel(II) complex and copper(II)
complex that both contain six-membered chelate ring. The most stable
geometries for certain offset values at ωB97xD/aug-cc-pVDZ level were
used for obtaining the benchmark (CCSD(T)/CBS) data (Figure 1).

Figure 1. Model systems used for calculation of energies of stacking
interactions of metal-chelates with benzene
The CCSD(T)/CBS values for model systems presented in Figure 1 were
calculated by using the extrapolation scheme proposed by Mackie and
DiLabio [6]. After obtaining these values, Minnesota functionals were tested
with aug-cc-pVDZ basis set in order to find considerably less expensive
method able to reproduce the benchmark data. All functionals were used
with Grimme’s D3 version of dispersion correction [7]. Potential energy
curves for stacking of metal-chelates with benzene were then calculated
using two of the tested functionals.
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RESULTS AND DISCUSSION
The values of CCSD(T)/CBS energies (Table 1) indicate that stacking
interactions of six-membered copper-chelate with benzene are stronger than
those of nickel-chelate (Table 1).
Table 1. Estimated CCSD(T)/CBS energies as benchmark data and
calculated energies using dispersion corrected Minnesota functionals with
aug-cc-pVDZ basis set for model systems presented at Figure 1; the
energies are BSSE corrected and given in kcal/mol
Method
Ni-ΩM Ni-ΩΩ Ni-ΩC Cu-ΩM Cu-ΩΩ
CCSD(T)/CBS
-4.68
-3.98
-4.48
-6.08
-4.71
M05-D3
-4.32
-3.71
-4.03
-5.71
-4.73
M06-D3
-5.20
-4.87
-5.15
-6.50
-5.57
M052X-D3
-4.51
-3.76
-4.37
-6.23
-4.66
M062X-D3
-5.30
-4.05
-4.78
-7.07
-4.93
M06HF-D3
-5.14
-4.44
-5.05
-7.30
-5.49
M06L-D3
-4.87
-3.80
-4.37
-5.92
-4.38
M052X-D3 functional reproduces the benchmark data for both nickel and
copper chelates with good accuracy (Table 1). M06L/D3 also gives good
agreement with CCSD(T)/CBS values for nearly all model-systems,
underestimating only the binding in Cu-ΩΩ. Other functionals tested in this
study are either inconsistent or they over/under-estimate the binding.

Figure 2. Potential energy curves for stacking interaction of benzene
with nickel and copper chelates calculated at two different levels of theory
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The most stable interactions for both complexes are at offset value of about
0.5 Å (Figure 2). The calculated energies for stacking of nickel and copper
complexes with benzene are -4.75 kcal/mol and –6.40 kcal/mol,
respectively, indicating that the type of metal influences interaction energies
significantly. After passing through maximum at r = 2.0 Å (geometries
similar to ΩΩ), the curves reach second minimum at r = 3.0 Å (ΩC
geometry), with similar energies of -4.60 and -4.93 kcal/mol, respectively.
At this offset value, two curves merge after r = 3.5 Å, indicating the loss of
dependence on the type of the metal.
CONCLUSION
Energies of stacking interactions of metal-chelates and benzene were
calculated at very accurate CCSD(T)/CBS level of theory. Two dispersion
corrected Minnesota functionals, namely M052X-D3 and M06L-D3, can
reproduce CCSD(T)/CBS energies with satisfying accuracy when used with
aug-cc-pVDZ basis set. Potential energy curves calculated with these
functionals show that copper chelate forms stronger stacking interactions
with benzene than nickel chelate, with energies of -6.40 and -4.75 kcal/mol,
respectively. These results can be very important for numerous materials
that contain both metal-chelate rings and organic aromatic molecules, whose
properties depend on the stacking of these molecules.
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ABSTRACT
Complexes of deprotonated form of (E)-N’-[1-(2-hydroxyphenyl)
ethyliden]isonicotinoyl-hydrazide (HAPI) with Cu and Fe in two oxidation
states were optimized at CAM-B3LYP/cc-pVTZ level with PCM model for
the solvent. Optimized geometries and changes in vibrational spectra due to
complex formation are discussed and compared to those of deprotonated
HAPI.
INTRODUCTION
Photoinduced izomerization between two conformations, E and Z (where E
is a more stable isomer), of arylhydrazones makes them a widely
investigated group of molecules as molecular switches. (E)-N’-[1-(2hydroxyphenyl)ethyliden]isonicotinoyl-hydrazide (HAPI) behaves as a
tridentate ligand with the following metals – Cu, Fe, Al and Ni, by making
coordinate bonds through the phenolate O, the imine N and the carbonyl O
donor atoms [1]. Some of these complexes were proven to have interesting
biological activity and high stability [2]. This paper presents the results of a
theoretical study of complexes of deprotonated E form of HAPI and ions
with different net charge – Cu+ and Cu2+, Fe2+ and Fe3+, with special
emphasis on stability and vibrational spectra.
THEORETICAL METHODS
Gaussian 09 package has been used for all calculations [3]. Structures have
been optimized using density functional theory (DFT) with CAM-B3LYP
functional [4,5] in conjunction with Dunning’s correlation-consistent basis
set cc-pVTZ [6]. For all structures, solvent effects were modeled with the
Polarizable Continuum Model (PCM) in order to investigate the stability of
the selected complexes in water. Vibrational frequencies were computed in
harmonic approximation.
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RESULTS AND DISCUSSION
Structure of deprotonated HAPI was optimized because experiments
showed that when dissolved in buffer solution with pH=7.4, HAPI loses one
proton. Optimized geometries of deprotonated HAPI and its complexes with
Cu+, Cu2+, Fe2+ and Fe3+ ions are shown in
Figure 1.a)-e). The stability of complexes
is presented as a difference between
energy of the complex and sum of
energies of separate ions and deprotonated
HAPI, and they are shown in Table 1.
a)

b)

c)

d)
e)
Figure 1. Optimized geometries of a) deprotonated HAPI, b) cuprous
complex, c) cupric complex, d) ferrous complex and e) ferric complex
The phenol and pyridine rings of deprotonated HAPI are not coplanar with
the N=N bond. Structural changes occur upon complexation: the phenol ring
is always in plane with the N=N bond, but the pyridine ring is out-of-plane.
The ions with higher net charge are closer to the midpoint between the two
oxygen atoms because of the smaller radius and stronger attraction force.
Table 1.Energy difference between energy of complex and sum of energies
of separate ions and deprotonated HAPI
Metal ion
Energy difference [kcal/mol]
+
Cu
74
2+
Cu
187
75
Fe2+
3+
Fe
158
Based on the results shown in Table 1. it was concluded that complexes
with the lower charge are less stable in water solution. Energy difference for
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cuprous and cupric complexes is larger than 110 kcal/mol, probably because
of higher stability of the cupric ion in the polar environment. This difference
for ferrous and ferric complexes is lower, about 80 kcal/mol. Cu2+ complex
is the most stable one because Cu2+ needs only one electron for obtaining a
configuration with fully occupied d orbitals, which increases its reactivity.
Electron configuration of Cu+ ion is 3d10, i.e. full-filled d orbitals, which
explains formation of weak bonds with HAPI. The electron configuration
for ferric ion is 3d5, it has half-filled d orbitals and it is attracted towards
donor atoms because of the possibility to accept more electrons than Fe2+.
Additionally, Coulomb attraction between positively charged ions and
deprotonated species is another reason why ions with higher charge are
more stable. The analysis of the infrared (IR) spectrum is limited to several
vibrations –C=O stretching vibration, C-O stretching vibration and N-H in
plane bending vibration. These modes are selected because the
corresponding peaks are very intense. The most intense peaks (with relative
intensity above 100) are shown in Table 2.
Table 2. Wavenumbers of the most intense vibrations
(C-O)phen
C=O
N-H bending
stretching
Metal ion
stretching
[cm-1]
[cm-1]
[cm-1]
Deprotonated
1774
1578, 1316
1534
HAPI
1702, 1658,
1572, 1547,
Cu+
1480, 1382
1620
1337
1647, 1601,
1606, 1551,
Cu2+
1254
1571
1341
1679, 1671,
1613, 1553,
1484, 1380,
Fe2+
1653, 1613
1583, 1351
1261
1660, 1620,
1660, 1620,
3+
Fe
1588, 1567
1588
1588, 1371
Wave numbers for selected vibrations in the IR spectrum of deprotonated
HAPI are given as control numbers for the strength of the coordinate bonds.
C=O group has large dipole moment and small changes in dipole moment
result in the shift of the corresponding band in the vibrational spectrum.
When a metal ion is present, there is a redistribution of electron density in
the C=O bond, making it weaker, so a red shift was observed. The most
stable complex, the one with the cupric ion, shows the largest red shift. It
was also observed that the number of modes increases with the introduction
of metal ion and that vibrational modes become more complex, usually
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joining several vibrations of groups of atoms in the molecule. That is, due to
mode mixing, several normal modes involve change of the C=O bond
length. The change in bending vibration of the N-H group is not large
comparing to other two vibrations. What can be seen in Table 2. is that
when donor-acceptor bonds are formed, there is a mixed mode of vibration
that includes C=O stretching and N-H bending vibration, but even with C-O
when Fe3+ is present, because this metal ion acts like a bridge between the
two rings, probably because of its smaller size and larger net charge. As can
be seen from Figure 1. all of the complexes are formed between metal ions
and the oxygen atoms, as well as with the nitrogen atom closer to the phenol
ring. This bonding usually affects the stretching vibrations to a greater
extent than the bending ones, and this explains why there is a large red shift
between C=O and C-O vibrations in deprotonated HAPI and complexes
with Cu and Fe. These spectral changes represent a proof that bonds
between the transition metal and the oxygen atoms are formed.
CONCLUSIONS
The results of DFT calculations of the optimized molecular geometries,
vibrational spectra and energies of deprotonated HAPI and four of its
complexes with Cu+ and Cu2+, Fe2+ and Fe3+ ions are presented in this paper.
The cupric complex is the most stable one due to both the reactivity and size
of the ion, which allows this ion to be centered between two oxygen atoms,
forming an almost linear OCuO fragment. Normal mode analysis was
limited to the C=O, N-H and C-O vibrations because of the high intensity
peaks in the spectra. The largest red shifts of C=O and C-O stretching bands
are observed for the Cu2+ complex, due to formation of strong bonds and a
large change in the electron density distribution.
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ABSTRACT
Synthesized Co(II) complexes with reduced low-molecular dextran (RLMD,
Mw = 5000 g/mol ) were investigated by using Attenuated total reflectanceFourier transform infrared (ATR-FTIR) spectroscopy and Fourier transform
infrared imaging (FTIRI) microscopy. FTIR spectroscopy can get the
relatively reliable information about the ligand structure and arrangement in
metal complexes. The changes in intensity and width of the IR bands in the
region of 1500–1000 cm–1 were related to changes in conformation and
short-range interactions of polysaccharide dextran. The IR spectra analysis
of polysaccharide dextran indicates the existence of α-(1→6) and α-(1→3)
O-glycosidic bond. The similarities of the γ(C–H) range in a part of IR
spectra from 1000 to 700 cm–1 indicate that there is no difference in the
conformation of the C1 glucopyranose units in RLMD and synthesized
Co(II)-RLMD complexes.
INTRODUCTION
Polysaccharide dextran is described as a α-(1→6) linked polymer of α-Dglucopyranose units. Dextran elaborated by Leuconostoc mesenteroides
consists of a α-(1→6) linked glucan with side chains attached to the C3positions of the backbone glucopyranose units with branching degree
approx. 5% [1,2]. The numerous investigations have indicated that the
polysaccharide dextran and its reduced derivatives have the extraordinary
power to forming the water-soluble complexes with various metal ions
[3,4]. It has been established that the degree of metal ion binding within the
complex depends primarily on the pH of the solution, as well as on the
participation both of the OH groups and the H2O molecules in the first
coordination sphere of Co(II) ion. The emergence of modern structural
instrumental methods such as ATR-FTIR microspectroscopy made it
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possible to assign the binding OH or other groups, and also to characterize
the metal ion coordination of polysaccharides, monitoring the ligand
conformation or/and configuration changes forced by the complexation
processes [5]. The aim of this work is to use ATR-FTIR microspectroscopy
as the main tool to verify the conformation and structure of polysaccharide
dextran as ligand around the Co(II) ions in synthesized Co(II)-RLMD
complexes.
EXPERIMENTAL
Co(II) ion complex synthesis with RLMD have been described in detail by
Mitić et al. [6,7]. FTIR microspectroscopy system, ATR-FTIR spectrometer
Bruker Hyperion Tensor-27 in conjunction with a FTIR Bruker
Hyperion1000/2000 microscopy attachment equipped with a 15× objective
and a 250-µm liquid nitrogen cooled a narrow-band MCT detector (ATR
objective GMBH, Germany) with the range of the IR spectrum from 4000 to
400 cm–1, was used in this work. The spectra were measured with 4 cm–1
resolution and 50 scans co-addition. In this configuration, each spectral
image corresponds to an area of 300 ×250 µm.
RESULTS AND DISCUSSION
The ATR-FTIR spectra of octahedral pink colored Co(II)-RLMD complexes
[8], synthesized at different pH (7.5, 10 and 13) recorded at 298 K and
related FTIR microscopy images (250 µm × 300 µm) are presented on Fig.
1. The differences of the frequencies, intensity and shape of the OH bands
implies that in the complexes there is displacement of H2O molecules by the
OH groups in the first coordination sphere of Co(II) ion. The band on the
approx. 1645 cm–1 is the result of δ(HOH) vibrations [6]. These results
agree with a structural studies of the investigated complexes have been
based on the other spectroscopic techniques. [6,7]. The changes in number,
frequencies, intensity, and width of the IR bands in the particular region of
ν(O–H) (3400 cm–1), δ(C–H) (1500–1300 cm–1) and ν(C–O) vibrations
(1200–1000 cm–1) were related to changes in the conformation and shortrange interactions of the polysaccharide dextran.
In the 1200–1000 cm–1 region, the spectra of RLMD and the Co(II)-RLMD
complexes comprise a number of highly fused bands. Special interest in the
IR range for structural investigation is from 1000–700 cm–1 [9]. Both the
number and frequencies of the bands in this IR range depend on the
conformation of the D-glucopyranose units [4]. The similarities of the γ(C–
H) range indicate that there is no difference in the conformation of the
glucopyranose unit in the RLMD and complex molecules, and they probably
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exhibit C1 chair conformation (910 and 840 cm–1). Ring deformations and
scaffold vibrations were observed at 705, 668, 605, 570, and 520 cm–1. The
IR bands at 765 and 916 cm–1 indicates the existence α-(1→6) O-glycosidic
bond. The α-(1→6) O-glycosidic bond content is greater than 95%, what
points to the high linearity of polysaccharide dextran. In the IR spectra of
dextrans were synthesized by different microorganisms, was able to notice
the different band intensity from γ(C–H) on the 794 cm–1, indicates presence
of α-(1→3)-bond in dextran macromolecules. Measurements of this band
intensity on the 794 cm–1, can use for the determining of contents of this
bond type by different dextran products [9].

Figure 1. ATR-FTIR spectra with related FTIR microscopic images of
Co(II)-RLMD complexes: a) pH 7.5, b) pH 10 and c) pH 13
CONCLUSION
ATR-FTIR spectra of polysaccharide dextran and its Co(II)-RLMD
complexes, recorded at room temperature, were analyzed in order to obtain
the information about the structure and conformation of ligands. The IR
spectra analysis indicates the existence of both α-(1→6) and α-(1→3) Oglycosidic bond in dextran molecule. The differences in the OH region,
indicate that complexes originate from the displacement of H2O molecules
by ligand OH groups in the first coordination sphere of Co(II) ions. The
similarities of the γ(C–H) range indicate that there is no difference in the C1
chair conformation of the glucopyranose unit in RLMD and Co(II)-RLMD
complexes.
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ABSTRACT
The structure of binuclear Cu(II) complex containing double oximato
bridges was determined by the single-crystal X-ray diffraction analysis.
Copper is five-coordinated with perchlorato anion present at the borderline
of semi-coordination. Comparison with the structurally related diiminedioxime Cu(II) complexes revealed the influence of the weak
Cu···O(perchlorate) interaction on the geometry of the metallocycle.
INTRODUCTION
Schiff base ligands have been the subject of much research interest owing to
their interesting coordination chemistry and a number of established and
potential application areas [1,2]. The Schiff base ligands, especially
tetradentate, readily form complexes with the transition metals [3]. These
studies include development of new Schiff bases containing the diiminedioxime functionality. Of particular interest is the capability of the
deprotonated diimine-dioximes to form bridges between metal ions giving
rise to complexes of different nuclearity [4]. Additional interest for
complexes with this ligand is connected with the ability of oximato bridges
to mediate strong antiferromagnetic interaction between metal centers [5].
Use of copper in the complex synthesis presents a particular problem.
Copper is known for its flexible coordination behavior associated with the
capability to form weak bonds, a property termed 'plasticity' [6]. This
problem becomes more pronounced in the studies of weaker non-bonding
interactions [7]. Detailed analysis of the copper environment followed by
computational or database studies [8] may provide additional insight into
the non-bonding contacts relevant for the properties of copper complexes.
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One of the ligands frequently used in the synthesis of copper complexes is
perchlorato group. As a ligand the ClO4- group may appear in a various
bonding arrangements, however its steric properties limit its coordinating
ability in the presence of smaller potential ligands [9]. Recently the
coordinating properties of the ClO4- bonded to Cu were studied [10,11].
However, in most of the crystal structures the ClO4- is present as a noncoordinated ion. In the present study the binuclear copper(II) complex of the
4,9-diaza-3,10-diethyl-3,9-dodecadiene-2,11-dione bisoxime ligand (LH)
[12] was chosen for study to enable comparison with the previously studied
binuclear copper(II) complexes[13-15] of the closely related ligands with a
dimethyl group in place of the present diethyl group.
RESULTS AND DISCUSSION
The crystal structure consists of centrosymmetric [Cu2(LH)2]2+ cations and
perchlorato anions. The copper(II) atom is in a distorted square-pyramidal
coordination (Fig. 1). According to the trigonality index τ=0.34,
coordination polyhedron can be described as a severely distorted square
pyramid. The basal plane is formed by N1, N2, N3 and N4 atoms, and the
metal ion deviates by 0.24Å from this plane, towards the apical positions
occupied by oxime oxygen O1 (Fig. 1). Intra-molecular Cu···Cu separation
is 3.9424(4) Å.

Figure 1. Molecular diagram and
atom numbering scheme of
[Cu2(LH)2]2+. Intramolecular OH...O hydrogen bonds are depicted
by dotted lines.

Figure 3. Overlay of the solid state
structures of I (black), II (light grey)
and III (dark grey, thin line).
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This complex exhibits an intramolecular hydrogen bond (Fig. 1) between cis
oxime groups with an O···O distance of 2.593(3) Å, H···O =1.83 Å and OH···O angle of 154°. Different role of O1 and O2 in the nonbonding
interactions is associated with different geometry of two N-O bonds. Both,
N1-O1 and N1-Cu1 bonds are shorter than N4-O2, and N4-Cu1 bonds,
respectively. This finding implies higher multiple bond character in the
fragment O1-N1-Cu1, relative to O2-N4-Cu1. Regarding the association of
molecules in the solid state, it is interesting to note the lack of strong
hydrogen bonding donors. Hence, it was anticipated that intermolecular
contacts between the C-H donors and perchlorato oxygen atoms would
govern the association of molecules into crystal. Inspection of
intermolecular geometry confirms that ClO4- anion participates in the weak
hydrogen bonds to cationic complex through the C-H···O interaction. In
order to obtain more insight into the structural features of the title
compound I we compare obtained results to the crystal structures of similar
Cu complexes. Structural formulas of the complexes used for comparison is
given in Fig. 2. Three complexes differ in the presence of ethyl instead of
methyl substituent at the five-membered chelate ring in I, and the presence
of six-membered chelate ring, and sulphur instead of nitrogen, in the
diimine-dioxime ligand in III. Overlay of three solid state structures in Fig.
3 illustrates their overall similarity, confirmed by the examination of
geometrical parameters.
Figure 2. Structural formulas
of the cationic complexes used
for comparison

.
Although the overall structures of I-III are similar the subtle differences in
the geometry of the metallocycle were observed. In I and III Cu-O bonds
are 2.318(2) and 2.293 Å respectively, which is longer than 2.266/2.262 Å
found in two polymorphs of II. While these differences in the axial Cu-O
bonds could be attributed to the 'plasticity' [6] of the copper coordination
sphere, it is interesting to examine the possible influence of the closest
perchlorato fragment on these bonds. In the crystal structures of I and III
the closest perchlorato oxygen is at the Cu-O distances of 2.947(3) and
2.907 Å. respectively. It is on the borderline of the values which have been
reported for the semicoordinated perchlorato group. In the crystal structure
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of II however, the closest perchlorato oxygen is at a rather larger distance of
3.767/3.766 Å and cannot be considered as semicoordinated to Cu. If the
presence of the semicoordinative bond Cu-O(ClO3) trans to Cu-O(oximato)
bond is taken into account, the elongation of the Cu-O bonds in I and III,
relative to II, could be attributed to the trans influence of the weekly
coordinated perchlorato oxygen.
CONCLUSION
The crystal structure of complex consist of centrosymmetric [Cu2(LH)2]2+
cations and perchlorato anions. The copper(II) atom is in a distorted squarepyramidal coordination. During complex formation one oxime proton is
lost, and the hydrogen bond between the two oxime groups of the same
ligand is formed. Comparison of structurally related dimine-dioxime
complexes indicates that geometry of metallocycle is influenced by the
presence of weakly coordinated perchlorato anion.
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ABSTRACT
In the process of synthesis of two boron complexes with curcumin,
rosocyanine – where the stoichiometry of curcumin versus boron is 2:1, and
rubrocurcumine – where the stoichiometry of curcumin, boron, and oxalic
acid is 1:1:1, when the components are mixed in a stoichiometric ratio in 80
% (v/v) solution of 2-propanol, we have obtained a deep red to brownish-red
powder residues. UV-Vis diffuse reflectance (DR) spectra of curcumin,
treated in a procedure for the synthesis of the complex, but in the absence of
boron, show maxima at 230, 265, 385 and 425 nm. DR spectra of the
products from synthesis of boron-curcumin complexes, show additional
absorption above 500 nm and a shoulder at 550 nm, which is in accordance
with the absorption in UV-Vis spectra of B-curcumin complexes. There are
recognizable analogy between positions of maxima in the recorded UV-Vis
DR spectra of curcumin and its boron complexes in the solid state, and UVVis spectra of these substances in 2-propanol solution. UV- Vis DR spectra
of the products show that they are composed of curcumin and the
corresponding B-curcumin complex.
INTRODUCTION
Curcumin, 1,7-Bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione,
is chelating agent which forms complexes with a set of divalent and
trivalent inorganic cation [1-7]. To better understanding of the synthesis of
boron-curcumin complexes, rosocyanine and rubrocurcumine, and for their
better characterization, there is an interest both in the use of these
complexes in the methods for the determination of boron in the water, and
in the context of investigation of possibilities for applications of these
complexes in medicine. /5-7/ Usually, presence of curcumin and its
complexes, is examined by UV-Vis spectroscopy, whereby the influence of
the environment, the solvent and the pH of the solution, play a large role [16,8]. As UV-Vis DR spectroscopy provides the ability to record the spectra
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of the solids, the aim of this study was to investigate the possibility of
applying this method for the identification and characterization of curcumin
and B-curcumin complexes from synthesis, in the solid state without the
additional effect of the solvent. We have found support in a few data about
UV-Vis DR spectra of curcumin and its complexes available in the literature
[4].
EXPERIMENTAL
The synthesis of B-curcumin complex in 2-propanol solution with a
stoichiometric ratio of components – Procedure of synthesis of Bcurcumin complex: B-curcumine complexes are formed in the plastic
containers, in the presence of an aqueous solution of boron and 2-propanol
solution which comprising HCl, oxalic acid, and curcumin, by evaporation
to dryness on a water bath at 55 ± 2 °C, according to the standard method
[8]. In our modification, a solution of boric acid with a boron content of 10
ppm, as well as curcumin, and oxalic acid (for rubrocurcumine) are mixed to
achieve stoichiometric ratio for the formation of complex: a) rosocyanine –
curcumin:boron = 2:1, and b) rubrocurcumine – curcumin:boron:oxalic acid
= 1:1:1. Products from synthesis are stored in the solid state in a dry place.
Chemicals and instrumentation
We used curcumin (Fluka), oxalic acid (Merck), boric acid (Merck), 2propanol (J.T. Baker), barium sulfate for white standard DIN5033 (Merck)
and deionised water Type I (18.2MΩ).
Absorption spectra were recorded on a Thermo, type Evolution 600,
ultraviolet-visible spectrophotometer in the range of 220-650 nm. DR
spectra were recorded in the range of 220-800 nm using a SPECORD M40
spectrophotometer (Carl Zeiss, Jena, Germany),with an internal diffuse
reflectance attachment, in absorbance mode, at the ordinate interval of 0-0.5.
Barium sulfate was used as reference material. The values on the ordinate,
AR, absorbances generated on the basis of reflectance data, substantially
correlate with the Kubelka-Munk function, as indicated on the presented
spectra (Fig. 1).
RESULTS AND DISCUSSION
UV-Vis DR spectra of sample CF (curcumin Fluka), which was initial
component for synthesis of B-curcumin complexes, and sample CS, which
was curcumin treated according to procedure of synthesis of B-curcumn
complex, whereby the boron and/or oxalic acid were absent, were shown in
Fig. 1. DR spectra of curcumin exibited maxima: sample CF at 285, 385 and
420 nm, and sample CS at 230, 265, 385 and425 nm. In these spectra, ratios
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Absorbance

of peaks of the sample CF is
different from the ratios of
corresponding peaks of the sample
CS. Hypsochromic shift from 280
nm in the spectrum of sample CF to
265 nm in the spectrum of sample
CS is evident. This is a consequence
of the substantial effect of the
procedure of synthesis of Bcurcumin
complex
(thermal
treatment, 2-propanol as a solvent,
and acidic medium) on the curcumin
[1]. There is accordance between the
positions of the peaks in the DR
Figure 1. UV-Vis diffuse
spectrum of the treated curcumin,
reflectance
spectra of curcumin: CF
CS, and UV-Vis spectrum of the
–
curcumin,
Fluka, and CS – treated
curcumin in 2-propanol solution that
curcumin, and spectra of products
has maxima of the absorbance at
from B-curcumin complexes
230, 265 and 430 nm, as shown in
synthesis:
RC – rosocyanine, and
Fig. 2.
RK
–
rubrocurcumine.
Boron-curcumin complexes were
formed according to the procedure of synthesis of B-curcumin complex.
UV-Vis DR spectra of the products from the synthesis of rosocyanine (RC),
and rubrocurcumine (RK), are shown in Fig. 1. DR spectra of the products
RC and RK were similar to spectrum of the sample CS, with additional
absorption above 500 nm and a shoulder at 550 nm. Absorption above 500
nm, with a maximum at 550 nm, corresponds to the absorption of the boroncurcumin complexes [5,6,8]. For
comparison, UV-Vis absorption
3.5
spectrum
of
rubrocurcumine
3.0
2.5
solution in 2-propanol, which was
2.0
b
prepared entirely according to the
1.5
standard method [8] (a large excess
1.0
of oxalic acid and curcumin), and
a
0.5
recorded relative to its blank sample,
0.0
200 250 300 350 400 450 500 550 600 650
is shown in Fig. 2. In this spectrum
Wavelength (nm)
(Fig. 2b), an absorption maximum at
430 nm corresponds to the
Figure 2. UV-Vis absorption
maximum of absorption in the spectra of 2-propanol solution of: a)
spectrum of curcumin (Fig. 2a), and
curcumin, and b) rubrocurcumine.
well separated peak with the
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maximum at 548 nm corresponds to rubrocurcumine [6,8]. Peak positions in
the UV-Vis DR spectra of the RC and RK (Fig. 1) correspond to the
absorption peaks in the spectrum of the boron-curcumin complex in 2propanol solution (Fig. 2b). It can be concluded that the synthesis products
RC and RK consist of curcumin and B-complex of curcumin.
CONCLUSION
There is recognizable analogy between positions of maxima in UV-Vis DR
spectra of curcumin and its boron complexes in the solid state, and
absorbance maxima in UV-Vis spectra of these substances in 2-propanol
solution. Therefore, UV-Vis DR spectra provide insight into the synthesis of
complex and state of each component present in the product. The presented
results indicate that the mixing of components in a stoichiometric ratio for
boron-curcumin complex, results in the formation of a mixture of curcumin
and boron-curcumin complex.
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ABSTRACT
Difference between IR spectrum of curcumin, that has undergone the
process of synthesis of the boron-curcumin complex, but in the absence of
boron, and the spectrum of untreated curcumin, which is used as a
component in the synthesis, show the substantial effect of the treatment
(thermal treatment, 2-propanol as a solvent, and an acidic medium) on the
curcumin. The similarity of the IR spectra of the products of rosocyanine
and rubrocurcumine synthesis, with spectrum of treated curcumin, is a
consequence of the effect of the treatment on the curcumin, and of the
presence of curcumin, which is not incorporated into the complex. The
similarity between the IR spectra of the products from synthesis of
rosocyanine and rubrocurcumine reflects the similarity in their composition
and structures. IR spectroscopy indicates to the changes that occur in the
curcumin, either it was unincorporated, or incorporated in the complex as a
chelate. The impact of the complex formation is less visible in these spectra.
INTRODUCTION
Recently, IR spectrum of curcumin has been investigated in detail [1].
Within the growing interest for the curcumin and its complexes, IR and
FTIR spectroscopies were used for the investigation of these compounds [25]. Spicer and Strickland have been investigated infrared spectra of
curcumin and boron-curcumin complexes [6]. Herein, by IR spectroscopy
we investigated products of boron-curcumune complexes synthesis. IR
spectra of products were compared versus spectrum of initial curcumin
samples, which was component in the synthesis, and also versus spectra of
curcumin sample which was treated strictly by procedure of boron-curcumin
complexes synthesis, but in the absence of boron. This test indicated that for
the insight into real physical-chemical characteristics, it is necessary to
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compare curcumin and products of synthesis with the same history of the
treatment and the same impact of the environment.
EXPERIMENTAL
The synthesis of B-curcumin complex in isopropanol solution with a
stoichiometric ratio of components - Procedure 1: B-curcumine complexes
are formed in the plastic containers, in the presence of an aqueous solution
of boron and 2-propanol solution which comprising HCl, oxalic acid, and
curcumin, by evaporation to dryness on a water bath at 55 ± 2 °C, according
to the standard method ASTM D 082-79:1981. In our modification, a
solution of boric acid with a boron content of 10 ppm, as well as curcumin,
and oxalic acid (for rubrocurcumine) are mixed to achive stoichiometric
ratio for the formation of complex: a) rosocyanine – curcumin : boron = 2 :
1, and b) rubrocurcumine – curcumin : boron : oxalic acid = 1 : 1 : 1.
Products from synthesis are stored in the solid state in a dry place.
Chemicals and reagents
Curcumin (Fluka), Oxalic acid (Merck), Boric acid (Merck), 2-propanol
(J.T. Baker), and other chemicals used were of the highest quality available..
All solutions were prepared using deionised water Type I (18.2MΩ).
The pH readings were obtained using a Consort C533 pH-Meter. Infrared
spectra were recorded in the range of 400–4000 cm-1 on KBr pellets using a
SPECORD 75 IR spectrometer (Carl Zeiss, Jena, Germany),.
RESULTS AND DISCUSSION
Kolev et al. have done a detailed assignment of the peaks in the spectrum of
curcumin [1]. The IR spectrum of the sample of curcumin CF, which was
used in our work as a component in the synthesis of boron-curcumin
complexes, is shown in Fig. 1., and corresponds to the assignment [1]. In the
area of 400-1700 cm-1 spectrum is characterized by a series of sharp and
well-defined peaks. In the literature, spectra of curcumin, which was used as
a component in the complex synthesis, are commonly used as the
comparative spectra to the spectra of the complexes [2-5]. However, pH and
solvent significantly affect the curcumin molecule [7], and therefore it
should be expected that their influence is visible in the infrared spectrum of
curcumin. The IR spectrum of the sample of curcumin, which is treated in
procedure 1, which means that it has gone through the process of the
synthesis of boron-curcumin complex, but in the absence of boron, is shown
in Fig. 1., as the spectrum of the sample CS. In the spectrum of treated
curcumin, sample CS, the peaks ratios are significantly different from the
corresponding peaks ratios in the spectrum of untreated curcumin, sample
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CF. Therefore, the spectra of samples CF and CS are significantly different.
These differences indicate a large impact of treatment (thermal treatment, 2propanol as a solvent, and an acidic medium) on the curcumin molecule.
Boron-curcumin complexes were
formed according to the procedure
1, when the components were
mixed in a stoichiometric ratio in
water - 2-propanol solution. IR
spectra of the product of the
rosocianine synthesis, sample RC,
and
the
product
of
the
rubrocurcumine synthesis, sample
RK, are shown in Fig. 1. IR spectra
of these products are markedly
similar to spectra of treated
curcumin, sample CS. It indicates
that the changes that occur in the
curcumin molecule, affected by
environment, are fundamental
changes that were reflected in the
spectrum of curcumin, and in the
spectra
of
the
complexes.
Investigated spectra of the products
of B-curcumin complexes synthesis
are very similar to the spectrum of
curcumin-lead complex, which was
published by Daniel et al [3].
Significant differences between the
Figure 1. IR spectra of curcumin: CF initial spectrum of curcumin, and
– curcumin, Fluka, CS – curcumin
the spectra of complexes, the
from the procedure of the Bauthors attributed to the formation
complexes synthesis, but without the of complexes [3]. Such a behavior
boron, and spectra of products of Bis common [2-5]. But taking into
curcumin complexes synthesis: RC –
account the fact that the spectra of
rosocyanine, and RK –
the
products
of
complexes
rubrocurcumine.
synthesis, RC and RK, resemble to
the spectrum of treated curcumin CS (Fig. 1.), we concluded that visible
differences in the spectra can be attributed to the changes that occur in the
curcumin, either it was unincorporated, or incorporated in the complex as a
chelate. Comparison of the spectra in Fig. 1. indicates that the increased
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absorption in the area of 1650-1850 cm-1, probably is dominantly due to the
formation of boron-curcumin complexes.
CONCLUSION
IR spectra of curcumin sample which was used as a component in the
synthesis, and of curcumin sample that has undergone the process of
synthesis of the boron-curcumin complex, but in the absence of boron, are
significantly different. Their mutual significant difference indicates to the
major impact of the treatment (thermal treatment, 2-propanol as a solvent,
and an acidic medium) on molecule of curcumin. There is a great similarity
between the IR spectra which correspond to products of the synthesis of
boron-curcumin complexes (rosocyanine and rubrocurcumine). These
spectra are also similar to the spectrum of the treated curcumin. The
similarity may arise from the presence of altered curcumin, either it was
unincorporated or incorporated in the complex as a chelate. The existence of
certain differences in these spectra indicates that the boron-curcumin
complexes are undoubtedly present in the products of synthesis.
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ABSTRACT
Stacking interactions between bipyridine ligands (bipy) of square-planar
metal complexes are studied by DFT calculations. The calculations were
performed on model systems of [Ni(CN)2bipy] complexes, with geometries
based on the data from Cambridge Structural Database (CSD). The energy
of the most stable geometry is -29.6 kcal/mol. In this geometry nickel atoms
are located above the chelate rings and beside chelate-chelate there are
overlaps of CN ligands with chelate and pyridyl rings. Results of
calculations show that the energy of interaction decreases by decreasing the
overlap area.
INTRODUCTION
Metal-chelate rings and organic aromatic molecules are very often
constituents of materials. Their interactions are very responsible for
properties of materials, although, their interactions are essential in a number
of other biological and chemical systems.
The stacking interactions between aromatic molecules were studied [1-3],
but it was shown that other planar systems could also form stacking
interactions [4-8]. The stacking interactions between chelate and aromatic
rings were identified in the crystal structures from CSD [4]. Analysis of
crystal structures has shown that stacking interactions are preferred to CH/π
interactions in these complexes [5]. The energies of stacking interactions of
acac chelate ring with benzene were calculated [6] and results show that
chelate-benzene stacking interactions are remarkably stronger than benzenebenzene interactions [9]. This is accordance with the observation that in
crystal structures organic aromatic rings prefer stacking with chelate rings to
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other organic aromatic rings [7]. Calculations have shown that the nature of
metal ions strongly influences on the strength of stacking. Very accurate
calculations at CCSD(T)/CBS level showed that the calculated stacking
energies of copper and nickel six-membered chelates with benzene are -6.39
kcal/mol and -4.77 kcal/mol, respectively [8].
Bipyridine (bipy) complexes can be used for various applications. To better
understand the stacking interactions of bipy complexes, geometries of
stacked bipy ligands in crystal structures from the CSD were analyzed. The
results of crystallographic analysis were accompanied by the results of DFT
calculations performed on model systems.
THEORETICAL METHODS
To study stacking interactions of bipy ligands in crystal structures, CSD
search was performed. Two ligands form stacking interaction when the
dihedral angle between the mean planes of bipyridines is less than 10°, the
distance between centroids of any pyridine fragment is below 4.6 Å, the
distance between centroids of pyridine and chelate rings is shorter than 4.4
Å, and the distance between centroids of the chelates is below 4.2 Å.
In order to evaluate the energy of stacking interaction between two bipy
ligands, the single-point calculations were done on model systems of (2,2'bipyridyl)dicyanonickel(II) complexes, using the TPSS-D3 method and the
def2-TZVP basis set.
RESULTS AND DISCUSSION
In the crystal structures there are 325 stacking interactions of square-planar
bipy metal complexes. To define the orientation of ligands a torsion angle T
has been analysed (Figure 1) [10].

Figure 1. The distributions of torsion angle T for stacking interactions
of square-planar bipy complexes.
The distribution of T torsion angle values shows preferred orientation with
the angle from 170° to 180° (head-to-tail orientation) (Figure 1). Several
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structures have head-to-head orientation (T values from 0° to 10°). The
number of interactions with T between 10° and 170° (twisted orientation) is
quite small.
Starting geometries for calculations (Figure 2) are geometries with head-totail orientation and face-to-face overlap of chelate-chelate (G1), chelatepyridine (G1), and pyridine-pyridine rings (G1), respectively. Series of
calculations were done by systematically varying the normal distances and
offset values (in positive and negative directions) starting with face-to-face
geometries (values of respective offset of 0.0 Å) and following the axes that
pass through metals and centroids of their respective chelate rings.

Figure 2. The starting geometries for calculations.
The results of calculation show that the geometries G1 have the strongest
interactions between complexes, with energies ranging from -29.6 kcal/mol
for the most stable to -12.5 kcal/mol for the least stable geometry. The trend
of decrease of interaction energy with increase of offset, toward the positive
values, is the consequence of the nature of interactions that occur between
complexes. Similar trend is observed for the geometry G2, with range of
energy between -29.2 and -7.3 kcal/mol. In the geometry G3, the interaction
energy also decreases, but in the range from -20.7 to -3.1 kcal/mol (Figure
3).

Figure 3. The calculated interaction energies for [Ni(CN)2bipy]2 systems
plotted as a function of offset value for three set of geometries.
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CONCLUSION
Comparing the interaction energies for model systems G1, G2 and G3, it is
evident that chelate-aryl (pyridyl) stacking interactions are stronger that
aryl-aryl (pyridyl) stacking interactions and this is in accordance with
findings that chelate-benzene stacking interactions are stronger than
benzene-benzene stacking interactions [6,8]. Interaction energies in
geometry G3 are several times stronger than most stable stacking
interactions between pyridine molecules (-4.08 kcal/mol) [3]. This indicates
that stacking interactions become far more favorable when pyridyl rings are
coordinated to a metal.
These results can be very important for numerous systems that contain
metal-chelate rings and organic aromatic molecules, most notably organicinorganic materials, and in chemical and biological systems.
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ABSTRACT
The plasmaelastic and thermoelastic vibrations in a silicon square
membrane (3D geometry), photogenerated by a uniform and intensitymodulated optical excitation, were studied. The theoretical model for the
elastic displacements space and frequency distribution by using the Green
function method was given. The amplitude and phase of the plasma and
thermal wave's assisted elastic displacements in the square membrane were
calculated and analysed. These investigations are important for many
practical situations (photoacoustic and photothermal experiments, thermal
microscopy, thermoelastic microscopy, sensors and actuators, etc).
INTRODUCTION
The photoacoustic (PA) and photothermal (PT) effects can be important as
driven mechanisms for micromechanical structures, especially for microelectro(opto)-mechanical structures (MEMS, OEMS). When a micromechanical structure is exposed to optical excitation, the photogenerated
carrier-density (the plasma wave) causes a mechanical strain - periodic
elastic deformation in the sample – the plasmaelastic (PE) effect. The
plasma waves contribute to the generation of thermal wave. The thermal
waves produce periodic elastic deformation in the sample – the
thermoelastic (TE) effect. The PE and TE mechanisms are main
mechanisms of elastic displacement generation in optically driven
micromechanical structures [1,2].
In this work, the space and frequency distribution of PT quasi-static and
dynamic elastic vibrations, for different thicknesses, in a square membrane,
photogenerated by a uniform and intensity-modulated optical excitation, are
analyzed.
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THEORY OF THE PHOTOTHERMAL ELASTIC VIBRATIONS
The PT elastic vibrations can be written as a vector sum of two components:
the thermoelastic (TE) and plasmaelastic (PE) one [3,4]. The TE and PE
components of the PT elastic vibrations are the consequence of the thermal
and electronic elastic expansion and bending. In the case of periodical
excitation, with angular modulating frequency of the incident beam ω = 2πf,
the theoretical treatment enables quantitative accounts of the carrier density
field N(r;ω), the temperature field T(r;ω) and the elastic displacement field
U(r;ω). The photogenerated plasma can directly produce a local strain,
which then generates elastic waves in the semiconductor. The electronic
strain, εPE(r;ω) can be given vs. the excess carrier density, εPE(r;ω) ≈
αNN(r;ω), where αN is the coefficient of electronic elastic deformation.
Then, the electronic elastic displacement UPE(r;ω), using the strain-stress
relations, can be given vs. the electronic deformation. Also, the thermal
elastic displacement UTE(r;ω), can be given vs. the thermoelastic strain
εTE(r;ω) ≈ αTT(r;ω), where αT is the coefficient of linear expansion. Then,
the elastic displacement U(r;ω) can be given as the sum of two components:
UPE(r;ω) and UTE(r;ω). For uniform optical excitation, if the lateral effects are
omitted, it is possible to reduce the problem to one-dimensional. i.e. N(x,y,z;ω) ≈
N(z;ω) and T (x,y,z;ω) ≈ T (z;ω). The relations for the carrier-density field
N(z;ω) and temperature field T(z;ω) in Si were given in our previously
published paper [4]. The displacment field in a Si square membrane with
thickness Lz = h, and membrane length L, excited with a uniform and
intensity-modulated optical beam is analyzed. When the thickness of the
elastic membrane is much smaller than all other dimensions, it is possible to
suppose that the elastic deformation is approximately the same along the
sample thickness. For that reason, it is possible to use the theory of the
elastic thin plate to obtain the elastic bending. The elastic characteristics of
the Si chip with square membranes can be simulated as elastic simply
supported square plate.In accordance with the elastic theory of thin plate,
using the elastic Green function method to solve the elastic equation, the
dynamic PT elastic vibrations for square plate, Wd(x,y; ω), is obtained:
2

∞
∞
emn
1
⎛4⎞
(1)
Wd ( x, y; ω ) = ⎜ ⎟ m(ω ) ∑ ∑
ε m ( x) ε n ( y )
2
4
⎝ L⎠
m =1, 3 n =1,3 emn − k (ω ) a m bn
mπ
nπ
2
2
emn = am + bn , ε m ( x) = sin(am x), am =
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L
L
h
h
⎤
12 ⎡
m (ω) = mTE (ω) + mPE (ω) = (1 +ν ) 3 ⎢αT ∫ ( z − zn ) T ( z; ω) dz + αN ∫ ( z − zn ) N ( z; ω) dz ⎥
h ⎣ 0
0
⎦
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where the electronic mPE(ω) and thermal mTE(ω) elastic moments are the
source term from the thermal and plasma waves and k(ω) is the elastic
wavenumber. For low frequencies, where the inertia term is neglected, i.e
k(ω) ≈ 0, the quasi-static elastic vibrations of plate is obtained.
ANALYSIS AND DISCUSSION
The theoretical model, derived in this work, enables to calculate the PT
elastic vibrations spectra of Si square membranes.
First we analyzed the quasi-static, WS, and dynamic, Wd, PT elastic
vibrations of the square
membrane. Figure 1 shows the
quasi-static and dynamic PT
amplitude space distribution of
the elastic bending at f = 2 kHz
for Si square membrane (3 mm
length, 10 µm thick; n-type,
<100>, 5 Ωcm, one surface
polished other surface etched).
Theoretically calculated curves
were obtained for the following
Si parameters: the optical
absorption coefficient α=5·103
cm-1; the thermal diffusivity
DT=0.90 cm2/s; the coefficient
of thermal expansion αT =
3.0·10-6 1/K; the carrier
diffusivity DE = 12 cm2/s; the
Figure 1. Amplitude space distribution
excess carrier lifetime τ =
of the elastic bending for Si square
6.0·10-6 s; the front and back
membrane (10 µm thick at f = 2 kHz):
surface
recombination ( a ) quasi-static, WS; ( b ) dynamic Wd .
velocities; sR = 2400 cm/s.
Second we analyzed the PT elastic vibrations of the square membrane for
different thicknesses. Figure 2 shows typical amplitude quasi-static and
dynamic elastic vibration spectra (the amplitude of elastic bending) for a Si
square membrane vs different membrane thicknesses (5,…,250 µm). The
analysis showed that exist two distinct cases: 1) h >60 and 2) h <60 µm. In
the first case, the quasi-static and dynamic spectra are practically the same;
it is possible to use the quasi-static approximation. It is interesting that in
this case the amplitude of the elastic vibration increase with the thickness.

1061

In the latter case, the amplitude
of the quasi-static and dynamic
vibration
increases
with
decreasing
thickness.
The
amplitude of the dynamic
vibrations change the character
at h=30 µm, where there is a
maximum (1.10 nm), and then
decreases with a decrease in
thickness of the sample. In this
case, one must use a dynamic
model of the PT elastic
vibrations, even at relatively low
frequencies (f < 1 kHz).

N-01-P

amp W max ( Lx/2, Ly/2, f1 ) [ nm ]

PHYSICAL CHEMISTRY 2014

1

0.8

0.6

0.4

0.2

0
0

50

100

h

150

200

250

[ um ]

CONCLUSION
The theoretical dynamic model Figure 2. Amplitude of elastic bending at
for the PT elastic vibrations of the center of the membrane (x = Lx/2, y =
Ly/2) at f = 2 kHz) for different
the
square
membranes,
thicknesses
(h = 5,…,250 µm):
including the TE and PE effects,
(
o
)
quasi-static,
WS; ( * ) dynamic Wd .
were derived and analyzed. We
also analyzed the PT elastic vibration for different membrane thickness. The
analysis showed that exist two distinct cases: below and above any critical
thickness (~60 µm). For the membrane thinner than 50 µm, one must use a
dynamic model of the PT elastic vibrations.
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ABSTRACT
An Atmospheric pressure Solids Analysis Probe (ASAP) mass spectrometer
are used for investigation the ionization mechanism and fragmentation
pathways of 4,4′-bis(2,2′diphenyl vinyl)-1,1′-biphenyl (DPVBi). DPVBi is
material used in OLEDs (organic light-emitting diode). Results obtained
indicate that by controlling ion source conditions it is possible to optimize
forming of desired precursor ion, primarily radical cation and in less content
protonated ion of DPVBi. The results presented illustrate the usefulness of
ASAP MS in the characterization of DPVBi compounds.
INTRODUCTION
ASAP mass spectrometry is a direct analysis ionization technique derived
from atmospheric-pressure chemical ionization (APCI) that was introduced
in 2005 [1]. In the ASAP the samples are first vaporized using heated
desolvation gas (nitrogen) followed by ionization by electrical discharge at a
corona needle [2]. This ionization method belongs to the group of the
ambient desorption methods, like as Desorption Electrospray Ionisation
(DESI) and Direct Analysis in Real Time (DART) [3 – 5]. The ASAP
ionization source is integral part of a commercial electrospray (ESI) or
atmospheric pressure chemical ionization mass spectrometer, and this
method can be used for rapid qualitative analysis of various materials using
only slightly modified commercial ESI-MS. The ASAP method is applied
primarily to analysis of volatile and semivolatile solid materials, both polar
and non-polar. Due to the significant differences in the mechanism of
ionization this method offered the scope for analyzing some compound that
do not ionize effectively by the ESI. It should be mentioned that the
advantage of ASAP is important for the analysis of non -polar compounds
where the ions of interest could not be easily ionized by ESI-MS.
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To date, ASAP has facilitated the analysis of
steroids, drugs, nucleosides, polymers, and
chemicals in food [5 - 7].
In this work, the applicability of the ASAP
for characterization 4,4′-bis(2,2′diphenyl
vinyl)-1,1′-biphenyl (DPVBi) has been
investigated.
DPVBi is material used in OLEDs and it is
the particular important to find conditions for
its detection [8, 9]. A structure of DPVBi is
shown at Figure 1. It should be noted that this
compound did not ionized effectively by ESI.

Figure 1.
Structure of 4,4′bis(2,2′diphenyl
vinyl)-1,1′-biphenyl
(DPVBi).

EXPERIMENTAL
The ASAP (mass analysis was performed by Acquity Tandem Quadrupole
Detector (Waters, USA) – “Vinča“ Institute of Nuclear Sciencies) consists
of a glass capillary with sealed end onto which solid or liquid sample is
deposited.
Figure 2. A
schematic of the
ASAP ion source
(Waters
corporation)
As can be seen in
Figure 2, streams
of nitrogen gas
introduces
into
the ASAP source
housing e.g. desolvation gas) enabling analyte vaporization. Namely,
desorption occurs upon interaction with a hot desolvation nitrogen stream,
whereby the solid evaporates from the glass’s surface and then ionized at
atmospheric pressure by the corona discharge. Typically, the temperature of
desolvation gas was set in the range from 200 to 400°C, with the flow rate
ranging from 500-800 L/h. Before use, probes should be conditioned
(baked) to remove any residual contamination. This is usually achieved by
heating the probe at 500 ˚C for at least 30 s. The ASAP source was operated
in positive ion mode with a corona voltage in the range from 2kV to 4.0kV
and a cone voltage over the range 10 – 50 V.
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RESULTS AND DISCUSSION
In the Figures 3 and 4 are shown positive-ion ASAP mass spectrum of
DPVBi obtained at the corona voltage of 4.35kV and under cone voltage in
the range from 20 to 40V, respectively.
Figure 3. Positiveion ASAP mass
spectrum of DPVBi
obtained at the
corona voltage of
4.35kV, under cone
voltage of 20 V (A),
and 30 V (B)

A

As
shown
in
Figure 3(A) at the
cone voltage of
B
20V
the
predominant ion
was
protonated
ion of DPVBi.
Otherwise,
applying of higher
cone voltage above 30V causes formation of predominant, radical cation of
DPVBi (m/z 510.95, Fig. 3B). With the enhancement of temperature from
250 to 400 ˚C, the signal intensity of this radical cation slightly increased. It
should be noted that at the corona voltage below 3.0 kV either the radical
cation or protonated ion of DPVBi could not be detected. Beside these main
molecular ions shown in Fig. 3, it was detected appearance of two other
peaks, one observed at m/z 433.27 and another at m/z 356.26 which
eventually could be considered as fragments of DPVBi molecule (Fig.4).
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Figure 4.
Positive-ion
ASAP mass
pectrum of
DPVBi
obtained at
the corona
voltage of
4.35kV,
under cone
voltage of 40
V.
Thus, masses with m/z 433.27 and 356.26 could be attributed to fragments
of DPVBi molecule after one or two phenyl group loss, respectively.
Whether these masses represent DPVBi fragments or they are ions of some
other origin has to be additionally established.
CONCLUSION
Work herein demonstrates that ASAP can be used successfully for the
characterization of 4,4′-bis(2,2′diphenyl vinyl)-1,1′-biphenyl. Reliable
method for monitoring of this compound and its photo-degradation products
could be of importance for further improvements in OLEDs technology.
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ABSTRACT
In this paper results of investigation of aggregation of sodium 3dehydrocholate are presented. Aggregation of title compound was
investigated by means of spectrofluoriphotometric measurements using
pyrene as the probe molecule. Measurements showed that there are two
main micellization areas for this bile acid oxo derivative.
INTRODUCTION
Sodium 3-dehydrocholate (1) is a surface active substance with steroidal
skeleton. Formally, 1 is an oxo derivative of 7,12-dihydroxy-5βcholanoic
acid (2). The convex side of molecule 1 is hydrophobic, while the concave
side is hydrophilic, thus sodium 3-dehydrocholate belongs to group of
planar surface active substances.
Salts of bile acids usually build micelles having small aggregation number
compared to the surfactants of hydrophobic tail – hydrophilic head type [1].
However, longitudinal shape of micelles having specific indentations
(fiords) influences interactions with certain drugs (eg. morphine
hydrochloride) changing their bioavailability (monomeric form does not
interact with the drug). Therefore, the current issue is investigation of
aggregation characteristics of different derivatives of bile acids.
Investigation of oxo bile acids is currently very interesting because it is
shown that they exhibit lower membrane-toxicity, which is a major
drawback
in pharmacological application of sodium salts of
chenodeoxycholic and ursodeoxycholic acid. There are many
pharmacological effects of oxo bile acids described in literature:
promotional action on transport on some drugs [2], lowering glucose blood
level [3] etc. Many of these effects are due to interaction of oxo bile acid
micelles with drug molecules. Because of that there is great importance in
determination of critical micellar concentration (CMC) and other parameters
of micellization (e.g. aggregation number).
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There are lot of techniques that are convenient for determination of CMC
values of surfactants. Among them is the spectrofluorimetric measurement
wit pyrene as a probe molecule. In general this technique is based on
monitoring the influence of change in hydrophobicity of pyren molecule
surrounding on it’s signal.

OH

H3C
CH3

+

COO Na

CH3

O

H

OH

-

H3C
CH3

COOH

CH3

OH

H

1

OH
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Figure 1. Structure of sodium 3-dehydrocholate (1) and 7,12dihydroxycholanoic acid (2)
EXPERIMENTAL
Bile acid oxo derivative was synthesized and converted to sodium salt using
known procedures [4,5]. Purity of compound used in measurements was
confirmed by NMR. Deionised water was used for all purposes. Accurately
weighed quantities of sodium 3-dehydrocholate were dissolved in requisite
volumes of pyrene saturated water in order to prepare required solutions for
fluorescence measurements.
Spectrofluoriphotometric measurements were carried out in an Agilent Cary
Eclipse fluorescence spectrophotometer, using an excitation wavelength of
335 nm. The intensities of first (I1) and third (I3) vibrational bands of pyrene
emission spectrum were recorded at 373 and 384 nm. Change in the I1/I3
ratio was monitored as a function of total surfactant concentration in
temperature interval from 0 to 50 °C using spectrofluoriphotometric
measurements.
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RESULTS AND DISCUSSION
In the investigated temperature interval, the function of the critical micelle
concentration (CMC)/temperature does not have a minimum (what is a
common characteristic of aliphatic surfactants), but the CMC value
continually increases with the temperature rise.
Function I1/I3=f(c) shows that in the case of sodium 3-dehydrocholate two
micellization areas exist. The first area starts at 9 mM, at 0 °C and has
maximum value of 35 mM, at 50 °C. These values correspond to the CMC
values which can be obtained by other methods (tensiometry, NMR, etc.)
The other area of micellization starts at 100 mM and does not show
temperature dependence Fig 2.

Figure 2. Example of micellization of bile acid derivative 1 at 0 and 50 °C:
ratio of the intesity of the pyrene emission as the function of concentration
of bile acid derivative.
CONCLUSION
Fact that the function of the critical micelle concentration
(CMC)/temperature does not have a minimum (what is a common
characteristic of aliphatic surfactants), but the CMC value continually
increases with the temperature rise, means that the destabilizing effect due
to the thermal mobility of building units is more noticeable (hydration of the
hydrophobic micellar domain) than the increase of dehydration of the
hydrophobic surface of monomeric sodium 3-dehydrocholate with the
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temperature rise. Further, it is obvious that there is no sharp inflexion point
on pyrene emission/concentration function which is also characteristic for
some other aliphatic surfactants. This is probably due to complex
micellization process of bile acid that begins with formation of primary
micelles (dimmers). These dimmers interact with pyrene causing significant
change in hydrophobicity of it’s environment and strong decrease in I1/I3
ratio on concentration around 9 mM. Formation of secondary micelles does
not change I1/I3 ratio dramatically because it’s driven by hydrogen bond
interactions between primary micelles, according to Small [1] . From results
obtained in this study it can be concluded that the micellization of bile acid
oxo derivative is a complex process, contains at least two stages, and further
investigation with other techniques is needed in order to get more accurate
insight in micellization of sodium 3-dehydrocholate.
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ABSTRACT
The influence of hydroxycinnamic acids (HCA): caffeic acid, chlorogenic
acid, and p-coumaric acid, on the potassium iodide/hydrogen peroxide
system was investigated. A linear correlation between absorption maximum
of triiodide (I3-) at 351 nm and HCA concentration was found. In the
presence of HCA, reaction yield of I3- was found to increase in following
order p-cumaric < chlorogenic ≤ caffeic acid. This is attributing to their oxyradical scavenging activity. Results obtained in this study have showed
correlation between antioxidant activities of HCA and their ability to
enhanced I3- production.
.
INTRODUCTION
Recent investigations have showed that KI/H2O2 reaction system abound
with free radical species. Namely, the EPR spin-trapping investigation of
KI/H2O2 reaction system have provided clear evidence on the existence of
hydroperoxyl radical (HOO•) and hydroxyl radical (HO•) as intermediary
species [1,2]. Thus, KI/H2O2 reaction system can be considered as an easy
available laboratory source of reactive oxygen species (ROS). It will be of
great interest to investigate the effect of most famous antioxidant
compounds on the oxy-radicals generated KI/H2O2 reaction. It is wellknown that the function of antioxidants is to intercept and react with free
radicals at a rate faster than substrate [3]. Therefore, antioxidants can be
considered as free radical scavengers. Phenolic compounds, widely present
in plant kingdom, stand out as the most efficient group of antioxidants [4,5].
EXPERIMENTAL
The chemicals used in this study were: potassium iodide, KI (p.a grade,
Merck), hydrogen-peroxide, H2O2 (30%, p.a. Merck) and caffeic acid, pcoumaric acid and chlorogenic acid (all used HCA were from Sigma-
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Aldrich, p.a. grade). The solutions were prepared with deionised water with
resistivity 18.2 MΩ cm (Milli-Q purification system). The stock solutions
were: 0.06 mol dm-3 KI, 0.125 mol dm-3 H2O2, and the hydroxycinnamic
acids: 1.66×10-4 mol dm-3 caffeic, 1.97×10-4 mol dm-3 p-coumaric, and
1.47×10-4 mol dm-3 chlorogenic acid. The reaction mixture is always
contained the same concentration of KI and H2O2, while the concentration
of particular HCA was varied. Volume of reaction mixture was 3 cm3. The
characteristic UV/VIS absorption peak was recorded at 351 nm, wavelength
of I3– absorption maximum. The iodide – peroxide – hydroxycinnamic acid
system was monitored for 180 s with 10 s step size. All experiments were
done at ambient temperature (23 °C).
RESULTS AND DISCUSSION
The UV/VIS absorption spectra of
the KI/H2O2 reaction system in the
presence of p-coumaric acid, in
various concentrations, are shown
in the Fig. 1. The absorption
spectra were recorded 180 s after
the reaction initiation. The increase
of I3− yield (increase of absorption
at 351 nm) with the increasing
concentration of caffeic acid can be
observed. The same trend is
Figure 1. Absorption spectra of the
obtained
when
caffeic
or
KI/H2O2 system, in the presence
chlorogenic acid are introduced in
of different concentrations of pto the iodide-peroxide system. [5].
coumaric acid.
Since certain amount of I3− will be
generated even in the absence of HCA, spectra denoted with 0 µmol dm-3
concentration in Fig. 1, the absorbance at 351 nm which originate from
generated I3− in the absence of HCA (A0351) should be taken as background,
and subtracted from the measured absorbance value (AHCA351) in the
presence of HCA. Therefore, the difference ∆A351, ∆A351 = AHCA351 −A0 351,
will be used in this study As shown in Fig. 2, the linear correlation between
∆A351 and concentration of HCA was observed in all cases. It is noteworthy
that magnitude of enhanced I3- production in the system was found to
increase in following order p-cumaric acid <chlorogenic acid ≤ caffeic acid.
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Accordingly, it seems to be
possible
connecting
the
antioxidant
activity
of
investigated acids with their
ability to enhance production of
I3−. Some rough calculations of
the
Bond
Dissociation
Enthalpies (BDE) of O-H bonds
in
these
molecules
were
complete, using the additively
rules proposed by Wright et al.
[6]. As the reaction with radicals
Figure 2. Linear correlation between
and generic antioxidant (ArOH)
∆A352 and the concentration of
becomes more exothermic, the
hydroxycinnamic acids.
energy barrier necessary for
reaction
occurring
should
decrease, and the antioxidant will react faster with the radicals, thus
preventing reaction with substrate. Phenolic compounds which contain only
one hydroxyl group attached to their aromatic ring are less effective
antioxidants if compared with ones that posses second hydroxyl in the ortho
or para position [6,7]. Therefore, caffeic and chlorogenic acid, with two OH
groups, are a better free-radical scavenger than coumaric acid (one OH
group). Due to BDE theory CAFF and CGA acids have a similar antioxidant
activity ∆BDE = (-9.2-4.7) kcal/mol = -13.9 kcal/mol, while p-CM is
weaker antioxidant ∆BDE = -4.7 kcal/mol [6]. In the calculations we
assimilate the side chain has the same effect as -CH=CH2 group, since
Wright claimed that groups three bonds far from an OH group have little
effect on BDE. The results which suggest that CAF is slightly better free
radical scavenger than CGA obtained in this study are supported by work
Chen at. al. [7].
CONCLUSION
The influence of hydrocynnamic acids on oxy-radical generated iodideperoxide reaction was investigated. This influence was considered by
monitoring the formation of I3- as the final product of iodide-peroxide
reaction. The linear correlation between I3- absorption (∆A352) and the
concentration of hydroxycinnamic acids was found. The different HCA
cause the different increases of triiodide production (p-CM<CGA≤ CAF).
Our preliminary results show that it should be possible to connect the
antioxidantactivity of these acids with their ability to produce more I3-.
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ABSTRACT
Remarkably high arsenic (As) contents have been reported in numerous
Cretaceous-Paleogene boundary (KPB) clays worldwide. The one of many
interpretations is that this As was generated by combustion of crude oil near
the Chicxulub impact site. This combustion was presumably triggered by
the Chicxulub impactor. This report shows that the estimated surface
density of As in the KPB clays worldwide strongly contradicts the crude oil
hypothesis.
INTRODUCTION
Alvarez et al. [1] reported anomalously high iridium (Ir) in the marine KPB
clays at Gubbio (Italy), Højerup (Denmark) and Woodside Creek (New
Zealand), Fig. 1. According to them, this enhanced Ir concentration was
triggered by an asteroid impact. Later, it has been suggested that the impact
site is at Chicxulub (a village at Yucatan Penninsula, southern Mexico, Fig.
1) [2].
Gilmour and Anders [3] estimated that the average abundance of As at the
marine KPB clays worldwide is very high about 179 µg cm-2. These authors
examined also the distribution of Ir and As in bulk boundary clays at eight
prominent marine sites at Caravaca and Zumaya (Spain) Gubbio, Højerup,
Woodside Creek and Flaxbourne River (New Zealand), and Deep Sea
Drilling Project 465A (Central Pacific), Fig. 1. These sites are distal (>9000
km) to the proposed Chicxulub impact site. They concluded that, in contrast
to Ir which is mainly meteoritic, As predominantly terrestrial in origin and
associated in a single, global component of ejecta fallout.
As naturally occurs in crude oil and therefore high temperature processes
release As into the atmosphere [4]. For this reason, Gilmour & Anders [5]
proposed that combustion (ignited by the Chicxulub impactor) of crude oil
was one of possible sources of As in the boundary clays worldwide. Indeed,
As is a low-boiling trace element that are volatized during combustion of
fossil fuels and are transferred in the gas phase to the atmosphere.
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This short report considers a possibility that As was sourced from
combustion of crude oil near Chicxulub.
RESULTS AND DISCUSSION
Most of As generated by the combustion of crude oil ignited by the
Chicxulub impact was probably in the elemental form and may be initially
present in in the gaseous/vapor emission into the atmosphere. This As
would be rapidly oxidized to highly soluble oxides and subsequently
condensed into the micron and submicron particles (fine dust). However,
very coarse particles with mass diameter >10 µm would probably quickly
settle in the vicinity of Chicxulub, as particles with diameters 0.1 µm and 1
µm is particularly suited for long range (stratospheric) transport [6]. Indeed,
most of As emitted into the current atmosphere arises from high temperature
processes (e. g. crude oil combustion) and occurs only as fine particles
(dust) with a mass median diameter of about 1µm [4]. Thus, it is highly
likely that mainly the As oxide species associated with submicron particles
would rise up to the lower stratosphere and dispersed over the globe.
However, a considerable fraction of these oxides would fall to the lower
troposphere where they should be mainly removed by the enormous
precipitations (probably acid rains). Thus, it appears that only a notably
small fraction of As formed by crude oil burned promptly after the impact
could reside in the lower stratosphere and be deposited globally.
In the following calculations, fS is defined as the amount of As dispersed
globally through the lower stratosphere to the total As of the crude oil and
fAS represents the amount of As distributed over the Earth’s surface by the
lower stratosphere to the total As emitted by this source into the atmosphere.
I will assume that fS and fAS are equal 1 but this is clearly a high
overestimation of their actual values which are probably much lower than 1.
The global surface density of As (dAs) derived from crude oil burned
promptly after the Chicxulub impact is given by
dAs = MOCOfS/AE
where MO is the mass of crude oil burned, CO is the average concentration
of As in crude oil (0.134 ppm: Piver [7]; Eary et al., [8] and AE (ca. 5×1018
cm2) is the Earth surface area.
Harvey et al. [9] emphasize that the Chicxulub impact crater is located
adjacent to the Cantarell very large oil reservoir in the southern Gulf of
Mexico, suggesting that abundance of fossil hydrocarbons in the Chicxulub
target rocks was likely to have been above global mean crustal abundance.
The formation of the Cantarell oil field is a direct consequence of the KPB
impact [10] and it belongs to the giant supercharged Pimienta-Tamabra
petroleum system, Fig. 1. The crude oil of the Pimienta-Tamabra petroleum
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system derives from the Late Jurassic source rock and its expulsion started
in the Eocene [11]. This system is the most important in the southern Gulf
of Mexico and has a cumulative production and remaining reserves of
about 1016 g of known petroleum [11]. (The Oil and Gas Journal estimated
that as of 2007, there were 12.4 billion barrels of proven oil reserves in
Mexico. This corresponds to around 2×1015 g of crude oil).

Figure 1. Geographic locations of the marine KPB clays, the Chicxulub
impact site, the Pimienta-Tamabra petroleum system and the Cantarell oil
field.
The total proven crude oil and natural gas reserves of the world now stand at
around 2×1017 g; estimates are that there is about 5×1017 g of crude oil and
natural gas in the Earth’s crust. (World Energy Council - Survey of Energy
Resources 2010). Of course, oil reserve estimates cited above all refer to
“proven”, and there may be that much more has not been found.
Let us assume that the amount of crude oil burned during the Chicxulub
impact was equal to the crude oil reserves of (ca. 1016 g) of the gigantic
Pimienta-Tamabra petroleum system. Using these two assumed values, it is
estimated that the upper limit of the global surface density (dAs) is about 270
pg cm-2 compared with the global surface density of As of the CretaceousPaleogene boundary clays: ca. 179 µg cm-2. To make matters worse, if all
world crude oil (~2 × 1017 g) burns dAs would be <5.4 ng cm-2.
Another way to estimate dAs for crude oil burned is by using the following
formula
dAs = MOεOfAS/AE
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where MO and AE have the same definition and values as those given above,
and εO is the As emission factor for crude oil: 160 × 10-6 g g-1 (AP 42, Fifth
Edition, Volume I, Chapter 1: External Combustion Sources). Simple
calculations then show that the upper estimates of dAs are 0.32 µg cm-2 (for
MO ~1016 g, the Pimental-Tamabra petroleum system) and 6.4 µg cm-2 (for
MO ~2 × 1017 g, all worldwide crude oil).
CONCLUSION
From this study, it appears that the As anomaly in the KPB clays worldwide
cannot be attributed to the combustion of the crude oil close to the
Chicxulub impact site.
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ARSENIC OF CRETACEOUS-PALEOGENE BOUNDARY
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ABSTRACT
Numerous Cretaceous-Paleogene boundary (KPB) clays worldwide contain
anomalously high arsenic (As). The massive volcanism that produced the
Deccan Traps of India around the KPB time has been proposed as one of the
possible sources of this anomaly. However, the calculations of this brief
report indicate that anomalous As in these clays was probably not sourced
by the enormous Deccan Traps volcanic emission.
INTRODUCTION
An alternative explanation for the cause of Ir anomaly in the KPB clays
worldwide is based on the hypothesis that an unusual large volcanic event of
short duration that coincides with the KPB is responsible for this anomaly
[1]. One of the largest basaltic provinces in the world the Deccan Traps
(Fig. 1) become the most important when considering the volcanic events
implied by this hypothesis though no evidence of high Ir in the Deccan
volcanic rocks has yet been found [2] (and references therein).
Deccan Traps (hereinafter Deccan)
were created by an enormous volcanic
event that originally erupted about 1.2 ×
106 km3 of magma [3]. Recent studies
indicate three main volcanic stages with
the most active phase (hereinafter the
phase-2) encompassing about 80 % of the
Deccan eruptions and coinciding with the
latest Maastrichtian [4, 5] (and references
therein). This phase may have occurred in
the short time interval of 10,000 years
Figure 1. Deccan Traps and 100,000 years [4, 6].
Lonar crater.
The current volcanoes are significant
sources of As emissions into the
atmosphere [7]. Thus enormous volcanic source such as Deccan, in
principle, could account for the excess of As at the KPB. This note
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considers a possibility that anomalous As in the KPB clays worldwide
originated from the Deccan volcanic exhalations.
RESULTS AND DISCUSSION
Addopting the volume of the Deccan magma (1.2 × 106 km3) estimated by
Keller et al. [3], I calculate that approximately 1 × 106 km3 or 3 × 1021 g of
basaltic lava (assumed density: 3 g cm-3) erupted during the most active
phase-2 of the Deccan eruptions. Osae et al. [8] carried out a geochemical
analyses major oxides and trace elements, including As, of a numerous
target basalt samples from the Lonar impact crater (Fig. 1) which is
escavated in the KPB basalts of Deccan. They reported that an average
concentration of As in their samples is 0.58 ppm (Of note, the concentration
of As in the continental crust and mantle is, respectfully, 1 ppm and 0.066
ppm [9]). Based on this As concentration, one can calculate that the As
content of the phase-2 magma was about 1.75 × 1015 g. The average amount
of elemental As at the KPB surface has been estimated as ca. 179 µg cm-2
[10] implying that the total amount of As at the KPB is about 9 × 1014 g.
Thus enormous ~50 % of the total As would have had to be released from
the phase-2 magma into the atmosphere (lower stratospheric levels) to
account for this amount of As at the KPB.
The global surface density of As (dAs) released from the phase-2 magma can
be estimated from the following equation:
dAs = MMεMfAS/AE
where MM (ca. 3 × 1021 g) is the mass of the phase-2 magma, εM is is the As
emission factor for magma (~ 1.75 × 10-9 g g-1), AE (ca. 5×1018 cm2) is the
Earth surface area; and, fAS represents the amount of As which reaches the
lower stratosphere to the total As emitted by this source into the atmosphere.
I calculate εM by dividing the above estimated total As released by the
phase-2 magma (~5.25 × 1012 g) with the mass of this magma MM. This
value should be considered as an upper limit. I will also assume that fAS is
equal 1 but this is clearly a high overestimation of its actual value which is
probably much lower than 1. Using these values for εM and fAS, I estimate
that the upper limit of dAs is about 1 µg cm-2.
Estimates of the current annual input of volcanic As into the atmosphere
vary, ranging from 0.280 × 109 g per year g to 1.72 × 1010 g per year [7]
(and references therein), although values seem to be converging on ~7 × 109
g per year [11] and this value can be regarded as a minimum amount due to
the fact that the volcanic emissions were calculated for a year with no large
eruptions [7]. To make matters worse, the Earth’s volcanic emission of As
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into the atmosphere for the last 100 years could be roughly 1012 g As which
is about the amount of As emitted by the phase-2 for its assumed duration of
104 years up to 105 years [4, 6]. As far as is known, there is no report of any
marine clayey section in the last about 12,000 years (the Holocene epoch)
and which is a few centimeters thick with a thin red basal layer having a
sharp anomalous As (or Ir!) spike.
Aditional problem is a relatively short time scale of the deposition of the
KPB clays which is inconsistent with a relatively long time of the phase-2
event. Indeed, the deposition of the prominent KPB clays occurred for
several decades up to a century at most [12, 13] (and references therein) but
the duration of the phase-2 far lasted for 104 – 105 years [5, 6]. Thus, the
deposition time of these clays is difficult to reconcile with a relatively long
duration of the phase-2. In addition, Chenet et al. [6] claim (based on their
paleomagnetic studies) that the lava pile during the phase-2 was erupted in
some 30 single eruptive events each in volume from 1000 to 20,000 km3 and
each lasted as short as 100 years. If their claim is correct than we should
recognize several litostratigraphic units with a small As spike at or close the
KPB instead only one but anomalous.
CONCLUSION
The estimates of the global surface density of As and other evidence
presented here clearly reveal that Deccan volcanism did not contribute
appreciable to the high As in the boundary clays worldwide.
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ABSTRACT
This paper presents a short biography of Dorothy Crowfoot Hodgkin. The
paper said the names of celebrities, Linus Carl Pauling, Margaret Hilda
Thatcher, Baroness Thatcher, John Desmond Bernal, Sir Robert Robinson,
who helped Dorothy in the development of X-ray, X-ray crystallography.
Presents the most important discoveries of Dorothy such as: determined the
molecular structures of cholesteryl iodide, penicillin, vitamin B12, vitamin
B12 coenzyme and the protein hormone insulin. For his research, Dorothy
was awarded the Nobel Prize in chemistry in 1964.
BIOGRAPHY
Dorothy Crowfoot was born in Cairo, in Egypt in 1910. Hodgkins parents
were John (John Winter Crowfoot, 1873-1959), and Grace (Grace Mary
Crowfoot, born Hood, 1877-1957). Her parents were authorities in
archaeology, and she may have followed the family vocation but for a
childhood fascination with minerals and crystals. She became interested in
chemistry and in crystals at about the age of 10. This interest was
encouraged by A.F. Joseph, a friend of her parents in the Sudan, who gave
her chemicals and helped her during her stay there to analyseilmenite. Most
of her childhood Dorothy spent with her sisters at Geldeston in Norfolk,
from where she went to the Sir John Leman School, Beccles, from 1921-28.
When she was 15, her mother gave her Sir William Henry Bragg’s
Concerning the Nature of Things, which contained intriguing discussions of
how scientists could use X-rays to ”see” atoms and molecules. She went to
Oxford and Somerville College from 1928-32 [1]. When she returned to
Oxford in 1934, she started to collect money for X-ray. Two things
happened on the same day in 1934. First, the name Crowfoot took on a
terrible irony. She found she had crippling rheumatoid arthritis. Only hours
after, she learned that, people in her lab made the first X-ray photo of a
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protein crystal. Three years later, she married a socialist writer Thomas
Hodgkin (Thomas Lionel Hodgkin, 1910-1982). They have three children
(Elizabeth, Luke and Toby) and three grandchildren [2]. Family friends of
Dorothy were celebrities, too. Agatha Christie (Agatha Mary Clarissa
Miller, 1890-1976). Christie had always had an interest in archaeology.
Lawrenceof Arabia (Thomas Edward Lawrence, 1888-1935) was a
Britisharch aeologist, adventurer, writer, soldier. He gained international
fame as Lawrence of Arabia, thanks to his rolein the invasion of the Sinai
and Palestine and in the Arabrevolt against Ottoman rule from 1916 to 1918.
Dorothy Crowfoot Hodgkin died on July 29, 1994.
ASSOCIATES IN THE WORK
Dorothy Crowfoot Hodgkin was a woman who loved working with people.
She exchanged personal experience and accepted the suggestions ofher
closest associates, mentors, as well as students.
Pauling (Linus Carl Pauling, 1901-1994) tried to bring Dorothy to America
in 1953, but the State Department wouldn’t let her in. That was because her
husband and John Desmond Bernal, her mentor at Cambridge, were
members of the communist party. She was apolitical but strongly
sympathetic to a number of socialist causes. Her enduring friendship with
Thatcher is all the more remarkable for that. Margaret Thatcher (Margaret
Hilda Thatcher, Baroness Thatcher, born Roberts, 1925-2013) studied
chemistry at Oxford under Dorothy Crowfoot Hodgkin.
John Desmond Bernal (1901-1971) was one of the United Kingdom s most
well-known and controversial scientists. Known as ”Sage” to friends, Bernal
is considered a pioneer in X-ray crystallography in molecular biology. He
also worked on the structure of liquid water, showing the boomerang shape
of its molecule (1933). It was in Bernal s research group where, following
a year working with Tiny Powell at Oxford (Herbert Marcus Powell, 19061991), Dorothy Hodgkin continued her early research career. Together, in
1934, they took the first X-ray photographs of hydrated protein crystals
using the trick of bathing the crystals in their mother liquor, giving one of
the first glimpses of the world of molecular structure that underlies living
things (Fig. 1) [3].
Sir Robert Robinson (1886-1975) arrived at Oxford in 1943 and graduated
in 1947 with Second-Class Honours in the four-year. Robinson s extensive
researches in organic chemistry have dealt not only with the structure and
synthesis of many organic bodies, but also with the electrochemical
mechanism of organic reactions. In terms of women in X ray
crystallography, two women were great contributors. They were Dorothy
Hodgkin, of course, and Rosalind Elise Franklin (1920-1958).
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Figure 1. John Desmond Bernal, 1901-1971

SIGNIFICANT PUBLICATIONS
The molecular structures that she determined include those of cholesteryl
iodide, penicillin, vitamin B12, vitamin B12 coenzyme and the protein
hormone insulin. Her achievements included not only these structure
determinations and the scientific insight they provided, but also the
development of methods that made such structure determinations possible.
While studying in the department of mineralogy and crystallography,
Dorothy Crowfoot employed the physical science of X-ray crystallography
(first developed by Bragg (Sir William Lawrence Bragg, 1890-1971)) to aid
her in determining the structural arrangement of the atoms in simple salts
and minerals such as thallium dialkyl halides. This was the first of what
would be many X-ray studies. Hodgkin discovered that crystals are a solid
composed of atoms arranged in a regular and repeated pattern. She later
took this method one step further and used it to analyze more complex
molecules. In 1933. Hodgkin began working with Bernal on her doctorate
degree. She felt that the scientific world had ceased to know any boundaries
while conducting her research with him. Hodgkin stated in a published
paper: ”…we explored the crystallography of a wide variety of natural
products, the structure of liquids and particularly water, Rochelle salt,
isomorphous replacement and phase determination, metal and pepsin
crystals, and speculated about muscular contraction. By 1946. Dorothy
Crowfoot Hodgkin had learned the molecular structure of penicillin. By
1951, she’d figured out the mysterious B12 molecule and for that was given
the 1964 Nobel Prize in chemistry. A headline in the Times mawkishly cried
out: ”Nobel Prize for British Wife,” and she kept on working. In 1969, she
showed how 777 atoms made up the incredibly complex structure of the
insulin molecule. It worked, so she resolved to understand this magical
lifelike process.A geologist friend gave her a box of reagents and minerals
and said, ”Buy a proper book on analytical chemistry!” She did. Then she
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built a chemistry lab in her attic and set her sights on the male bastion of
Oxford University [4].
NOBEL PRICE
There is so much more to tell about Dorothy Crowfoot Hodgkin. She was
only the fourth woman ever to win a Nobel Prize,for her determination by
X-Ray techniques of the structures of biologically important molecules. She
wasthe first English woman to win the prize. But, before that, at the age of
only 36, she became only the third woman to be made a Fellow of the Royal
Society, in 1965. the Order of Merit [5].
CONCLUSION

That, says her biographer, was like drawing plans for a jungle gym when
you've seen only its shadow on the ground. Her life was, in fact, one eerie
feat of spatial visualization after another.
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ABSTRACT
Arpad Kiss (Kiss Árpád, September 16, 1889 - November 10, 1968) was the
Kossuth Prize-winning chemist, botanist, member of the Hungarian
Academy of Sciences. His work was very important for the widespread
reaction kinetics, electrochemistry and spectroscopy in many areas, in the
field of physical chemistry. He was a dominant figure in current chemistry
education research on the University of Szeged, for nearly four decades,.
BIOGRAPHY
Kiss (Kiss Árpád, September 16, 1889 - November 10, 1968) (Fig. 1)
continued his studies on the University of Budapest, after graduating from
Presbyterian College of Sarospatak. He was a Buchböck’s (Buchböck
Gusztáv, February 15, 1869 - October 1, 1935) trainee on the Institute of
Chemical III, in 1912/1913.

Figure 1. Kiss Árpád, September 16, 1889 - November 10, 1968.
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He was wounded as a Russian prisoner in the World War I in 1914. Kiss
stayed on the Nikolaevsk and State University of Amursk, in Russian
Federation (Николаевск институт, институт сои Российской
академии сельскохозяйственных наук, Амурская область), over four
years. Arpad did experiments and studied the flora of the Far East for two
years, on the Institutions and botanical pathology and wheat breeding. He
was an assistant professor at the Budapest University Institute in the 19201921, and then inorganic chemistry professor of the physico-chemical in the
1921-1923. on the Leiden University Institute. Later, he worked at the
Francis Joseph, University of Szeged. He was rector of the University of
Szeged in the 1954-1955. From 1954 to his retirement in 1961, he was head
of the Department of Physical Chemistry of the University of Szeged [1].
WORK
Kiss conducted continuous kinetics of complex chemical, electrochemical
and spectroscopic studies in Leiden University Institute, and Physical
Research Laboratory of the University of Szege. In 1896. he discovered the
phenomenon of radioactivity. He wrote the first monograph in Hungarian in
1911. Kiss defended doctoral thesis (PhD thesis) in 1913. in which he
questioned the topic of nitrogen oxides and chlorine interaction with the
investigated homogeneous third-order chemical reactions among the first. In
subsequent research, Arpad has studied the role of neutral salt effect kinetics
in aqueous solutions and how the non-electrolytes influence the reaction
rate. This way the test results contributed to the electrochemical corrosion
research in Hungary. In addition, the solutions are thoroughly dealt with
Bronsted-Lowry acid-base theory (Johannes Nicolaus Brønsted, 1879-1947;
Thomas Martin Lowry, 1874-1936) and experimental verification
possibilities. He conducted an extensive spectroscopic studies on aromatic
hydrocarbons, hydrated metal ions and complex salts. He researched the
structures of complex compounds based on their spectra and the absorption
properties. The experiment proved the chemical and physical properties of
the metal complex compounds. Kiss’s work was published in textbooks of
German Universities, and in Acta Chimica et Physica between 1924 and
1946. At 1955. he was the journalist at the Szeged Acta Physica and editor
at the Chemica. He researched the flora on the Far East and Zemplen
Mountains and because of that he gained recognition among botanists [2, 3].
He was among the first that dealt with the third-order homogeneous
chemical reactions.
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MAIN REFERENCES
• A discussion of the phenomena radioactivitas Chemie perspective,
(Sarospatak 1911);
• Über die bei Neutralsalzwirkung Ionreaktionen, Zeitschrift für
Physikalische Chemie, (Bruckner Gyozo 1927);
• Zur Lichtabsorption der Kobaltrhodanidlösungen I-II, Akademische
Verlagsgesellschaft From 1940 to 1941, Leipzig (Kiss Pal);
• Cyano-und Thiosulfatokomplexe, Leipzig, 1941;
• Colloidics: third-year chemistry students, University of Szeged, Szeged,
1950; • General Chemistry, University of Szeged, Szeged, 1950;
• Physical Chemistry, University of Szeged, Szeged, 1951;
• The effect of the steric hindrance of the opacity, Department of Chemistry
Institute Publications, 1955, 27-35;
• Beiträge zur Lichtabsorption der Chelan Complex, Chimica Acta, (Csaszar
Jozsef, 1957-1958);
• Theorie der Lichtabsorption, Budapest, 1958;
• Lichtabsorption Über die von der Cyanokomplexen Übergangselemente,
Chimica Acta, (Miklos Ban, 1964) [6, 7].
Today, in honor of Arpad Kiss, scientist organize a conference titled
Kiss Árpád Emlékkonferencia.
CORPORATE AFFILIATIONS AND RECOGNITIONS
In 1943: The London Company Faraday (Faraday Society),
In 1945: The physicochemical German Bunsen Society (Deutsche
Physikalische Chemie für Bunsengesellschaft) and The American Chemical
Society (American Chemical Society),
In 1949: The French Chemical Society (Société de France Chimique)
increased membership,
In 1954: He was elected for a corresponding member of the Hungarian
Academy of Sciences, and Medal of Work,
In 1955: Kossuth Prize, second class, and Soviet Academy of Sciences
awarded him a Lomonosov coin (Михаи́л Васи́льевич Ломоно́сов, 17111765) [8].
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ABSTRACT
Henry Cavendish concluded that different gases had the same thermal
coefficient of expansion. He developed the concepts of specific heat and
enthalpy without establishing them in mathematical terms. Cavendish
discovered that when different substances at different temperatures were
mixed the final temperature was not determined in the same way as when
quantities of the same substance at different temperatures were mixed.
Cavendish transformed electricity from a qualitative into a quantitative
science.
INTRODUCTION
Henry Cavendish was born on October 10, 1731, in Nice, France. He was an
excellent mathematician, electrician, astronomer, meteorologist, geologist,
and a chemist equally learned and original. Cavendish died on February 24,
1810 [1].
Cavendish made valuable contributions to physics and chemistry. His work
on the combustion of inflammable air (hydrogen) led to the discovery of the
composition of water and to the demise of the phlogiston theory [2,3]. He
measured the density of several gases with high accuracy [4] and he is also
well known for the famous experiment that carries his name for determining
the density of the Earth using a torsion balance [5]. In the field of physical
chemistry he developed the concepts of specific heat and enthalpy without
establishing them in mathematical terms. Together with Coulomb he
transformed electricity from a qualitative into a quantitative science [1].
EXPERIMENTS IN PHYSICAL CHEMISTRY
Cavendish measured the vapour pressure of water using the constant volume
method and obtained results very close to those that Henri Regnault (Henri
Victor Regnault, 1810-1878) would obtain almost 50 years later [6].
Afterwards, he proceeded to measure the coefficient of expansion of many
gases. Cavendish’s method was based on varying the pressure of the gas so
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as to maintain the volume constant, a procedure that in 1847 Regnault
would claim to be the most accurate [7]. The resulting values of the thermal
coefficient of expansion were mostly about 1/370 for one degree Fahrenheit
(1/205 in the centigrade scale).
The experiments by which Cavendish was led to the discovery of specific
and latent heat appear to have originated in connection with the question as
to whether the mixing of equal quantities of water at different temperatures
would result in the final temperature being the arithmetical mean of the two.
Cavendish was able to show that when known weights of water at different
temperature are mixed together, the heat lost by the hotter liquid is strictly
equal to the heat gained by the colder one. Here, without realizing it, he was
anticipating the concept of enthalpy.

Figure 1. Cavendish’s original draft of apparatus for the experiments with
latent heat. [8].
In the course of this work Cavendish discovered that when different
substances at different temperatures were mixed, the above simple rule no
longer held, that is, the final temperature was not determined in the same
way as when quantities of the same substance at different temperatures were
mixed. Substances accordingly were found to differ as regards their thermal
capacity [1].
From his early experiments on latent heats Cavendish was already aware
that the temperature remains constant during a change in phase. In the latter
publication Cavendish remarked that the cause of the rise in temperature
that takes place during freezing is to be thought in the general principle
‘‘that all, or almost all, bodies by changing from a fluid to a solid state, or
from the state of an elastic to that of an inelastic fluid, generate heat; and
that cold is produced by the contrary process’’ [9].
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In the first paper on the subject of electricity Cavendish started from the
theory of Aepinus assuming that electricity was caused by an elastic fluid
(electric fluid) interspersed between the particles of bodies and surrounding
the bodies themselves in the form of an atmosphere. Cavendish gave two
fundamental definitions regarding bodies being positively or negatively
electrified: (1) the notion of degree of electrification of a conductor, which
he later denominated the compression of electricity (today: electric
potential); when the fluid within any body was more compressed than in its
natural state he called the body positively electrified; when it was less
compressed he called it negatively electrified, and (2) when any body
contained more of the electric fluid than it did in its natural state, he called it
overcharged, and vice versa [10].
In 1771., Cavendish wrote a paper Thoughts, that he never published. It
contains a lot of interesting material, and is of importance in more than one
respect. Cavendish was able to discuss the familiar phenomena of
electrostatics - attraction and repulsion, the behaviour of condensers, and
induction in general terms - its meaning is precisely what a modern writer
would denote by word potential [1].
Further unpublished work (1772-1773) described Cavendish’s ingenious
experiment to demonstrate that all points inside an electrified hollow sphere
are electrically neutral so that the ‘‘redundant fluid’’ (electrical charge) is
lodged entirely on its surface. He also provided the definition of electrostatic
capacity: the charges of two conductors that are electrified to ‘‘the same
degree’’ are proportional to the capacities. The capacity could be measured
directly by discharging the conductors by means of a test plane. Cavendish
also discovered that the capacity of condensers of equal dimensions varies
according to the substance employed to separate the plates. The latter result,
which would later be rediscovered by Michael Faraday (1791-1867), would
lead to the definition and measurement of the dielectric constant.
A large part of Cavendish’s experimental work on electricity was concerned
with measurements of the capacity of conductors and a comparison of the
electrical conductivities of various bodies [9]. According to his results ‘‘iron
wire conducts roughly 400 million better than rain or dishwater; that is, the
electricity meets no more resistance in passing through a piece of iron wire
400,000,000 inches long, than through a column of water of the same
diameter only one inch long. Sea water conducts 100 times, and a saturated
solution of sea salt about 720 times, better than rain water.’’ Much of his
work was concerned with finding the ratios of the charges of various bodies
of different shapes and sizes to that of a sphere 12.1 inches in diameter, all
bodies being equally electrified (charged to the same potential). These
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findings carried with them the concept, which would later be known as
Ohm’s law.
CONCLUSION
The influence of Henry Cavendish to the formation of some fields of
physics chemistry is obvious. He did a lot of experiments, mainly in the
field of heat and electricity.
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ABSTRACT
Twelve angiotensin-converting enzyme (ACE) inhibitors were studied to
evaluate correlation between their literature available absorption data (ABS)
and hydrophobicity, km parameter, obtained in micellar thin-layer
chromatography (MTLC). The theoretical considerations showed that
geometric molecular descriptor - volume value (Vol) should be considered,
as independent variable, simultaneously with calculated hydrophobicity
parameters in multiple linear regression (MLR) analysis to obtain reliable
correlation between ACE inhibitor's absorption and lipophilicity (calculated
KOWWINlogP) and that captopril should be excluded from further
correlations (after its exclusion R2 was 0.6847). The relationship between
literature available and absorption data predicted by MLR, using Vol values
besides MTLC hydrophobicity km parameter, were studied. It was proved
that this parameter accompanied with Vol data is related (R2 = 0.6120) to
ACE inhibitors absorption and could be considered for absorption modeling.
INTRODUCTION
Absorption, distribution, metabolism and elimination (ADME) properties
has been recognized as critical role in clinical success of drug candidates.
The oral drug delivery is the preferred route of administration. The
lipophilicity, as a complex physicochemical property is a main determinant
of drugs solubility, oral absorption, plasma protein binding, metabolism,
elimination and is the most frequently used parameter in quantitative
structure-activity relationship (QSAR). The lipophilicity is characterized by
the n-octanol/water partition coefficient (logPO/W) and can be determined by
traditional technique so-called shake flask method [1]. The different
chromatographic techniques such as MTLC are also known as well
established methods that can yield a significant amount of reproducible
retention data for structurally different compounds which can be correlated
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with their physicochemical and biological properties at the first place
lipophilicity [1]. The main topics of this study were to evaluate
experimentally obtained km values as measure of ACE inhibitor’s
lipophilicity through its correlation with calculated hydrophobicity
parameters, KOWWINlogP values as well as to model ACE inhibitor’s
absorption using km parameters, including additional independent variable
geometric molecular descriptor - volume value (Vol) by MLR analysis.
EXPERIMENTAL
Twelve selected ACE inhibitors were investigated 1. enalapril maleate, 2.
quinapril hydrochloride, 3. fosinopril sodium, 4. lisinopril dihydrate, 5.
cilazapril monohydrate, 6. ramipril, 7. benazepril hydrochloride, 8.
perindopril erbumin, 9. moexipril, 10. zofenopril calcium, 11. trandolapril,
and 12. captopril. The study of selected ACE inhibitors was performed on
RP-TLC C18 plates, commercially available, (Art. 5559, E. Merck,
Germany). The mobile phase was composed of 20% tetrahydrofuran (THF)
and 80% phosphate buffer (pH = 6.8) with addition of polyoxyethylene (23)
lauryl ether, Brij 35 varied in concentration from 0.01 to 0.06 M. The
detection was performed under UV lump (λ = 254 nm), after development,
by ascending technique. All investigations were performed at room
temperature (25 ± 2°C).
The Excel 2003 from Microsoft Office and Origin 7.0 PRO (Origin Lab
Corporation, USA) were used to perform the statistical analysis of the
regression. The calculations in regarding to ACE inhibitors lipophilicity
descriptors, logP values, as well as their aqueous solubility data, expressed
as logS, electronic descriptor - polar surface area (PSA); constitutional
parameter - molecular mass (Mr) and geometric descriptor - volume value
(Vol) were established using appropriate software packages [2,3]. The
calculated KOWWIN logP values were from -0.94 to 6.61; logS values
were from -4.70 to -2.35; TPSA values from 95.9 to 132.9 Å2; Mr values
from 217.3 to 563.7 and Vol values varied from 356.8 to 538.7. The human
intestinal absorption data (ABS) of examined ACE inhibitors were collected
from relevant textbook, Clarke’s Analysis of Drugs and Poisons [4] and
were in the range of 22% to 96%.
RESULTS AND DISCUSSION
The investigated ACE inhibitors were studied to evaluate correlation
between their intestinal absorption and MTLC lipophilicity data. According
to Foley [5] the following relationship (Eq. 1.) can be established between
retention parameter k’ and micelle (surfactant) concentration in eluent:
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K
1
1
=
+ AM [M ]
(1)
,
km
km
k
where [M] correspond to surfactant concentration in mobile phase, KAM is
the constant describing solute-micelle binding and km is the solute retention
parameter corresponding to surfactant monomer concentration equal to the
CMC. The parameters KAM and km can be evaluated from the slope and
intercept of experimental 1/k' versus [M] relationships. The micellar
parameter km can be considered as analogous to RM0 (hydrophobicity
parameter) in reversed phase (RP) TLC and different authors [5,6] showed
relationship between km or logkm as a lipophilicity descriptors and logP
values. The hydrophobicity parameter km obtained in present MTLC study
(Table 1.) showed good correlation (R2 = 0.8043) with calculated
KOWWINlogP values.

Table 1. The MTLC hydrophobicity parameters, calculated molecular
descriptors and intestinal absorption data of the selected ACE Inhibitors
ACE I
km
ABS KOWWIN logP
Vol
1
0.262(±0.005) 60
2.45
356.8
2
0.136(±0.007) 60
3.72
411.4
3
0.040(±0.005) 36
6.61
538.7
4
0.668(±0.013) 25
-0.94
384.4
5
0.138(±0.008) 60
2.27
392.5
6
0.126(±0.005) 54
3.32
396.4
7
0.112(±0.003) 37
3.5
394.8
8
0.289(±0.004) 70
2.59
358.3
9
0.206(±0.003) 22
3.36
462.4
10
0.070(±0.008) 96
3.94
376.1
11
0.123(±0.006) 70
3.81
413.17
12
0.286(±0.009) 65
0.84
195.65
As the main topic of the study, possible correlation between MTLC
hydrophobicity data, km and intestinal absorption data of examined ACE
inhibitors was established. The preliminary, theoretical MLR analysis of all
12 studied ACE inhibitors with application of different molecular
descriptors and calculated KOWWIN logP values, as independent variables
indicate molecular descriptor, Vol value as suitable for correlation between
predicted and literature available ABS. This MLR analysis also confirmed
that captopril should be excluded from further correlations since
considerably lower correlation coefficients were obtained with captopril
(R2=0.4632) than after its exclusion (R2=0.6847). It could be assumed that
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captopril was excluded from proposed model since this ACE inhibitor
belongs to different group – sulfhydryl group, with different structure and
notably lower Vol value in comparison to other investigated drugs.
In further modeling, possible substitution of KOWWIN logP with MTLC
hydrophobicity data, km were evaluated. With application of molecular
descriptor, Vol value and km parameter as independent variables MLR
analysis provide following correlation (Eq. 2.) with acceptable probability
value (P<0.05):
ABSpredicted = -83.4(±30.0)km – 0.31(±0.10)Vol + 194.7(±43.4)
(2)
n = 11, R2 = 0.6120, S = 15.353, F = 6.309
The obtained correlation could be evaluated as good as proposed (R2 range
0.49-0.79) by Asuero et al. 2006 [7].
The results discussed above make it obvious that MTLC lipophilicity data,
km parameters accompanied with molecular descriptor, Vol values are
closely related to ACE inhibitors absorption data and could be considered
for their absorption modeling.
CONCLUSION
The results obtained in MTLC showed good correlation (R2 = 0.6120)
between predicted and literature available absorption data of ACE
inhibitors. The current MTLC study represents another approach, besides
other chromatographic techniques (RP-TLC, salting-out TLC), for
correlation between absorption and lipophilicity.
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ABSTRACT
Reversed-phase thin-layer chromatography (RP-TLC) assay was developed
for lipophilicity assessment of 17β-carboxamide derivatives of prednisolone
and dexamethasone. Retention parameters RM0 were determined for all
tested compounds using four different mixtures of acetonitrile and water as
mobile phase, and compared with the octanol-water partition coefficients
(logP) determined using the traditional shake-flask method. Good
correlation (r = 0.93) was obtained between logP and RM0 , indicating that
RP-TLC could be used as an alternative to the shake-flask method for fast
and simple estimation of lipophilicity of newly synthesized 17βcarboxamide steroids.
INTRODUCTION
Soft glucocorticoids are derivatives with fewer side effects than traditional
glucocorticoids. These compounds are synthesized from inactive
metabolites using the retrometabolic approach and are usually administered
locally near the site of action. Apart from esters, 17β-carboxamide
derivatives of cortienic acids have also been synthesized [1]. Some of these
derivatives showed glucocorticoid activity (inhibition of haemagglutininmediated proliferation of lymphocytes).
The shake-flask method is a traditional method for determination of
lipophilicity, based on the partitioning of a compound between water and
octanol. However, this method is time-consuming and requires relatively
large amounts of tested compounds and solvents.
The aim of this study was to develop a RP-TLC based assay that could be
used for simple and fast estimation of lipophilicity of 17β-carboxamide
steroids. To this aim, octanol/water partition coefficients (logP) of these
compounds were determined using the traditional shake-flask method and
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correlated with retention parameters ( RM0 ) obtained using the proposed RPTLC method.
EXPERIMENTAL
17β-carboxamide derivatives of prednisolone and dexamethasone tested in
this study have been already synthesized and structurally characterized [2].
These compounds are amides of cortienic acids obtained from prednisolone
and dexamethasone with methyl or ethyl esters of amino acids (L-glycine,
L-alanine, β-alanine and L-phenylalanine). Structures of these compounds
are presented in Table 1.
Saturated water solutions were prepared from all tested compounds.
Partitioning between water and n-octanol was performed in 5-ml glass tubes
equipped with PTFE screw-caps. 2 ml of saturated water solution of a tested
compound and 2 ml of n-octanol were added into a glass tube, which was
covered with PTFE screw-caps and stirred at ambient temperature for one
hour. Finally, the tube was centrifuged for 15 minutes at 3000 rpm, the
aqueous phase was carefully withdrawn and used for further analysis.
Concentrations of the tested compound were determined in the saturated
water solution (starting solution, C0, equation 1) and in the aqueous phase
after the shake-flask experiment (C, equation 1).
⎛C −C ⎞
log P = log⎜ 0
(1)
⎟
⎝ C ⎠
Thin-layer chromatography was performed on plates of reversed-phase
silica RP-18 F254. Mobile phases consisted of acetonitrile and water in
different ratios (4:6; 5:5; 6:4 and 7:3, v/v). All tested compounds were
dissolved in methanol (1 mg/ml). The plates were spotted with 1 µL aliquots
of these solutions and developed by the ascending technique in glass TLC
chambers with glass lids. After development, the spots were observed under
UV light (λ=254 nm) [3].
RESULTS AND DISCUSSION
Octanol/water partition coefficients (logP) of all tested compounds were
calculated and presented in the Table 1.
Retention factors (Rf) were calculated for each compound and each mobile
phase according to the equation (2) and used for the calculation of retention
parameters RM (equation (3)):
l
(2)
Rf =
l0
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l-Distance from the base line to the center of the spot
l0-Distance from the base line to the mobile phase front
⎛ 1
⎞
− 1⎟
RM = log⎜
(3)
⎜R
⎟
⎝ f
⎠
Subsequently, for each compound RM values were plotted to corresponding
percentage of acetonitrile and linear relationships were obtained (R2=0.9730.996). Finally, RM0 values were determined by extrapolation of these lines
( RM0 represents theoretical RM value obtained with 100% water (0%
acetonitrile) as mobile phase). RM0 values of all tested compounds are
presented in Table 1.
Table 1. Chemical structures, logP and RM0 values of tested compounds

Compound
Prednisolone
PG
PA
PEG
PEA
PF
Dexamethasone
DG
DA
DEG
DEA
DF

-X-

R

R1

R2

R3

-C=C-C=C-C=C-C=C-C=C-C=C-C=C-C=C-C=C-C=C-C=C-C=C-

H
H
H
H
H
H
H
H
H
H
H
H

H
H
H
H
H
H
H
H
H
H
H
H

H
H
H
H
H
H
CH3
CH3
CH3
CH3
CH3
CH3

CH2OH
NHCH2COOCH3
NH(CH)CH3COOCH3
NHCH2COOCH2CH3
NHCH2CH2COOCH2CH3
NH(CH)CH2C6H5COOCH3
CH2OH
NHCH2COOCH3
NH(CH)CH3COOCH3
NHCH2COOCH2CH3
NHCH2CH2COOCH2CH3
NH(CH)CH2C6H5COOCH3

logP

RM0

1.59
1.63
1.96
2.01
2.15
2.85
1.92
1.79
2.07
2.28
2.16
3.23

1.73
1.78
2.41
1.86
1.97
3.32
2.14
2.16
2.54
2.68
2.79
3.80

Good correlation obtained between logP and RM0 values (r = 0.93, Figure 1)
indicates that the proposed RP-TLC assay can be used instead of the shakeflask method for fast and simple lipophilicity assessment of newly
synthesized 17β-carboxamide steroids.
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Figure 1. Correlation between logP and RM0
CONCLUSION
Octanol-water partition coefficients (logP) of prednisolone,
dexamethasone and ten 17β-carboxamide derivatives of these
glucocorticoids were determined using the shake-flask method and
compared with retention factors RM0 determined using the RP-TLC assay

developed herein. Good correlation (r = 0.93) between logP and RM0
indicates that the proposed RP-TLC assay requires less material, and can
be used as a fast and simple alternative to the shake-flask method for
lipophilicity assessment of newly synthesized 17β-carboxamide steroids.
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ABSTRACT
In the present work the reactions of oxytetracycline, tetracycline and
doxycycline with stable organic nitrogen radical 2,2-diphenyl-1picrylhydrazyl (DPPH) were investigated. The reactivity of different
tetracyclines was compared based on the reaction rates at the selected time
and on the percentage of DPPH inhibited. The highest % of inhibition in the
first 10 minutes of reaction was achieved by oxytetracycline and
tetracycline, while doxycycline was the least active. All of the investigated
antibiotics have shown significant DPPH inhibition with concentrations
which can be expected by using this drugs in conventional therapy.
INTRODUCTION
Free radicals initiate and promote pathological processes reacting by the
specific radical chain reaction mechanism and altering macromolecules.
Drug molecules can build chemical complexes and other products with
different types of radical species [1]. As a result, active drug concentration
can be reduced and its activity can be altered. Changes in cellular activity
can also appear [2].Tetracycline antibiotics (tetracyclines) are used in
therapy and prevention of bacterial and protosoal infections. Therefore, it is
important to investigate the potential of tetracyclines for reaction with free
radicals.
EXPERIMENTAL
The stock solution of DPPH reagent (30 µM) was prepared by dissolving
DPPH standard substance (Sigma-Aldrich) in 95% methanol (Zorka
Pharma). The stock solutions of oxytetracycline (100 µg/mL), tetracycline
(100 µg/mL) and doxycycline (200 µg/mL) were prepared by dissolving the
required amounts of oxytetracycline-hydrochloride, tetracyclinehydrochloride and doxycycline-hydrochloride standard substances (SigmaAldrich) in 95% methanol (Zorka Pharma).
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The method is based on the decolorization of the violet DPPH solution with
addition of antibiotics. The absorbance decrease is proportional to the
amount of reduced DPPH [3]. The absorbance change was followed
spectrophotometrically by Evolution 60 spectrophotometer (Termo-Fischer
Scientific USA). The series of antibiotic reaction solutions were made by
mixing x ml of the antibiotic standard solution with 2-x ml of methanol and
1 ml of standard DPPH solution. The concentrations of oxytetracycline,
tetracycline and doxycycline in the reaction vessels were 0.00, 6.67, 10.00,
20.00, 33.33 and 40.00 µg/mL. The tubes were kept in the dark at the room
temperature of 20ºC. The absorbance was measured at 520 nm against
methanol after 10, 30, 60, 90, 120, 150 and 180 minutes from the reaction
start. Radical scavenging activity was calculated as % inhibition = [(A0Ac)/A0]·100, where A0 is absorption of a referent sample (antibiotic
concentration 0.00 µg/mL) and Ac is absorption of tested solution.
RESULTS AND DISCUSSION
All of the examined antibiotics have shown notable activity towards DPPH
radicals (Table 1). Higher concentrations caused higher DPPH free radical
inhibition and the absorbance was decreasing with time in the observed time
interval (Figure 1). The highest inhibition percentage was achieved by
oxytetracycline for all time intervals and all concentrations (Table 2).
Doxycycline was proved to be the least active up to 10 minutes from the
reaction start. Further, tetracycline has shown the lowest inhibition
percentage after 90 minutes.
Instantaneous rates of the reactions, dA/dt, were determined from the slopes
of the tangents to the experimentally obtained absorbance–time curves at
selected times [4]. After 10 minutes from the start, oxytetracycline reaction
was the fastest, while doxycycline reaction was the slowest. With the
progression of time until 30 min all of the three reactions were become
slower, but oxytetracycline has shown higher changes in reaction rates
between 10 min and 30 min (Table 2).
Difference in radical scavenging activity of investigated tetracyclines
against DPPH is the result of structural differences. According to some
authors, the reactive site of the tetracycline antibiotics is not just a phenolic OH group, but all of the -OH groups present in the molecule [1]. Therefore,
we can assume that high oxytetracycline activity is due to the presence of
six hydroxyl groups bound directly to octahydronaphtacene structure.
Containing five hydroxyl groups, tetracycline and doxycycline showed a
lower activity against 2,2-diphenyl-1-picrylhydrazyl radical.
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Table 1. Activity of examined tetracycline antibiotics against DPPH.
% inhibition ± SD
Oxytetracycline
Tetracycline
Doxycycline
c
(µg/mL)
10
90
180
10
90
180
10
90
180
min min min min min min min min min
20.0 31.0 36.4 7.4 11.7 18.0 1.5 26.3 35.3
6.67
±
±
±
±
±
±
±
±
±
2.2 2.4
2.0
0.9
1.2
2.1
0.6
2.6
2.3
26.1 40.5 46.3 13.2 20.0 25.4 3.1 28.6 38.2
10.0
±
±
±
±
±
±
±
±
±
2.0 1.0
1.9
1.0
2.2
1.8
0.5
2.2
2.4
46.1 65.5 73.5 23.1 33.3 38.5 10.8 39.8 49.3
20.0
±
±
±
±
±
±
±
±
±
1.1 1.8
1.8
2.4
2.1
1.6
1.7
2.0
2.1
61.7 81.0 89.3 31.4 45.0 51.6 12.3 45.9 57.4
33.33
±
±
±
±
±
±
±
±
±
2.3 2.0
2.5
0.9
2.4
2.3
1.7
2.0
2.7
67.0 86.2 90.1 33.9 49.2 56.6 15.4 53.4 63.2
±
±
±
40.0
±
±
±
±
±
±
2.2
1.7
2.1
2.5 2.2
1.1
2.0
2.8
1.7
Table 2. Average instantaneous reaction rates for tetracycline antibiotics
obtained for three measurements. Relative standard deviation was
< 8%.
- dA/dt (min-1)
c
Oxytetracycline
Tetracycline
Doxycycline
(µg/mL)
10 min
30 min
10 min
30 min
10 min
30 min
6.67
1.48·10-3 1.33·10-4 4.55·10-4 1.0·10-4 4.78·10-4 2.67·10-4
10.0
1.88·10-3 2.00·10-4 8.05·10-4 1.5·10-4 5.28·10-4 2.67·10-4
20.0
3.03·10-3 3.33·10-4 1.51·10-3 2.5·10-4 1.08·10-3 3.83·10-4
33.33
3.94·10-3 3.67·10-4 2.11·10-3 2.5·10-4 1.48·10-3 4.67·10-4
40.0
4.23·10-3 3.83·10-4 2.36·10-3 2.5·10-4 1.63·10-3 4.83·10-4
CONCLUSION
DPPH method can be applied for the estimation of general radical
scavenging capability of tetracycline antibiotics. Overall efficacy of
tetracyclines against DPPH radicals can be expressed both as the amount of
a substance needed for the free radical inhibition and the time required
achieving significant inhibition level. Based on the results in this work, it
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can be concluded that examined antibiotics, with their therapeutic
concentrations, could show a significant interaction with nitrogen free
radicals.
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Figure 1. The dependence of the absorbance on the time for the
concentration of 20.0 µg/mL for all selected antibiotics.
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COMPROMISED GLUTATHIONE-DEPENDENT REDOX
SYSTEM OF CHRONICALLY-ISOLATED RATS: A
HARMFULL SIDE EFFECT OF CLOZAPINE
M. Bošković, N. Todorović and D. Filipović

Laboratory of Molecular Biology and Endocrinology, Institute of Nuclear
Sciences “Vinča”, University of Belgrade, Serbia
ABSTRACT
Changes in glutathione (GSH)-related systems are implicated in depressive
disorders. Since chronic psychosocial stress contributes to depression, we
investigated the effects of 21d of chronic social isolation (CSIS) stress, an
animal model of depression, as well as chronic administration of clozapine,
an atypical antipsychotic, on GSH content, glutathione peroxidase (GPx)
and glutathione reductase (GLR) in the prefrontal cortex of rats. Increased
GPx protein expression and its activity in clozapine-treated (controls or
chronically-isolated) rats as well as in CSIS group were found. Nonetheless,
clozapine administration caused decrease in GSH content but no effects on
GLR in controls and CSIS group. Data indicate that CSIS compromises
GSH-dependent redox system promoting oxidative stress in rat prefrontal
cortex which can’t be protected by clozapine. Moreover, clozapine
administration in controls has a harmful side effect on this redox system.
INTRODUCTION
Chronic psychosocial stress, as a risk factor of depression, may disturb
redox-status in the cell, causing oxidative stress. To maintain redoxhomeostasis and counteract to oxidative stress, cells use antioxidant defense
system such as glutathione (GSH)-dependent redox system. This system
includes GSH, GPx that eliminates peroxides with a concomitant oxidation
of GSH to GSSG, and GLR which catalyses reduction of GSSG to GSH.
Compromised GSH associated with oxidative stress in the brain has been
shown as feature of depression [1]. Based on our previous finding that 21d
of chronic social isolation (CSIS) stress on male Wistar rats induces
depressive- and anxiolytic-like behaviours [2], we treated chronicallyisolated animals with antipsychotic clozapine because recent study has
suggested that some atypical antipsychotic drugs may have protective
properties against oxidative stress [3]. Clozapine is an atypical antipsychotic
effective in treating depressive patients who are resistant to typical
antipsychotic drugs [4]. Hence, we investigated the effects of social CSIS,
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on GSH content, GPx and GLR protein expression and its activity, in the rat
prefrontal cortex and role of clozapine (21d) in rectifying possible changes.
The prefrontal cortex was chosen for investigation as it is included in stress
response and susceptible to a neurochemical and structural changes under
the chronic psychosocial stress as those observed in mental illness.
EXPERIMENTAL
Adult male Wistar rats, 2.5 months old at the onset of the experiment,
served as subjects. Control groups consisted of four animals per cage, while
rats underwent CSIS were housed individually for 21d. Clozapine was
administered daily by intraperitoneal (i.p.) injections of 20 mg/kg during the
21d in both control (Con+Cloz) and chronically-isolated (CSIS+Cloz)
groups. We already reported that chronically administration of 20
mg/kg/day of clozapine in rats produces a serum drug level therapeutically
relevant in humans [5]. Vehicle-treated rats received daily i.p. injections of
0.9% NaCl (Con+NaCl and CSIS+NaCl groups). Isolated prefrontal
cortexes were subcellular fractionated to prepare cytosolic tissue protein
extracts. GPx and GLR protein expression was investigated by Western
blot, while GSH content was determined by spectrophotometric method [6].
GPx activity was determined using Randox commercial kit [7], while GLR
activity was measured by method of Halliwell and Foyer [8]. Results were
analyzed by two-way ANOVA followed by Duncan’s post-hoc test. The
data are expressed as mean ± S.E.M. of 5-6 animals per group.
RESULTS AND DISCUSSION
The relative changes in GPx and GLR protein expression are presented in
Figure 1, while GSH content as well as GPx and GLR activity are presented
in Table 1.

Figure 1. Cytosolic GPx and GLR
protein expression in the prefrontal
cortex of controls and chronicallyisolated male rats treated either
with vehicle (0.9% NaCl) or 20
mg/kg/day of clozapine,
respectively.

1114

PHYSICAL CHEMISTRY 2014

Q-04-P

Significant differences are indicated
as follows: *p<0.05, **p<0.01
clozapine treatment or/and isolation
vs vehicle-treated controls.

Table 1. Prefrontal cytosolic GSH content, GPx and GLR activity in
controls and chronically-isolated rats treated with either 0.9% NaCl or 20
mg/kg/day of clozapine. Asterisks indicate comparison between: clozapine
treatment or/and isolation vs vehicle-treated controls, *p<0.05, **p<0.01

Significant decrease of GSH content in CSIS group as compared to controls
(*p < 0.05) may be consequence of increased oxidative stress as well as
increased GPx activity that uses the GSH for the catalytic reduction of
hydrogen peroxide. Increased GPx protein expression (*p<0.05) and its
activity (**p<0.01) in CSIS rats might contribute to protection of the
prefrontal cortex from CSIS-induced oxidative stress. Despite GSH
consumption during CSIS, unchanged protein expression and activity of
GLR may diminish GSH recycling due to inability of GLR to compensate
increased GSH consumption by GPx. Clozapine treatment alone, as well as
in combination with CSIS, caused oxidative stress judged by increased GPx
protein expression (**p < 0.01, *p < 0.05) and its activity (**p < 0.01)
associated with decreased GSH content (**p < 0.01) and unaltered GLR
protein expression and activity. The present findings concur with previous
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obtained results in the liver where clozapine administration used here (21d)
reinforce hepatic oxidative stress in chronically-isolated rats, judged by
increased nitric oxide and lipid peroxidation, GSH depletion and caused
hepatotoxicity [5]. This implies that chronic administration of clozapine, in
addition to the liver, also compromises GSH redox system in the prefrontal
cortex and failed to protect this structure from oxidative stress following
CSIS, moreover it caused the same.
CONCLUSION
Results demonstrate presence of oxidative stress following CSIS in the rat
prefrontal cortex, as evidented by GSH depletion, increased GPx and
unchanged GLR protein expression and its activity. Chronic administration
(21d) of 20 mg/kg/day of clozapine failed to prevent oxidative stress in
chronically-isolated rats and compromised GSH-dependent redox system in
controls, as well. Although in terms of efficacy versus typical antipsychotic,
clozapine remains an unparalleled choice, our finding together with
clozapine study, which demonstrated oxidative cell injury in the brain via
increased levels of membrane lipid peroxidation and total protein oxidation
[9], confirms that clozapine should be considered as a second choice drug in
depressive therapy.
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OLANZAPINE REVERTS THE ISOLATION-INDUCED
ALTERATIONS IN RAT HEPATIC GLUTATHIONEDEPENDENT DEFENSE SYSTEM
N. Todorović, J. Stevanović and D. Filipović

Laboratory of Molecular Biology and Endocrinology, Institute of Nuclear
Sciences Vinča, University of Belgrade, Serbia
ABSTRACT
Chronic psychosocial stress is a risk factor for depression. As the liver is a
primary organ for drug activation and detoxification, the effect of chronic
administration of olanzapine on rat hepatic glutathione (GSH)-dependent
defense system including GSH, glutathione peroxidase (GPx) and
glutathione reductase (GLR), following 21d of chronic social isolation stress
(CSIS), an animal model of depression, was investigated. Increased GSH
content in olanzapine-treated controls was found. Protein levels of GPx
were increased in both vehicle- and olanzapine-treated chronically-isolated
animals while significant increase in GPx activity was seen only in
olanzapine-treated chronically-isolated animals. Reduced activity of GLR in
CSIS group that was not in correspondence with its protein level was
increased by olanzapine. The results imply that chronic administration of
olanzapine reverts the alternations in hepatic GSH-dependent defense of
stressed rats caused by CSIS.
INTRODUCTION
Our recent study has shown that chronic social isolation (CSIS) caused
oxidative stress in rat liver, measured by compromised superoxide
dismutase activity [1]. To neutralize oxidative stress cells use glutathione
(GSH)-dependent defense system which includes GSH, glutathione
peroxidase (GPx) and glutathione reductase (GLR). GSH acts as cosubstrate for GPx, an enzyme catalyzing the reaction of endogenous
peroxides reduction that converts GSH to oxidized glutathione (GSSG).
GLR is able to reduce GSSG back to GSH and, thus, to maintain reduced
state of GSH in the cells. Redox dysregulation via impaired regulation of
GSH synthesis or altered function of proteins in GSH-dependent defense
may contribute to depression. Olanzapine is an atypical antipsychotic that
used in treatment of cognitive deficits observed in mental disorders [2] and
may have protective properties against oxidative stress [3]. However, the
potential role of chronic psychosocial stress and/or various drugs on GSH-
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dependent defense in rat liver is still unrevealed. Since the liver is organ
with one of the highest antioxidant enzyme capacity in the body and
primary site of drug metabolism, we investigated the effects of chronic
administration of atypical antipsychotic olanzapine on hepatic GSH content,
activity and protein expression of GPx and GLR, following 21d of CSIS
stress, an animal model of depression.
EXPERIMENTAL
Adult male Wistar rats, 2.5 months old, weighting 300 to 350 g, were used
at the onset of the experiment. Controls (nonstressed rats) were housed in
groups of four animals per cage, while stressed rats were housed
individually where rats underwent CSIS stress for 6 weeks. Olanzapinehydrochloride was administered daily by intraperitoneal injections (i.p.) of
7.5 mg/kg during the last 3 weeks of social isolation to both controls
(Con+Olan) and socially isolated (CSIS+Olan) rats. This dose of olanzapine
has earlier been shown to produce plasma levels in the rat that correspond to
clinically effective concentrations in humans [4]. Vehicle-treated animals
(Con+Veh and CSIS+Veh) received daily i.p. injections of normal saline
(0.9% NaCl). GSH content was determined in the cytosol of the liver
according to Hissin and Hilf [5]. GPx and GLR activity were determined by
spectrophotometric assays [6, 7] and protein expression by Western blot.
Two way ANOVA followed by Duncan’s post hoc test was used for
statistical data analysis. The values are mean ± SEM of 6 animals per group.
RESULTS AND DISCUSSION
The increase of GSH in olanzapine-treated control group as compared to
control animals was found (*p<0.05) (Table 1.).
Table 1. Rat hepatic GSH content, GPx and GLR activity. Con = control; Olan =
Olanzapine; CSIS = chronic social isolation stress. Symbols indicate comparison
between: treated experimental groups and controls *p<0.05, **p<0.01, ***p<0.001;
CSIS+Olan and vehicle-treated CSIS group ^^p<0.01, ^^^p<0.001.
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The GPx activity was increased in olanzapine-treated chronically-isolated
group compared to control (***p<0.001) and vehicle-treated CSIS
(^^^p<0.001) group. In regard to GLR, significantly reduced activity was
found following CSIS (**p<0.01), while significant increase was seen in
olanzapine-treated chronically-isolated animals compared to vehicle-treated
CSIS group (^^p<0.01).
Protein expression of GPx and GLR are presented in the Figure 1 and 2,
respectively. Increase of GPx protein levels in olanzapine-treated
chronically-isolated animals (*p<0.05) and its corresponding enzyme
activity indicates protective effect of olanzapine against oxidative stress [1].
Opposite of that, lack of correspondence between GPx protein level and its
activity in CSIS group may suggest posttranslational protein modifications
affecting activity of GPx.

Figure 1. Hepatic GPx protein
expression of controls and
chronically-isolated rats
treated with vehicle (0.9%
NaCl) or olanzapine (7.5
mg/kg/day). Asterisks indicate
comparison between treated
groups and controls *p<0.05;
**
p < 0.01.

Regard to GLR protein expression, Duncan’s post hoc test revealed its
significant increase only in chronically-isolated rats (Figure 2) that was not
in correspondence to its enzyme activity (Table 1). Since GSH content was
unchanged despite decreased activity of GLR, enzyme essential for
maintaining its reduced state, this tripeptide was probably synthesized de
novo. Olanzapine had no influence on GLR protein levels in chronicallyisolated animals, but it increased GLR activity compared to vehicle-treated
isolated animals. Ability of olanzapine to increase GPx and GLR activity in
chronically-isolated rats compared to CSIS group may lead to the efficient
defense against CSIS-induced oxidative stress.
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Figure 2. Hepatic GLR
protein expression of
controls and chronicallyisolated rats treated with
vehicle (0.9% NaCl), or
olanzapine (7.5mg/kg/day).
Asterisk indicates
comparison between
chronically-isolated rats and
controls *p<0.05.
CONCLUSION
Despite increased GPx and GLR protein levels in vehicle-treated
chronically-isolated animals as response to oxidative stress, lack of
consistency between protein levels and their activities may indicate that
CSIS stress compromised GSH-dependent defense system. Increased GPx
and GLR activity in olanzapine-treated chronically-isolated animals
compared to CSIS group alone represents proof of olanzapine effectiveness
in defense against CSIS-induced alternation in GSH-dependent defense
system.
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FLUOXETINE FAILED TO PREVENT ISOLATIONINDUCED CHANGES OF GLUTATHIONE-DEPENDENT
DEFENSE IN RAT HIPPOCAMPUS
N. Todorović, M. Bošković and D. Filipović

Laboratory of Molecular Biology and Endocrinology, Institute of Nuclear
Sciences Vinča, University of Belgrade, Serbia
ABSTRACT
Chronic exposure to psychosocial stress is implicated in the
pathophysiology of depression. We investigated the effect of 21d of chronic
social isolation (CSIS) stress (an animal model of depression) and/or
chronic administration of fluoxetine (15 mg/kg/day), an antidepressant, on
GSH content, protein expression and activity of glutathione peroxidase
(GPx) and glutathione reductase (GLR) in the cytosolic fraction of rat
hippocampus. CSIS stress caused reduced GPx and GLR protein expression
which was not prevented with fluoxetine treatment. Moreover, fluoxetine
administration intensified reduction of these proteins expression. Decreased
GSH content, GPx and GLR activity was also found in chronically-isolated
animals (vehicle- or fluoxetine treated). Data indicate that fluoxetine not
only failed to prevent CSIS-induced changes but itself compromised GSHdependent defense system in control animals.
INTRODUCTION
Psychosocial stress leads to oxidative stress in the brain that contributes to
the development of mental disorders [1]. Chronic social isolation (CSIS)
represents a naturalistic type of stress in rodents that has been shown to
produce behavioral and structural changes, similar to human depression [2].
Fluoxetine is an antidepressant which belongs to the selective serotonin
reuptake inhibitor, a class of drugs used for the treatment of depression [3].
Literature data have shown that fluoxetine protects the hippocampus against
the adverse effects of stress-related mental illnesses such as maternal
separation followed by social isolation [4]. We have previously published
that CSIS causes oxidative stress in rat hippocampus compromising
antioxidative activity of MnSOD [5]. Major component of the first line
antioxidative defense system is glutathione (GSH) which plays central role
in maintaining physiological redox status. GSH is a substrate for glutathione
peroxidase (GPx), enzyme which reduces peroxides and converts GSH to its
oxidized form (GSSG). Reduction of GSSG back to GSH is catalyzed by
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glutathione reductase (GLR). The aim of this study was to examine the
influence of CSIS stress on GSH-dependent defense system functioning and
possible ability of antidepressant fluoxetine to prevent eventual CSISinduced detrimental changes.
EXPERIMENTAL
Adult male Wistar rats, 2.5 months old, were divided on control (unstressed)
group that was comprised of four animals per cage and chronically-isolated
rats that were housed individually for 21d, deprived of any visual or tactile
contacts with other animals. Fluoxetine-hydrochloride was administered
daily by intraperitoneal (i.p.) injections of 15 mg/kg during the 21d in both
control (Cont+Fluox) and chronically-isolated (CSIS+Fluox) rats. This dose
of fluoxetine produced serum drug concentrations that correspond to those
reported in human patients treated with therapeutically effective doses [6].
Vehicle-treated (Cont+NaCl and CSIS+NaCl) groups received daily i.p.
injections of normal saline (0.9% NaCl). Cytosolic fractions of
hippocampus were used for determination of biochemical parameters. GSH
content was measured according to Ellman’s method modified by Hissin
and Hilf [7]. GPx and GLR protein expression was monitored by Western
blot, while activity of these enzymes was determined by spectrophotometric
assay [8, 9]. Data are expressed as mean ± S.E.M. of 5-6 animals per group
and analyzed by two-way ANOVA followed by Duncan’s post-hoc test.
RESULTS AND DISCUSSION
The relative changes in GPx and GLR protein expression are presented in
Figure 1.
Figure 1. Hippocampal GPx (A)
and GLR (B) protein of controls
and chronically-isolated rats
treated with saline or fluoxetine.
Symbols indicate differences
between: treated group and
Cont+NaCl *p<0.05, **p<0.01,
***
p<0.001; CSIS+Fluox and
CSIS+NaCl ^p<0.05; CSIS+Fluox
and Cont+Fluox ###p<0.001.
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GPx protein expressions were
reduced in fluoxetine-treated rats
(both controls and chronicallyisolated) (*p<0.05, **p<0.01)
and CSIS group alone (*p<0.05)
compared to vehicle-controls
(Figure 1A). The levels of GLR
were decreased in chronicallyisolated rats (vehicle- and
fluoxetine-treated)
(*p<0.05,
***
p<0.001)
(Figure
1B).
Although fluoxetine alone didn’t
cause change in GLR level in controls, its intensified reduction of GLR
expression following CSIS, as compared to CSIS stress alone (^p<0.05).
Fluoxetine-induced depletion of GSH content in controls (**p<0.01) may be
the result of reduced GLR activity (***p<0.001) (Table 1). Moreover,
decreased GPx activity noted in these animals (*p<0.05) may suggest either
enzyme inactivation by reactive oxygen species or already decreased GSH
availability. Significantly decreased GSH content, as well as activity of GPx
and GLR, which was in accordance with their reduced protein expression in
chronically-isolated rats (**p<0.01), suggest that CSIS compromised GSHdependent defense system in the hippocampus promoting prooxidative state.
We already reported that rats exposed to the CSIS used here (21d) (vehicleor fluoxetine treated) showed a decrease of GSH in the liver whereby
fluoxetine caused more pronounced changes in chronically-isolated animals
than in controls [6]. These data lead to the conclusion that, in addition to the
liver, fluoxetine also compromises GSH regulation in the hippocampus.
Table 1. Hippocampal GSH, GPx and GLR activity in controls and CSIS
treated with saline or fluoxetine. Symbols indicate differences between:
treated group and Cont+NaCl *p<0.05, **p<0.01, ***p<0.001; CSIS+Fluox
and CSIS+NaCl ^^^p<0.001; CSIS+Fluox and Cont+Fluox ###p<0.001.
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Moreover, chronic fluoxetine treatment failed to prevent CSIS-induced
reduction of abovementioned parameters. In addition, fluoxetine treatment
of chronically-isolated rats resulted in even more decreased GLR activity
comparing to CSIS alone (^^^p<0.001), indicating that this antidepressant
failed to prevent CSIS-induced compromise of GSH-dependent
antioxidative defense but itself has harmful effects on rat hippocampus.
CONCLUSION
CSIS stress increased susceptibility of rat hippocampus to oxidative stress
by compromising GSH-dependent defense system. Treatment with
antidepressant fluoxetine didn’t prevent this detrimental effect, moreover, its
administration in controls disturbed functioning of this system as well.
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ABSTRACT
A reverse phase liquid chromatographic method was developed for the
quantitative determination of antioxidant butylated hydroxy toluene (BHT
or 2,6-di-tert-butyl-4-methylphenol) in dutasteride soft gelatine capsules.
The method was developed by using ReproSil-Pur 120 C4 (150×4.6mm) 3µm column under isocratic conditions at 35°C. The optimum conditions for
quantitative determination of BHT achieved with the mobile phase: 0.1%
ortho-phosphoric acid in the water /acetonitrile in the ratio 30/70 (v/v), at a
flow rate of 1.5 ml/min and the detection wavelength at 220 nm. The
developed method was validated as per ICH guidelines with respect to
specificity, linearity, limit of detection (LOD), limit of quantification
(LOQ), accuracy, precision and robustness. The limit of detection, limit of
quantification are 0.15 µg/ml and 0.45 µg/mL, respectively and precision at
LOQ level was with 2.2% RSDn. The method was linear over the range of
concentrations 0.4 µg /ml to 6 µg /mL (r=0,999), showed good precision (%
RSD was below 2%), accuracy (98.6 % to 101.6%) and robustness.
INTRODUCTION
The synthetic phenolic antioxidant butylated hydroxytoluene (BHT) (Fig. 1)
was frequently used to prevent the oxidative rancidity of pharmaceutical,
food and other commercial products. The concentration of BHT depends on
the amount of sensitive compounds (α-hydroxy acids, ceramides, lipids,
vitamins, oils, and so forth) that are susceptible to oxidation by the oxygen
in the atmosphere making it possible for the unstable peroxide radicals [12]. These additives could have harmful effects on human health. Therefore,
many regulations define the permitted percentage of these compounds as
well as their concentration limits [3].
BHT is essentially used to prevent oxidative rancidity in pharmaceutical
dosage form. BHT is able to inhibit reactions promoted by oxygen, thus
avoiding the oxidation and is intended to prevent the appearance of ketones
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and aldehydes that can give a product a disagreeable smell and rancidity [2]
To prevent formulations from peroxide radicals is must use antioxidant
compound which have the ability to neutralize those radicals through the
transfer of hydrogen to this radical, stabilizing the antioxidant by resonance
[4]. In literature survey there were several publications and research papers
focus on separation methods to detect phenolic antioxidants as BHT by RPHPLC, GC, LC-MS and by electrochemical methods [1-2],[5-8].

Figure1. The chemical structure of BHT

In these described methods C8 or C18 (modified silica gel with a
hydrocarbon chain of 8 or 18 carbon atoms) stationary phases were used. In
our work C4 stationary phase was used. Using C4 stationary phase we have
developed a method for the quantification of BHT in the dutasterid capsules.
The developed method was validated as per ICH guidelines with respect to
specificity, linearity, LOD, LOQ, accuracy, precision and robustness.
EXPERIMENTAL
Chemicals All used reagents were of the analytical grade. The mobile phase
and the solvents were prepared using acetonitrile (Lab Scan, Ireland), orthophosphoric acid (Carlo Erba, Italy) and HPLC grade water.
Chromatographic conditions The experiments were performed on the
chromatographic system Agilent HP1200 with DAD detector. The analytical
columns used in this study were ReproSil-Pur 120 C4 (150×4.6mm) 3-µm
particle size. The mobile phase composition was acetonitrile: 0.1% (v/v)
ortho-phosphoric acid in the water in the ratio 70: 30. The other
chromatographic conditions were: flow rate 1,5 ml/min, column temperature
35°C and UV detection at 220 nm.
Mixture of acetonitrile: water in the ratio 75: 25 v/v was used as solvent.
Standard solutions Stock solution of BHT was prepared by dissolving them
in the solvent to obtain the concentration of 200 µg/mL. The prepared stock
solutions were stored at 4 °C. To evaluate the linearity of the developed
method, seven solutions of BHT in the concentration range from the 0.4
µg/ml to 6 µg/ml were prepared in the solvent using the appropriate standard
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solutions. The accuracy of the method was proved by preparing three series
of solutions containing appropriate placebo and BHT in three levels: low
level 80% (3.2 µg/ml), medium level 100% (4µg/ml) and high level 120%
containing 4.8 µg/ml. To prove the precision of the method, six identical
solutions of capsules in the solvent was prepared. The appropriate volume
of BHT stock solutions was added to all solutions in order to obtain the final
concentration of 4 µg/mL.
Sample solutions Sample solution was prepared by dissolving of the 10
intact capsules in the volumetric flask a 100 ml in the 25 ml water to
dissolve the capsule shell and release the content solvent, after add 25 ml
acetonitrile and again sonication for 10 min. Cool and make up the volume
with acetonitrile. Filter through 0.45 µm filter.The concentration of BHT is
3.75 µg/ml.
RESULTS AND DISCUSSION
The proposed method was validated as per ICH guideline. The system
suitability was evaluated on the basis of USP tailing factor and theoretical
plates of BHT and relative standard deviation (RSD) of five injections of
standard solution. A specificity study to establish the interference of placebo
was conducted. Chromatograms of placebo had shown no peaks at the
retention time of BHT, this indicates that the excipients used in the
formulation do not have any interference in estimation of BHT in dutasterid
capsules. The precision of method was verified by repeatability and
intermediate precision at target concentration level (4 µg/ml). Repeatability
was checked by injecting six individual preparations of BHT in dutasterid
soft gelatin capsule. %RSD of result for BHT was calculated (1,5%). The
intermediate precision of the method was also evaluated using different
analyst and different instrument and performing the analysis on different
days (2.2%). The LOD and LOQ for BHT were determined at a signal-tonoise ratio of 3:1 and 10:1, respectively, by injecting a series of diluted
solutions with known concentrations (LOD is 0,15 µg/mL and LOQ 0,45
µg/ml). Linearity test solutions were prepared by diluting the stock solutions
to the required concentrations by covering the range from 0.04 to 0.60
µg/mL of BHT. The correlation coefficient obtained was greater than 0.999.
Accuracy of the method BHT were evaluated in triplicate using three
concentration levels 80%, 100% and 120%. The percentage recoveries for
BHT were calculated and varied from 98.0% to 104.2 %. To determine the
robustness of the developed method, experimental conditions (composition
of the mobile phase, column temperature and flow rate) were deliberately
altered and system suitability parameters for BHT were recorded. To check
the application of the method dutasterid soft gelatin capsules was used

1127

PHYSICAL CHEMISTRY 2014

Q-07-P

where BHT concentration was different. Sample was analyzed three times
as and results are found satisfactory (0.036 mg per capsule)
CONCLUSION
It can be concluded that the defined RP-HPLC method is rapid and efficient
for determination of BHT in the dosage forms.
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ABSTRACT
The chromatographic behavior of 16 alpha adrenergic and imidazoline
receptor ligands has been studied by reversed-phase thin-layer
chromatography (RP-TLC). Retention constant RM0 has been determined for
all tested compounds in two different chromatographic systems
(tetrahydrofuran-ammonia-water/RP-18, and tetrahydrofuran-ammoniawater/CN) and together with computed molecular parameters of the
examined compounds further used for the quantitative structure–retention
relationship (QSRR) study. The QSRR modeling was performed with use of
the partial least squares regression (PLS). Obtained results from leave-oneout cross-validation (Q2 values: 0.923 and 0.873 for RP-18 and CN
stationary phase, respectively) and external test set prediction (root mean
square error of prediction, RMSEP: 0.339 and 0.218, for RP-18 and CN
stationary phase, respectively) were proved high predictive power of the
proposed models.
INTRODUCTION
The concept of non-adrenergic imidazoline receptors (IR) and their ligands
was proposed based on a discovery that antihypertensive drug clonidine and
its analogues exert their effect on the central nervous system by interaction
with both, the α2-adrenoreceptors (α2-AR) and the imidazoline receptors.
Today it is well known that second generation of centrally acting
antihypertensives, such as moxonidine and rilmenidine, is more selective for
I1-IR and have produced less side effects than clonidine and other
nonselective imidazoline receptors ligands [1]. Therefore, design and
synthesis of novel compounds with diverse activity and selectivity toward
I1-IR, I2-IR, and I3-IR, and the α-AR-receptors can instigate the
development of promissing drug candidates with diverse pharmacological
effects and reduced incidence of side effects. Significant interest in
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developing of new IR/α-AR ligands requires fast and reliable methods for
estimation of their physicochemical properties and retention behavior.
Application of thin-layer chromatography method in different quantitative
structure–retention relationship (QSRR) studies provides valuable data
which enable prediction of the retention behavior of the new compounds,
understanding of the separation mechanism in a given chromatographic
system, identification of important molecular descriptors, estimation of
compounds’ lipophilicity and prediction of biological activity [2].
The main objectives of this work were to investigate the chromatographic
behavior of 16 alpha adrenergic and imidazoline receptor ligands by the RPTLC and to develop the QSRR models enabling prediction of the retention
behavior of the related guanidine and imidazoline derivatives.
EXPERIMENTAL
Chromatography was performed on the commercially available octadecyl
silica plates (the TLC Silica gel 60 RP-18 F254s pre-coated aluminium
sheets, Merck, Darmstadt, Germany) and CN-modified silica plates (the
HPTLC Silica gel 60 CN F254s, Merck, Darmstadt, Germany). Two different
mobile phase/stationary phase systems and different contents of organic
modifier (φ) were used: tetrahydrofuran-ammonia-water/RP-18 (φ=0.6-0.8),
and tetrahydrofuran-ammonia-water/CN (φ=0.55-0.75). The content of
tetrahydrofuran was changed in the 5% steps, while the content of ammonia
was kept constant at 5 vol%. The plates were developed in the ascending
mode after 15 min pre-saturation with the mobile phase. Zone detection was
performed in the UV light at 254 nm. The Rf values were calculated as an
average from the three chromatograms. According to the obtained RM
values, RM=log(1/Rf -1) retention parameter RM0 corresponding to pure
water was obtained as an extrapolated value to 0% organic modifier in the
mobile phase, using following linear equitation: RM=RM0+ m×φ; where m is
slope and φ is the volume fraction of organic modifier in the mobile phase.
Theoretical studies including calculation of pKa and selection of a
predominant molecular/cationic/anionic form of the analyzed compounds at
a given pH value of an aqueous phase, was performed using the Marvin
5.5.1.0 ChemAxon program. Geometry optimizations were performed on
the B3LYP/3-21G (d,p) level of the density functional theory in the
Gaussian 98 program. The Gaussian 98 (B3LYP/3-21G(d,p) basis set), the
Chem3D Ultra 7.0.0, the Molinspiration Cheminformatics, and the Dragon
programs were applied for the computation of molecular descriptors. The
Soft Independent Modeling of Class Analogy SIMCA P+ 12.0 program was
used for the Partial Least Squares (PLS) analysis and the QSRR modeling.
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RESULTS AND DISCUSSION
In the QSRR study, experimentally obtained retention parameters (RM0) in
the two different chromatographic systems were used as dependent
variables, while the computed molecular parameters of the examined
compounds were used as independent variables. The examined data set of
16 compounds was divided into the training set consisting of 12 compounds
(moxonidine, brimonidine, clonidine, amiloride, guanabenz, idazoxan,
efaroxan, harmane, naphazoline, tramazoline, oxymetazoline, and
xylometazoline), used for building of the models, and the test set consisting
of 4 compounds (tizanidine, guanfacine, harmine, and tetrahydrozoline),
used for an external validation. The distribution of the studied substances
into the training and test set were randomly determined but taking into the
account that each chemical group (i.e., the guanidine, 2-aminoimidazoline,
2-arylmethylimidazoline and β-carboline derivatives) has one representative
in the test set. The statistical results and PLS-coefficients of the QSRR
models are given in Table 1. High values of leave-one-out cross-validation
parameter Q2 (Q2 >0.5) and low values of the root mean square error of
estimation (RMSEE) for the training set and root mean square error of
prediction (RMSEP) for the test set indicate good prognostic capacity of the
obtained QSRR models (Table 1.). In all devised QSRR models, logarithm
of the partition coefficient, log P is selected as the important property with
positive influence on the retention in the tested chromatographic RP-TLC
systems. Similar sets of descriptors were selected for both, the RP-18 (log P,
nN, P_VSA_e_2) and the CN (log P, nON, P_VSA_e_2) stationary phases
and tetrahydrofuran-ammonia-water as mobile phase. The P_VSA-like on
Sanderson electronegativity, bin 2 (P_VSA_e_2) descriptor is defined as an
amount of the van der Waals surface area (VSA), which in certain range has
the P property (Sanderson electronegativity). In the both chromatographic
systems, the P_VSA_e_2 descriptor exerts negative influence on the RM0.
Therefore the compounds with higher P_VSA_e_2 values have lower
retention on the two investigated stationary phases. The number of nitrogen
atoms (nN) is a constitutional descriptor and in the tetrahydrofuranammonia-water/RP-18 system, it exerts negative influence on the retention
constant (RM0). Thus the compounds with a higher number of the nitrogen
atoms (nN) less efficiently interact with the C18-modified silica stationary
phase, which results in a lower retention thereof.
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Table 1. Statistical results of the developed PLS-QSRR models
RP-TLC
PLS-Coefficients
R2Y Q2 RMSEE RMSEP
systems
Constant: 2.431;
THF-NH3-H2O log P: 0.953;
0.96 0.92 0.171
0.339
(RP-18)
nN: - 0.375;
P_VSA_e_2: -0.364
Constant: 2.162;
THF-NH3-H2O log P: 1.078;
0.93 0.87 0.186
0.218
(CN)
nON: - 0.116;
P_VSA_e_2: - 0.265

The number of the hydrogen bond acceptors (nON) negatively contributes
to the RM0 values in the tetrahydrofuran-ammonia-water/CN system, so that
the larger number of the nitrogen and oxygen atoms as the hydrogen
accepting sites leads to the lower retention on the CN stationary phase.
CONCLUSION
Upon the results of the performed QSRR analysis, the log P values were
selected in all the devised models as those indicating the importance of
lipophilicity for the retention behavior of the investigated compounds.
Moreover, constitutional descriptors (nN), P_VSA-like descriptors
(P_VSA_e_2), and the number of the hydrogen bond acceptors (nON)
contribute to an overall retention mechanism in RP-TLC systems. The
developed QSRR models are very useful predictive tools for evaluation of
the RM0 values for the related guanidine and imidazoline derivatives.
ACKNOWLEDGEMENT
This work was supported by the Ministry of Science and Technological
Development of the Republic of Serbia, Contract No. 172033.
REFERENCES
[1] C. Dardonville, I. Rozas, Medicinal Research Reviews, 2004, 24, 639661.
[2] R.Kaliszan, Chemical Reviews, 2007, 107, 3212–3246.

1132

PHYSICAL CHEMISTRY 2014

Q-09-P

THE EFFECTS OF ANOINIC AND CATIONIC
SURFACTANTS ON ACID-BASE EQUILIBRIA OF
IRBESARTAN
M. Popović 1, M. Grujić1, G. Popović 2 and D. Agbaba 1
1

Department of Pharmaceutical Chemistry Faculty of Pharmacy,
2
Department of General and Inorganic Chemistry,
University of Belgrade, Vojvode Stepe 450, 11000 Belgrade, Serbia
(marija.popovic@pharmacy.bg.ac.rs)
ABSTRACT
In this study pKa values of irbesartan, an angiotensin receptor blocker, were
determined by potentiometry and the effects of sodium dodecyl sulfate
(SDS) and cetyl trimethyl ammonium bromide (CTAB) on its protolytic
equilibria have been investigated. It was observed that shift in pKa values is
a result of complex electrostatic and hydrophobic interactions with the
micelar solutions. Based on the obtained results drug interactions with
biomolecules can be evaluated.
INTRODUCTION
Irbesartan (IRB), 2-butyl-3-[[2’-(tetrazol-5-yl)biphenyl-4-yl]-methyl]-1,3diazaspiro[4,4]non-1-en-4-one (Figure 1), is a potent and selective
antagonist of angiotensin II at AT1 receptor. IRB is indicated for use in
therapy of hypertension and also for the
N
treatment of renal disease in patients with
N
NH
type 2 diabetes mellitus and nephropathy
N
[1]. Drugs in the sartan class specifically
interact with the receptor, in the two-step
O
process which involves incorporating into the
N
membrane and diffusion to the receptor
N
[2]. It is assumed that biological
membranes play an important role in the
Figure 1. Chemical structure
stabilization of the IRB active form.
of irbesartan
Chemical structure of IRB contains three
ionizable centers, one acidic center (N1 of tetrazole – pKa2) and two basic
centers (imidazole – pKa3 and N4 of tetrazole – pKa1). Tetrazol ring is a part
of the molecule which is required for the pharmacological action because it
is analogous to the terminal end of angiotensin II. The overall charge of the
drugs under the physiological conditions depends on their pKa values and
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thereby the bioavailability of the active form which is required for the receptor
binding [3]. However, expected ionization extent of the drug can be
distinguish in terms of in vivo environment as a result of interactions with a
variety of biomolecules that may be present on the membrane surface and in
body fluids. Since biological membranes are extremely complex structures,
much less complex surfactant micelles have been used as a model systems
[4].
The main aim of this study was to determine the pKa values of IRB in the
presence of micellar solution of anionic surfactant SDS and cationic
surfactant CTAB and compared with the values defined for aqueous
solution in order to estimate their effect of the acid-base equilibria of IRB.
EXPERIMENTAL
The pKa values of IRB in the absence and in the presence of the 10−2 M
surfactant (SDS and CTAB) were determined by potentiometry. A titration
system 798 MPT Titrino with a combined electrode (LL unitrode Pt1000,
Metrohm) was used for performing potentiometric titrations. All
measurements were carried out at 25 oC and constant ionic strength was
adjusted to 0.1 M with NaCl. According to poor water solubility of IRB
apparent dissociation constants pKa* were obtained in different
methanol−water mixtures 40 %, 45 %, 50 %, and 55 %, (w/w). To 40 mL
(5×10-4 - 10−3 M) solutions of IRB in the absence (methanol−water
mixtures) and in the presence of surfactants, 1.0 mL of HCl solution
(0.10414 M) was added and titrated with standard NaOH solution (0.099564
M). Based on data obtained by potentiometric titrations pKa values were
calculated using a computer program Hyperquad, which enables
determination of equilibrium constants in complex systems containing
overlapped acid–base equilibria.
RESULTS AND DISCUSSION
Because of a slight IRB solubility, its apparent pKa values (pKa*) in the
absence of surfactants were determined in different methanol−water
mixtures 40 % to 55 % (w/w). For this purpose, methanol is the solvent of
choice because its solvation effect is close to that of pure water [5]. Aqueous
pKa values were calculated by extrapolation of the pKa* values to zero
cosolvent. (Table 1, Figure 2). Precipitation of the drug did not occur in the
presence of micelles formation, because the solubilizing effect of the
surfactants acted to increase the IRB solubility.
IRB pKa values are shifted in the presence of micelles which points out that
surfactants affect its acid-base equilibrium. Comparison of the results
obtained in the presence and in the absence of surfactants (Table 2) indicates
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that the most sensitive to the presence of SDS is acid group of tetrazole
(∆pKa2 = +1.82), while CTAB the most prominent affects the ionization of
base center in tetrazole (∆pKa1 = +1.22).
8

Table 1. pKa* values of irbesartan
determined in different
methanol−water mixtures

6
pKa

% Methanol
40
45
50
55

pKa1
1.91
2.64
2.47
2.26

pKa2
3.65
3.65
3.59
3.61

pKa3
4.88
4.93
5.02

4
2
0
0

20
40
60
Methanol % (w/w)

Figure 2. Plots of methanol %
(w/w) vs pKa*

Table 2. pKa values of irbesartan with and without of surfactants
H 2O

CTAB

∆ pKa

SDS

∆ pKa

pKa1

0.86

2.08

+1.22

-

-

pKa2

3.81

2.60

-1.21

5.63

+1.82

pKa3

4.69

3.55

-1.14

6.23

+1.54

Mole fraction %

Observed changes in pKa values
100
can be considered in terms of
competing different hydrophobic
and electrostatic interactions on
H2O
the surface of the micelles [6].
CTAB
50
SDS
Due to repulsion of the same
charge,
negatively
charged
surface of SDS micelles can
0
stabilize the nonionized form of
0
2
4
6
8
10 12
the acid center shifting the
pH
equilibria by decreasing the acidity.
Figure 3. Ionization profiles of
At the same time SDS can
irbesartan in water, SDS and CTAB
stabilize the protonated form of the base group causing an increase in pKa
value and basicity (∆pKa3= +1.54).
The opposite effect is expected in the case of CTAB micelles whose surface
is positively charged. Consequently, the greater stability of the ionized form
of the acid group causes an increase in acidity (∆pKa2 = -1.21), while the
greater repulsion of the protonated basic center reduces the basicity (∆pKa3
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= -1.14). However, a significant shift of the pKa1 value in the presence of
CTAB, which is contrary to the expectations, may indicate that the
hydrophobic interactions are predominant, with possible insertions into the
micelle.
CONCLUSION
Based on obtained results and the shift in pKa values it can be concluded
that the ionisable centers of IRB participate in complex electrostatic and
hydrophobic interactions with the SDS and CTAB micelles. The shift in
pKa2 and pKa3 values probably is a consequence of the dominant electrostatic
interactions, whereas the predominant hydrophobic interactions with
micelles are responsible for a shift in pKa3 value. The results obtained in this
study can be used for more detailed investigation of the drug behavior in
interaction with the membrane and the receptor, particularly if one takes into
account that the presence of surfactants affects the ionization of the groups
which are required for activity.
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ABSTRACT
The Parallel Artificial Membrane Permeability Assay (PAMPA) has been
successfully introduced into pharmaceutical industry to allow useful
prediction of blood brain barrier (BBB) penetration. This study estimated
the extent of passive uptake for forty commercially available drugs using
PAMPA-BBB model. The effective permeabilities (Pe) of the compounds
have been calculated taking into account iso-pH condition and their
membrane retention. Further, the obtained results will be used to develop
new computational models capable of predicting the BBB permeability of
novel chemical entities in drug discovery process.
INTRODUCTION
Prediction of ADME (absorption, distribution, metabolism, excretion)
processes during the development of new drug candidates is of great
importance. The ‘poor’ pharmacokinetic properties are one of the main
reasons for the failure of potential drugs in the pre-clinical and clinical
trials. To be effective as therapeutic agent, centrally acting drug must cross
blood-brain barrier. For this reason, selecting compounds that have
appropriate brain penetration properties is a critical step during drug
discovery phase.
Direct measurement of brain permeablility is very difficult, time consuming
and expensive process. Instead of that, a lot of in vitro models have been
developed.
The aim of this work was to assess the extent of passive uptake of forty
commercially available drugs through blood brain barrier using the parallel
artificial membrane permeability assay (PAMPA).
PAMPA, first introduced by Kansy, et al. [1], is rapid and cost effective tool
widely used in the pharmaceutical industry.
EXPERIMENTAL
The compounds were dissolved in DMSO at 5mg/ml. Ten microliters of this
compound stock solution was diluted 200-fold in physiological phosphate
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buffer at pH=7.4 in order to obtain a secondary stock solution of 25 µM/mL.
Two hundred microliters of the secondary stock solution was stored in the
donor wells. The filter membrane was coated with 4µL PBL in dodecane
(20 mg/mL) and the acceptor well was filled with 200 µL of pH=7.4 buffer.
The acceptor filter plate was put on the donor plate with artificial lipid
membrane in the middle to form a „sandwich“. Test compounds diffused
from the donor well through the lipid membrane and into the acceptor well
for eighteen hours [2]. The concentration of drug in the acceptor, the donor,
and the reference was determined by standard analytical method-HPLC
using UV detector. In cases where UV spectra could not be obtained due to
low poor sensitivity, samples were transferred to liquid chromatography
mass spectrometry (LC-MS). The measurements have been performed under
iso-pH conditions. Samples were analyzed in triplicate and the average of
this three runs were reported. The effective permeability (Pe) of compounds
has been calculated according to the following equations:
VaCa (t ) + VdCd (t ) = VdCd (0)(1 − R )

Pe = −

2.303Vd ⎛ 1
⎜
A(t − τ lag ) ⎜⎝ 1 + rv

⎡ ⎛ 1 + rv −1 ⎞ Ca (t ) ⎤
⎞
⎟
⎟⎟ log10 ⎢1 − ⎜
⎥,
⎜
⎟
⎠
⎣⎢ ⎝ 1 − R ⎠ Cd (0) ⎦⎥

(1)
(2)

where Va=acceptor volume (cm3); Vd=donor volume (cm3); A=filter area
(cm2); t=permeation time (s); Ca(t) and Cd(t)=the concentration of
compound in acceptor and donor wells at time t (µM); Cd(0)=the
concentration of compound in donor well at time 0 (µM); τlag=time needed to
saturate the membrane; R=mole fraction of compound retained by
membrane; rv=Vd/Va.
RESULTS AND DISCUSSION
The compounds used in this study were imidazoline ligands and CNS drugs
with wide range physicochemical properties. The values of effective
permeability (Pe) as well as permeability coefficient (logPe) of those
compounds have been reported in Table 1. Depending on the Pe values
commercial drugs have been separated into three groups [3]:
a) ‘CNS+’ (high BBB permeation predicted); Pe (10-6 cm s-1) > 4.0
b) ‘CNS -’ (low BBB permeation predicted); Pe (10-6 cm s-1) < 2.0
c) ‘CNS + /-’ (BBB permeation uncertain); Pe (10-6 cm s-1) from 2.0 to 4.0

1138

PHYSICAL CHEMISTRY 2014

Q-10-P

Table 1. Calculated PAMPA parameters of tested compounds
Compounds
PAMPA-BBB
Log Pe
PAMPA-BBB
Pe (10-6 cm/s)
assay
classification
Agmatine
0.0033
-8.48
CNSAmiloride
0.000827
-9.08
CNSBrimonidine
1.78
-5.75
CNSBromazepam
1.94
-5.71
CNSCarbamazepine
3.78
-5.42
CNS+/Citalopram
9.45
-5.02
CNS+
Clonazepam
3.98
-5.40
CNS+/Closapine
8.34
-5.08
CNS+
Efaroxan
4.92
-5.31
CNS+
Fluoxetine
9.89
-5.00
CNS+
Guanabenz
5.67
-5.25
CNS+
Guanfacine
5.21
-5.28
CNS+
Harman
7.48
-5.13
CNS+
Harmin
7.17
-5.14
CNS+
Idazoxan
5.08
-5.29
CNS+
Clonidine
3.67
-5.44
CNS+/Xylometazoline
8.88
-5.05
CNS+
Lamotrigine
0.97
-6.01
CNSLevetiracetam
0.06
-7.22
CNSLevomepromazine
8.38
-5.08
CNS+
Lorazepam
8.35
-5.08
CNS+
Maprotiline
5.99
-5.22
CNS+
Mianserin
9.08
-5.04
CNS+
Moxonidine
1.86
-5.73
CNSNaphazoline
4.31
-5.37
CNS+
Oksazepam
8.23
-5.08
CNS+
Oxymetazoline
2.02
-5.69
CNS+/Olanzapine
5.51
-5.26
CNS+
Prazepam
8.61
-5.07
CNS+
Reserpin
2.75
-5.56
CNS+/Rilmenidine
7.26
-5.14
CNS+
Risperidone
3.81
-5.42
CNS+/Sertraline
6.66
-5.18
CNS+
Tetrahydrozoline
3.23
-5.49
CNS+/Tizanidine
3.39
-5.47
CNS+/Topiramate
0.54
-6.27
CNSTrimazoline
3.92
-5.41
CNS+/Venlafaxine
13.35
-4.87
CNS+
Viloxazine
6.47
-5.19
CNS+
Ziprasidone
8.27
-5.08
CNS+
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CONCLUSION
The effective BBB permeabilities of forty commercial drugs have been
estimated using PAMPA test. According to calculated permeation
parameters most compounds have a high or moderate BBB permeation that
allows compounds to reach the therapeutic targets in CNS with minimal
systemic side effects. Compounds with low permeation were agmatine,
amiloride, lamotrigine, levetiracetam and topiramate. Further, obtained
results will be used for development of new computational models capable
of predicting BBB permeability of novel compounds based on their
structures.
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ABSTRACT
In this work, microbial polysaccharide levan was functionalized by
introducing aldehyde groups in the glycan molecule and coupled with
polyene antibiotic amphotericin B. Resulting conjugate was characterized
by spectroscopic data (UV-Vis and FT-IR) and by results of elemental
analysis.
INTRODUCTION
Levan is nonlinear polyfructan with (2,6)-linked β-fructosyl units and (2,1)branches (Fig.1). Due to the high molecular mass and solubility in water this
polysaccharide has many potential uses in different industries [1]. The
selection of levan in the synthesis of drug derivatives is justified on the basis
of its blood biocompatibility, solubility and biodegradability. Amphotericin
B is a polyene antifungal antibiotic (Fig. 2), macrocyclic lactone, produced
by Streptomyces nodosus. It is used in medicine intravenously, orally and
parenterally, however
OH
its insolubility in water
H2C
1
O HOH2C
HOH2C
HO
leads to undesirable
O
O
5
HO
2
side effects [2].
HO
HO
OH
3
4
O

Glucose
residue

CH2

O

OH

OH

6CH2

n

Fructofuranosyl repeating unit
ß-(2,6)-linkages

Figure 1. Levan

The aim of the present work was synthesis and spectroscopic
characterization of amphotericin B conjugate with activated levan obtained
by introducing aldehyde groups in the glycan chain in order to obtain drug
with improved solubility in water which would potentially expanded the
use of this antibiotic without harmful side effects.
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Figure 2. Amhotericin B

EXPERIMENTAL
Levan used in this work was produced by Bacillus licheniformis NS032 [3].
Polyaldehyde derivative of this fructan was obtained by reaction with
periodate salts in distilled water. Coupling reaction between oxidized levan
and amphotericin B was performed in 0.1 M borate buffer (pH 11.0) in the
dark, at 40°C, with stirring, during 48 h. Resulting conjugate was purified
from unbounded molecules by dialysis (dialysis tubing MWCO 8,000
obtained from Sigma Aldrich Co) against distilled water until negative
probe on antibiotic in the surrounding water. Conjugate then was
lyophilized (Christ Alpha 2-4 LD plus lyophilizer). Characterization of
synthesized product was performed by UV-Vis
(GBC Cintra 40
spectrophotometer) and FT-IR (Thermo-Nicolet instrument, Model 6700
equipped with Smart Orbit Diamond ATR accessory) spectral techniques
and by the results of elemental analysis, too.
RESULTS AND DISCUSSION
Synthesis of levan-amphotericin B conjugate was done by coupling reaction
between aldehyde groups of oxidized polysaccharide and amine groups of
antibiotic (Fig. 3).
O
CH2 O
IO4HO
CH2OH
OH

CH2 O
O

O
NH2 AMB

CH
pH 11.0
HC CH2OH Borate
O

buffer

CH2 O
O

O

CH
HC CH2OH
N

AMB

Figure 3. Synthesis of levan-amphotericin B conjugate (AMBamphotericin B)

In UV-Vis spectrum of oxidized levan no absorption bands were observed
(Fig. 4), however, spectrum of synthesized conjugate (Fig. 4) was
significantly different, with the typical absorption peaks in the region 340
nm - 430 nm, that characteristic for amphotericin B (Fig. 5). On the basis of
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the spectroscopic data it can be concluded that polyaldehyde polymer of
levan was successfully coupled with polyene antibiotic amphotericin B.

Figure 5.
UV-Vis spectrum of
amphotericin B

Figure 4.
UV-Vis spectrum of of
conjugate and oxidized levan

Elemental analysis showed the content of nitrogen in the synthesized
product, unlike the starting aldehyde-functionalized fructan that did not
contain nitrogen. Results of elemental analysis were shown in Table 1.
Table 1. Results of elemental analysis
%N
%C
Polyaldehyde levan
/
44.40
Conjugate levan3.46
49.12
amphotericin B

%H
6.04
6.55

The synthesized levan-amphotericin B conjugate was further characterized
by FT-IR data (Fig. 6). The FT-IR spectrum of product showed signals
specific for polyaldehyde fructan and antibiotic. In the FT-IR spectrum of
conjugate among the signals characteristic for levan [4] and band at 1730
cm-1 specific for carbonyl group in polyaldehyde glycan, peaks at 1449 cm1
, 1401 cm-1, and 1010 cm-1 can be observed relating to –CH3-CH2, -COOand -C-C-H for chromophore, respectively, characteristic for the peaks of
amphotericin B [5]. The strong absorbtion at 1604 cm-1, relating to imine
stretching vibration confirmed that amphotericin B has been covalently
coupled to oxidized levan.
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Figure 6. FT-IR spectrum of levan - amphotericin B conjugate
CONCLUSION
In this work a conjugate of aldehyde-functionalized fructan and polyene
antibiotic amphotericin B was synthesized by reaction of covalent coupling.
Resulting product was characterized by spectroscopic data (UV-Vis and FTIR) and by the results of elemental analysis.
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ABSTRACT
Lipophilicity expressed via logP of thirteen newly synthetized β-hydroxy-βarylalkanoic acids was determined using RP-HPLC method. Reported data
for five of these acids showed that they exhibit good anti-inflammatory
activity which is also expected from remaining eight compounds. In light of
this, lipophilicity is very important parameter because of its impact on
passive transport of compounds through biological membranes. Classical
shake-flask method for logP determination has several disadvantages
(emulsion problems, large amount of pure compound required, time
consuming), and this is the reason for using RP-HPLC method. In the
selection of HPLC method enough low pH value could not be achieved to
ensure that all compounds were in their neutral form, so firstly logD was
determined, and then log P was calculated. In order to improve
chromatographic determination n-octanol was added in mobile phase. The
method is based on following the retention times of compounds with known
logP values along the newly synthesized compounds in 4 mobile phases
with different ratio of methanol and phosphate buffer. LogKw values for all
compounds were calculated from the retention times. After plotting a graph
of logKw over logD for known compounds, logD for synthetized
compounds were interpolated. Because all synthetized compounds are
monoprotic acids, logP was calculated from the appropriate equation. LogP
of examined compounds was predicted by ChemOffice v8.0 Ultra software
package and high correlation was found with experimental logP data
(r=0.8206).
INTRODUCTION
Thirteen β-hydroxy-β-arylalkanoic acids were synthetized using modified
Reformatsky reaction. Synthesis of five acids [a: (3-hydroxy-3-(4-
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diphenylil)-butanoic acid, b: 3-hydroxy-2,2-dimethyl-3-(4-diphenylil)butanoic acid, c: 3-hydroxy-3,3-diphenylpropanoic acid, d: 3-hydroxy-2methyl-3,3-diphenylpropanioc acid, e: 3-hydroxy-2,2-dimethyl-3,3diphenylpropanioc acid] was already reported and their anti-inflammatory
activity was documented [1,2]. The impact of substitution of side chain with
one or two methyl groups was determined. Remaining eight acids [f: 3phenyl-3-p-tolylpropanoic acid, g: 3-hydroxy-3-phenyl-3-m-tolylpropanoic
acid, h: 3-(4-(trifluoromethyl) phenyl)-3-hydroxy-3-phenylpropanoic acid,
i:3-(3-(trifluoromethyl)phenyl)-3-hydroxy-3-phenylpropanoic acid, j: 3-(4chlorophenyl)-3-hydroxy-3-phenylpropanoic acid, k: 3-(3-chlorophenyl)-3hydroxy-3-phenylpropanoic
acid,
l:
3-hydroxy-3,3-bis(4m:
3,3-bis(4-chlorophenyl)-3methoxyphenyl)propanoic
acid,
hydroxypropanoic acid] were afterwards synthetized and fully characterized.
The aim was to examine their anti-inflammatory activity and to determine
the impact of substitution of benzene ring with various substituents which
differ in their lipophilicity. Regarding physicochemical descriptors of these
compounds it was very important to determine lipophilicity because this
descriptor plays a crucial role in pharmacological activity of drugs and
organic compounds having influence on passive transport of xenobiotics
through biological membranes [3-4]. Lipophilicity is expressed by the log P,
which is logarithm of the partition coefficient of a neutral form of a
molecule in n-octanol/water system.
The conventional shake-flask method has a few disadvantages such as
emulsion problems and the fact that large amounts of pure compounds are
required. This is the reason for choosing RP-HPLC method which is shown
to be a suitable model for estimating n-octanol/water partition coefficients
[5]. The aim was to determine log P values of synthetized compound and to
correlate them to predicted values by computer program.
EXPERIMENTAL
The method is based on following the retention times of standard substances
(aspirin, ibuprofen, ketoprofen, naproxen and phenanthrene) with known
logP values and the newly synthesized compounds in 4 mobile phases
consisting of a mixture of phosphate buffer (pH=3) and methanol.
Proportion of methanol is 40%, 45%, 50% and 55%. Aqueous phase was
previously saturated with n-octanol which also was added to methanol in
concentration of 0.25%. BDS Hypersil C18 column 30x4mm, packed with
3µm particles was used at mobile phase flow rate 1ml/min and at
temperature of 30°C. pKa values were previously determined (around 3.5).
All examined compounds were dissolved in appropriate mobile phase.
NaNO3 also dissolved in the mobile phase was injected as the unretained

1146

PHYSICAL CHEMISTRY 2014

Q-12-P

solute. LogKw values for all compounds were calculated from the retention
times of compounds injected in triplicate. After constructing a graph of
logKw over logD for known compounds logD for synthetised compounds
were interpolated. LogP values for synthetized compounds were calculated
from the equation suggested by Scherrer and Howard [6]:
logP=logD-log1/(1+10pH-pKa)
RESULTS AND DISCUSSION
Experimental results for logP showed in table 1 are in range between 2.321
and 4.043 and that there is high correlation with predicted logP values
(r=0.8206).
Table 1. Predicted and determined logP values
Predicted logP
Compound
Determined log P values
values
a
2.420
2.845
b
4.160
4.043
c
2.610
2.866
d
3.180
2.872
e
3.880
3.062
f
3.100
2.904
g
3.100
2.881
h
3.530
3.127
i
3.530
3.044
j
3.170
2.973
k
3.170
2.970
l
2.360
2.321
m
3.730
3.698

Also, it is important to notice that method is satisfactory due to the time
because the longest run, for the compound b is 16 minutes in the mobile
phase with 40% of methanol. For all the other compounds retention time
ranges from couple of minutes in mobile phase with 40% of methanol to
about a minute in the mobile phase with 60% of methanol.
Because of pKa values of synthetized compounds ranging around 3.5 it was
clear that pH of mobile phase cannot be low enough to ensure neutral form
of acids, and in that case only is possible logD determination. However,
experimental part is not complicated by this fact, but only one more
mathematical step is required which demands that pKa values are known.
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The selection of short HPLC column is crucial, because using longer
column (100mm) retention times were more 100 minutes.
CONCLUSION
RP-HPLC is a swift method that can be successfully employed in logP
determination of synthetized β-hydroxy-β-arylalkanoic acids while taking
care of chromatographic conditions especially regarding appropriate column
selection. Obtained results show high correlation to calculated logP values
in ChemOffice.
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ABSTRACT
In this study we described the modified synthetic route for esterification of
α- tocopherol with amino acid lysine. Using EDC as coupling agent instead
of DCC provides an efficient route for preparation of the corresponding diCbz-protected tocopheryl lysine ester as an intermediate in synthesis of
lysine ester of α-tocopherol.
INTRODUCTION
Vitamin E is a powerful natural antioxidant in the body that controls the
peroxidation reactions and the formation of free radicals. Today, special
attention is paid to the use of vitamin E and its derivatives in the prevention
and treatment of cancer. Specific forms of vitamin E exert a strong apoptotic
activity against various types of tumor cells, while not acting, or acting in a
small measure, to healthy cells. These data clearly indicate that some natural
and synthetic analogs of vitamin E can be effectively used in the therapy of
cancer, either alone or in a combination with other anti-cancer drugs, to
enhance their effect and reduce the toxicity [1]. Vitamin E derivatives such
as α-tocopheryl succinate, which lost their activity against free radicals by
the esterification with dicarboxylic acids, act on the growth of many cancer
cells and induce apoptosis more efficiently than the α-tocopherol. Structure–
activity relationship studies point to a pivotal role of succinyl component in
initiating pro-apoptotic cascade of events through a synergistic ways [2-3].
The formation of amino acid esters resulted in a significant increase in
antiproliferative activity [4]. The aim of this work is to present enhanced
synthetic route for the formation of α-tocopheryl lysine ester.
EXPERIMENTAL
All the solvents and reagents used were analytical grade. For the chemical
synthesis and analysis of α-tocopheryl lysine the following compounds were
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used: EDC (1-ethyl-3-(3-dimethylaminopropyl) carbodiimide, DMAP (4dimethylaminopyridine), α-tocopherol and di-Cbz lysine ( (2S)-2,6-bis (bis
(benzyloxycarbonylamino) hexanoic acid). The purity of the compounds
was checked using HPLC and TLC methods. TLC was carried out using
silica gel plates (Merck, Germany) and the spots were visualized under UV
light at 254 nm or with potassium permanganate / sulfuric acid reagent.
HPLC analyses was performed on the Zorbax Eclipse XDS-C18 column
with mobile phase methanol : water (97 : 3, v/v) with UV detection at 210
nm. Colum chromatography was performed for purification of the
compounds on silica gel. The IR spectra were recorded on the Thermo
Nicolet 6700 FT-IR spectrophotometer using ATR technique. The NMR
spectra were recorded on the Varian Gemini 200 using deuterated
chloroform as a solvent. The mass spectra of compound was conducted on a
TSQ Quantum Access MAX triple quadripole spectrometer (Thermo Fisher
Scientific) equipped with electrospray ionization (ESI) source operating in
positive ion mode.
Synthesis of di-CbZ-Lys- α-tocopherol ester
To a stirred solution of 0.904 g α-tocopherol in 80 ml dry CH2Cl2 were added
0.062 g DMAP, 0.25 g of EDC and 0.45g of di-CbZ-Lys. The mixture was
protected from light and stirred at the room temperature for 27h under nitrogen
atmosphere. The reaction mixture was washed three times with 20 ml H2O and
dried over Na2SO4. The solvent was evaporated in vacuo. The resulting yellow
oil was purified by flash chromatography with eluent n-hexane: AcOEt (3 :
1.2, v/v) and stored under nitrogen atmosphere at 0-4 0C. (Yield 86%)
Synthesis of α-tocopheryl lysine 450 mg di-CbZ-Lys- α-tocopheryl ester was
dissolved in 20 ml absolute ethanol and stirred under nitrogen atmosphere. To
this solution was added 90 mg of 10% Pd over activated carbon. The mass was
subjected to hydrogenation at ambient temperature with the pressure of 2atm H2
under mechanical agitation. Once the reaction was completed (TLC monitoring,
n-hexane : AcOEt, 3 : 1.2, v/v), the catalyst was filtered over membrane filter
and the solvent was evaporated to yield free amine as a yellow oil. Solution of
HCL in dry diethyl ether was added and the white precipitate of amine salt was
filtered off and dried in a vacuum oven at room temperature for 24h.
(Yield=80%). C35H63N2O3Cl: 2,5,7,8-tetramethyl-2-(4,8,12-trimethyltridecyl)3,4-dihydro-2H-chromen-6-yl 2,6-diaminohexanoate. The albescent solid.
Yield=80%; Spectral date for free aminino ester (C35H62N2O3), IR (ATR) (cm1
): 3385.2 (-NH2), 2924.6, 2867.5 and 1377.3 (as and sy -CH2- and –CH3),
1764.9 (-C=O); 1191.2 (-C-O); 1H NMR data (CDCl3, δ, ppm): 0.80-0.88
(m,12H –CH3); 1.58-0.96 (m, 26H, -CH3, -CH2); 1.81-1.70 (m, 6H –CH and
CH2); 1.93-1.90 (m, 6H, -CH3);2,03 (m, 3H, -CH3); 2.11 (s, 2H, -NH2); 2.632.52 (m, 2H, -CH2); 3.15-3.02 (m, 2H, -CH2); 3.45 (s, 2H, -NH2); 3.86 (m, 1H,
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-CH-); 13C NMR data (CDCl3, δ, ppm):173.75, 149.47, 140.20, 126.47,
124.79, 123.03, 117.44, 75.01, 53.66, 40.58, 39.75, 39.32, 37.40, 37.23,
32.74, 30.94, 27.91, 24.76, 24.42, 23.42, 22.67, 22.58, 20.99, 20.52, 19.63,
12.93, 12.09, 11.73; LC-MS: m/z = 559.47 (M+ +1), 84.15, 542.51, 129.06,
56.16.

RESULTS AND DISCUSSION
Synthesis of α-tocopheryl lysine ester is shown in the Scheme 1.

Scheme 1. Synthetic route and structures of investigated di-CBz lysine- αtocopherol ester and lysine-α-tocopherol ester

The proposed compound was prepared in two steps and the structure has
been verified by IR, 1H-NMR, 13C-NMR and MS spectroscopy. The first
step in the synthetic route was the coupling of α-tocopherol with di-CBzlysine using EDC/DMAP reaction conditions. Di-CBz lysine-α-tocopherol
ester was prepared in 86% isolated yield, after purification by column
chromatography on silica gel (eluent n-hexane/AcOEt). Hydrogenation of
compound with 10% Pd/C as a catalyst gave the corresponding free amine
analog that was isolated as the hydrochloride salt after acidification with
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HCl solution in dry diethyl ether. The white precipitate of hydrochloride salt
thus formed was dried in a vacuum oven (Yield=80%). The mechanism of
coupling with EDC (Scheme 1) is similar to nucleophilic catalysis
mechanism except that instead of the direct nucleophilic attack of alcohol on
acid-urea complex, here the attack comes from DMAP. This reactive amide
of DMAP is later attacked by alcohol to form ester. DCC and DMAP in dry
CH2Cl2 is the most common condition in esterification reaction [6].
However, traces of both DCC and DMAP can be seen in the H NMR of the
resultant product. To avoid this, we used EDC, which is water soluble and
can easily be removed by washing with water, while DMAP was removed
by flash chromatography. The IC and NMR spectra were used to confirm
the binding between lysine and α-tocopherol. The IC spectrum of lysine-αtocopherol indicates that peak at 1764 cm-1 was assigned to –C=O stretching
vibration of carbonyl group (ester band). When compared with α-tocopherol
spectra this peak is the new signal. Furthermore, in the 1H NMR spectrum
the newly appeared signals at 0.96-1.70, 3.14-3.02 as well as 3.86 belong to
the methene and methylene hydrogen of the lysinyl group.
CONCLUSION
The described synthetic route has the advantage over the literature listed
method because the EDC is transformed to the water soluble urea during
coupling reactions, which can easily be removed from the reaction mixture
by extraction.
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ABSTRACT
The presence of di-(2-ethylhexyl) phthalate (DEHP) in the whole peritoneal
dialysis set, consisted of peritoneal dialysis PVC bags, PVC tubing and
Peritoneal Dialysis Solution is investigated for the first time. Phthalate
determination was carried out by gas chromatography-mass spectrometry
(GC-MS). The results showed that the PVC dialysis bag in which solution
for peritoneal dialysis was stored contains 49-61% DEHP by weight, while
tubing material coupled to the bag contains 71–84% DEHP by weight.
Concentration of DEHP in Peritoneal Dialysis Solution that was stored in
the dialysis bags and tubing was 4.29µg L-1.
INTRODUCTION
Phthalates are used as plasticizers and additives in plastic materials.
Polyvinyl chloride (PVC) materials are widely used in the production of
medical and clinical devices, and di-(2-ethylhexyl) phthalate (DEHP) is the
most widely used plasticizer in PVC medical devices. PVC medical devices
used for the health care industry include: blood bags, dialysis bags and
tubing, catheters and gloves.[1]As plasticizer, DEHP is not chemically
bound to the PVC polymer. Therefore, DEHP can migrate from plastic to
environment and the migration rate is dependent upon its ability to diffuse
through the plastic material into the surrounding media.[2] Humans exposed
to DEHP showed serious health problems, and DEHP is suspected as
endocrine disruptor and carcinogenic to humans. Prenatal exposure of rats to
DEHP resulted in teratogenic effects.[3]The standard analysis procedure for
phthalates is solvent extraction and GC-MS detection. This technique and
procedure is used in this paper.
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EXPERIMENTAL
All used reagents were of analytical reagent grade. DEHP and di-butyl
adipate (DBA) which was used as internal standard were obtained from
Sigma Aldrich (St Louis, MO, US) and hexane was HPLC purity grade
(purchased from Merck (USA)). Stock standard solution of DEHP at a
concentration of 1000 mg L-1 was prepared in hexane in glass-capped
volumetric flask and stored at 4°C in refrigerator. Working standard
solutions were prepared daily by diluting the stock standard solution.
Concentrations of working standard solutions were 0.25 – 50 µg mL-1.
Special care was taken to avoid the contamination of sample due to contact
of reagents and solvents with plastic laboratory materials during sample
preparation. Laboratory glassware was used and usage of plastic
consumables during the analysis was avoided.
Samples of dialysis bags and tubing were cut in pieces, each of 1 cm2 area.
A piece of PVC material was extracted with 5 mL hexane and allowed to
stand for 6 days. Hexane extracts were analyzed directly after sampling.
Peritoneal dialysis solution samples stored in PVC dialysis bags were
collected in glass volumetric flasks and stored at 4ºC until analysis. The
liquid-liquid extraction method has been applied to the analysis of Dianeal
Low Calcium (2.5 meq L-1) Peritoneal Dialysis Solution (contains 1.5%
Dextrose), which were stored in PVC bags for 3 years before analysis. Since
the usual shelf-life of peritoneal dialysis solutions is three years, migration
rates of DEHP from PVC bags can be applied for the period of 3 years. The
extraction procedure was carried out with 5 mL of hexane for 500 mL of
sample, providing organic to aqueous phase volume ratio equal to 0.01, as
minimal for effective extraction.[4] This is justified by the fact that the
partition of DEHP for the applied volume ratio is sufficient and that
evaporation procedure could cause the analyte loss. Experiments were
carried out at room temperature and pH value 6.5. Previous investigations
which were performed by spiked solutions of peritoneal dialysis solutions
were shown that one-step extraction has recovery more than 95%. Time of
extraction was 6 hours. Di-butyl adipate (DBA) was used as an internal
standard in all samples, leading to the concentration of DBA to be 1µg mL-1
in each sample. Determination of phthalates was performed by Hewlett
Packard 6890 Gas Chromatograph equipped with an Agilent 5973 Mass
Selective Detector (MSD). A DB-5 MS capillary column (30 m x 250 mm
x 0.25 mm, Agilent, USA) was used for chromatographic separation. The
oven is programmed from 60ºC (1 min) to 220ºC (1 min) at rate of 20ºC
min-1 and after to 280ºC (4 min) at rate of 5ºC min-1. The gas chromatograph
was operated in splitless injection mode. The operating temperature of the
MSD was 280ºC with the electronic impact at 70 eV. The MSD was used in
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the ion-monitoring (SIM) mode at m/z 149. The identification of DEHP was
based on the relative retention time, the presence of target ion and its
relative abundance. The quantification ion for DEHP is m/z 149. The dwell
time was 100 ms. DEHP had high calibration coefficients (r2 > 0.9970). All
the samples were quantified in triplicate.
RESULTS AND DISCUSSION
The hexane extraction of solid samples of PVC dialysis bag has been
applied for determination of DEHP in solid samples due to high extraction
efficiency for phthalates. The yield of extraction showed that more than
80% of the phthalates in solid samples are extracted in the first 3 days.
Presented results are obtained after the extraction procedure which was
carried out with the time period of 6 days.
The obtained chromatograms of the DEHP from PVC dialysis bag within a
running time of 26 minutes. Retention times for DBA and DEHP were
9.945 and 18.266 min, respectively. The results obtained for DEHP from
samples of PVC dialysis bag and tubing are given in Table 1. The
determined DEHP concentration levels of 49-62% by weight of sample is
high although expected bearing in mind the material used for medical device
production.
Table 1. Percentage of phthalates in dialysis bag and tubing
Mass of
Concentration of DEHP in
% DEHP
Sample
sample (g)
hexane extract (mg mL-1)
0.0400
4.91
61.31
Bag
0.0370
4.19
56.67
0.0341
3.37
49.42
0.2618
42.01
80.23
Tubing
0.2671
38.11
71.36
0.2614
43.54
83.29

Analysis of PVC tubing material coupled to the bag was carried out with the
same procedure as for dialysis bag. The DEHP concentration levels in
tubing were higher than DEHP concentration levels in dialysis bag. Both
determined concentrations are higher than expected from literature data.[5]
The results obtained by liquid-liquid extraction of DEHP from Peritoneal
Dialysis Solution are given in Table 2. Very low amounts were leached by
Peritoneal Dialysis Solution from PVC dialysis bag, despite the fact that
dialysis bag contains DEHP in high concentration level. Besides, in process
of peritoneal dialysis in humans, solution avoids transport path through
liver, the majority of an intraperitoneally injected dose of DEHP is not
absorbed and a considerable amount of the infused DEHP will be removed
upon drainage from the peritoneum.
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Table 2. Phthalates concentrations (µg L-1) in Peritoneal Dialysis Solution stored in
PVC dialysis bag
Mean value
Peritoneal dialysis
DEHP
DEHP ± sda
solution
(µg L-1)
Sample 1
4.33
4.29±0.17
Sample 2
4.11
Sample 3
4.44
a
sd – standard deviation (n = 3).

CONCLUSION
A migration of DEHP from dialysis bag and tubing that are made from PVC
into dialysis solution that was stored in the PVC bags has been investigated.
Phthalates are used as plasticizer, especially in PVC materials and the
presence of phthalates in the investigated samples can be attributed to the
release of these compounds from the PVC bag. Concentrations of DEHP
which are determined in peritoneal dialysis solution were about
4.29 µg L-1. Even though the determined concentrations in the dialysis set
are higher than expected according to literature data, the leached amount of
DEHP in the dialysis solution is not significant.
The proposed method can be applied for the determination of DEHP in solid
samples of different samples from medical devices and solutions which are
stored in plastic containers. Control of material which is used for production
of the plastic medical devices is essential to avoid human exposure to
phthalates.
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ABSTRACT
Fluorescence quenching method can give useful kinetic information of the
investigated system flouorophora−quencher, but it can be applied for
determining the concentration of the quencher in a variety of biological and
pharmaceutical samples. In the present paper the influence of chloride ion to
the quenching of fluorescence intensity of quinine was investigated. Using
fluorescence quenching method, applying the Stern−Volmer kinetics, the
concentration of chloride in samples of 0.9 % infusion solution and 2.0 %
lidocaine−chloride injection solution was determined.
INTRODUCTION
Fluorescence intensity sensing is an established analytical method due to its
high sensitivity and selectivity for a wide variety of analytes. It is generally
known that the fluorescence of certain heterocyclic indicators such as those
based on quinine and acridine type fluorophores [1] are quenched by halides
[2,3]. Decrease in fluorescence intensity or lifetime can be measured and
related directly to the halide concentration via different quenching
mechanism.
The alkaloid quinine, a well−known anti−malarial drug and muscle relaxant
with a bitter taste, is a very strongly fluorescing compound in dilute acid
solution which contains a quinolinium ring was sensitive to halide. The
chloride ions quench the quinine fluorescence by collisionally deactivating
the excited fluorophore (referred to as “dynamic” fluorescence quenching)
[4], where both the lifetime and intensity of fluorescence of quinine are
reduced in the presence of a quencher. The fluorescence quenching is
known to follow Stern–Volmer kinetics [1,4] and has been related to the
chloride concentration by the Stern−Volmer equation:
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IoF /IF −1 = KSV cCl_
where IoF and IF are the fluorescence intensities before and after adding the
quencher (Cl−), respectively, cCl_ is the molarity of quencher and KSV is the
dynamic Stern−Volmer quenching constant. This equation can be used to
obtain values of the Stern−Volmer chloride quenching constant, by plotting
IoF/IF −1 as a function of quencher concentrations and for determination of
the chloride ions.
In this paper we describe the dynamic fluorescence quenching of quinine by
chloride ions in aqueous media which can be used for chloride concentration
determination in sodium chloride infusion solution and lidocaine−chloride
injection solution.
EXPERIMENTAL
The series of standard solutions with varying chloride concentrations and a
constant quinine concentration will be used to study collisional quenching
and determination of chloride ions in both real samples 0.9 % sodium
chloride infusion solution (Natrii chloridi infundibile) and 2.0 %
lidocaine−chloride injection solution. The quinine (Fluka) solutions were
prepared in 0.05 M sulphuric acid (Merck). The quinine concentration in all
the standard chloride solutions and real samples was 1.54 × 10−4 mol L−1.
Potassium chloride (Sigma−Aldrich) dissolved in deionized water was used
to prepare standards of various chloride ion concentrations in the range 2.0
× 10−5 mol L−1 − 8.0 × 10−3 mol L−1. 1.0 mL of both real samples is
transferred to 25 mL volumetric flask and diluted to volume with 0.05 M
H2SO4. The fluorescence intensity were measured using a filter fluorimeter
Spekol 10 (Carl Zeiss Jena, Germany), with excitation wavelength 365 nm.
The results of chloride determination using fluorescence quenching method
were compared with those obtained by ion chromatography (IC). Chloride
determined by IC using a Dionex ICS−3000 system with suppressed
conductivity detection. The column used was an IonPacAS14 with an eluent
concentration of 3.5 mM Na2CO3 and 1.0 mM NaHCO3 and flow rate is 1.2
mL min−1. All measurements were performed at room temperature.
RESULTS AND DISCUSSION
The results presented in Figure 1a show that fluorescence intensity
decreases in the presence of quencher chloride ion, in the frame of applied
experimental conditions. A Stern−Volmer plot of a chloride quenching of
quinine is presented in Figure 1b. Using the calibration curve method, the
linear response obtained for chloride ion in the range 2.5 × 10−4 mol L−1 −
8.0 × 10−3 mol L−1. The corresponding regression equation was found to be
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IоF/IF−1 = 0.00777 + 163.24cCl_ (r2 = 0.9993). Limit of detection (LOD) and
limit of quantification (LOQ) were found to be 7.17 × 10−5 and 2.39 × 10−4,
respectively. The accuracy of the method was determined for three different
chloride concentrations. Recovery values were in the range 98.4 % – 103.2
% and satisfactory. The value of dynamic Stern−Volmer constant, KSV, for
chloride quenching of quinine, determined from the slop of the linear
regression curve, is 163.24 mol−1 L and it is comparable to the previous
results [2,5].
1.5

IoF /IF - 1

100

80

IF (%)

1.0

60

0.5

40
0.000

0.002

0.004 0.006
cCl- (mol L-1)

Figure 1a.
Chloride quenching of quinine

0.0
0.000

0.008

0.002 0.004 0.006
cCl- (mol L-1)

0.008

Figure 1b.
The Stern–Volmer plot of
chloride
quenching of quinine

Figure 3 shows a ion chromatogram of 2.0 % lidocaine−chloride injection
solution obtained using the IonPac AS14 column.

Figure 3.
Ion chromatogram of 2.0 %
lidocaine−chloride solution.
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The results for determination of chloride obtained in both samples were
summarized and reported as mean value ± standard deviation (SD) for five
replications in Table 1. Measurement uncertainty for IC was determined on
the basis of 32 measurements on 100 ppm solution and expressed as relative
standard deviation (RSD). RSD was 4.5 %.
Table 1. Chloride ion concentrations in the samples
Sample
Fluorescence quenching
Ion chromatography
method
c (mmol L−1)
(mean ± SD)
(mean ± SD)
0.9 %
161.2 ± 4.2
162.1 ± 7.3
infusion solution*
2.0 %
162.3 ± 4.4
163.1 ± 7.3
lidocaine−chloride
injection solution
*
Hydrochloric acid was added as expicient for the adjusting the pH, and by using
this method it was determined the total concentration of chloride in the sample.

CONCLUSION
The results show that the influence of chloride ions on fluorescence
quenching of quinine can be described by Stern−Volmer kinetics. The
simple and sensitive fluorescence quenching method, based in
Stern−Volmer equation, was successfully applied to rapid determination of
chloride ion in different pharmaceutical preparations. The results obtained
by the proposed fluorescence quenching method were in excellent
agreement with those obtained by the ion chromatography method.
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