pxC

PHYSICAL CHEMISTRY 2010
10th International Conference on

Fundamental and Applied Aspects of
Physical Chemistry

Proceedings

The Conference is dedicated to the
100th Anniversary of the academician Pavle Savié¢ birthday
and
20th Anniversary of the Society of Physical Chemists of Serbia

21-24 September 2010
BELGRADE



ISBN 978-86-82475-17-0

Title: Physical Chemistry 2010. (Proceedings)

Editors: S. Ani¢ and Z. Cupié¢

Published by: Society of Physical Chemists of Serbia, Studentski trg 12-16
P.0O.Box 47, 11158 Beograd, 218, Srbija

Publisher: Society of Physical Chemists of Serbia

For Publisher: S. Ani¢, President of Society of Physical Chemists of Serbia
Printed by: “Jovan” Printing and Publishing Company; 200 Copies;
Number of pages 16 + 388, Format: B5; Printing finished in September
2010.

Text and Layout: “Jovan”

200 - Copy printing

II



CONTENTS

VOLUME I

0050521 117/ v
Committees \Y%
Sponsors Vil
Twenty years of Society of physical chemists of Serbia. . VIII
Plenary lectures ......ciiecneecseecsensenssenssnecsnecsaecsseessecssaessacssaeesaes 1
Chemical Thermodynamics .......c.cceeeveeecvueecsnecsnnces 35
Spectroscopy, Molecular Structure and Physical Chemistry of Plasma.......... 55
Kinetics and Catalysis 91
Nonlinear Dynamics.......... 191
ElectroChemistry .......ccceeerescneicssercssasesssescsnsessssssssascsens 263
Biophysical Chemistry, Photochemistry and Radiation Chemistry............... 299
VOLUME II

Radiochemistry and Nuclear Chemistry........cieinsecsseecseccseecsecsessncssecssacssnes 389
Material Science.... 397
Solid State Physical Chemistry . 451
Macromolecular Physical Chemistry ........cccecnecssensseisseesseesssecssecssecssecssecsseces 471
Environmental Protection,

Forensic Sciences and Pharmaceutical Physical Chemistry ........ccceceeeueeenneee. 525
Phase Boundaries 621
Complex Compounds 633
General Physical Chemistry.....c.ccoeueeueeeee 647
Education..........ceeeeecsecsenssencsnccsnecsancnne 683
AULROT INAEX.uueicieierinninrrnrcnsanesseiosssnesssisssrsssssessssssssssessnsssssssssssssssassssssssssassssasses 695
Participating Institutions.................. 703

III



The Society of Physical Chemists of Serbia
in co-operation with
Institute of Catalysis, Bulgarian Academy of Sciences

Boreskov Institute of Catalysis, Siberian Branch of
the Russian Academy of Sciences

Faculty of Physical Chemistry, University of Belgrade, Serbia

Institute of Chemistry Technology and Metallurgy, University of
Belgrade, Serbia

Vinéa Institute, University of Belgrade, Serbia

Institute of General and Physical Chemistry, Serbia

IV



International Organizing Committee

Chairman: S. Ani¢ (Serbia)
Vice-chairman: N. Stepanov (Russia)
B. Adnadevic¢ (Serbia)

Members:

M. Gabrovska (Bulgaria), N. Cvijeti¢anin (Serbia), T. Grozdi¢ (Serbia),

D. Jovanovi¢ (Serbia), M. Lali¢ (BiH), D. Markovi¢ (Serbia), B. Milosavljevié
(USA), N. Miljevi¢ (Serbia), M. Mojovi¢ (Serbia), N. Ostrovski (Serbia), C. Pona
(Italy), B. Simonovi¢ (Serbia), D. Stanisavljev (Serbia), A. G. Stepanov (Russia),
V. Vasic¢ (Serbia), N. Vukeli¢ (Serbia), V. Vukojevi¢ (Sweden)

International Scientific Committee

Chairman: 7. Cupié (Serbia)
Vice-chairmans: V. N. Parmon (Russia)

M. Franko (Slovenia)

V. Vasi¢ (Serbia)
Members:
A. Anti¢-Jovanovi¢ (Serbia), G. Bacic (Serbia), R. Cervellati (Italy), R. Compton
(United Kingdom), V. Gaspar (Hungary), M. Jeremi¢ (Serbia), A. L. Kawczyfiski
(Poland), Lj. Kolar-Ani¢ (Serbia), S. Kuchanov (Russia), R. Leblanc (USA),
S. Mentus (Serbia), S. Milonji¢ (Serbia), Lj. Morozova-Roche (Sweden),
D. Moscone (Italy), J. Nedeljkovi¢ (Serbia), Z. Noszticzius (Hungary), M. Peri¢
(Serbia), V. Petrusevski (Macedonia), M. Plavsi¢ (Serbia), G. Smulevich (Italy),
G. Schmitz (Belgium), I. Schreiber (Czech), P. Sev¢ik (Slovakia), N. Stepanov
(Russia), M. Trtica (Serbia), D. Veselinovi¢ (Serbia)

Local Executive Committee

Chairman: B. Adnadjevi¢
Vice-chairmans: S. Blagojevi¢

A. Ivanovi¢
Members:

A. Abu Rabi-Stankovi¢, P. Bankovi¢, N. Begovi¢, S. N. Blagojevic,

N. Cvjeticanin, M. Dakovié, A. Peri¢, A. Ignjatovié, Lj. Ignjatovié, A. Jovié,
J. Krsti¢, S. Kupresak, D. Lonc¢arevi¢, J. Maksimovi¢, V. Markovi¢, M.
Milenkovi¢, M. Milojevi¢, Z. Mojovié, B. Nedi¢, 1. Pasti, N. Peji¢, A. Popovic-
Bjeli¢, M. Petkovi¢, N. Potkonjak, D. Rankovi¢, R. Rankovi¢, M. Stevic,

I. Stojkovié, B. Sljukié, M. Vujkovié



Honorary Committee
Nikola Hajdin,

Branko Kovacevic,
Paula Putanov,

Mom¢ilo Ristié,

Ankica Anti¢ Jovanovic,
Ivan Dragani¢,

Roger M. Leblanc
Preben Graae Serensen
Guy Schmitz (Belgium)
Miroslav Kope¢ni,
Vladimir Petrusevski
Biljana Mincev Sukarova
Ljiljana Kolar-Ani¢,

Milorad Jeremic,

Cedomir Radenovié,

President of Serbian Academy of Sciences and Arts
Rector of University of Belgrade

Member of Serbian Academy of Sciences and Arts
Member of Serbian Academy of Sciences and Arts
Honorary President of Society of Physical Chemists of
Serbia

Honorary Member of Society of Physical Chemists of
Serbia

(Canada) Honorary Member of Society of Physical
Chemists of Serbia

(Denmark) Honorary Member of Society of Physical
Chemists of Serbia

Honorary Member of Society of Physical Chemists of
Serbia

Honorary Member of Society of Physical Chemists of
Serbia

(Macedonia), Honorary Member of Society of
Physical Chemists of Serbia

(Macedonia), Honorary Member of Society of
Physical Chemists of Serbia

Honorary Member of Society of Physical Chemists of
Serbia

Honorary Member of Society of Physical Chemists of
Serbia

Honorary Member of Society of Physical Chemists of
Serbia

VI



SIZE DISTRIBUTED AEROSOL MASS
CONCENTRATION AND CHEMICAL COMPOSITION
IN BELGRADE DURING SUMMER-AUTUMN 2008

A. Gambaro,' D. Pordevié.” A. M. Stortini,' A. Mihajlidi-Zeli¢,’
Lj. Ignjatovi¢,” D. Reli¢,’ J. Huremovic® and T. Milovanovi¢®

'Environmental Sciences Department, Ca' Foscari University of Venice, 30123
Venice, Italy
IChTM - Centre of chemistry, University of Belgrade, Studentski trg 12—16, 11000
Belgrade, Serbia (dragadj@chem.bg.ac.rs)
3Faculty of Chemistry, University of Belgrade, Studentski trg 12—16, 11000
Belgrade, Serbia

*Faculty of Phusical Chemistry, Studentski trg 12-16, 11000 Belgrade, Serbia,

*Analytical Chemistry Department, University of Sarajevo, 71000 Sarajevo,
Bosnia and Herzegovina

Abstract

Physical and chemical characterizations of the atmospheric aerosol were carried
out in urban area of Belgrade. This work focuses on the size-segregated aerosol
chemical composition observed during the summer-autumn 2008". Aerosol
samples were submitted to gravimetric and chemical analyses. Mean random
uncertainties associated with determination of Na*, NH,", K", Mg*", Ca®*, CI', NO5"
and SO,” were assessed.

Introduction

Due to the various atmospheric lifetimes because of various sizes of particles and
complex chemical composition of atmospheric aerosols, their global distribution
shows large regional differences and their properties are poorly known. Fine
particles are produced by combustion processes, by coagulation of smaller
particles, and by condensation of low-vapor-pressure products of gas-phase
reactions. Mechanical action of the wind on the Earth’s surface emits sea salt, soil
dust, and vegetation debris into the atmosphere. These aerosols consist mainly of
coarse particles (1 < Dp < 10 um) but fine particles (Dp < 1 pum) are difficult to
generate mechanically because they have large area-to-volume ratios and hence
their surface tension per unit aerosol volume is high. Particles coarser than 10 pm
are not easily lifted by the wind and have short atmospheric lifetimes because of
their large sedimentation [1].

Sulphate, nitrate and ammonium ions are formed in the atmosphere in gas-
particle conversion processes. Sulphates represent one of the main components of
atmospheric aerosols. They are mainly obtained by the oxidation of SO,, which
was either directly emitted to the atmosphere (burning of fossil fuels, industrial
processes, volcanoes, combustion of biomasses) or by the oxidation of lower
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oxidation state sulphur compounds, mainly DMS, which is the dominant source of
SO, in marine atmospheres. The main sources of NOy are combustion of fossil
fuels in high temperature processes (traffic, power plants, industry, and domestic
fire-boxes), soil (microbiological activity), combustion of biomass, lightening ™
etc. The vapor pressure ensures that H,SO, and HNO; are in the particulate phase
in atmospheric conditions (with exception of HNO; in warm condition). Sulphate
and nitrate aerosols can also be obtained by reaction of HNO; and H,SO, in
presence of salts or ammonia results in the neutralization of the acids and, together
with NaCl from marine aerosol[2]. The sulphates in the atmosphere can also
originate from other sources: e.g., primary marine aerosol, gypsum CaSO,
resuspended dust from the Sahara[3], etc.

The ammonia in precipitation is originating from the particulate phase.
Seinfild[4] reported that generally in the atmosphere ammonia occurs as
(NH4)2(SO), but it is also possible to found in the form NH4NO; [5].

The residence time of SO, and NOy in the troposphere is 1 — 3 days[3], while the
residence time of sulphates and nitrates is somewhat longer: for nitrates it is 3-9
days|[3].

Very little is still known about the aerosol forcing related to the effect of
particles on the size and number of cloud droplets [6].

This work focuses on the size-segregated aerosol chemical composition observed
during the summer-autumn 2008,

Experimental

During the June - December 2008" within the SIMCA project
(INTERREG/CARDS-PHARE Adriatic New Neighborhood Programme) size-
segregated aerosol was sampled using 6-stage High Volume Cascade Impactor.
During the measured campaign were taken 32 samples every 6" day. Sampling
duration for each sample was 48 hours. Particle size distribution in the size range
0.0 to 0.49 um, 0.49 to 0.95um, 0.95 to 1.5 um, 1.5 to 3.0 um, 3.0 to 7.2 um and >
7.2 um in urban area of Belgrade were measured. Aerosol mass concentrations are
determined by gravimetric measurements (mgm). One-fifth of filter sample were
extracted in 5 mL of ultra-pure water and analyzed by ion chromatography
Metrohm for Na*, NH,", K*, Mg*", Ca®", CI', NO5™ and SO,”.

Results and Discussion

The obtained results shown in Table 2 were done with the precisions 8% for CI,
2% for NOy', 2% for SO,”, 3.2% for Na', 18% for NH,', 24% for Ca’’, 3% for
Mg*" and 8% for K.

Table 1. Aerosol mass concentrations mgy (49 m‘3), mean + standard deviation, of particles
distributed through Dp intervals in urban area of Belgrade obtained in measured campaign.

D 0 to 0.49 to 0.95 to 1.5to 3.0to >7.2 Total
P 049um  095um  1.5um 3.0um 72um  um

megm 24+1.5 44+£23 3.0£1.6 29+14 3.6+£1.6 10.3+6.3 25.0+13.9
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Table 2. Mass concentrations (ng m™), mean + standard deviation, of CI', SO,*, NO5,
NH,", Na', K, Mg*" and Ca*" distributed through Dp intervals in urban area of Belgrade
obtained in measured campaign.

0.49 to 0.95 to 1.5t03.0 3.0to7.2

0 to 0.49um 0.95um 1.5 um um um >7.2 um

Cr

21.1+20.1 11.5+£12.0  9.7+£8.8 8.0£7.0 12.3£11.1 6.5£5.9

SO 226.84227.2 86.7£962 38.9+489 17.9+20.4 22.1+20.3 8.5+7.8
NO5’ 0.4+0.3

NH, " 332.0£213.0 29.2+11.1 49.5428.3 30.9+14.0 86.0£51.9 21.4+8.9
Na*
K+

16.3+£19.5 7.0£5.6 5.0£5.5
71.7+44.9 19.0+4.2 9.4+3.5  13.0£17.0

Mg®*  26.8426.8
Ca’'  21.4£140  5.0+1.8 8.17.4 79456  192+7.6 44422

Conclusion

The largest contribution of SO, and NH," was in fine particles indicating main
sources that are gas precursors SO, and NOs.
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Engineering and Center for Nonlinear Dynamics of Chemical and Biological
Systems, Technicka 5, 166 28 Prague 6, Czech Republic

Institute of Chemical Technology, Prague, Department of Chemical
Engineering, Department of Mathematics and Center for Nonlinear Dynamics
of Chemical and Biological Systems, Technicka 5, 166 28 Prague 6, Czech
Republic

Institute of Chemistry Technology and Metallurgy, University of Belgrade,
Department of Catalysis and Chemical Engineering, NjegoSeva 12, 11000
Belgrade, Serbia

Institute of Chemistry, Technology and Metallurgy, Njegoseva 12, 11000
Belgrade, Serbia

Institute of Chemistry, Technology and Metallurgy, University of Belgrade,
Studentski trg 14-16, 11 000 Belgrade, Serbia

Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences,
Sofia 1113, Bulgaria

Institute of General and Physical Chemistry, Belgrade, Serbia

Institute of Macromolecular Chemistry, Academy of Sciences, Czech Republic

Institute of Medicinal Chemistry, School of Medicine, University of Belgrade,
Serbia

Institute of Nuclear Science “Vin¢a”, P. O. Box 522, 11001 Belgrade, Serbia

Institute of Petroleum Chemistry SB RAS, Tomsk, Russia

Institute of physics, P.O. Box 68, Pregrevica 118, Belgrade, Serbia

Institute of Sensors and Actuators, Faculty of Electrical Engineering &
Information Technology, TU Vienna, Austria

Institute of Solid State Chemistry & Mechanochemistry, Kemerovo Division,
SB RAS, 18 Sovetsky Ave, Kemerovo 650000, Russia

Institute of Technical Sciences of the Serbian Academy of Sciences and Arts,
Knez Mihailova 35/1V, 11000 Belgrade, Serbia

Institute Vinca, Radiation and Environmental Protection Department, P.O. Box
522, 11001 Belgrade, Serbia

Jaroslav Cerni Institute for Development of Water Resources, Jaroslava
Cernog 80, 11226 Belgrade, Serbia

Jozef Stefan, Institute, Jamova 39, Ljubljana, Slovenia
Kirilo Savi¢ Institute, Vojvode Stepe 51,11000 Belgrade, Republic of Serbia

Kuzbass State Technical University, 28 Vessennyaya St., Kemerovo 650026,
Russia

Laboratory for Geochemistry, Cosmochemistry and Astrochemistry,
Department of Chemistry, University of Nis, P.O. Box 224, 18000 Nis, Serbia

Laboratory for Radioisotopes, Vinca Institute of Nuclear Sciences P.O.Box
522, 11001 Belgrade, Serbia
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Laboratory for Radioisotopes, Vin¢a Institute of Nuclear Sciences, P. O. Box
522, 11001 Belgrade, Serbia

Laboratory of Biomedical Optics, Swiss Federal Institute of Technology,
Lausanne, Switzerland

Laboratory of Molecular Biology and Endocrinology, Institute of Nuclear
Sciences “ VINCA”, University of Belgrade, P.O. Box 522, 11001 Belgrade,
Serbia

Laboratory of Physical Chemistry, Institute of Nuclear Sciences “Vinca”,
University of Belgrade, Belgrade, Republic of Serbia

Laboratory of Theoretical Physics, INN Vinca, P.O.Box 522, 11001 Belgrade,
Serbia

LECIME, UMR 7575 CNRS—- ENSCP,Paris, France
Maize Research Institute, Zemun Polje, S. Bajic¢a 1, Belgrade-Zemun, Serbia
Materials and Structures Laboratory, Tokyo Institute of Technology, Japan

Materials Science Division, Argonne National Laboratory, Argonne, IL 60439,
USA

Medical Faculty, Martin-Luther-University Halle-Wittenberg, Weinbergweg
22, D-06120 Halle, Germany

Military Medical Academy, Crnotravska 17, 11000 Belgrade, Serbia
Military Technical Institute, Belgrade, Serbia

Mining and Metalurgy Institute Bor, 19320 Bor, Serbia

Ministry of Education and Science, Podgorica, Montenegro

Ministry of Interior and Public Administration, Podgorica, Montenegro
MP Biomedicals, LLC, 3 Hutton Center, Santa Ana, CA 92707, USA
National Museum Belgrade, Belgrade, Serbia

PCI “Zdravlje Actavis Co.”, Vlajkova 199, 16000 Leskovac, Serbia
Pliva, Zagreb, Croatia.

Primary School “Prva vojvodanska brigada“, Novi Sad

Regional Agency of Environmental Protection, Craiova, Dol

Research Institute for Solid State Physics and Optics of the Hungarian
Academy of Sciences, H-1525 Budapest, P.O.Box 49, Hungary

Research Institute of High-Voltage Equipment, Tomsk Polytechnic University,
Tomsk, Russia

SANU, Knez Mihajlova 35, Belgrade, Serbia

School of Medicine, University of Belgrade, Serbia

School of Medicine, University of Belgrade, Visegradska 26, Belgrade, Serbia
Scientific Veterinary Institute “Novi Sad”” Rumenacki put 6,Novi Sad, Serbia

Serbian Academy of Science and Arts, Knez Mihajlova 35, 11158 Belgrade,
Serbia

Spitzer Science Center, California Institute of Technology, M/S 314-6,
Pasadena, CA 91125, U. S. A.

Technical University of Moldova

The Faculty of Applied Ecology, Singidunum University, Lazarevacki drum
13, Belgrade, Serbia

The Institute of Chemical Technology Prague, Department of Chemical
Engineering and Center for Nonlinear Dynamics of Chemical and Biological
Systems, Technicka 5, 166 28 Prague 6, Czech Republic
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The Medical Faculty, University of Kragujevac, Svetozara Markovi¢a 69,
34000 Kragujevac, Serbia

The South African Nuclear Energy Corporation (Ltd) Ltd. PO Box 582,
Pretoria 0001, RSA

The University of Nottingham, University Park Nottingham NG7 2RD, United
Kingdom

Tigar, Nikole Pasi¢a 213, Pirot

Town Planning Institute of Belgrade, Palmoti¢eva 30, 11000 Belgrade, Serbia

Tshwane University of Technology, Department of Chemistry, Arcadia
Campus, P O Box 56208, Arcadia 0007, Pretoria, Republic of South Africa

Tshwane University of Technology, Department of Chemistry, Pretoria, 0001,
RSA

University “Vasile Alecsandri”of Bacau, Str. Marasesti no.157, 600115

University of Belgrade - Faculty of Physical Chemistry, P.O. BOX 276, 11001
Belgrade, Serbia

University of Belgrade, Faculty of Mining & Geolog, Djusina 7, 11000
Beograd, Serbia

University of Belgrade, Faculty of Agriculture, Belgrade, Serbia

University of Belgrade, Faculty of Chemistry, Studentski trg 12-16, Belgrade,
Republic of Serbia

University of Craiova, IMST Faculty, Drobeta Turnu Severin

University of Johannesburg, Department of Chemistry, Auckland Park, 2006
Johannesburg, RSA

University of Liverpool, Department of Engineering, Liverpool, UK

University of Nova Gorica, Laboratory of Environmental Research, Vipavska
13, SI-5000 Nova Gorica, Slovenia

University Pier and Marie Curie (UPMC) Paris

VINCA Insitute of Nuclear Sciences, University of Belgrade, P.O. BOX 522,
11001 Belgrade, Serbia
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