xC

PHYSICAL CHEMISTRY 2014

12" International Conference
on Fundamental and Applied Aspects of
Physical Chemistry

The Conference is dedicated to the
25. Anniversary of the Society of Physical Chemists of Serbia

September 22-26, 2014
Belgrade, Serbia



xC

PHYSICAL CHEMISTRY 2014

12™ International Conference
on Fundamental and Applied Aspects of
Physical Chemistry

Proceedings
Volume I

The Conference is dedicated to the
25. Anniversary of the Society of Physical Chemists of Serbia

September 22-26, 2014
Belgrade, Serbia



ISBN 978-86-82475-30-9

Title: PHYSICAL CHEMISTRY 2014 (Proceedings)

Editors: Z. Cupi¢ and S. Ani¢

Published by: Society of Physical Chemists of Serbia, Studenski trg 12-16,
11158, Belgrade, Serbia

Publisher: Society of Physical Chemists of Serbia

For Publisher: S. Ani¢, President of Society of Physical Chemists of Serbia
Printed by: “Jovan” Priting and Publishing Company; 200 Copies;
Number of pages: 6+ 441; Format: B5; Printing finished in September
2014.

Text an Layout: “Jovan”

Neither this book nor any part may be reproduced or transmitted in any form or by any means, including
photocopying, or by any information storage and retrieval system, without permission in writing from the
publisher.

200 - Coppy priting

II



CONTENTS

Volume 1
Organizers
Committees
Sponsors

Plenary lectures

Chemical Thermodynamics

Spectroscopy, Molecular Structure, Physical Chemistry of Plasma

Kinetics, Catalysis
Nonlinear Dynamics

Electrochemistry

III

v

VI

47
113
205
317
365



PHYSICAL CHEMISTRY 2014
12th International Conference on

Fundamental and Applied Aspects of
Physical Chemistry

Organized by
The Society of Physical Chemists of
Serbia

in co-operation
with_

Institute of Catalysis Bulgarian Academy of Sciences

Boreskov Institute of Catalysis of 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

Vinca Institute, University of Belgrade, Serbia
Institute of General and Physical Chemistry, Serbia

Faculty of Pharmacy, University of Belgrade, Serbia

v



International Organizing Committee

Chairman: S. Ani¢ (Serbia)
Vice-chairman: M. Gabrovska (Bulgaria)

V. A. Sadykov (Russia)
Members:
N. Cvjeticanin (Serbia), S. N. Blagojevi¢ (Serbia), M. Dakovi¢ (Serbia), T. Grozdié
(Serbia), D. Jovanovic¢ (Serbia), M. Kuzmanovi¢ (Serbia), D. Markovi¢ (Serbia), J.
Markovié-Dimitri¢ (Serbia), B. Milosavijevi¢ (USA), M. Mojovi¢ (Serbia), N.
Ostrovski (Serbia), 1. Pasti (Serbia), M. Petkovi¢ (Serbia), A. Popovié-Bjeli¢
(Serbia), B. Simonovié (Serbia), D. Stanisavljev (Serbia), B. Sljuki¢ (Serbia), N.
Vukeli¢ (Serbia), V. Vukojevi¢ (Sweden)

International Scientific Committee

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

S. Rakovsky (Bulgaria)
Members:
B. Adnadevi¢ (Serbia), S. Ani¢ (Serbia), A. Antic-Jovanovié (Serbia), G. Bacié
(Serbia), A. Kelarakis (Greece), R. Cervellati (Italy), V. Dondur (Serbia), Ivan
Gutman (Serbia), S. D. Furrow (USA), K. Hedrih (Serbia), M. Jeremi¢ (Serbia), A.
V. Knyazev (Russia), Lj. Kolar-Ani¢ (Serbia), V. Kunti¢ (Serbia), Z. Markovié
(Serbia), S. Mentus (Serbia), S. Miljani¢ (Serbia), M. Peri¢ (Serbia), M. Plavsi¢
(Serbia), D. M. F. Santos (Portugal), G. Schmitz (Belgium), I. Schreiber (Czech),
P. Sevcik (Slovakia), B. C. Simionescu (Romania), N. Stepanov (Russia), D.
Todorovic¢ (Serbia), M. Trtica (Serbia), V. Vasié¢ (Serbia), D. Veselinovi¢ (Serbia)

Local Executive Committee

Chairman: S. Blagojevi¢
Vice-chairmans: A. Ivanovié-Sasié¢

Members:

P. Bankovi¢, N. Bosnjakovi¢, J. Dostanié, A. Peric, A. Ignjatovié, A. Jovié, N.
Jovic-Jovicié, D. Loncarevié, J. Krsti¢, J. Maksimovié¢, V. Markovic, M.
Milenkovié, S. Macéesié, V. Markovi¢, B. Nedié, N. Potkonjak, D. Rankovi¢, M.
Stevié, M. Zunié, M. Ristic,



SPONSORS

Ministry of Science and Technological Development
University of Belgrade, Belgrade
Institute of General and Physical Chemistry, Belgrade

Analysis DOO, Belgrade

VI



PHYSICAL CHEMISTRY 2014 B-18-P

THEORETICAL STUDY OF SUBSTITUENT EFFECTS
ON STRUCTURAL PROPERTIES OF ARYLAZO
PYRIDONE DYES

J. Dostani¢', D. Longarevi¢! and M. Zlatar®

"University of Belgrade, Institute of Chemistry, Technology and Metallurgy,
Department of Catalysis and Chemical Engineering, NjegoSeva 12,
Belgrade, Serbia. (jasmina@nanosys.ihtm.bg.ac.rs)
?University of Belgrade, Institute of Chemistry, Technology and Metallurgy,
Department of Chemistry, NjegoSeva 12, Belgrade, Serbia.

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 o, 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 R _ g c10 o1 o12

was used to determine

structural  parameters  of

substituted arylazo pyridone ce AUTAANG

dyes (Scheme 1). The c7 N

investigated dyes have the H

same benzene/pyridone N

skeleton, but  different o1 H

substituent group (R) in the Scheme 1. Structure of arylazo pyridone

benzene ring. dyes; R: OH, OCH3;, CH3, H, Cl, Br,
Arylazo pyridone dyes can COOH, SOsH, CH3CO, CN, NO,

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 [2-
4]. 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 6-
31+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 C6-
N4, 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 6, 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 6, constants (Fig. 0.020 - —

1). The good linearity is — g ﬁ:ﬁ:fof;’?mm
observed for all bond lengths 003 * & azo form
indicating that investigated o o

bond lengths are affected by S Sy
substituent  effect,  thus A
confirming electron- 00051 _ c1-C5 ‘
delocalization through whole c1-01
dye molecule. The R T
sensitivity of particular bond Distance from substituent

to substituent effect was o
determined from the slope of ~ Figure 2. The sensitivity, F(s) of the bond
regression lines for each lengths to substituent electronic effects.

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 6, 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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