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The most stable transition state complexes of the aminotoluene molecule
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In this study the most probable reaction paths of ATnm, OATnm, MATnm, PATnm, NMATo and NMATm
transition states with OH radicals have been analyzed. The optimized geometry was calculated via Gauss View 5.
Subsequently, the lowest energy level was found by geometric optimization via the Gaussian 09 programme. The
geometrical structure analysis and bond lengths were also calculated. This study aims to determine the most probable
path for the product distribution of transition state complexes and OH radical interaction in the gas phase and aqueous
media. Quantum mechanical methods were used to indicate the impact of the reaction rate over the primary
intermediate, hydroxylated intermediate and finally the impact of water solvent. With the aim to determine the
intermediates occurring at the reaction of transition state complexes degradation, the geometric optimization of the
reactant and transition state complexes were realized through semiempirical AM1 and PM3, ab initio Hartree-Fock
HF/3-21G, HF/6-31G* and Density Functional Theory (DFT) methods. Determining the most appropriate method and
the reliability of the method are compared and evaluated theoretically. Based on the Quantum mechanical calculation,
all the probable rate constants of reaction paths were calculated by using Transition State Theory (TST). In order to
determine the transition state of the reaction, C-O bonds were taken as a reference. Activation energy for probable
reaction paths of all transition state complexes, and their most stable state were calculated from the thermodynamic
perspective for the gas phase and aqueous media. The impact of water solvent was investigated by using COSMO as the
solvation model.
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INTRODUCTION

Volatile aromatic compounds constitute a major
part of air and water contaminants. They are mainly
emitted into the environment from anthropogenic
sources such as combustion processes, vehicle
emissions and industrial sources, as well as from
biogenic processes [1,2]. Organic contaminants
exist at very low concentrations in the water [3].
Therefore, it is essential that the organic
contaminants be removed from the drinking water
[4]. Natural purification of water systems such as
rivers, creeks, lakes, and pools is realized by the
solar light falling on the earth. Sunbeams initiate
the degradation reaction of big organic molecules
into smaller and basic molecules, finally providing
for the formation of CO2, H20 and other molecules
[5,6].

In its reactions with organic molecules, OH
behaves as an electrophile whereas O is a
nucleophile. Thus, OH readily adds to unsaturated
bonds while O does not. Both forms of the radical
abstract H from C-H bonds and this can result in
the formation of different products when the pH is
raised to a range where O rather than OH is the
reactant. For example, if an aromatic molecule
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carries an aliphatic side chain, O attacks there by
radical abstract H whilst OH adds preferentially to
the aromatic ring [7]. The hydroxyl radical which is
the most reactive type known in biological systems
reacts with every biomolecule it encounters,
including water. Potentially, every biomolecule is a
hydroxyl radical scavenger at different speeds [8].
Aromatic compounds are good detectors since they
hydroxylate. In addition, the position of attack to
the ring depends on the electron withdrawal and the
repulsion of previously present substituents. The
attack of any hydroxyl radical to an aromatic
compound results in the formation of a
hydroxylated product [9]. Ortho-toluidine used as
an intermediate in large volumes of herbicides can
be solved little in water, yet can be solved in
acohol, ether, and diluted acids. Toluidine is a
synthetic chemical that is normally a light yellow
liquid, but turns to a reddish brown when exposed
to air and light [10]. The chemical properties of
toluidine are very similar to aniline and it has
common features with other aromatic amines. It is a
weak basic due to the amino group that is attached
to the aromatic ring. At room temperature and
pressure, ortho-and-meta-toluidines are viscous
liquids; however the molecules in para-touidine are
more symmetrical and fit the crystal structures [11,
12].
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While an intermediate in aminotoluene herbicide
synthesis is used in the production of more than 90
paints and pigments, rubber, chemicals and
pesticides, it is also used as a hardening agent for
epoxy resin systems, a reactive material for
glucose analysis and fibre dying in clinical
laboratories [13]. Due to the damaging effects of
living organisms emitting resistant foul smell and
because of their solubility, aminotoluenes and their
derivatives  constitute an important  water
contaminant group. Although many methods are
available for the removal of these molecules from
water, every method has its own inconvenience
[13-18].

In the study of Eren et al.[18] the most probable
reaction paths of the aminotoluene (o-toluidine)
molecule with OH radicals have been analyzed.
The optimized geometry was calculated via Gauss
View 5. Subsequently, the lowest energy level was
found through geometric optimization via the
Gaussian 09 programme. The geometrical structure
analysis and bond lengths were also calculated.
According to the DFT method the constant k and
the entropy were found to be the highest, the
enthalpy and Gibbs free energy values were the
lowest, the transition states of ATnm, OATnm,
MATnm, PATnm, NMATo and NMATmM were
concluded to be the most stable and had the lowest
energy transition complexes [18].

In this study, the kinetics of the degradation
reaction of the transition states of ATnm, OATnm,
MATnm, PATnm, NMATo and NMATm and the
hydroxyl derivatives were analyzed theoretically.
With the aim to determine the intermediates
obtained from the reaction of aminotoluene
degradation, geometric optimization of the reactant
and the transition state complexes were realized
through AM1 and PM3, HF/3-21G, HF/6-31G* and
DFT methods. Based on the quantum mechanical
calculation, all the probable rate constants of the
reaction paths were calculated by using TST.

COMPUTATIONAL SET-UP AND
METHODOLOGY

Computational models

The molecular models were created by using the
mean bond distances, the geometric parameters of
the benzene ring, the tetrahedral angles for sp3-
hybridized carbon and oxygen atoms and 1200 for
the sp2-hybridized carbon atoms. In the calculation
of the hydroxylated radicals, the aromatic ring was
left planar except for the position of attack. The
attacking *OH radical was assumed to form a
tetrahedral angle with the C-H bond due to the
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change in the hybridization state of the carbon at
the addition centre from sp2 to sp3 [2,18].

Molecular Orbital Calculations

It is possible that in the photocatalytic degradation
reactions of organic contaminants, more harmful
products may occur than in the original material.
Therefore, before experimentally realizing a
photocatalytic degradation reaction, it is essential to
know what the primary intermediate products are.
The most reliable and accurate information is
gathered through calculations carried out with
quantum mechanical methods. Thus, since the yield
produced is the same, the photocatalytic
degradation reaction of transition state complexes
and their hydroxy derivatives is based on the direct
reaction of these molecules with the OH radical.
With this aim, the kinetics of the reactions of the
complexes and complexes derivatives with OH
radicals was theoretically analyzed. The study was
initiated with complexes and then exposed to an
OH radical reaction and the reaction of the yield
was modelled at the gas phase. The experimental
findings in the scientific literature show that OH
radicals detach a hydrogen atom from the saturated
hydrocarbons and OH is added to the unsaturated
hydrocarbons and materials of the aromatic
structure [18,19]. For this purpose, all the possible
reaction paths for the analyzed reactions were
determined, for every reaction path molecular
orbital calculations of the reactant, yield and
transition state complexes were carried out with the
AM1, PM3, HF and DFT methods, their molecular
orbital calculations were realized and their
geometries were optimized.

Kinetic Data Treatment

The aim of this study was to develop a model
providing the outcome of the yield distribution of
the photocatalytic degradation reactions. The
vibration frequencies, the thermodynamic and
electronic features of every structure were
calculated using the obtained optimum geometric
parameters. Afterwards, the rate constant and
activation energy of every reaction was calculated
using the Transition State Theory for a temperature
of 25°C based on the quantum mechanical
calculation results.

In order to find out the reaction rate, it is
necessary to calculate the equilibrium constant. The
equilibrium constant is calculated using the
partition functions in accordance with the
mechanical methods. If the equilibrium constant K+
is written in terms of partition functions, it is as
follows:
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ES
K'=—1— (1)
Aads
g#, gA, gB: partition functions belonging to the
transition state complex and reactants. The
molecular partition function is as given below:

qr:qe—Ea(RT)’l ()
Ea represents the activation energy, the

difference between the zero point energies of the
transition state complex and the reactants [18,20].

K- Kel O

h ga0e

kB : Boltzmann constant

h  : Planck constant

T :absolute temperature

In order to be able to calculate the rate constant,
it is necessary to initially calculate the partition
function of the activated complex. To realize this
calculation, it is essential to know the geometry of
the complex and moments of inertia. In addition, Ea
should be known in order to find out the rate
constant. The activation energy like the vibration
frequency can only be calculated quantum
mechanically.

The most probable reaction path and vyield
distribution of the OH radical of every molecule
was determined by comparing the obtained results.
The optimized geometric structures were drawn via
GaussView 5 and the calculations were done via
the Gaussian 09 packet programme [18,21].

e-Ea(RT)’l . (3)

Methodology

Experimental studies were carried out recently
for oxidative degradation mechanisms of aromatic
pollutants and monitoring the intermediate products
formed during degradation. Rapidly evolving
computer technology has entered into the
workspace of the chemist and it has become
inevitable to support the experimental results with
theoretical calculations. Methods widely used today
for chemical purposes can be made more practical
utilizing calculations in package software. Both
methods for calculating molecular and electronic
structures use the same calculations; namely they
calculate the energy of a particular molecular
structure and make the geometric optimization (find
the lowest energy molecular structure and
equilibrium geometry). Geometry optimizations are
fundamentally based on the energy gradient that is
the first derivative of the energy according to its
position [22].

The reaction system under consideration
consists of *OH radicals that are open-shell species.
It is well-known that open-shell molecules pose

severe problems in quantum  mechanical
calculations. Therefore, the geometry optimization
of the reactants, the product radicals, pre-reactive
and transition state complexes were performed by
the AM1, PM3, HF and DFT methods with the
Gaussian 09 package [18,21].

Electronic structure methods use the laws of
guantum mechanics rather than the laws of classical
physics. These methods are characterized by
different approaches to the mathematical methods.
The electronic structure methods, semiemprical
methods and ab-initio methods are parts of two
main groups. The AM1 and PM3 method are
semiemprical methods that we use in this study.
Ab-initio methods do not use experimental data
except for the basic physical constants (speed of
light, Planck's constant, the mass of the electron, ...
etc) of the molecules of interest unlike the
molecular mechanics and the semiempirical
method. Only the valence electrons are taken into
account in the calculation and the basic functions
are defined by Slater-type orbitals [23].

DFT methods use the exact electron density to
calculate the molecular properties and energies,
taking the electron correlation into account. They
do not suffer from spin contamination and this
feature makes them suitable for calculations
involving  open-shell ~ systems. The DFT
calculations were carried out by the hybrid B3LYP
functional, which combines HF and Becke
exchange terms with the Lee-Yang-Parr
correlation functional.

The choice of the basis set is very important in
such calculations. Based on these results,
optimizations in the present study were performed
at the B3LYP/6-31G(d) level. Forming C-O bonds
in the addition paths and the H-O bond in the
abstraction path were chosen as the reaction
coordinates in the determination of the transition
states. Ground-state and transition-state structures
were confirmed by frequency analyses at the same
level. Transition structures were characterized by
having one imaginary frequency that belonged to
the reaction coordinate, corresponding to a first-
order saddle point. Zero-point vibrational energies
(ZPEs) were calculated at the B3LYP/6-31G(d)
level [2,18].

In recent years, the density functional theory
(DFT) based on these methods has become very
popular. The best DFT method requires less
computing power than the conventional correlation
method. This method is widely preferred for
systems with too many atoms and makes
calculations for a shorter time compared to other
ab-initio methods. Generally, such ab-initio or DFT
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is used to create the initial structure for the
optimization in large systems. It used to obtain the
gualitative information such as molecular orbitals,
atomic loads and vibrational modes of a molecule
and to predict the energy on conformation and
substituent effects [22].

Solvent effect model

In agueous media, water molecules affect the
energetics of the degradation reactions of all
organic compounds. Moreover, H20 induces
geometry relaxation on the solutes. The latter effect
becomes more important when hydrogen-bonded
complexes are present. However, the results
obtained in earlier studies indicate that geometry
changes have a negligible effect on the energy of
the solute in water for both open- and closed-shell
structures [18,24,25]. In this study, to take into
account the effect of H,O on the energetics and the
kinetics of the aminotoluene + <OH reactions,
DFT/B3LYP/6-31+G(d) calculations were carried
out for the optimized structures of the reactants, the
pre-reactive and the transition state complexes and
the product radicals, by using COSMO (conductor-
like screening solvation model) [18,25] as the
solvation model, implemented in the Gaussian 09
package. The solvent was water at 25°C, with a
dielectric constant € = 78.39 [18,22].

COSMO is one of the polarizable continuum
methods (PCMs). In PCMs, the solute molecule is
placed in a cavity surrounded by a polarizable
continuum, whose reaction field modifies the
energy and the properties of the solute [18,26]. The
geometry of the cavity is determined by the shape
of the solute. The reaction field is described in
terms of the apparent polarization charges or
reaction field factors included in the solute
Hamiltonian, so that it is possible to perform
iterative procedures leading to self-consistence
between the solute wave-function and the solvent
polarization. The COSMO method describes the
solvent reaction field by means of apparent
polarization charges distributed on the cavity
surface, which are determined by assuming that the
total electrostatic potential cancels out at the
surface. This condition can describe the solvation in
polar liquids. Hence, it is the method of choice in
this study [2,18].

RESULTS AND DISCUSSION
Computational modelling

Reaction paths

The hydroxyl radical is a very active species and
has a strong electrophilic character. [18,27]. Once
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formed, it can readily attack the aminotoluene
molecule and produce the reaction intermediates.
*OH radical reactions with aromatic compounds
proceed through the following reaction pathway: H-
atom abstraction from C—H bonds and addition to
aromatic rings.18,28 Based on previous results the
6,7,8,9,18,19,29 path for the reaction of
aminotoluene(AT) with *OH was determined.

Table 1. The reaction paths of the most stable TST
complexes of AT with .OH.

OH addition TST

CHj

NH,

O

4) +.OH— -
(AT) (ATnm)
CHy
H,N f OH
(5) +OH—
(OAT)
CHy
HaN f
(6) on+OQOH—
(MAT)
CHy
HaN i HoN /_,OH
(7) o +OH— OH
(PAT) (PATNm)
CHj, CHs
HzN: i HaN _.-OH
(8) wo +OH— HO
(NMAT) (NMATO0)
CH; CH,4
HzN: f\/ HoN
(9) Ho +OH— HO " om
(NMAT) (NMATm)

The path m- addition to NH2 (ATnm) with TS
to the AT molecule is shown in table 1.[4]. Based
on previous results the path for the reaction of 3-
hydroxy-2- methyl aniline (OAT) with *OH was
determined. The path m- addition to NH2
(OATnm) with TS to a OAT molecule is shown
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table 1.(5). Based on previous results the path for
the reaction of 4-hydroxy-2- methyl aniline (MAT)
with *OH was determined. The path m-addition to
NH2 (MATnm) with TS to a MAT molecule is
shown in table 1.[6].

Based on previous results the path for the
reaction of 5-hydroxy-2- methyl aniline (PAT) with
*OH was determined. The path m- addition to NH2
(PATnm) with TS to a PAT molecule is shown in
table 1.(7). Based on previous results two different
paths for the reaction of 2-hydroxy-6- methyl
aniline (NMAT) with *OH were determined. The
first two paths, o-addition (NMATo0) and m-
addition (NMATm) with TS to a NMAT molecule
are shown in table 1. [8.9].

Transition State Complexes

In this study, reactants were used to find out the
transition state complexes. An estimation of the
initial geometry was done according to the type of
reaction path using the optimum geometric
parameters of the reactants. A C-O bond was
chosen as the reaction coordinate while modelling
the transition state complexes for the reactions
realized with OH addition and the bond length was
changed as 1.850-2.500 A during calculation. The
emerging OH bond length was chosen as the
reaction path, and in order to determine the position
of the OH radical according to the molecule, the
dihedral angles belonging to this group were
changed during the calculations. The activation
energies and their most determined state in

&
2%

\3

(@)

i
@

(d)

(€)

thermodynamic terms for the gas phase and
aqueous media were calculated for the probable
reaction paths of all transition state complexes [18].

According to Fig.1, the C-O bond lengths at four
probable transition states of the OH radical were
taken as precise measurements. The bond lengths
were calculated as (a) ATnm (3.63 A), (b) OATnm
(2.70 A), (c) MATnm (2.64 A), (d) PATnm (2.91
A), (e) NMATo (2.06 A), () NMATm (2.14 A)
relatively. The longest C-O bond belongs to the
ATnm TS molecule and it is found that it occurs
later compared to the others. Therefore, it is the
most probable transition state.

CONCLUSIONS

It is possible that much more harmful
intermediates than the ones at the beginning may
occur given photocatalytic reactions of organic
pollutants. The primary substances of such organic
pollutants are polyaromatic substances. Thus,
before realizing the photocatalytic degradation
reaction experimentally, it is essential to know what
the primary intermediates are. This information
gives the most reliable and accurate calculations
made by the quantum mechanical methods.
Therefore, since the final product is the same, the
photocatalytic degradation reaction of the transition
state complexes and hydroxy derivatives are both
based on the direct reaction with the OH radical of
the transition state complexes.

()

Fig. 1. Optimized structures of the transition state complexes of probable reaction paths (4-9): (a) ATnm,
(b) OATNm, (c) MATnm, (d) PATnm, (¢) NMATo, (f) NMATm
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Table2. According to the DFT method the constant k, entropy, enthalpy and Gibbs free energy

values.[18].
DET AH(10?) AG(10) AS k AE (10?)
(kcal mol™?) (kcal mol™?) (kcal mol™t K1) (kcal mol?)

AT 0.964 0.718 0082 - 0.958
ATo 1.047 0.765 0.095 1.145x10%1 1.041
ATm 1.042 0.749 0.098 3.738x108 1.036
ATp 1.046 0.764 0.094 1.568x10° 1.040
ATnm 1.033 0.747 0.096 2.257x10%2 1.028
OAT 0.998 0.735 0.088 - 0.992
OATm 1.084 0.798 0.096 6.028x10%° 1.078
OATp 1.079 0.779 0.101 1.376x10° 1.073
OATNnm 1.079 0.778 0.101 1.005x10° 1.073
MAT 0.997 0.733 0089 - 0.991
MATo 1.078 0.777 0.101 2.386x1010 1.072
MATp 1.079 0.779 0.101 1.905x10%0 1.073
MATNnm 1.076 0.772 0.102 9.504x10* 1.070
PAT 0.997 0.735 0.088 - 0.991
PATo 1.072 0.775 0.100 0.000 1.066
PATmM 1.083 0.798 0.096 4.015x101° 1.077
PATnm 1.075 0.769 0.103 1.139x1010 1.069
NMAT 0.998 0.735 0088 - 0.992
NMATo 1.080 0.781 0.101 5.070x10%0 1.074
NMATmM 1.080 0.778 0.101 2.505x101 1.074

In Table 2, according to the DFT method, the
constant k and entropy have the highest values, the
enthalpy and Gibbs free energy values are the
lowest, the transition state of ATnm, OATnm,
MATnm, PATnm, NMATo and NMATm are
concluded to be the most stable and have the lowest
energy transition of the complexes [18].

In this study, the analysis of the reaction kinetics
of the most stable transition state complexes of the
aminotoluene molecule by the theoretical methods
was calculated. The DFT method is the most
appropriate method of the theoretical methods used.
The basic principle of DFT, is that the total
electronic energy of the molecule is formed in
connection with the total electronic density.
Compared to other methods, this gives more
accurate results that account for all the properties of
the nucleus and electrons.

In Table 3, the activation energy levels of Ea in
the gas phase of the TS molecules having the
lowest energy for the DFT method for every
transition state complex are given below:

-7.404 kcal mol* of ATnm for AT, -3.077 kcal mol-
Lof OATm for OAT, -5.131 kcal mol* of MATnm
for MAT, -4.049 kcal mol? of PATnm for PAT, -
5.402 kcal mol? of NMATo for NMAT and -6.359
kcal mol™ of NMATm for NMAT are the transition
state complexes with the lowest energy. These
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reveal the most probable transition state complexes
in the gas phase. The most rapid occurring
transition state complex in the gas phase has the
highest values of the k rate constant. Eaecosmo
aqueous media activation energy levels for the DFT
method at 1.927x10* kcal mol* of ATnm for AT,
1.856x10° kcal mol' of OATnm for OAT,
0.673x10' kcal mol* of MATnm for MAT,
0.763x10' kcal molt of PATnm for PAT,
0.210x10* kcal mol? of NMATo for NMAT and
0.607x10! kcal molt of NMATm for NMAT are
the transition state complexes with the lowest
energy.

This reveals that it is the most probable
transition state at aqueous media. Hydroxyl radicals
are used in order to remove the organic
contaminants from water. In this study, the most
probable reaction paths were determined to be OH
radicals added to the aromatic ring.

Organic contaminants exist at very low
concentrations in water [3,18]. Therefore, it is
essential to remove the organic contaminants from
the drinking water [4,18]. The hydroxyl radical,
which is the most reactive type known in biological
systems, reacts with every biomolecule it
encounters including water. Potentially, every
biomolecule is a hydroxyl radical scavenger at a
different speed [8,18].
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Table 3. Constant k, for gas phase and aqueous media activation energy levels calculated via AM1, PM3,

HF, DFT methods

AT

ATnm Ea(kcal mol?) k Eaecosmo(kcal mol?)
AM1 -1.671 1.280x108 2.146x10!
PM3 1.634 2.729x10° 2.770x10!
HF3 5.833 1.227x10? 3.749x10!
HF6 8.494 1.794 4.493x10!
DFT -7.404 2.257x10%? 1.927x10*

OATNmM Ea(kcal mol™) k Eaecosmo(Kcal mol?)

AM1 0.337 6.805x108 2.165x10?
PM3 2.922 4.969x10* 1.835x102
HF3 1.055x10? 0.070 2.196x10?
HF6 1.251x10? 2.687x10°? 2.140x10?
DFT -3.077 1.005x10° 1.856x10

MATnm Ea(kcal mol?) k Eaecosmo(kcal mol?)

AM1 0.808 1.742x108 0.864x10!
PM3 2.200 2.607x10° 1.039x10*
HF3 5.522 6.091x10 1.921x10*
HF6 9.463 0.401 2.499x10*
DFT -5.131 9.504x10* 0.673x10*

PATNm Ea(kcal mol?) k Eaecosmo(kcal molt)

AM1 -2.015 2.246x108 0.962x10*
PM3 2.304 2.116x10° 1.132x10*
HF3 8.631 1.438 2.078x10*
HF6 1.016x10? 0.117 2.634x10*
DFT -4.049 1.139x10% 0.763x10*

NMATo Ea(kcal mol?) k Eaecosmo(kcal mol?)

AM1 -0.605 2.707x107 0.731x10*
PM3 2.619 1.171x10° 0.702x10*
HF3 -2.222 1.075x10° 1.298x10*
HF6 1.059x10* 0.072 1.840x10*
DFT -5.402 5.070x10%° 0.210x10*

NMATm Ea(kcal mol?) k Eaecosmo(kcal mol?)

AM1 -1.698 1.954x108 0.413x10*
PM3 2.475 1.744x10° 0.665x10*
HF3 7.262 1.165x10* 1.867x10*
HF6 1.015x10* 0.110 2.365x10*
DFT -6.359 2.505x10%! 0.607x10!

Table 4. Mulliken loads of the heavy atoms of the studied molecules.*®
ATnm OAT OAT nm

11 C -0.079158
15 N -0.152651

11 C -0.063830
15 N -0.068889
18 O -0.231787

10 C -0.062126
14 N -0.151131
17 O -0.246327

10 C -0.041225
14 N -0.145082
17 O -0.240589
19 O -0.211082

MAT
10 O -0.253210
12 N -0.160178
15 C -0.074152

MATnmM
10 O -0.243592
12 N -0.150491
15 C -0.063696
19 O -0.097024

PAT
10 C -0.086504
14 N -0.152124
17 O -0.245155

PAThm
10 C -0.074263
14 N -0.144674
17 O -0.229721
19 O -0.097927

NMAT
10 C -0.076104
14 O -0.262806
16 N -0.141021

NMATo
10 C -0.050241
14 O -0.239830
16 N -0.133101
19 O -0.220675

NMATm
10 C -0.066739
14 O -0.256092
16 N -0.114022
19 O -0.223159
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Aromatic compounds are good detectors since
they hydroxylate. In addition, the position of attack
to the ring depends on the electron withdrawal and
repulsion of the previously present substituents
[9,18]. When the mulliken loads in table 4 are
analyzed, the electronegativities of the N and O
atoms yield information about the bonding state of
the OH radical.
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HAU-CTABWJIHUTE MPEXOIHU ChCTOSIHUSA HA MOJIEKYJIATA HA AMUHO-
TOJIYEHA

B. Epen?, IL.I1. T'ypkan®*

YVuusepcumem ,, Hamux Keman“, @axyrmem no semedenue, Texupoaz, Typyus
21YHueepcumem ., Hamuk Keman“, Jenapmamenm no xumus, Texupoae, Typyus

IMoctrernmna Ha 15 suyapwu, 2016 r.; kKopurupana Ha 8 ¢espyapu, 2016 1.
(Pestome)

B Ta3m pabora ca aHaM3MpaHU Hail-BepOSTHHUTE MAPIIPYTH 3a mpexonuute cberosaus ATnm, OATnm, MATnm,
PATnm, NMATo u NMATmM ¢ OH-pagukanu. OntuMu3upaHata reoMeTpus Ha KOMIUIEKCHTE € ONpeielicHa upes
reOMETpUYHA ONTHMH3AIMsA C ToMomra Ha codryepa Gaussian 09. AHamu3sT Ha TEOMETpHUYHATA CTPYKTypa H
IBIDKMHATA Ha BPB3KUTE CHLIO 3a M34YMcIeHH. Tazu pabora UMa 3a LeJI la ce ONpenelsaT Hali-BepOSTHUTE ITBTHIIA 32
pasIpeeNieHueTo Ha IPeXOAHUTEe KOMIUICKCH U B3aumonercTusta ¢ OH-paaukanu B razoBa (a3a U BbB BOAHA cpena.
W3non3BaHu ca KBaHTOBO-MEXaHWYHU METOJM 3a IIOCOYBAHETO HAa BIMSHHETO Ha CKOPOCTTA Ha PEaKLUITa BBPXY
IIBPBUYHUTE, XUIPOKCWINPAHUTE MEXIMHHU ChEJAWHEHUS W Hakpas — BB3ACHCTBUETO Ha pa3TBopHTels (BojaTa). 3a
OIPEJICTSIHETO Ha MEXANHHUTE CheIMHEHHS TPH pa3jiaraHeTo Ha MPEXOAHHUTE KOMIUIEKCH € U3II0JI3BaHa TeOMETPHYHA
onTUMH3aIMA ¢ mony-eMmmupuunu Metond (AM1 u PM3), ab initio Hartree-Fock HF/3-21G, HF/6-31G* u Density
Functional Theory (DFT). CpaBHeHu ca U TEOPETHYHO Ca OICHEHH HAN-TTOIXOIAIIUS METOJ] M HErOBaTa HaJe)KIHOCT.
Haii-BeposiTHUTE CKOPOCTHM KOHCT@HTH Ha pPEaKIHOHHWUTE NbTHINA Ca HM3YMCICHH C IOMOLITA Ha TEpHsiTa Ha
npexoxHute c¢beTostHUs (TST). 3a onpenesnsHeTo Ha IPEXOTHOTO CHCTOSIHUE Ha peakuusara e B3era Bpb3karta C-O 3a
0aza. l3uncneHa e akTHUBHpAlaTa CHEPIUs Ha BEPOATHUTE PEaKUWHM 3a BCHYKU HPEXOJHH KOMIUICKCH W Hai-
CTaOWITHHTE M CHCTOSHHMS OT TEPMOAWHAMHYHA TJICJIHA TOYKa 3a Ta3oBa (a3a U TeyHa cpena. V3ciueaBaHo e BIUSHUETO
Ha BOofaTa KaTo pazrBoputel npH m3nomsaneTo Ha COSMO kaTo conBaTtanimoHEH MOJIEIN.
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