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Abstract—Optimized molecular structures and total energies of 3-fluoro-, 3-chloro-, 3-bromopyridine
(3-FP, 3-CP, and 3-BP) molecules in vacuum, benzene, toluene, chloroform, dichloromethane, ethanol,
dimethylsulfoxide and water media were investigated using DFT/B3LYP-6311++G(d,p) method. Moreover,
in order to be able to see the effects of changing physical conditions, the thermochemical properties of the
structures have been calculated in different temperatures and solvent media. Vibrational frequencies of 3-FP,
3-CP, and 3-BP molecules in vacuum and solvent media were calculated and compared to experimental data
from the literature. Also, the chemical reactivities of the structures were calculated from HOMO—-LUMO
energies. Molecular electrostatic potential maps were plotted and atomic charges of each atom were deter-
mined. As a result of the study, it was determined that the molecular parameters of these three structures were
slightly influenced by the changing solvent polarity, but the vibration frequencies and other chemical prop-
erties have very seriously affected.
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INTRODUCTION

Pyridines are important heterocyclic organic com-
pounds in chemistry and especially in biochemistry.
They are given by the closed formula CsHsN and are
found in the structure of many important compounds
and ligands. Over the past decade, thousands of scien-
tific articles have been published on pyridine, its deriv-
atives and metal complexes due to their biological and
chemical significance. 3-Fluoropyridine (CsH,FN,
3-FP), 3-chloropyridine (CsH,CIN, 3-CP), and
3-bromopyridine (CsH,BrN, 3-BP) are important
pyridine derivatives which show bioactivity similar to
pyridine. Due to their biological and pharmacological
significance, many studies have been made on these
molecules, their derivatives and metal complexes [1—
3]. The first detailed examination of the vibrational
frequencies of 3-FP, 3-CP, and 3-BP molecules was
made by Green et all. and the results obtained were
published in 1963 [4]. In some studies, it has been
determined that derivatives of these molecules exhibit
antidepressant and antibacterial properties [5, 6]. On
the other hand, many studies have recently been pub-
lished on the spectroscopic properties of these three
structures. Boopalachandran and Laane [7] studied
the spectroscopic and structural properties of 2-FP
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and 3-FP. In 2011, Akalin and Akyiiz [8] studied the
structure and vibrational properties of free 3-CP and
its Zn(II) complexes using spectroscopic methods.
Later, Boopalachandran [9] made some researches on
vibrational frequencies and structures of 2-CP, 3-CP,
2-BP, and 3-BP.

Although many studies published on the structure
and spectroscopic properties of 3-FP, 3-CP, and 3-BP
molecules are found in the literature, there is no
detailed study on the structural and vibrational prop-
erties of these molecules in solvent environments.
Examination of solvent effects on molecular struc-
tures is very important for computational chemistry
applications. Solvents play a very effective role in
chemical reactions and can seriously change the struc-
tural and vibrational properties of any molecule [10].
In addition, the investigation of solvent effects is phar-
macologically important because they can signifi-
cantly affect the extent of transport, transport, and
extent of absorption of living organisms [11].

In this study, solvent effects on the structural and
vibrational properties of 3-FP, 3-CP, and 3-BP mole-
cules have been investigated in detail in order to over-
come the deficiencies found in the literature. These
properties of the molecules have been theoretically
investigated in different dielectric media such as ben-
zene (C4Hg, € = 2.27), toluene (PhMe, € = 2.37),
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Fig. 1. Optimized molecular structures of 3-FP, 3-CP, and 3-BP in vacuum.

chloroform (CHLEF, € = 4.71), dichloromethane
(DCM, € = 8.93), ethanol (EtOH, € = 24.85),
dimethylsulfoxide (DMSO ¢ = 46.83), and water
(H,O, € = 78.36) in addition to the investigations car-
ried out in a vacuum (¢ = 1.00) environment.

COMPUTATIONAL METHODS

The DFT/B3LYP method and the 6-311++G(d,p)
basis set was used for calculate all examined physical
and chemical properties of the 3-FP, 3-CP, and 3-BP
molecules. All calculations were done on a PC using
Gaussian03 [12] and Gaussview [13] programs. Opti-
mizations of 3-FP, 3-CP, and 3-BP molecules was
performed in different solvent environments such as
vacuum, C¢Hs, PhMe, CHLF, DCM, EtOH,
DMSO, and H,0. The vibrational frequencies were
computed in the solvent environments from the opti-
mized structures. In addition, the vibrational frequen-
cies are scaled by 0.98 for 0—1800 cm~! range, 0.96 for
1800—3600 cm~! range [14]. The VEDA4 program
[15] were used to characterize the fundamental vibra-
tional modes. Also, entropy and heat capacity values
at different temperatures are obtained in solvent envi-
ronments by using vibrational frequencies.

The electronic properties of the molecules in vac-
uum and solvent media are calculated from consider-
ing total energies and Koopmans’ theorem, ionization
potential I = —Fyomo and electron affinity 4 =
—F; umo can be described. Parr et al. [16] explained to
chemical potential as L = (Eyomo T ELumo)/2, chem-
ical hardness as | = (E;ymo — Enomo)/2 and finally
electrophilicity as ® = u?/2m.

RESULTS AND DISCUSSIONS

Geometry Optimizations, Energetics,
and Thermochemical Properties

The optimized molecular structures of 3-FP,
3-CP, and 3-BP determined by the 6-311++G(d,p)
basis set are given in Fig. 1. In addition, some calcu-
lated important geometric parameters of these three
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structures in different solvent environments are tabu-
lated in Table 1 together with experimental values
from similar structures in the literature [17, 18].

The 3-FP, 3-CP, and 3-BP molecules are closed
ring structures and the bonds in the ring plane are not
expected to be affected much from the changing sol-
vent environment, generally. For these three struc-
tures, the bond lengths expected to be most influenced
by the changing solvent medium are 2C-11X (X = F,
Cl, Br) outside the ring. As a matter of fact, if Table 1
is examined, the bonds outside the 2C-11X show only
0.001—0.002 A changes from the vacuum medium to
the solvent media while the 2C-11X bonds shows
between 0.004 and 0.007 A. In addition, Table 1 also
shows that all calculated geometric parameters are
well matched to experimental X-ray diffraction data
from the literature.

As expected, there are dramatic differences in
C—H bond lengths. As noted in many studies in the
literature the reason of this is that because of the low
scattering factors of hydrogen atoms in X-ray diffrac-
tion, experimental bond lengths of C—H bonds are
shorter than the calculated ones. The 1C—2C—11F,
3C—-2C-11F, 1C-2C-11Cl, 3C-2C-11Cl, 1C-2C—
11Br, and 3C—2C—11Br angles outside the ring were
much more severely affected by the changing solvent
environment, while very small changes were observed
for the angles in the pyridine ring. There is a good
agreement between the experimental values from the
literature and the values calculated. Since small
changes in molecular parameters can cause very seri-
ous shifts in the vibration frequencies, these changes in
the bond parameters will be very important in studying
the vibrational modes.

The calculated total energies and zero-point vibra-
tional energies of 3-FP, 3-CP, and 3-BP structures
were given in Table 2 at 298.15 K. As can be seen from
the table, all three structures exhibited the same char-
acteristic behavior in changing solvent environments.
Decreases were observed in the total and zero-point
vibrational energies of the structures as the solvent
polarity increased. As a natural and expected result of
solvent effects, all structures have a more stable struc-
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Table 1. Selected experimental and calculated bond lengths and bond angles of 3-FP, 3-CP, 3-BP in different media

Pyridine Lengths Vacuum | CgHg PhMe | CHLF DCM EtOH | DMSO H,O0 Exp.*
3-FP 1C-2C 1.389 1.388 1.388 1.388 1.387 1.387 1.387 1.387 1.366
1C—6N 1.334 1.336 1.336 1.337 1.338 1.338 1.338 1.338 1.333
1C-8H 1.086 1.087 1.087 1.088 1.089 1.089 1.089 1.089 0.963
2C-3C 1.384 1.383 1.383 1.383 1.383 1.383 1.383 1.383 1.409
2C—11F 1.352 1.355 1.355 1.357 1.358 1.359 1.359 1.359 1.347
3-CP 1C-2C 1.389 1.394 1.394 1.394 1.394 1.393 1.393 1.393 1.372
1C—6N 1.334 1.335 1.335 1.336 1.336 1.337 1.337 1.337 1.335
1C-8H 1.086 1.087 1.087 1.088 1.088 1.089 1.089 1.089 0.950
2C-3C 1.384 1.390 1.390 1.389 1.389 1.390 1.390 1.390 1.374
2C-11C1 1.754 1.755 1.755 1.757 1.757 1.758 1.758 1.758 1.739
3-BP 1C-2C 1.389 1.394 1.394 1.394 1.394 1.394 1.394 1.394 1.379
1C—6N 1.334 1.335 1.336 1.336 1.337 1.338 1.338 1.338 1.331
1C-8H 1.086 1.086 1.086 1.087 1.088 1.089 1.089 1.089 0.950
2C-3C 1.384 1.390 1.390 1.390 1.390 1.390 1.390 1.390 1.380
2C—11Br 1.914 1.915 1.915 1.916 1.917 1.918 1.918 1.918 1.890
Angles
3-FP 2C—1C—6N 121.78 121.61 121.60 121.49 121.43 121.38 121.36 121.37 122.55
2C—1C-8H 120.17 120.27 | 120.28 120.32 | 120.36 | 120.38 120.39 | 120.36 | 120.27
1C-2C-3C 120.94 121.17 121.19 121.31 121.41 121.47 121.49 121.49 120.46
1C-2C-11F | 119.28 119.09 119.08 118.98 118.90 118.84 118.83 118.83 117.12
3C-2C-11F 119.78 119.74 119.73 119.71 119.69 119.68 119.68 119.68 122.42
2C-3C-7H 120.48 120.62 | 120.63 120.71 120.78 120.83 120.85 120.85 123.61
4C-3C-7H 122.54 | 122.48 | 122.48 | 122.44 | 122.41 122.39 | 122.38 | 122.39 119.89
3-CP 2C—1C—6N 121.78 122.21 122.20 122.12 122.07 | 122.02 | 122.01 122.01 122.76
2C—-1C-8H 120.17 120.41 120.42 | 120.50 | 120.52 | 120.53 | 120.54 | 120.52 118.39
1C-2C-3C 120.94 | 119.90 119.90 | 120.05 120.11 120.15 120.17 120.18 120.07
1C-2C-11Cl | 119.28 119.63 119.63 119.51 119.47 119.43 119.42 119.42 119.26
3C-2C-11C1 | 119.78 120.48 120.47 120.43 120.42 120.41 120.41 120.40 | 120.66
2C-3C-7H 120.48 | 120.79 | 120.80 | 120.92 | 120.96 121.00 121.02 121.00 121.19
4C-3C-7H 122.54 | 121.55 121.54 121.50 121.47 121.45 121.43 121.45 121.11
3-BP 2C—1C—6N 121.78 122.15 122.14 | 122.04 | 122.02 121.96 121.97 121.96 122.67
2C—-1C—-8H 120.17 120.69 | 120.70 | 120.73 120.79 | 120.80 120.81 120.80 118.63
1C-2C-3C 120.94 | 119.92 119.93 120.01 120.10 120.17 120.16 120.17 119.92
1C—-2C—11Br | 119.28 119.62 119.61 119.54 119.47 119.42 119.42 119.42 119.08
3C-2C—11Br | 119.78 120.46 | 120.46 | 120.45 | 120.43 120.41 120.42 | 120.41 121.00
2C-3C-7H 120.48 121.03 121.04 121.10 121.21 121.25 121.26 121.25 121.17
4C-3C-7H 122.54 121.30 121.30 121.25 121.20 121.18 121.17 121.18 121.17

*[17, 18].

ture in the solvent environments than in the vacuum
environment. A dipole in the molecule will induce a
dipole in the medium. The electric field applied to the
solute by the solvent dipole will in turn interact with
the molecular dipole to lead to net stabilization [19].
While there is not much difference between the ZPVE
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energies for the 3-FP, 3-CP, and 3-BP in the molecu-
lar structure, it appears that there is a very serious dif-
ference in total energies.

The calculated entropies and heat capacities of the
structures at different temperatures and in different
solvent media were also given in Table 3 to see the

No. 10 2018



DENSITY FUNCTIONAL THEORY STUDY OF SOLVENT EFFECTS 1923

Table 2. The calculated total energies (T.E. in Hartree) and zero-point vibrational energies (ZPVE in kcal/mol) of the

structures in 298.15 K

Pyridine Value Vacuum Ce¢Hg PhMe CHLF
3-FP T. E. —347.61744 —347.62160 —347.62185 —347.62446
ZPVE 50.27093 50.08202 50.06916 49.93592
3-CP T. E. —707.97263 —707.97647 —707.97670 —707.97913
ZPVE 49.45053 49.28720 49.27676 49.15615
3-BP T. E. —2821.89261 —2821.89648 —2821.89671 —2821.89917
ZPVE 49.07684 48.91650 48.90597 48.78706
DCM EtOH DMSO H,O
3-FP T. E. —347.62584 —347.62705 —347.62740 —347.62758
ZPVE 49.86091 49.78996 49.76947 49.76115
3-CP T. E. —707.98043 —707.98156 —707.98191 —707.98210
ZPVE 49.08645 49.02171 49.00348 48.99004
3-BP T. E. —2821.90048 —2821.90164 —2821.90198 —2821.90225
ZPVE 48.72009 48.64802 48.63753 48.61781

effects of temperature and environment changing. The
thermochemical properties of the structures were
severely affected by the solvent environment and the
increased temperature. In calculating the thermal
properties of any molecule, contributions come to
partition function, entropy, internal energy and con-
stant volume heat capacity from each vibrational
mode. Each of the 3N — 6 (or 3N — 5 for linear mole-
cules) vibrational modes has a characteristic vibra-
tional temperature. Because these contributions origi-
nate from vibrations, the solvent-induced changes in
vibrations alter the thermochemical properties [20].

Vibrational Modes and Assignments

Vibrational spectroscopy is a very important
instrument for molecular structure studies. Since the
vibrations of the atoms forming the molecules cause a
characteristic vibration band, very useful information
about the molecular structure can be obtained using
vibrational spectroscopy. As mentioned in the intro-
duction of this paper, there are many studies in the lit-
erature about vibrational properties for 3-FP, 3-CP,
and 3-BP molecules. Therefore, experimental IR
spectra of these molecules were taken from the litera-
ture [21]. In this study, the vibrational frequencies and
intensities of 3-FP, 3-CP, and 3-BP were calculated to
be very well compatible with the experimental values.
In addition, the effects of solvent environments on
vibrational frequencies and intensities have been
examined in detail. The 3-FP, 3-CP, and 3-BP struc-
tures have 11 atoms, and since they are not linear, there
are 3N — 6 = 33 vibration modes (/N is the number of
atoms). The selected experimental and calculated vibra-
tional modes of 3-FP are given in the Table 4.

RUSSIAN JOURNAL OF PHYSICAL CHEMISTRYA  Vol. 92

Table 4 clearly shows that C—H vibrations are very
seriously affected by the changing solvent environ-
ment. Also, when Table 4 is examined, it is seen that
the vibrational frequencies and intensities calculated
in the vacuum environment are very close to the exper-
imental values. The deviations between the experi-
mental and calculated frequencies ranges from 1—
21 cm™! for the 0—1800 cm~! region. The solvent envi-
ronment caused significant shifts in all vibration fre-
quencies and in their intensities. The strongest band
seen in the experimental spectrum is 1235 s and this
mode is calculated as the strongest IR mode at
1221 cm~". This mode has assigned as F—C and C—C
stretching vibration. This band is the band most
affected by the solvent environment, at the same time.
The vibrational modes that are least affected by the
changing solvent environment are the H-C—C—N,
H—-C—-C, and F—C—C-T torsional modes. Solvent-
induced changes at 3000—3100 cm~!, where C—H
stretching modes are observed, are much greater than
at other sites.

In the Table 5, selected experimental and calcu-
lated vibrational modes of 3-CP are given. For the
3-CP structure, Table 5 shows that the vibrations in
the C—H region are severely affected by the solvent
medium. Also, the environment in which the calcu-
lated C—H stretching vibrations are most compatible
with the experimental values is the vacuum. When
Table 5 is examined, it is seen that the band calculated
at 1096 cm™! in vacuum and experimentally at
1107 cm™! is the strongest vibrational mode. It is
mainly caused by the Cl—C stretching vibration. This
mode is also one of the vibrational modes most
affected by the solvent medium. The strong bands
observed at 702, 795, 1012, and 1411 cm~! in the exper-
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Table 3. The calculated thermochemical properties of the structures in different temperatures and in different media
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(cal/(mol K))
Parameters Vacuum Ce¢Hg PhMe CHLF DCM EtOH DMSO H,0
3-FP | 100 K | Entropy 58.196 58.213 58.214 58.225 58.230 58.236 58.237 58.237
Heat capacity 7.335 7.370 7.372 7.393 7.405 7.415 7.418 7.418
200 K | Entropy 66.139 66.187 66.190 66.220 66.237 66.252 66.256 66.257
Heat capacity | 12.626 12.680 12.684 12.720 12.739 12.758 12.763 12.765
298 K | Entropy 73.183 73.198 73.198 73.210 73.218 73.224 73.225 73.227
Heat capacity | 19.200 19.220 19.221 19.236 19.253 19.262 19.264 19.267
300 K | Entropy 73.315 73.387 73.391 73.438 73.464 73.487 73.493 73.495
Heat capacity | 19.326 19.388 19.392 19.436 19.461 19.484 19.491 19.494
400 K | Entropy 80.350 80.440 80.446 80.506 80.538 80.569 80.577 80.580
Heat capacity | 25.784 25.847 25.851 25.896 25.922 25.946 25.952 25.957
500 K | Entropy 87.151 87.255 87.261 87.331 87.369 87.405 87.415 87.419
Heat capacity | 31.209 31.268 31.272 31.314 31.338 31.360 31.367 31.371
3-CP | 100 K | Entropy 59.898 59.923 59.925 59.942 59.951 59.960 59.962 59.962
Heat capacity 8.130 8.166 8.169 8.193 8.205 8.217 8.220 8.221
200 K | Entropy 68.532 68.586 68.590 68.626 68.645 68.663 68.668 68.669
Heat capacity | 13.682 13.728 13.731 13.763 13.781 13.798 13.802 13.804
298 K | Entropy 75.967 75.981 75.982 75.992 75.997 76.001 76.002 76.001
Heat capacity | 20.079 20.093 20.094 20.106 20.114 20.121 20.122 20.124
300 K | Entropy 76.104 76.178 76.183 76.233 76.261 76.286 76.294 76.296
Heat capacity | 20.201 20.254 20.257 20.296 20.318 20.338 20.344 20.348
400 K | Entropy 83.367 83.457 83.462 83.524 83.558 83.589 83.598 83.602
Heat capacity | 26.492 26.544 26.547 26.586 26.608 26.629 26.635 26.640
500 K | Entropy 90.311 90.412 90.418 90.488 90.528 90.563 90.572 90.578
Heat capacity | 31.784 31.832 31.835 31.871 31.892 31.911 31.916 31.922
3-BP | 100 K | Entropy 62.067 62.104 62.106 62.131 62.146 62.158 62.162 62.163
Heat capacity 8.787 8.832 8.834 8.863 8.879 8.893 8.897 8.899
200 K | Entropy 71.195 71.264 71.268 71.314 71.340 71.363 71.369 71.373
Heat capacity | 14.329 14.378 14.381 14.414 14.432 14.449 14.454 14.458
298 K | Entropy 78.850 78.866 78.867 78.878 78.890 78.881 78.896 78.897
Heat capacity | 20.532 20.544 20.545 20.557 20.563 20.564 20.572 20.577
300 K | Entropy 78.990 79.079 79.085 79.145 79.179 79.210 79.218 79.224
Heat capacity | 20.651 20.704 20.707 20.745 20.767 20.787 20.793 20.799
400 K | Entropy 86.363 86.468 86.475 86.546 86.586 86.623 86.633 86.640
Heat capacity | 26.814 26.865 26.869 26.906 26.928 26.949 26.954 26.961
500 K | Entropy 93.370 93.486 93.493 93.572 93.617 93.659 93.669 93.679
Heat capacity | 32.025 32.072 32.075 32.109 32.130 32.149 32.154 32.161

imental spectrum correspond to calculated strong
bands at 703, 792, 1011, and 1421 cm™!, respectively.

Table 6 shows the vibration modes of 3-BP. As in
other structures, the strongest vibrational in 3-BP is
mode 13, which contains the Br—C stretching vibra-
tion. Since the Br atom in the 3-BP structure is a
heavier atom than Cl and F in the other structures, it
is an expected result that the solvent effects on this
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structure are more limited. For other constructions,
up to 26 cm~! shifts were observed from the vacuum to

the water medium in frequencies, while 4 cm™! shifts
occurred for the 3-BP structure.

The common result obtained in the study of vibra-
tional modes, as in the comparison of experimental
and calculated geometric parameters, is that the
changing solvent environment has less influence on
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Fig. 2. HOMO—-LUMO contour maps and energy gaps of 3-FP, 3-CP, and 3-BP in vacuum.

the movements of the atoms and bonds in the plane of
the ring. Changing solvent environment have much
more serious effects on the vibrations of C—H and
C—X (X =F, Cl, Br) atoms. Tables 4—6 confirm these
results. Changes in vibration modes are important
when moving from gas to solution.

HOMO—-LUMO Energies and Chemical Reactivity

In this study, we have also computed the highest
occupied molecular orbital (HOMO) energies, lowest
unoccupied molecular orbital (LUMO) energies and
their energy gaps for 3-FP, 3-CP, and 3-BP. HOMO
and LUMO energies are important parameters in
computational chemistry because they help define
many physical and chemical properties. The energy
gap between HOMO-LUMO is a considerable
parameter in determining molecular electrical trans-
port properties. the energy of the HOMO is directly
related to the ionization potential, and LUMO energy is
directly related to the electron affinity. This is also used
by the frontier electron density for estimating the most
reactive position in p-electron systems and also explains
several types of reaction in conjugated system [22].

In Table 7 calculated dipole moments and chemi-
cal reactivities of the structures in different dielectric
media are seen. It is seen that increasing the dielectric
constant causes regular change in HOMO and LUMO
energies. Similarly, the dipole moments of the struc-
tures increases regularly with increasing dielectric
constant. Larger dipole moments cause greater stabili-
zation in solution phase. At the same time, changing

RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY A Vol. 92

solvent polarity directly affects chemical reactivity in
Table 7. The HOMO—-LUMUO contour maps of 3-FP,
3-CP, and 3-BP were given in Fig. 2. The positive
parts are represented in red and negative parts are rep-
resented in green color. Moreover, for the 3-FP,
HOMO shows bonding character between 1C—2C—
3C and 4C—5C—6N atoms. LUMO shows bonding
character between 2C—1C—8H, 5C—4C—9H, and
7H—3C atoms. For the 3-CP and 3-BP, the same
bonding and antibonding characters are available.
In Fig. 2, it is noticeable that 11Cl and 11Br atoms are
positive while 11F1 is negative. The energy gap
between HOMO—-LUMO decreases from 3-FP to
3-BP.

Molecular Electrostatic Potential

Molecular electrostatic potential (MEP) maps are
drawings that visualize the distribution of charge on
the molecule in three dimensions. These maps give the
shape, size and charge distribution of a molecule.
Generally, the red regions in the map give low electro-
static potential energy and low electronegativity, while
the blue regions symbolize high electrostatic potential
energy and high electronegativity. MEP maps also
provide important information about the nature of
molecular bonds. They say a lot about the difference
in electronegativity.

To predict reactive sites of electrophilic and nucle-
ophilic attack for 3FP, 3-CP, and 3-BP, MEPs were
calculated and in Fig. 3, molecular electrostatic
potential surface contour maps of 3FP, 3-CP, and

No. 10 2018
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Table 7. Calculated chemical reactivity (eV) and dipole moments of the structures in different media
Parameters Vacuum C¢Hg PhMe CHLF DCM EtOH DMSO H,O0
3-FP | E uymo —1.464 | —1.410 —1.408 —1.391 —1.388 —1.385 —1.385 —1.383
Exomo —7.523 —7.471 —7.469 —7.451 —7.447 —7.443 | —7.443 | —7.440
AE| ymo—HOMO 6.059 6.061 6.061 6.060 6.060 6.059 6.058 6.057
Electron affinity (A4) 1.464 1.410 1.408 1.391 1.388 1.385 1.385 1.383
Ionization potential (/) 7.523 7.471 7.469 7.451 7.447 7.443 7.443 7.440
Global hardness (1) 3.029 3.031 3.031 3.030 3.030 3.029 3.029 3.028
Chemical potential (L) | —4.493 | —4.441 —4.439 | —4.421 —4.417 —4.414 —4.414 —4.411
Electrophilicity (®) 3.332 3.253 3.250 3.225 3.220 3.216 3.216 3.213
u, D 2.187 2.554 2.577 2.818 2.952 3.071 3.106 3.121
3-CP | ELuymo —1.497 —1.438 —1.436 —1.420 —1.414 —1.412 —1.412 —1.408
Eyxomo —7.401 —7.352 —7.350 —7.338 —7.334 | =7.332 —7.332 —7.328
AE| ymo—HOMO 6.035 5.914 5.914 5.918 5.919 5.920 5.920 5.919
Electron affinity (A4) 1.366 1.438 1.436 1.420 1.414 1.412 1.412 1.408
Ionization potential (/) 7.401 7.352 7.350 7.338 7.334 7.332 7.332 7.328
Global hardness (1) 3.017 2.957 2.957 2.959 2.960 2.960 2.960 2.960
Chemical potential (n) | —4.383 | —4.395 | —4.393 | —4.379 | —4.374 —4.372 | —4.372 —4.368
Electrophilicity (®) 3.184 3.266 3.263 3.240 3.232 3.228 3.229 3.223
u, D 2.165 2.530 2.553 2.798 2.931 3.051 3.087 3.102
3-BP | Eruymo —1.512 —1.449 | —1.447 —1.429 —1.424 | —1.423 —1.422 —1.419
Eyxomo —7.281 —7.238 —7.237 —7.232 —7.225 —7.224 —7.225 —7.221
AE} yMo—HOMO 5.770 5.789 5.790 5.803 5.801 5.801 5.803 5.802
Electron affinity (A4) 1.512 1.449 1.447 1.429 1.424 1.423 1.422 1.419
Ionization potential (/) 7.281 7.238 7.237 7.232 7.225 7.224 7.225 7.221
Global hardness (1) 2.885 2.894 2.895 2.902 2.900 2.901 2.902 2.901
Chemical potential (W) | —4.397 | —4.344 | —4.342 | —4.330 | —4.325 | —4.323 —4.323 —4.320
Electrophilicity (®) 3.350 3.259 3.256 3.231 3.224 3.222 3.221 3.217
u, D 2.144 2.508 2.531 2.772 2.909 3.029 3.065 3.089

3-BP in vacuum and water media are drawn. As can
see from the Fig. 3, full red or full blue colors are dom-
inant on the MEP map. Particularly, nitrogen atoms of
the molecules have mostly red regions and hydrogen
atoms have blue colors, which indicates that the differ-
ence in electronegativity is high. As expected, positive
charge densities are localized on hydrogen atoms. Cl
and Br atoms have gray colors while the F atom has
yellow region. In this case, we can say that negative
charge density is localized on F atom.

CONCLUSIONS

In this study, for the 3-fluoro-, 3-chloro-, 3-bro-
mopyridine, some physical and chemical properties
have been examined in vacuum, CcH¢, PhMe, CHLF,
DCM, EtOH, DMSO, and H,0O media. Total ener-
gies, optimized molecular structures, entropies and
heat capacities at different temperatures, HOMO—
LUMO energies and chemical reactivities were calcu-

RUSSIAN JOURNAL OF PHYSICAL CHEMISTRYA  Vol. 92

lated. The vibrational frequencies of the structures in
vacuum and solvent environments were calculated and
compared with the experimental data from the litera-
ture. In addition, molecular electrostatic potential
maps for 3-FP, 3-CP, and 3-BP were drawn and
atomic charges were determined. The following con-
clusions were reached at the end of the study.

* It has been determined that the changing solvent
environments has limited effects on the molecular
parameters of these three structures. Particularly, the
bond lengths and bond angles remaining in the ring
planes are little affected by the changing solvent
media. However, the calculated molecular parameters
are quite compatible with the experimental data avail-
able in the literature.

» The increased polarity of the environment and
the increased temperature increase the entropy and
heat capacities of the structures.

* The calculated vibrational frequencies and inten-
sities for the three structures are very compatible with

No.10 2018
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Fig. 3. Molecular electrostatic potential surface contour maps of 3FP, 3-CP, and 3-BP in vacuum and water media.

the experimental data from the literature. Although
the changing solvent environments has little effect on
the molecular structures, they have serious effects on
vibration frequencies and their intensities. Especially,
C—H vibrations are greatly influenced by environ-
ments changes.

» The changing solvent environments also change
the electron affinities, ionization potentials, global
hardness, chemical potentials, electrophilicity and
dipole moments for 3-FP, 3-CP, and 3-BP.
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