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Introduction. Many studies have been cfonducted f)n e}romati'c substafnce.s with benzene 2 the:
molecular structure, unique PhYSi?al properties, and wide industrial appllcatu.)ns [_1’2]- In this wc,r:
[3]. 1.2-dibromobenzene was studied by FT-IR and FT-Raman 1.'neth.0ds and v1br?mona| analys;
performed. It was found that the wave numbers of C-C bond wbratfons were shifted away from i,
expected range due to the presence of C-Br and C-Cl bonds [4]. Dibromobenzenes (1,2-, 13 14
CsHsBr2) were studied using density functional theory (DFT) and second-order Mueller
theory (MP2), and the dipole moment and molecular orbital boundaries were determineq. Tt wa
assumed that the electronegativity of bromine atoms in 1,4-C¢H4Br is more negative than in 1,2 a4
1.3-CsHuBr2 [3]. Despite the large amount of experimental data on the regularities of various physica
properties of benzenes with the addition of halide elements, there is currently no consensus oy the
processes occurring in these liquids at the molecular level. This situation indicates the need for3 more
extensive study of these objects. This research work is also a logical continuation of work iy this
direction.

Object and methodology of the study. The objects of the study were purposefully selected
bromobenzene—CsHsBr and o-dibromobenzene—CsH;Br» molecules, which are intended to study the
contribution of atoms of the halogen group substituted in the benzene ring to the Raman spectm
and the regularities of relaxation processes.

The objects of the study were purchased from the American company “Sigma-Aldrich”. Tee
purity of the object of the study is of great importance when recording the Raman spectrum. I
necessary that it is completely free from the influence of foreign particles. Their purity is 99'5%_1?‘]
they were used to record the spectra without additional purification. The chemical structure of
bromobenzene and o-dibromobenzene molecules is presented in fig. 1.
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The Raman seattering spectrum of lig

nVia Raman spectrometer. Lase

h was recorded on

a spectrometer based on the Renishaw
rradiation with waye

lengths of 532 nm and 785 nm was used as a
light source.

T'o determine the theoretical valyes of the optimal geometric parameters and normal vibration
frequencies of the molecules, quantum-chemical calculations were performed using the ORCA

program using the density functional theory (DFT) method and the (B3LYP) HF/6-311G** basis set.
Results and discussion,

Raman spectra were recorded for the research
(A=532nm) and near-infrared (A=
in fig.2. According to the analy
affected by the fluorescence effe
the fluorescence effect.

The background of the fluorescence

objects using laser radiation in the visible
785nm) regions, the frequency distribution of the spectrum is shown
sis of the images, the Raman spectrum of o-dibromobenzene was
ct, while the Raman spectrum of bromobenzene was not affected by

effect in the Raman spectrum of the o-dirombenzene
molecule when excited by short-wavelength light can be explained by the fact that the difference
berween the molecular orbitals decreases as a result of the substitution of a pair of Br atoms in the
halide group instead of two H atoms in the molecular structure. In this article, the spectrum obtained
with a laser with a wavelength of 785 nm (fig.2c) was used for analysis.
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Fig.2. Raman spectra of molecules obtained with different lasers:
- a)532 nm; b)532 nm; ¢)785 nm

The spectral bands in the lower frequency .range ?f th'e Raman _spectrum appear g5 , s
deformation vibrations of the molecule and rotaufmal vibrational fnotnons of one part of the mola—_;‘;
relative 1o another. The experimental results obtained for the O-dibrom Obe_ll’lz.ene molecyle show
the intensity of the spectral band corresponding to the frequency of 376 cm ' is mych, greater thy,
of the other spectral bands. and we consider the appearance of the spectrum to be aSsOciated wjy ;
laws of rotational vibrational motion associated with the C-Br bond. In the Raman Speciruy
bromobenzene. the spectral band corresponding to the rotational vibrational motions of the moie,;:;
corresponds to the value of 310 cm.

Of course. in order to come to a scientific conclusion that the appearance of the spectry in s
low frequency range is related to the rotational-vibrational motion of the molecule, we pesg
compare the values of the frequency determined through theoretical calculations with the valugs
found in experiments.

An empirical method can be used to calculate the theoretical value of the optical specmum
Irequency resulting from the rotational vibrational motion of the o-dibromobenzene molecule [6]
Based on this approach, theoretical values of the potential depth and frequency for bromobenzere
dioxane. and pyridine molecules have been determined [7,8].

The potential depth “U” of the o-dibromobenzene molecule is considered to be proportional ©
the difference in the escape energy of the molecules in rotational motion. Based on this approach, ¢
potential depth value “U” found by theoretical calculations for the o-dibromobenzene molecuie' i
"U"=4037 cal/mol, and the experimental value of the frequency is vexp. = 376 cm', and the vl
found by theoretical calculations is vnaz. = 375 ¢m ! The experimental and theoretical values ot ”“
frequency are almost cqual, the difference does not exceed | cm !, This suggests that the formatie!

of the speciral band corresponding to the low freq uency is due to the rotational-vibrational i’
the o-dibromobenzene molecule,

Since the laws of molec
talculations have d

o
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ular motion are related to the arrangement of atoms, quantum ¢
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> . 3 well as the b
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d1P s . ‘ a - . s g i)

Eths and ang|eg between them (fig.1). This information is of practical importance &

uselul in the ey s o
the synthesi of Promising chemical substances, et

When compari o
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raction of the monosubst Do i i di 19
ditterence in the blue shift of the \‘hccll-ui b hllilmul heavy Br atom with the aromatic ring. The small
‘ s and associated with (} i
. C-H bond atoms in the | spectr 'th the symmetric valence vibrations of
e € ‘l : .{mnan spectrum of o-dibromobenzene ' '
is valid only for mono-substitutions, e R e shoreconcluen
Conclusions. For the first time, the laws of mono

> . a 1 . . .
were studied using the Raman spectrum in nd di-substitution in the molecular structure

awi i e
s of motion of bromobenzene and o ;i‘;‘de Sllj)ec“‘ﬂl range (100+3500 cm™!), which reflects the
AW ~t1oromobenzene molecules. Ba i

. Based on the experimental

results and theoretical calculations, it was sy
) ] ggested that the high-intensity spe
: : : ; ) ctral band formed at
low El”equencles 9 assoclated with the rotational-vibrational motion of the molscule It was found that
the frequency shift of the spectral band associated with the C-H valence vibratic;ns in the Raman

Spectrum ot_the molecule depends on the masses of the atoms in the substituted halide group, and this
connection is relevant for mono-substitutions. '

It was suggested that the mechanisms of formation of experimentally observed Raman spectra,

including the regularities of rotational-vibrational, deformational, and valence vibrational motions,
e re[afed to' th? SITO“_ and long-range ordering of molecules that occurs as a result of intermolecular
interactions in liquids.

Thisyaress Suppf:)l‘ted by the World Bank Project “Modernizing Uzbekistan National Innovation
System™ and Subproject title is “Tunable optical harmonic generation and soliton transport in
optoelectronic networks™ (REP-04032022/206).
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