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Abstract

In this study we investigate vibrational and rotational relaxation of a
bromobenzene molecule in the broad spectral region at the room temperature using
the Raman scattering spectroscopy method. Experimentally, and by using
quantum-chemical calculation, it has been shown that hydrogen atom can have H —
bond with carbon atom both inside the molecule, as well as between
bromobenzene molecules. Intense lines of the Raman scattering can be observed in
the low frequency region of the spectrum, which opens the possibility for
observation of the detection of rotational swings of the separate atomic groups in
complex molecules.
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Introduction

Combinational or Raman scattering of light (RSL) — is still continuing to be
one of the informative methods in the study of the subtle processes in condensed
matter systems [1-5]. Despite the rather extensive experimental information on the
behavior of various physical characteristics of monohalosubstituted benzenes, there
is currently no unified idea of the processes occurring in these liquids at the
molecular level. This situation stimulates further studies of these promising
objects.

In this work we present results of investigation of vibrational and rotational
relaxation of the bromobenzene molecule — C¢HsBr in the broad spectral range.
The bromobenzene molecule belongs to the group of monohalosubstituted

benzene. Regarding the geometric structure of monohalobenzenes, there is no

"Ixonomuka u couuym' Nel(0(137) 2025 www.iupr.ru



consensus in the literature. The most common model is a planar structure with a

benzene ring in the form of a regular hexagon.

Experimental part

Bromobenzene, depending on the grade of purity of the initial product, was
purified according to refs [6]. The degree of purity of the object was controlled by
the ratio of the intensities of the shifted and unshifted Mandelstam-Brillouin
components of the polarized part of molecular light scattering and by the boiling
point.

The Raman spectra were obtained with a laser scanning confocal microscope
(Fig.1.). The STR250 laser Raman spectrometer with confocal microscopy is a
very compact and flexible system with high sensitivity for measuring weak Raman

scattering from different materials.
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Figure 1. Scheme of the experimental setup for recording the spectra of Raman
scattering of light: 01 - exciting laser; 02, 06 - optical fiber connection with a
bandwidth of up to 90%; 03 - tuned lens; 04 - microscope stage; 05 - set of filters;
07 - STR250 spectrometer; 08 - piezoelectric detector; 09 - white lighting; 10 -
focus screw.

Results and discussion
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The Raman spectrum of bromobenzene recorded in the region of
intramolecular interactions at room temperature in the spectral frequency range 50
+3200 cm™ is shown in Fig. 2.
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Figure. 2. Raman spectrum of bromobenzene at room temperature in the
frequency range 50 + 3200 cm’

According to the spectrum shown in Fig.2, a large number of lines are
present in the low-frequency region of the Raman spectrum, the most intense of
which has a frequency value of 266 cm™, close to the value calculated by the
quantum chemical method. In addition, the spectrum contains intense lines with
frequency values of 133 cm™ and 624 cm™. In general, significantly more lines are
found in the observed spectrum than in the literature data on the Raman spectra for
the object under discussion.

An analysis of works on the investigations of the Raman spectra of liquids in
the low frequency range showed that such works are very limited. Nevertheless,
observations of rotational swings in the Raman spectra of methyl and heavier
atomic groups are known. Note that a direct observation of spectral lines caused by
rotational swings greatly facilitates the determination of the thermodynamic
functions of molecules by means of statistical calculations. In this regard, special

attention was paid to the observation of rotational swings of molecules.
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The interpretation of the observed Raman lines, in particular, the assignment
of some of the lines to rotational oscillations, is difficult without a special
theoretical analysis, because the low-frequency spectrum of bromobenzene is rich
in lines. This means that deformation oscillations are also observed along with
rotational oscillations. For molecules containing heavier groups, as in our case,
bromobenzene, the lines lying in the lowest frequency range of the spectrum are
usually referred to as rotational swings. If the height of the potential barrier of
rotational oscillations is known, it is quite easy to determine the corresponding
frequency (v VU), and by comparing the calculated values of the frequencies with
those observed in the experiment, one can select the frequencies of rotational
oscillations.

We calculated potential barriers using the
methodology described in works [3,5]. To
determine the height of potential barriers, we
need structural data values with high
accuracy, such as bond length and angles
between bonds of bromobenzene atoms,

determined by quantum chemical calculations.

The results of such calculations, considering
the intramolecular interaction of  Fig.3. Calculated structure of

bromobenzene, are shown in Fig. 3. bromobenzene

The results of the calculation of potential barriers, the calculated and
experimental values of the frequencies for the most intense line of rotational

oscillations of the RSL for the bromobenzene molecule are presented in Table 1.

Table 1.
U, cal/mole v, cm’
Substance :
(calculated) Calculated Experimental
CsHsBr 5500 240 266
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From the data we obtained on the low-frequency Raman spectra of
bromobenzene, it can be seen that we could establish the observation of rotational
swings of atomic groups in the spectrum. From our point of view, the low intensity
of these lines, which is also confirmed by our early observations, and the region of
the spectrum which is inappropriate for work, were the reasons for the lack of
systematic studies of rotational oscillations by the Raman method. However, our
studies show that with careful selection of the conditions for recording Raman
spectra, it is possible to obtain frequencies in the region of 150 cm™ and even
lower.

Conclusion

Using Raman spectroscopy, we have recorded a spectrum in the low frequency
range, which indicates the observation of rotational swings of individual atomic
groups of bromobenzene. It is shown that the patterns observed in scattering data
can be interpreted on the basis of the mechanism of intermolecular vibrations of
molecules caused by specific interactions between molecules, for example,
rotational vibrations of one part of the molecules relative to another, and
deformation vibrations, etc. The observed spectral bands are assigned to the type of
vibrations in the Raman spectrum in bromobenzene. Intense Raman lines are
observed in the low-frequency range of the spectrum, which opens up the
possibility of observing the manifestation of rotational swings of molecules.
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