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Application of Raman scattering of light to study
the structure of molecules

Bakhodir Eshchanov, Shavkat Otajonov, Khusnida Rakhmatillaeva

Abstract— The structure and shape of the bands for the vibrational Raman spectra of ethanol molecules in solutions with toluene are
analyzed. The possibilities of their use to obtain information on the features of molecular interactions and their vibrational dynamics are

shown.

Index Terms— Light scattering, Raman scattering, molecular liquids, vibrational motion, intermolecular interaction, solution, rotational

oscillation, intramolecular vibration.

1 INTRODUCTION

}Tproblem of establishing the nature and strength of
intermolecular interactions (IMI) in condensed media and
strongly fluctuates anisotropic molecules, as well as the most
common regularities in the variation of the optical spectra of
polyatomic molecules due to the influence of IMI of different
nature, is an actual field in modern spectroscopy of condensed
media [1-4].

A characteristic difference between the optical spectra of
polyatomic molecules and atomic ones is that in all molecules
consisting of not less than three atoms, the motion is more
complex than in atoms, that is, together with the motion of
electrons, an important role plays the oscillation (periodic
change with respect to the location of the nuclei) and rotation-
al (periodic change in orientation) motion of the molecule
[5,6].

Oscillation spectroscopy is one of the most informative
methods for studying the liquid state of a substance and
makes it possible to obtain information that is often inaccessi-
ble to other experimental methods of investigation. Oscillation
spectra of molecules are characterized by the position of the
band maxima, their intensity and shape. The study of changes
in these parameters under the influence of inter particle inter-
actions allows obtaining information on the structure of lig-
uids.

Rotational vibration of individual atomic groups in com-
plex molecules is manifested in the low-frequency region of
the oscillation spectra. Information on this spectral region is
given by absorption spectra of long-wavelength infrared radi-
ation and Raman spectra (Raman scattering) in the low-
frequency region.

In this work a solution of toluene + ethanol is studied in a
wide range of concentrations (1-0.2 molar solution of toluene).
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Taking into account the great principled and practical im-
portance of the study of rotational vibration, an experimental
and theoretical study of low-frequency Raman spectra for a
wide class of liquids is carried out.

2 EXPERIMENT SETUP

Raman spectra of objects were obtained with using a laser
scanning confocal microscope (Fig. 1). The STR250 laser Ra-
man spectrometer with confocal microscopy is a very compact
and flexible system with high sensitivity for measuring weak
Raman scattering from different materials. The system consists
of a spectrometer (07) with a focal length of 250 mm, a scan-
ning mechanism for Czerny-Turner in the region of the wave
number of 50-7000 cm™, automatically changing places three
different diffraction lattices (with number of strokes of 600,
1200, 1800 per 1 mm), with resolution of 1 cm™, with an anti-
static effect and a CCD (8) chamber with cooling at a tempera-
ture of -60° C. It includes an optical microscope (03) for a small
sample with a spatial resolution of <1 mm and an exciting
laser (01) for the visible region (532 nm).
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Fig.1
The system includes user-friendly software for managing
and processing data based on the Windows platform. The
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Raman spectra were measured in geometry of 180 °, that is,
radiation was detected at an angle of 180° in relation to the
incident light.

The experiment was carried out as follows: a quartz cu-
vette was used to study benzene and its derivatives. A quartz
cuvette with liquid was placed on a highly precise scan table
(04) a laser beam was focused into it. Scattered light is collect-
ed by the same lens.

3 RESULTS AND DISCUSSION

As demonstrated in this document, the numbering for sec-
tions upper The bands of Raman scattering for ethanol in pure
liquid and in solution with toluene are shown in Fig. 2. The
spectrum is complex and highly variable in depending on the
concentration of the mixture.

The results of experimental studies for the frequency shift
Av of the Raman scattering for the ethanol band of 2941 cm™
show that in the entire concentration range investigated in the
experimental errors we observe a linear dependence of the
value of Av on the concentrations (Fig. 3).
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Fig 2.

We can see from Fig. 2 that dilution of ethanol in a solvent
(toluene) leads to a strong line broadening. If the solution con-
tains 0.8 molar solution of toluene the width of this band is
almost one and a half times larger than the width of the band
of pure ethanol.
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Fig 3.
The vibrational relaxation of molecules in liquids is deter-
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mined mainly by intermolecular interaction. There are three
mechanisms of relaxation of intramolecular vibrations. The
first one is energy relaxation, i.e., dissipation of energy of
intramolecular vibrations to all other degrees of freedom of
movement, including the translational and rotational motion
of molecules and other vibrational modes. The second one is
phase relaxation, ie., modulation of the phase of the
intramolecular vibration by collisions with surrounding mole-
cules, in other words, fluctuations of the local field. The third
one is resonant energy exchange, i.e., the exchange of energy
quanta of intramolecular vibrations between oscillators of the
same type.

Resonant energy exchange can make a significant contribu-
tion to the shape of the band contours in pure liquids and so-
lutions with sufficiently strong intermolecular interactions. Its
manifestations in the vibrational spectra of liquids have been
studied in a number of theoretical and experimental studies
[7,8]. It was found that resonant energy transfer, in addition to
broadening the band contours in liquids with strong intermo-
lecular interactions, should cause the positions of the maxima
of the bands of the same oscillation to not coincide in the spec-
trum of concentration Raman scattering. This effect of the
mismatching between the frequencies of the maximum of the
Raman band in ethanol + toluene solutions (Av - negatively) is
connected by the mechanism of resonant energy exchange.

An analysis of the quantum and chemical calculations of
the frequencies for normal vibrations of the complexes studied
showed that for all configurations the values of the mismatch-
ing the vibration frequencies depend on the nature of the in-
termolecular interaction. Rotational vibration of individual
atomic groups in complex molecules is manifested in the low-
frequency region of the vibrational spectra.

The study of lines corresponding to the rotational vibration
of atomic groups is of great importance for studying the forces
acting in molecules between chemically unconnected atoms.

To study the rotational vibration of methyl groups in the
Raman spectrum of low frequencies, a convenient object of
study is toluene. According to the structural formula, in addi-
tion to the rotational oscillations of the group CHs (215 cm,
345 cm™), deformation oscillations can be observed in the spec-
trum. The assignment of lines in the Raman spectra of toluene
to rotational oscillations is complicated by the fact that the
low-frequency spectrum in toluene have a lot of spectral lines.
This means that, together with rotational oscillations, defor-
mation vibrations (800 cm™ and higher) are observed.

For molecules containing heavier groups, lines lying in the
lowest frequency region of the spectrum are usually referred
to as rotational vibration. In the case of rotational vibration of
methyl groups, the corresponding lines can lie in a relatively
wide spectral region, starting from the wing of the Rayleigh
lines to 600 cm™ (Fig. 4). This is due to the fact that the mo-
ment of inertia for the methyl group is small.
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In the low-frequency spectra of toluene, a significant num-
ber of lines of rotational oscillations were founded that have a
comparatively low-intensity wing of the Rayleigh line [9],
therefore, in the low-frequency region, we could record not
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very intense Raman lines, already from 100 cm™. The lines ob-
served in the low-frequency region have different widths and
intensities, but most of the lines are weak, their intensity is
several units in the common scale.

Fig.4.

4 CONCLUSION

Interpretation of these lines in the first approximation can
be obtained if we imagine that the molecules studied bind ro-
tational oscillations to one another. This assumption is a crude
simplification of the problem, since the interactions of rota-
tional vibration with other vibrations of the molecule are not
taken into account. However, we can expect that these interac-
tions are still not very large due to the considerable difference
of the frequencies of the considered lines and the frequencies
of other lines in the low-frequency region of the spectrum of
the molecules studied.

According to the literature data, if the height of the poten-
tial barrier of rotational oscillations is known, the correspond-
ing frequency can be found quite easily. Comparing the calcu-
lated value of frequencies with those observed in the experi-
ment, one can classify these certain frequencies to rotational
vibration.

Unfortunately, for methyl-substituted hydrocarbons, there
is no reliable data on the height of potential barriers of rota-
tional vibration.
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