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Abstract. Raman spectra corresponding to C=O stretching mode of ethyl acetate (C4 H8 O2 ) and N ,N -dimethyl
formamide (C3 H7 NO) in methanol (CH3 OH) and carbon tetrachloride (CCl4 ) solvents were investigated in the
region 1600–1800 cm−1 . The variations of bandwidths corresponding to isotropic and anisotropic components
of the C=O stretching mode with varying solvent concentration were discussed using different mechanisms. The
variation in the vibrational and reorientational correlation times with concentration have been explained in terms
of self-association, diffusion mechanism, formation of hydrogen bond and screening effect. The Onsager–Fröhlich
dielectric model on anisotropy shift has been tested. This model holds good for the solute–CH3 OH system. However,
the exponential curve for the solute–CCl4 system shows repulsive type of intermolecular forces playing a vital role
in such complex system.
Keywords. Isotropic and anisotropic bandwidths; vibrational and reorientational relaxation times; dielectric;
anisotropy shift.
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1. Introduction
Vibrational Raman spectroscopy is a significant tool to
study vibrational and reorientational relaxation mechanisms of the polyatomic molecules in the liquid mixture
[1,2]. The intermolecular forces between the solute
and the solvent play vital roles in the broadening of
isotropic and anisotropic Raman bands. The broadening of isotropic Raman profile has been found to
occur mainly due to the vibrational relaxation process.
Vibrational dephasing, population relaxation and resonant energy transfer (RET) [2–21] contribute to the
vibrational relaxation processes. In most of the cases,
only vibrational dephasing process is responsible for
the broadening of isotropic Raman band. The broadening of anisotropic Raman band is considered mainly
due to the reorientational motions. Various workers
have made extensive studies on the vibrational as well
as reorientational process [3–40] to obtain information about solute–solvent intermolecular interactions in
liquid mixture. It was also found that the line shape
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of the vibrational mode of a reference molecule is
influenced by the concentration fluctuation of the environment. Knapp and Fischer [23], using the analytic
model, explained the concentration dependence of the
vibrational linewidth in liquid. Tanabe [30] reported that
the reorientational relaxation time in chloroform in the
binary mixture is mainly affected by the intermolecular association between the solute and the solvent.
Musso et al [3,14], however, explained the results on
the concentration dependence of bandwidth with the
help of Bratos and Tarjus theory [36,38]. The results of
concentration-dependent band asymmetry were examined with the help of the theoretical analysis by Knapp
and Fischer. Ojha et al [16] suggested a new empirical formula which explains the concentration-dependent
changes of the Raman linewidth in the solute–solvent
system. Contributions from both concentration fluctuation model and microviscosity factor could be explained
by this formula. The structural dynamics of the liquid
phase has been investigated through vibrational relaxation studies using molecular dynamics, ab initio and
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DFT calculations [10,13,39]. Such methods also help
in understanding the interpretation of the experimental data to study the change in linewidth and central
frequency. Various workers and researchers have undertaken concentration-dependent polarised Raman spectroscopic studies and DFT calculations to understand
the intermolecular interactions on various hydrogenbonded systems [15–19,41–43]. The peculiar variations
of their linewidths with mole fractions were explained
on the basis of motional narrowing and diffusion
phenomena. Very recently, Muntean et al [44] have
undertaken studies on DNA oligomers vibrational band
shape analysis through time correlation function. In
their study, the current theories developed for vibrational dephasing were discussed and relevant relaxation
parameters were obtained. The 793 cm−1 band corresponding to ν (backbone O-P-O, dT) oscillator of
LacDNA in aqueous solutions was selected for bandshape analysis using ultra-violet resonance Raman spectroscopic technique. The vibrational relaxation appears
to be the dominant relaxation process for this mode
with the vibrational dephasing being the most efficient
for this kind of oscillator. Many theoretical models
have been tested for C=O stretching mode by many
researchers [5,6,8,9,25–28]. In their studies they have
reported that repulsive types of potentials play important
roles in the solute–solvent interaction. They explained
the non-coincidence effect (NCE), which is basically
the difference in the wave numbers of the isotropic and
anisotropic components of a single Raman vibrational
band, on the basis of transition dipole–transition dipole
interactions [45,46]. They also concluded that the vanishing of NCE upon dilution was due to the important
role played by repulsive forces in solute–solvent interactions.
In the present paper, ethyl acetate and N ,N -dimethyl
formamide molecule known for their wide industrial
applications were investigated. These molecules have a
high dielectric constant and dipole moment. The C=O
stretching modes of these molecules are well isolated
from other vibrational transitional modes. Dilutionrelated studies of such molecules give important information on their interactions with the surrounding solvent
molecules. The drastic change in Raman bandshape on
going from lower to higher solvent concentrations gives
information about the structural features and the interaction dynamics taking place in the solution. This study
explains the nature of the interactions at the microscopic
level. This also helps to explain the solvent-induced
effects on the solvent-dependent Raman band components, relaxation rates and anisotropy shift. The value of
the anisotropy shift in high dilution seems to be mainly
a function of the molecular and liquid properties of the
solvents.
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2. Experimental and fitting procedure
Raman spectra of C=O stretching mode of ethyl acetate
and N ,N -dimethyl formamide at different methanol and
carbon tetrachloride concentrations were recorded using
Horriba LabRam HR Evolution. Second harmonic at
532 nm of Nd:YAG laser was used as the exciting line.
The laser beam is incident on the mirror from where it is
directed to the polariser. A polarisation rotator is used to
obtain correct polarisation of the beam. It is used to set
the polarisation of the incident radiation either parallel
or perpendicular to the axis of the analyser. The incident radiation with known polarisation emerges from the
polarisation rotator which is made to incident onto the
sample cell (quartz). The scattered beam is allowed to
pass through a polariser in such a way as to obtain either
parallel (I V V ) or perpendicular (I V H ) components. In
the experimental set-up, the I V V and I V H components
of Raman scattered radiation have been recorded using
a 90◦ scattering geometry. The spectrometer is fitted
with band-pass filters. The laser has an output power
of 100 mw at 1 MHz bandwidth. Labspec 6 software
was used with motorised optics for recording the spectrum. The external black platform was supplied with
necessary coupling to spectrograph. The commercially
available sample of ethyl acetate, N ,N -dimethyl formamide, methanol and carbon tetrachloride obtained
from SDFCL were used without further purification.
The isotropic and anisotropic parts of the Raman scattered intensity were obtained by using the relationship
Iiso (ν) = I V V (ν) −
Ianiso (ν) = I V H (ν) ,

4
I V H (ν) ,
3

(1)
(2)

where I V H (ν) is the intensity of the Raman band with
polarisation perpendicular to the laser beam, I V V (ν) is
the intensity of the Raman band with polarisation parallel to the laser beam measured experimentally and ν is
the wave number measured in cm−1 .
The I V V (ν) and I V H (ν) components of the Raman
spectra of neat ethyl acetate (EA) and N ,N -dimethyl formamide (DMF) as well as the nine other binary mixtures
(C4 H8 O2 + CH3 OH), (C4 H8 O2 + CCl4 ), (C3 H7 NO +
CH3 OH) and (C3 H7 NO + CCl4 ) were recorded in the
1600–1800 cm−1 region. The Raman spectra of the
isotropic and the anisotropic components in the region
1600–1800 cm−1 are shown in figure 1.
The deconvoluted isotropic and anisotropic Raman
spectra of neat EA and DMF at 50% of solvent concentration with respect to the reference system are shown
in figure 2. The inadequacy which may arise in the
raw Raman bands due to presence of composite bands
can be avoided by deconvolution of the bands using a
curve fitting technique. Deconvolution of a broad band
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Figure 1. Isotropic and anisotropic parts of the Raman spectra of C=O stretching mode for neat C4 H8 O2 and C3 H7 NO,
with nine other mole fractions, in the binary mixtures, (C4 H8 O2 + CH3 OH), (C4 H8 O2 + CCl4 ), (C3 H7 NO + CH3 OH) and
(C3 H7 NO + CCl4 ), in the region 1600–1800 cm−1 .
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Figure 2. The deconvoluted isotropic and anisotropic Raman spectra of C=O stretching mode for neat C4 H8 O2 and C3 H7 NO
and at 50% of solvent concentration with respect to the reference system in the region 1600–1800 cm−1 .
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using curve fitting technique is considered as the best
way to analyse the Raman bands. Hence, the overall band profile of the experimentally obtained spectra
recorded in C=O stretching region were analysed using
origin 8.5 software. The fitting process was carried
out by taking into consideration the band as a mixture
of Lorentzian and Gaussian (Voigt profile). The peak
corresponding to C=O stretching mode in the Raman
spectra shows asymmetry on the higher wave number
side (figure 2). By the addition of methanol, the isotropic
and anisotropic parts of C=O stretching mode of ethyl
acetate show an additional Raman band on the lower
wave number side. The new peak appears as a result of
hydrogen bonding between the solute and the solvent
molecules.

3. Results and discussion

Figure 2. Continued.

In order to understand the influence of various interactions with the help of the band shape of the Raman
spectra in pure liquids, it is important to carry out
dilution-related studies of the particular band in pure
liquid in various solvents. From these studies, it can be
seen that the change in the band shape may be attributed
to the change in the type of interactions of the active
molecules with their neighbours.
The bandwidths for the isotropic (iso ) and anisotropic
(aniso ) Raman components of the C=O stretching
mode of neat C4 H8 O2 and C3 H7 NO with increasing
concentrations of CH3 OH and CCl4 solvents ranging
from 10% to 90%, were measured in the binary mixtures. The variation of isotropic and anisotropic Raman
bandwidths of two solutes in CH3 OH and CCl4 solvents
are shown in figures 3 and 4 respectively.
It can be seen from figure 3a that in the case
of (C4 H8 O2 + CH3 OH), (C3 H7 NO + CH3 OH) binary
mixtures, isotropic bandwidth (iso ) increases with
increasing CH3 OH concentration and gradually
decreases after reaching maximum at 30% of the solvent
concentration. The increase in iso is due to the resonant
energy transfer mechanism. This occurs when there is
an interaction between identical molecules via transition dipole–transition dipole coupling mechanism. In
pure liquids, vibrations of neighbouring molecules are
due to the intermolecular interaction between them. The
broadening of bands is thus due to random molecular orientation. As the concentration of the solvent increases,
the contribution through RET slowly decreases and
finally diminishes leading to a decrease in bandwidth.
Similar pattern is observed for the isotropic bandwidth (iso ) for (C4 H8 O2 + CCl4 ) mixture, figure 3b,
where maximum is at 50% of the solvent concentration. The results corresponding to the isotropic
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Figure 3. The variation of isotropic Raman bandwidths in
the C=O stretching mode of C4 H8 O2 and C3 H7 NO, in the
binary mixtures (C4 H8 O2 + CH3 OH), (C3 H7 NO + CH3 OH),
(C4 H8 O2 + CCl4 ) and (C3 H7 NO + CCl4 ), with increasing
solvent concentrations.

bandwidth of C4 H8 O2 + CH3 OH, C4 H8 O2 + CCl4 and
C3 H7 NO + CH3 OH are in close agreement with the
experimental results of Musso et al [3,9,14]. This
combines the results from Bratos and Tarjus theory and Knapp–Fischer model in explaining concentration dependence of Raman bandwidths. iso for
C3 H7 NO + CCl4 mixture was found to increase on further dilution with CCl4 . This increase in iso with
increasing solvent concentration may be attributed to
the diffusion mechanism which dominates over the
motional narrowing effect. The solvent molecules diffuse into the reference system weakening the pair
interaction or the solute–solute interaction. The Bratos
and Tarjus [6,34,38] theory shows the evolution of
halfwidth of Raman band profiles of binary mixture
of Vander Waals’ liquid with varying concentrations
for slow or fast modulations. The bandwidth and frequency shift analysis in chemical and isotopic solvents was due to the fluctuations of the chemical
composition in a given site of the liquid and to the
structural breaking effects. The anisotropic bandwidth
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Figure 4. The variation of anisotropic Raman bandwidths
in the C=O stretching mode of C4 H8 O2 and C3 H7 NO, in the
binary mixtures (C4 H8 O2 + CH3 OH), (C3 H7 NO + CH3 OH),
(C4 H8 O2 + CCl4 ) and (C3 H7 NO + CCl4 ), as a function of
increasing solvent concentrations.

(aniso ) is found to decrease at higher solvent concentration and follows the same pattern as iso . aniso
also shows decrease in bandwidth at higher solvent
concentration (figure 4) except for C3 H7 NO + CCl4
mixture. At low solvent concentrations, the shape of
the Raman band appears to derive its main contribution from the process called resonant energy transfer
(RET). In the RET mechanism, the degree of microscopic local orientation order permits the coupling
between the vibrational states of the solute molecules
through neighbouring molecules via transition dipole–
transition dipole interaction. The contribution through
RET mechanism gradually decreases with the increasing solvent concentration (figure 3). This kind of
interacting state leads to solvent cage effect where the
solute molecules are confined in the potential well created by solvent molecules. Such interactions may be
expected to have significant influence in the spectral
features of the Raman band shape at 50% of solvent
concentration region. The broadening of the isotropic
component was found to be lesser than that of the
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anisotropic component with changing solvent concentration. This may be due to the competition of in-phase
and out-phase contributions of the interacting molecules
[9].
For the further investigation of dynamic processes taking place in liquid mixtures, the vibrational and reorientational correlation times were studied. The vibrational
and reorientational relaxation processes in liquid can be
determined from the isotropic and anisotropic Raman
bandwidths. The vibrational relaxation rate (τvib ) and
reorientational relaxation rate (τreor ) can expressed as
[14,30]
τvib = (π ciso )−1 ,
τreor = [π c (iso − aniso )]−1 ,

(3)
(4)

where c is the speed of light.
The vibrational relaxation rate (τvib ) and reorientational relaxation rate (τreor ) were determined for all the
solutes in CH3 OH and CCl4 solvents. Figures 5 and 6
show the variation of τvib and τreor with varying solvent concentrations. It is known that RET process plays
a very important role in the low solvent concentration
region.
In this case, the interaction is mainly between the
transition dipole of the solute molecules. When the concentration of the solute is high, its self-association is
high. Hence, the relaxation rate is high. As the concentration of the solvent increases, solute–solute bond
becomes weaker and finally diminishes when solvent
molecule dominates the entire system. In this case,
CH3 OH solvent makes direct intermolecular hydrogen
bonding with the carbonyl group of the solute. On
further dilution with CH3 OH, diffusion of the solvent
molecules into the reference system takes place. This
results in weakening of pair interactions and strengthening of solute–solvent interactions. This is responsible for
the observed increase in the vibrational relaxation rates
(figure 5a). However, in (C3 H7 NO + CCl4 ) mixture, the
solvent being non-polar, makes weaker solute–solvent
interactions than it makes in the polar environment.
The vibrational relaxation time shows a decrease with
increasing solvent concentration (figure 5b). But in
the case of C4 H8 O2 , the self-association between its
molecules is quite large. When CCl4 molecule is introduced into the region of the solute molecule, the
dipole-induced dipole interaction predominates leading
to the weakening of intramolecular interactions between
the solute molecules [19]. This is responsible for a
decrease in vibrational relaxation till 50% of the solvent concentration. As the concentration of the solvent
increases, x solvent molecule diffuses in the reference
system (figure 5b). On increasing the solvent concentration, diffusion takes place resulting in a sudden increase
in the relaxation rate.

Figure 5. The variation of vibrational relaxation of the
C=O stretching mode of C4 H8 O2 and C3 H7 NO in the binary
mixtures, (C4 H8 O2 + CH3 OH), (C3 H7 NO + CH3 OH),
(C4 H8 O2 + CCl4 ) and (C3 H7 NO + CCl4 ), as a function of
increasing solvent concentrations.

It can be seen from figure 6, that the reorientational relaxation time shows gradual increase for two
solutes in CCl4 but a different pattern is observed in
CH3 OH solvent. In the (C3 H7 NO + CH3 OH) binary
mixture, τreor shows an increase in its pattern in going
from neat to 30% of solvent concentration. τreor shows
minimum at 50% of the solvent concentration. On
further dilution with methanol, τreor starts increasing
gradually. The increase in reorientation relaxation time
indicates that the motion of each molecule in the solution is restricted to that of the solute molecules. This
restriction in motion may be due to the influence of solvent molecules where intermolecular hydrogen bonding
plays a vital role in the narrowing of the bandwidth
[16], hence, increasing τreor (figure 6a). The pattern for
two solutes in the CCl4 solvent shows a trend similar
to that of a (C3 H7 NO + CH3 OH) mixture (figure 6b).
τreor for (C4 H8 O2 + CH3 OH) binary mixture shows
a decrease with increasing solvent concentration and
becomes more or less constant at high dilution (figure 6a). This decrease in reorientation relaxation rate
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may be considered due to the screening effect of ethyl
acetate molecules which not only have high dielectric
constant but also are aliphatic in nature. In this case, the
interactions between solute molecules are of short-range
orientation order. This is considered due to the intermolecular vibrational coupling between neighbouring
molecules. This may be responsible for the asymmetry in the band shape. When the solvent molecules are
dominant over the entire region, the solute molecules
come into close interactions with the solvent molecules,
thus changing solute orientations towards the interacting
system. Comparing both the graphs, it is observed that
τreor is greater than τvib . Our results are in close agreement with that of Devi [8], Devi and Upadhayay [9] and
Ramakrishnan et al [21]. They predicted the increase
in τvib due to self-association and diffusion mechanism
and decrease in τvib due to weakening of intramolecular
interactions between the solute molecules. Simultaneously, the increase and decrease in τreor was mainly due
to the increasing intermolecular hydrogen bonding interactions as well as screening effect. Both the graphs show
non-linearity in their relaxation rates with varying solvent concentrations. This non-linearity arises as a result
of inhomogeneity in the binary mixture.
In order to have clear understanding of intermolecular
interactions taking place in the solution, it is necessary
to investigate non-coincidence effect (NCE) phenomena considering the dielectric properties and screening
factor related to permanent as well as transition dipoles.
Present study will provide detailed information about
various complexities which may have aroused from
dynamical and molecular aspects in liquid mixture. NCE
or anisotropy shift basically arises as a result of orientation of molecules due to intra or intermolecular
interactions between permanent or transition dipoles of
the neighbouring molecules. The dipole moment plays
a vital role in creating this orientational order [21]. The
anisotropy shift, which is assumed to be mainly due to
resonance coupling, can be confirmed experimentally by
considering that in all solutions and for any solvent, this
effect vanishes at high dilution. The maximum splitting
decreases with decreasing polarity of the solute–solvent
mixture. This may be due to the potential field strength
which perturbs the vibrational states only in the presence of solvent molecules in the neighbourhood. On the
other hand, this potential field is also dependent on other
properties of the solvent, such as, bond polarities or formation of hydrogen bond. The non-coincidence splitting
values in the modes corresponding to C=O stretching
of neat C4 H8 O and C3 H7 NO are about ∼5.46 cm−1
and ∼17.33 cm−1 respectively. For both solutes, the
value of non-coincidence splitting goes on decreasing
with increasing solvent concentration and reduces to
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Figure 6. The variation of reoreintational relaxation of the
C=O stretching mode of C4 H8 O2 and C3 H7 NO, in the binary
mixtures, (C4 H8 O2 + CH3 OH), (C3 H7 NO + CH3 OH),
(C4 H8 O2 + CCl4 ) and (C3 H7 NO + CCl4 ), as a function of
increasing solvent concentrations.

∼0.01 cm−1 and ∼6 cm−1 in the case of CH3 OH solvent and decreases up to ∼0.01 cm−1 and ∼8 cm−1 in
the case of CCl4 solvent respectively.
McHale [32] proposed a model which relates the
non-coincidence splitting to the interaction between permanent dipoles of the dissolved molecules and makes
the additional assumption of a coupling mechanism
through transition dipoles and is given as
 2
2μ2 ∂∂μ
Q
N0
φ S,
(5)
δν =
2
2
3
25π c ν0 K β Td VM
where μ is the dipole moment, N0 is the Avogadro’s
number, ν0 and Q are the wave number and the normal
coordinate of the vibrational mode under consideration,
φ is the volume fraction of the solute, d is the minimum
intermolecular distance, K β T is the thermal energy, VM
is the molar volume of the solute, ∂μ/∂ Q is the transition moment and S is the screening factor for the
interaction energy of two dipoles which comprises two
factors
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Figure 7. The variation of the parameter F as a function of
solute volume fraction in the (a) (C4 H8 O2 + CH3 OH) and (b)
(C3 H7 NO + CH3 OH) binary mixtures.


Sp =

n2 + 2
2ε + n 2

2
ε

which arises as a result of interaction of the permanent
dipoles and
 2
2
n +2
St =
9n 2
which arises due to the interactions between transition
dipoles. Here ε and n are the dielectric constant and
refractive index respectively. The term St does not vary
much in pure liquids and hence can be considered to be
constant. Hence, following the dielectric model given
by Onsager–Fröhlich, which treats the dielectric as continuum and considering only the S p term, eq. (5) takes
the form
 2 
2
2 ∂μ
n2 + 2 N
2μ


∂
Q
2
0
φ. (6)
δ ν 2ε + n 2 ε −1 =
25π 2 c2 ν0 K β Td 3 VM

2
The values of the parameter F = δ ν 2ε + n 2 ε −1
was calculated and plotted against volume fraction φ of
the solute in different solvents (figures 7 and 8). The
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Figure 8. The variation of the parameter F as a function of
solute volume fraction in the (a) (C4 H8 O2 + CCl4 ) and (b)
(C3 H7 NO + CCl4 ) binary mixtures.

parameter F is a function of dielectric constant, refractive index of the system and the frequency difference δν
of the isotropic and anisotropic components.
The dielectric constants of the solution are calculated
using the relationship
εsolution = φεsolute + (1 − φ) εsolvent.

(7)

It can be clearly seen from figure 7b that the variation of
F with φ for the (C3 H7 NO + CH3 OH) system is linear.
The straight line indicates that the dielectric continuum
theory holds good in this type of system. The linear
relationship means that the pair interaction between the
solute molecules tends to become weaker and solute–
solvent interactions are expected to be higher. At high
solvent concentration region, pair breaking occurs due
to the diffusion of methanol molecules into the system
leading to the decrease in non-coincidence splitting.
This occurs because of the high dielectric constant as
well as the dipole moments of the solvent molecule
which may play a vital role in such systems. However,
in the (C4 H8 O2 + CH3 OH) system, the pattern reveals
a typical behaviour. It can be seen from figure 7a, that
the points cannot be fitted in the same straight line.
There is a clear discontinuity in the plots on going
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from pure to 70% of solute concentration which may
have been due to the structure breaking effect as well
as local fluctuations [33]. The system shows deviation
from Onsager–Fröhlich dielectric continuum model. In
this case, the interactions may mostly occur among the
solute molecules than solute–solvent molecules. Below
60% of the solute concentration, the graph tends to gain
its linearity. At high solvent concentration, the graph
appears to become linear, which means that dielectric
continuum comes into picture. This may be due to the
dielectric properties of the solvent which may start playing a crucial role. This observation indicates that the
Onsager–Fröhlich dielectric continuum model which is
based upon the theory of transition as well as permanent
dipole coupling mechanism does not hold good. The
validity of Onsager–Fröhlich model may be expected to
be approximately valid for only dilute solution. Hence,
the approach which uses continuum theory for the environment of the molecule may be partially applicable for
such systems.
The non-linear curves in figure 8 for C3 H7 NO + CCl4
and C4 H8 O2 + CCl4 systems show non-validity of
the dielectric continuum model. In this solute–solvent
system, the concentration dependence of the shift
arises as a result of dipole–dipole, dipole–quadrupole,
quadrupole–quadrupole and higher multipole interactions. Due to discreteness of medium in such systems,
the dielectric screening factor may not be as efficacious as predicted by Onsager–Fröhlich model. The
non-linear curves indicate the repulsive nature of such
interacting systems. Thus, in such complex molecular systems, different multipolar interactions which
are repulsive in nature play significant roles. Torii
[39] reported that in chlorine-containing molecules, the
atomic quadrupoles may play vital roles in intermolecular electrostatic interactions. As a result, a shift in
the vibrational frequency in the C=0 stretching mode
which is considered to have a large dipole derivative, is observed. It was concluded that the atomic
quadrupolar effect obtained from chlorine is important
on the vibrational mode that are sensitive to intermolecular electrostatic interactions around covalently bonded
atoms. In the CCl4 molecule, the C–Cl bond points to
the carbonyl oxygen producing a strong electric field
on C=O bond in the direction that the chlorine atoms
look as if they had large positive charges. The electron
densities inside the chlorine atoms in CCl4 are found
to be highly anisotropic. This anisotropy is considered
to be the electronic structural origin of large atomic
quadrupoles. Our results are in better agreement with
the studies of Dutta and Kumar [28] where they reported
that atomic quadruple effects give rise to the repulsive
forces in these types of solute–solvent systems besides
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Table 1. The molecular parameters for the dielectric constant and refractive index of the solute and the solvent.
Molecules Dielectric constant (ε) Refractive index (n)
C4 H8 O2
C3 H7 NO
CH3 OH
CCl4

6.02
38.3
32.6
2.24

1.37
1.43
1.46
1.33

other intermolecular forces. This repulsive type of intermolecular forces play vital roles in determining the band
shape of the molecular systems undergoing intermolecular interactions [37]. The molecular parameters for the
dielectric constant and refractive index of the solute and
the solvent are listed in table 1.
4. Conclusions
The isotropic and anisotropic parts of Raman spectra
in the C=O stretching mode of C4 H8 O2 and C3 H7 NO
were recorded for both neat and binary mixtures in
two solvents, namely, CH3 OH and CCl4 , for varying solvent concentrations. The variations of isotropic
and anisotropic bandwidths with varying solvent concentrations have been studied. The vibrational and
reorientational processes corresponding to correlation
times were analysed. The role of the solvent-induced
effects on the vibrational and reorientational correlation times were explained on the basis of intermolecular
hydrogen bonding, diffusion mechanism and screening effect. The Onsager–Fröhlich dielectric model has
been tested to study solvent-dependent anisotropy shift.
Deviation from the model shows the role of repulsive
intermolecular forces playing important roles in such
systems.
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