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The effect of microwave frequencies on the structural and dynamical properties of heterocyclic organic com-
pound such as Indole in the surrounding of DMSO (Dimethyl sulphoxide) molecule has been studied over the
temperature region 298.15 K to 273.15 K using Time Domain Reflectometry (TDR) in the frequency region of
10 MHz–50 GHz. Dielectric parameters including Static permittivity (ε′), Dielectric constant (ε0), Relaxation
time (τ) Kirkwood correlation factor (g) and dipole moment (μ) which is well supported by thermodynamic pa-
rameters such as activation and molal/M Free energy (ΔF), Entropy (ΔS) and Enthalpy (ΔH) have been calcu-
lated. The dielectric permittivity spectra and relaxation behavior of Indole in different concentrations with
DMSO was analyzed using Debye model. Dielectric loss peak for all studied temperature observed to be shifted
towards lower frequency side with increasing concentration. Also, it was observed that, Dielectric constant(ε0)
increases for lower concentration and then starts decreasing towards higher concentrations. Dielectric constant
was also affected by temperature as, the value decreases for higher temperature. Dielectric relaxation time (τ)
show increasing behavior with concentration C. However, relaxation time seems to be decreasing aswe increase
the temperature towards room temperature.

© 2019 Elsevier B.V. All rights reserved.
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1. Introduction

Spectroscopic techniques give vital information about structural and
dynamical properties of all kinds of liquids including organic, polymeric,
biomolecules etc. which can be useful for the development of new struc-
ture and can be extended to the need-based applications. Change in the
structure changes dipole moment and other physical properties of a sub-
stanceunder study in its pure aswell as in aqueous state. Thus, any change
in the structurewith concentration, temperature, pressure,magnetic field
etc. directly affects their dipole moment and other physical properties
which ultimately affects the structural properties, uses and applications.

DMSO is a highly polar organic liquid that is used widely as a chem-
ical solvent and a free radical scavenger. It is having a range of pharma-
cological activity including analgesic and anti-inflammation, due to its
ability to penetrate biological membranes. It is used as a vehicle for top-
ical application of pharmaceuticals. It is also used to protect cells and tis-
sues during cryopreservation and has been used to treat extravasation
damage caused by anthracycline based chemotherapy. The unique ca-
pability of DMSO is to penetrate living tissues without causing signifi-
cant damage is post probably related to its relatively polar nature, its
capacity to accept h-bonds, this combination of properties of DMSO re-
sults in the ability of DMSO to associate with water, proteins, carbohy-
drates, nucleic acid, ionic substances and other constituents of living
systems. Therefore, it will be quite interesting to study its molecular be-
havior with heterocyclic organic compounds.

On the other hand, Indole an aromatic heterocyclic organic compound
withmolecular formula C8H7N has a bicyclic structure, consisting of a six-
membered benzene ring fused to a five-membered pyrrole ring. It is
widely distributed in the natural environment and can be produced by a
variety of bacteria. It is a parent substance for a large no. of importantmol-
ecules occurring in nature, having excellent pharmaceutical applications.

As an intercellular single molecule indole regulates various aspects
of bacterial physiology including spore formation, plasma stability, re-
sistance to drugs, biofilm formation and virulence. A number of indole
derivatives have important cellular formations, including neurotrans-
mitters such as serotonin [1].

Most heterocyclic compounds possess an uneven distribution of
charges resulting in a permanent dipole moment. Typical dipole mo-
ments for most organic molecules are in the range between 0 and 12
D but there are some compounds such as polymethine dyes, which
have dipole moments of 20 D or higher [2].

There are large numbers of spectroscopic techniques available such
asNMR, FTIR, UV–Visible and dielectric spectroscopy. Dielectric spectro-
scopic technique is useful to understand the flexibility or rigidity of a
molecule as to study the pharmacological/biological activity of themol-
ecule. Dielectric absorption studies also provide useful information on
the rotational energies of molecular systems in a given media. It was
therefore considered interesting to investigate systematically the
change in relaxation behaviour of heterocyclic molecules with the

http://crossmark.crossref.org/dialog/?doi=10.1016/j.molliq.2019.112137&domain=pdf
https://doi.org/10.1016/j.molliq.2019.112137
mailto:avsarode@gmail.com
https://doi.org/10.1016/j.molliq.2019.112137
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/molliq
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structural configuration and how a heterocyclic ring and phenyl ring af-
fects the behaviour of the molecule. Time Domain Reflectometry (TDR)
is used to evaluate the dielectric constant and loss factor of dielectric
materials at microwave frequency, and is an important technique for
studying the molecular behavior of liquids.

Many attempts have been made previously to study structural be-
havior of heterocyclic organic compounds through measuring their di-
electric properties. N.K. Mehrotra et al. [3] studied temperature
dependent dielectrical and thermodynamical properties of five
heterocylic compounds; Quinoline, Isoquinoline, Furane, Thiophene
and Pyrrole. Rajni Mishra et al. [4] measured dielectric and thermody-
namical properties for five heterocyclic compounds: pyrrolidine (5-
membered ring); piperidine (6-membered ring); hexamethyleneimine
(7-membered ring); 2-methyl piperidine (~CH 3 group attached to pi-
peridine) and 2-acetyl pyridine (acetyl group attached to pyridine) to
investigate the change in relaxation behaviour of heterocyclicmolecules
with the structural configuration and how a heterocyclic ring and phe-
nyl ring affects the behaviour of the molecule in the non-polar solvent.
Millich and Becker [5] synthesized several indole derivatives and mea-
sured their infrared spectra in the CH, NH and CO stretching regions
and compared them to that of indole. Lautié et al. [6] studied both infra-
red and Raman spectra of indole and its deuterated derivatives. They
also gave curves approximate assignments of the observed spectral
bands. In 1986, Suwaiyan and Zwarich [7] presented the infrared and
Raman spectra with approximate assignment but only for the parent
compound. Takeuchi and Harada [8] carried out normal coordinate
analysis of the indole molecule already in 1986, vibrational force con-
stants were presented and the calculated vibrational frequencies were
compared with the experimental ones of Lautié et al. [6]. Barstis et al.
[9] observed the applicability of modern spectroscopic methods in the
studies of the excited state vibrational spectra of indole. In recent
years, dielectric investigations have found a large number of applica-
tions in characterizing thermodynamic properties of different biomole-
cules such as molecular motion and molecular interaction and their
strength influenced by the concentrations of pure component and in
mixture. Several attempts have been made to study the dynamics of
polar solvents regarding the confirmation of their structural behavior,
the dielectric behavior of a polar molecule is usually discussed in
terms of its two molecular parameters, the electric dipole moment
(m) and dielectric relaxation time (t) [10–21]. Mohan Hosamani, N.H.
Ayachit and D.K. Deshpande studied dielectric behavior some
substituted indole compounds, namely, 5-bromoindole, 5-
methoxyindole, 5-fluoroindole, 2,3-dimethylindole, 2,5-dimethylindole
at room temperature and at two frequencies 8.55 and 9.65 GHz using
Roberts and Von Hippel standing wave method [22]. Earlier Cheolhwa
Kang, TimothyM. Korter andDavidW. Pratt studied induced dipolemo-
ment of indole and indole-H2O at ground and excited state using stark
effect [23].

Though many attempts have been made to investigate large num-
bers of heterocyclic organic compounds but no study has found to
glance through the structural behaviour of Indole molecule in DMSO.
As mentioned, DMSO is an excellent solvent and is having a range of
pharmacological activity and ability to penetrate biological membranes.
Therefore, in the present study dielectric and thermodynamical proper-
ties of indole in DMSOwere investigated using Time domain reflectom-
etry technique in the frequency region of 10 MHz-50 GHz at different
temperatures ranging from 298.15 K to 273.15 K which is still the sub-
ject of interest.
2. Experimental

2.1. Materials

Indole and DMSO were purchased from Hi Media Laboratories Pvt.
Ltd. Mumbai, India and used without purification.
Concentration dependent dielectric permittivity ε′ and dielectric
loss ε″ of binary mixture of indole with DMSO at different temperature
was measured using TDR (Time Domain Reflectometry) employed in
the frequency region of 10 MHz to 50 GHz.

The detailed analysis and procedures of the TDR system were ex-
plained previously [24].

2.2. Measurements

The Tektronix Digital Serial Analyzer model no. DSA8300 sampling
mainframe along with the sampling module 80E10B has been used for
TDR. A sampling module provides 12 ps incident and 15 ps reflected
rise time pulse was fed through a coaxial line system having 50 Ω im-
pedance. Sampling oscilloscope monitors show change in step pulse
after reflection from the end of line. The reflected pulse without sample
R1(t) and with sample Rx(t) were recorded in the time window of 5 ns
and digitized in 2000points. The Fourier transform of the pulse and data
analysis was performed to determine complex permittivity spectra
ε⁎(ω) using least square fit method [25–27].

2.3. Statistical analysis

Turbo Basic version 1.1 software by Borland International, Inc.
(1987) was used to carry out statistical analysis of experimental data.
It was further analyzed with Origin 7.5 software (Origin Lab Corpora-
tion, Northampton, MA, USA). Thermodynamic parameters were calcu-
lated using software written in C and MS Excel 2007.

3. Result and discussion

The calculated data and their interpretation are the subjects of the
following sections. Temperature and Concentration dependent dielec-
tric parameter of biomolecules was established by studying the varia-
tion of dielectric constant, dielectric loss, relaxation time, Kirkwood
correlation factor and dipolemoment aswell as thermodynamic param-
eters such as molal free energy, molal entropy and molal enthalpy, en-
tropy of activation and enthalpy of activation.

The values of complex permittivity ε⁎‑= ε′−jε″ as a function of fre-
quency for the indole have been calibrated and used for the evaluation
of dielectric parameters at room temperature. Dielectric dispersion
and absorption curves for the Indole-DMSO system at various tempera-
ture and concentration is depicted in Fig. 1. The spectra show that there
is a gradual decrease in dielectric permittivity for all the studied concen-
trations. And the loss peaks shift towards lower frequency side. Only a
relaxation process was apparently observed for each solution in the fre-
quency range concerned. The process can be described by S. Havriliak
Negami equation [24] using least square fit method.

ε� ωð Þ ¼ ε∞ þ ε0−ε∞ð Þ
1þ jωτð Þ1−α
h iβ

2
64

3
75 ð1Þ

The parameters used in the Havriliak Negami Eq. (4) are, ε0—the
static permittivity ε∞—the high-frequency limiting static permittivity,
ω is the angular frequency and τ0 is the average relaxation time α and
β are the distribution parameters.α (0 b α b 1) indicates the broadness
of the symmetric relaxation curve when the dielectric data are de-
scribed by the Cole–Cole equation. The relaxation curve with (0 b β
b 1) α = 1 corresponds to Debye-type of relaxation and a smaller
value of α gives the broader symmetric relaxation curve, whereas the
relaxation curve with β= 1 corresponds to a non-Debye type of relax-
ation inwhich the asymmetric relaxation (0 b β b 1)α=0 is associated
with the cooperative mechanics of dielectric relaxation. It has been
found that the dielectric data for indole-DMSO obey the Debye disper-
sion model [28].



Fig. 1. Variation of complex permittivity spectra of Indole-DMSO with log frequency at different temperature and concentrations.
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3.1. Dielectric constant

Variation of dielectric constant as a function of temperature and con-
centration of indole is shown in Fig. 2. For all the used concentrations;
dielectric constant was observed to be increases at lower temperature
and then starts decreasing towards higher temperature. At lower con-
centration i.e. 0.00637M dielectric constant was 57.37. Further increase
in the concentration results in sudden increase in the values of dielectric
constant. But, for higher indole concentration dielectric constant was
found to be decreasing. Similarly, for lower temperature the value of di-
electric constant was found to be higher but fail to increase towards
higher temperature. This behaviour is because at lower concentration
of indole, dipole moment of DMSO aligned parallel to that of indole so
that the resultant dielectric constant increases i.e. there may be associ-
ation between solute and solvent molecules. Decrease in the values of
Fig. 2. Static dielectric constant vs temperature of Indole-DMSO solution.
dielectric constant at higher concentrations may be due to decrease in
the effective dipole moment as the alignment in the system is
antiparallel.

3.2. Relaxation time (τ)

Fig. 3 shows temperature aswell as concentration dependence of re-
laxation times for Indole-DMSOmixtures. For all the studied concentra-
tions, Relaxation time was found to be increasing with increasing
concentration but found to be decreasing towards high temperature.
At lower temperature and higher concentrations relaxation time was
found to be high. We inferred, from the increase in the value of τ0
with increasing concentration of indole, that there is a less probability
of reorientation at higher concentration and lower temperature. This
may be due to large hindrance to the reorientation of indole molecule
in the surrounding of DMSO molecule. It is also noticed, there may be
Fig. 3. Dielectric relaxation time τ0(ps) vs concentration of Indole-DMSO at different
concentration.
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very less rotation of indole molecules in vicinity of DMSOmolecules. At
low temperature relaxation time was higher compared with higher
temperature; this may be due to the fact that there may be a formation
of co-operative domains and the relaxation is co-operative relaxation as
a result relaxation time increases at low temperature side. However, to-
wards higher temperature hindrance to the molecular reorientation is
less due to thermal energy which results in lowering the relaxation
time.

3.3. Arrhenius plot

Fig. 4 shows a plot of log(Tτ0) against 1000/T for all indole-DMSO
concentrations called Arrhenius plot.

The plot is almost linear.
And the free energy of activation (ΔFτ), enthalpy of activation (ΔHτ)

and entropy of activation (ΔSτ) for dielectric relaxation as rate pro-
cesses for the indole-DMSO under study were evaluated using Eyring's
rate equations [29].

τ0 ¼ h
kT

� �
exp

Δfτ
RT

� �
ð2Þ

and

Δfτ ¼ ΔHτ−TΔsτ ð3Þ

where ΔFτ, ΔHτ, ΔSτ are the free energy, enthalpy, and entropy of
activation for the dipolar orientation. Thermodynamic energy parame-
ters ΔFt, ΔHt and ΔSt for dielectric relaxation as rate processes were
evaluated using Eyrings equation. On solving Eq. (2) and rearranging
the terms,we get an equation for a straight line, so that a graph between
log (Tτ0) and reciprocal of temperature has a slope equal to the activa-
tion enthalpy (ΔH). Using Eq. (3), the other thermodynamic energy pa-
rameters can be calculated.

3.4. Free energy

Thermodynamic energy parameters are macroscopic variables that
describe the microstates of the systems. The order of magnitude of the
enthalpy of activation and entropy of activation can give some clue to
the molecular energy and order of molecules in the relaxation process.
The free energy of activation ΔF at the measured low and high concen-
trations in the temperature range 298.15–273.15 K has been evaluated
using dielectric relaxation as a rate process and is shown in Fig. 5. It
Fig. 4. Arrhenius plot of Log (Tτ0) vs reciprocal of temperature (K−1) of Indole-DMSO
mixtures at different concentrations.
was found that the free energy was observed to be increasing with
both increasing concentrations and towards the high temperature.

This increase in the value of free energy with rise in temperature
may be due to induced intermolecular H-bond between indole and
DMSO molecule which on bond formation increases the thermal agita-
tion and therefore dipole requires more energy in order to attain equi-
librium with the applied field. Free energy for the measured low
concentration (0.00637 M) at 298.15 K was found higher by
0.114 kcal mol−1 than the value at 273.15 K. This confirms that towards
higher temperature, system requires 0.114 kcal mol−1 more energy as
compared to the value measured at low temperature; indicating
0.114 kcalmol−1more energy is required to lift the induced intermolec-
ular H-bonded indolemolecule over the potential barrier in comparison
to the energy required for the reorientation of the molecules at low
temperature.

Also, free energy ΔFC at temperature 273.15 K was found more by
0.168 kcal mol−1for 0.02589 M (higher c) than that observed at
0.00637M (lower C) for the same temperature. The value of free energy
at temperature 298.15 K for 0.02589 M was found more by
0.194 kcal mol−1 than the value measured for 0.00637 M. These higher
values suggestmore energy is required for the reorientation of intermo-
lecular H-bonded indolemolecules due to dipoles alignment oriented in
antiparallel directions. The average free energy of activation
ΔFτ(273.15 k–298.15 k) for the studied system was found to be
2.87 kcal mol−1 is suggested for the reorientation of molecules in the
indole-DMSO mixture. It has also been observed that molal free energy
was found to be increasing with increasing concentration and free en-
ergy of activation was also found to be increasing towards higher tem-
perature. This shows there is lower steric hindrance to the molecular
motion of induced intermolecular H-bonded indole-DMSO molecules.

3.5. Entropy

Molal entropies for the studied systems were found to be negative.
The values of the entropy vary significantlywith a change in the concen-
tration of the mixture constituents. Entropy (ΔS) for indole-DMSO sys-
tem for all the used concentrations over the measured temperature
range was observed to be independent of temperature and found nega-
tive. As shown in Fig. 6. This indicates that there are fewer configura-
tions possible in dipolar orientation in the activated state than normal
state. This may be due to the existence of dipole-dipole interactions,
so that the molecules of indole-DMSO are more nearly aligned with
each other in the activated state. From the observed values of entropies,
Fig. 5. free energy vs temperature (K) of Indole-DMSO mixtures at different
concentrations.



Fig. 7. Enthalpy vs temperature (K) of Indole-DMSOmixtures at different concentrations.
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there seems to be a strong possibility of dipole-dipole interaction be-
tween indole and DMSO molecules which results in more negative
value of entropy for 0.0128 M concentration. However, higher concen-
trations found rearrangement of molecules and resume the configura-
tion with dipole moment orientated in new direction (antiparallel
orientation) so that entropy reduces to less negative values. This also in-
dicates that the structure is more flexible and was almost independent
upon temperature. Further increase in concentration reduces the flexi-
bility therefore decrease in the values of entropy. The highly negative
values of entropy in the concentration range of 0.00637 to 0.02589
also confirm that the Indole-DMSO structure is highly flexible in this
range.

3.6. Enthalpy

Enthalpy ΔH is the energy required to achieve the group dipole re-
orientation in the dielectric relaxation process. For the studied systems,
the observed value of enthalpy was observed below 2 kcal mol−1over
the used concentrations of indole in the temperature range
273.15–298.15 K. Enthalpy in the energy range 4–5 kcal mol−1 is attrib-
uted to the rotation of\\OH dipole governed by the breaking and
reforming of H\\bonds in dynamic equilibrium. However, lower values
of enthalpy are the result of rotation of\\OH dipole only.

Enthalpy at the measured lower concentration (0.00637 M) was
found to be 1.517 kcal mol−1 which was further decreased to
0.5256 kcal mol−1 at 0.128 M. shown in Fig. 7. This clearly indicates
that lower potential barrier offered for the dipolar reorientation of in-
duced intermolecular H-bonded molecules. However, enthalpy at
higher concentration was observed to be slightly increasing as more di-
polar species are involved in the reorientation process which aligned
the dipole moment oriented in antiparallel direction.

3.7. Relaxation strength

The relaxation strength i.e.Δ ε= ε0−ε∞ for these polymers have also
been obtained at themeasured temperature values andwas plotted as a
function of wc and temperature as shown in Fig. 8.

It is clear thatΔ ε is almost temperature independent. Amuch stron-
ger increase in Δ ε was found at lower concentrations up to 0.0128
which indicates a larger dipole moment reorientation in the low
DMSO concentration range. At low DMSO concentration the relaxation
strength seems to be almost independent upon both concentration
Fig. 6. Entropy (Δs) vs temperature (K) of Indole-DMSO mixtures at different
concentration.
and temperature as there found a slight variation in Δ ε with increase
in concentration and a slight decrease in Δ ε towards higher concentra-
tion. This indicates that the mobility of DMSO molecules is very small
likely because at low water concentration they are strongly attached
to indole.

3.8. Cole-Cole spectra

Weuse the Cole–Cole plot to inform our discussion of the symmetric
or asymmetric nature of relaxation. Fig. 9 shows complex impedance or
Cole–Cole plot for indole-DMSOmixtures at different temperatures and
concentrations as a function of frequency. Cole–Cole plots are graphical
representations, which show the variation in dielectric constant against
dielectric loss in the material tested. The experimental data (ε″ versus
ε′) rarely fit to a Debye semicircle, which does indicate the relaxation
process in indole-DMSOmixture and can be explained with a single re-
laxation time Studying several liquid samples [30], Cole and Cole found
that the centers of the experimental arcs were displaced below the real
axis, the experimental data thus having the shape of perfect semicircle.
Fig. 8. Relaxation strength vs temperature (K) of Indole-DMSO mixtures at different
concentrations.



Fig. 9. Cole-Cole plots for Indole-DMSO solution at different concentration and temperature.
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It is observed that the semicircles are shifting towards lower dielectric
constant side with increasing temperature.

3.9. Dipole moment

In liquids, thermal motion continuously changes the orientation of
dipoles, unlike solids where the crystal structure freezes the dipoles in
a fixed geometric orientation, or in gases where the distance between
the molecules is large and the interaction between dipoles is weak. Be-
cause of thermal motion and varying concentration, the orientation and
movement of molecular dipoles present in the system cause dielectric
changes in liquid. The determination of the dipole moments of indole
in the surrounding of DMSOmolecules is of interest because the values
of dipole moments provide insight into the changes of electronic distri-
bution upon changes in concentration and temperature (particularly
the temperature below freezing point of the solvent) as well of these bi-
ologically important compounds. Relatively few papers have been de-
voted to the investigation of the dipole moments of indoles. To further
analyze this effect, we used the Cavelle's equation [31]. The Cavell's
equation relates the observed relaxation strength Δε with effective di-
pole moment μeff through,

Δε j ¼
εs

3ðεs þ 1−εsð ÞAj

NA

kBTε0

μ2
eff ; j

1−αi f ið Þ2
c j ð4Þ

where εs is the static permittivity, NA is Avogadro's Number kB is
Boltzmann constant and T is temperature A is shape parameter of the
reaction field and accounts for the shape of the relaxing particle (for
spheres, A = 1/3) [32,33] f is the so called reaction field factor [34]
and α is the molecular polarizability.μ2eff(effective dipole moment) is
connected to the ‘gas-phase dipolemoment’ μ0 (in the absence of orien-
tational correlations) via

μ2
eff ; j ¼ g jμ

2
0; j ð5Þ

where g is an empirical factor which accounts for correlations between
dipoles. g = 1 means no orientational correlation.



Fig. 11. Dipole moment vs Concentration (M) of Indole-DMSO mixtures at different
temperatures.
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Fig. 10 shows orientation of electric dipole moments of indole-
DMSO at different concentrations.

In which Fig. 10.a shows dipole orientation of indole at lower con-
centration having dipole moment 2.9548 D. Fig. 10.b shows dipole
orientation of indole at higher concentration with decrease in the
value of dipole moment compared to lower concentration. This
may be due to huge orientation of antiparallel alignment of the
molecule.

Fig. 11 indicates dipole moment variation calculated using Cavell
equation which was observed to be decreasing with increasing con-
centration. This is because at higher concentrations the molecules
are so arranged that their dipole moment was aligned in such a
way that the correlation between solute and solvent molecules get
reduced Fig. 12 due to antiparallel alignment of the solute and sol-
vent molecules; as a result, the resultant or effective dipole moment
gets reduced.

Fig. 10 clearly indicates that the motion of DMSO dipole reorients
when absorbs microwave frequency and this motion is a direct con-
sequence of microwave induced changes in the distribution of elec-
tron density of the molecules. The dipoles of indole-DMSO are
essentially parallel to each other at lower indole concentrations
which are also clear from the values of correlation factor g
(Fig. 11). It is the change in the orientation of the indole dipole that
causes the DMSO to move.

As, we focused our study in the structural behavior of indole in the
surrounding of solvent molecules having freezing point below room
temperature, therefore, we have also attempted the temperature de-
pendent variations in the dipole moment of the system under study.
From Fig. 10, it has been observed that temperature has little effect on
the dipole moment, even after lowering the temperature of the system
below the freezing point of the solvent molecules. There was a slight
variation in the values of dipole moments towards room temperature
in the measured temperature range (298.15–273.15)°K. These varia-
tions in the values of dipole moment may be due to thermal energy
which increases the freedomofmolecules freezes at lower temperature.
These free molecules towards room temperature gets aligned in the di-
rection antiparallel to the direction of dipolemoment of the indolemol-
ecules; which results in the slight decrease in the resultant dipole
moments. This antiparallel orientation of DMSOmolecules at lower con-
centration and higher temperature is the result of decreased correlation
between solute-solvent molecules.
Fig. 10. Illustration of indole-DMSO showing its in-plane inertial axe
3.10. Correlation factor (g)

The correlation factor g provides information regarding the orienta-
tion of the electric dipoles. For the pure liquid polymer, the Kirkwood
correlation factor g can be obtained using the following expression [35].

gμ2 ¼ 9kTM
4πNρ

ε0−ϵ∞ð Þ 2ε0 þ ϵ∞ð Þ
ε0 2þ ϵ∞ð Þ2

" #
ð5Þ

where μ is dipole moment, ρ is density at temperature T, M molecular
weight, k is Boltzmann's constant, N is Avogadro's number, ϵ0 is the
static permittivity and ϵ∞ is the dielectric permittivity at high frequency,
often represented by the square of the refractive index(ϵ∞ = ND

2). in as-
sociatingmolecules, the molecular relaxation time is affected by the in-
tramolecular and intermolecular hydrogen bonding. The departure of g
from unity is a measure of the extent of intermolecular hydrogen bond-
ing. The values of g from unity are a measure of the extent of intermo-
lecular hydrogen bonding. For molecules with parallel dipole
s and the orientation of its permanent electric dipole moments.



Fig. 12. Correlation factor (g) vs Concentration (M) of indole-DMSOmixtures at different
temperatures.
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moments gwill be greater than unitywhile for antiparallel dipole align-
ment g will be smaller than unity. The values of g were determined to
examine the effect of intermolecular association on the dielectric relax-
ation time of these molecules. In present system the value of g is b1 for
all temperature as well as concentrations except for 273.15 k and
293.15 k for lower concentration it is N1.
4. Conclusion

From the observed data it has been concluded that decreases in the
values of dielectric constant at higher concentrationsmay be due to de-
crease in the effective dipole moment which can be attributed to the
structural changes in the system. Such changes in the structural config-
uration increases hindrance for the rotational motion as a result relaxa-
tion timewas also found to be increased with increasing concentration.
However, increasing values of relaxation time towards lower tempera-
ture suggests strong stearic hindrance for the rotational motion of the
molecules. This will result in increasing the free energy with both in-
creasing concentration and temperature.

Molal enthalpy at higher concentration was observed to be slightly
increasing asmore dipolar species are involved in the reorientation pro-
cesswhich aligned the dipolemoment oriented in antiparallel direction.

Dipole moment variation calculated using Cavell's equation which
was observed to be decreasing with increasing concentration. The
value of g is b1 for all temperatures as well as concentrations except
at 273.15 K and 293.15 K it was greater than 1for lower concentrations.
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INTRODUCTION: Acoustic spectroscopy is one of 
the most widely used techniques to study the   mo-
lecular interaction in polymer solutions.  The infor-
mation about different interactions involved among 
the various polymer-solvent systems and of the com-
plex formation, association or dissociation, structural 
and    destructural nature of the solvents can be   di-
rectly given using Adiabatic compressibility, comput-
ed from ultrasonic velocity and density of the solu-
tion. The relationship between material properties and 
acoustic parameters has been studied for a long time. 
This technique has been employed as excellent tools 
for non-destructive testing and imaging1. We can 
characterize the viscoelastic properties of polymer 
melts, as well as those of semicrystalline polymers. 
When propagated in polymeric materials, acoustic 
waves are influenced by the polymer structure and 
molecular relaxation process. Ultrasonic method has 
been successfully used to monitor polymer pro-
cessing2, chemical reactions such as polymerization or 
curing of thermo sets3,4,  film formation from aqueous 
polymer dispersions5, glue processes or crystallization 
in polymers6. Literature studies on polymer solutions 
revealed that ultrasonic velocity measurements are 

used to    understand the nature of polymer-solvent, 
polymer-polymer interactions in these systems. 

Polyvinyl pyrrolidone (PVP) has many important 
applications in all the fields like medicine, industry, 
agriculture and so on. It is used as a binder in many 
pharmaceutical tablets. Polyvinyl pyrrolidone (PVP) 
having molecular formula (C6H9NO)n and used as 
binders for the formulation of pharmaceutical tablets, 
for moistening various personal care products, as food 
additives and adhesives, etc. It is readily soluble in 
water, physiologically compatible, non-toxic, essen-
tially chemically inert, temperature-resistant, pH-
stable, non-ionic, and colorless7. 

Dimethyl Sulfoxide (DMSO) with molecular formula 
(CH3)2SO is an important polar solvent that dissolves 
both polar and nonpolar compounds and miscible in 
water as well as different organic solvents. It is widely 
used in different fields as drug, solvent, extractant etc. 
 
MATERIALS AND METHODS: The chemicals 
used for the present investigation were of analytical 
grade. The purity of these compounds was >99.8%. 
Polyvinyle pyrolidone (PVP-40) and DMSO was ob-
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tained from Sigma Aldrich. The mixtures were pre-
pared by mixing known amount of polymer in HPLC 
grade water and DMSO in airtight bottles and ade-
quate precautions were taken to minimize evaporation 
loses during the actual measurements.  

The ultrasonic velocities in pure liquids and liquid 
mixtures were measured by pulse echo technique at 
5MHz frequency using (UX 4400MV) Ultrasonic 
Flaw Detector, supplied by Roop Telsonic Ultrasonix 
Limited with an accuracy of ±0.01%. The instrument 
was calibrated by measuring the velocity of triple 
distilled water, acetone and dimethyl sulfoxide. The 
densities of the were determined using a 10ml specific 
gravity bottle with a permissible error of ±0.10C sup-
plied by Jennson and a digital balance of accuracy 
±10−6 kg. Viscosity measurements were made with an 
Ostwald’s viscometer in which the flow time for solu-
tions was measured through a digital stop clock of 
accuracy ±0.01 s. 

Acoustical Measurements:  By using measured val-
ues of ultrasonic velocity (u), density (ρ) and coeffi-
cient of viscosity (η), various acoustical parameters 
were obtained from following equations8-10. 

Adiabatic compressibility  
β =1/u2 ρ                           …… (1) 
Where, u = velocity & ρ = density 
Intermolecular free length 
 Lf = K β1/2                           ..…. (2) 
Acoustic impedance  
Z = u ρ                            ..…. (3) 
The relaxation time  
 τ = 4η/3ρu2                                        …… (4) 
Absorption coefficient  
α/f2 = 22 τ /u                          …… (5) 
 
RESULTS AND DISCUSSION: The experimentally 
measured values of density, viscosity and velocity of 
sound and other related parameters such as adiabatic 
compressibility (β), acoustical impedance (Z) free 
length (Lf), free volume (Vf), relaxation time (τ), ab-
sorption coefficient (α/f2) of the PVP-water and PVP-
DMSO systems, as a function of concentration are 
obtained and graphs are plotted. The plotted graphs 
for different acoustical parameters, explains the inter-
actions between polymer (PVP-40) and solvent (water 
and DMSO). 

In fig.1, variations of ultrasonic velocity (u) in solu-
tion of PVP-water and PVP-DMSO for different con-
centrations are shown. Graph shows that ultrasonic 
velocity increases with increase in concentration of 
PVP in water and DMSO. For sound propagation, 
ultrasonic velocity increases on decrease of free 

length11. PVP-water system shows linear whereas 
PVP-DMSO system nonlinear increase in ultrasonic 
velocity. Variation in ultrasonic velocity explains in-
teraction of PVP molecule with water and DMSO. 
The nonlinear behavior of PVP with DMSO may be 
due to presence of two methyl groups and double 
bonded oxygen which may interact complexly with 
polymer. 
Figure.1: Plots of Ultrasonic velocity with increas-
ing concentration of PVP-40 in water and DMSO. 

 
The variation in adiabatic compressibility (β) in solu-
tion of PVP-water and PVP-DMSO for different con-
centrations is shown in fig. 2. The graph shows that, 
adiabatic compressibility decreases as concentration 
of PVP-40 in water increases. The higher compressi-
bility value implies that the medium is loosely packed 
whereas the lower compressibility is an indication of 
maximum interaction. The gradual decreases in adia-
batic compressibility with increase in concentration of 
polymer suggest that the medium become less and less 
compressible. The polymer in water tends to break the 
molecular clustering of water, which makes available 
dipoles for further interaction12. Due to these dipole 
interactions, solute-solvent molecules are coming 
close to each other and the space between them is 
decreases with rise in concentration of polymer. This 
supports to the strong solute-solvent interaction in the 
solution13. But the variations in adiabatic compressi-
bility for PVP-DMSO system are not continuous. The 
nonlinear behavior of compressibility implies that 
polymer molecules shows complex behavior with 
DMSO. The same results can be observed by variation 
in free length.  In fig. 3 graph shows exactly same 
variations as adiabatic compressibility. A continuous 
decrease in compressibility means more compact and 
pack structure is formed which reduces free length of 
the molecule. 
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Figure.2: Plots of Adiabatic Compressibility with 
increasing concentration of PVP-40 in water and 

DMSO. 

The variations in acoustic impedance for both the 
systems are shown in fig.4. It is observed from the 
graph that acoustic impedance of both the system 
increases with increase in concentration of polymer in 
solvent. PVP-DMSO shows nonlinear behaviour.  

 
Figure.3: Plots of Free length with increasing con-

centration of PVP-40 in water and DMSO. 
 

Figure.4: Plots of Acoustical Impedance with in-
creasing concentration of PVP-40 in water and 

DMSO. 

 
Figure.5: Plots of Relaxation Time with increasing 

concentration of PVP-40 in water and DMSO. 

 
Figure.6: Plots of Absorption Coefficient with in-
creasing concentration of PVP-40 in water and 

DMSO. 

Acoustic impedance is a measure of opposition of-
fered by the system to the acoustic flow. The increase 
in acoustic impendence shows that the molecular in-
teractions in these solutions are associative14,15. It 
means molecular association increases with increase 
in concentration of polymer in solvent. 

Relaxation time and absorption coefficient is observed 
to be decreasing with increase in concentration of 
PVP in water and DMSO consistently which is shown 
in fig.5 and fig.6 respectively. This decrease is ob-
served more on PVP-water system compared to PVP-
DMSO system, which suggest breaking of water 
molecule is more than DMSO molecule. 

 
CONCLUSION: Ultrasonic velocity, density and 
viscosity of solutions of PVP-water and PVP-DMSO 
system for different concentrations are measured and 
acoustical parameters are calculated. The variations in 
some acoustical parameters such as ultrasonic veloci-
ty, adiabatic compressibility (β), acoustical impedance 
(Z) free length (Lf), free volume (Vf), relaxation time 
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(τ), absorption coefficient (α/f2)  with increase in con-
centration shows that solute-solvent interaction are 
present in the solution. The addition of polymer will 
break the bonds of solvent molecule which provide 
the free ions to interact with polymer molecules. 
These free ions interact with the polymer molecules in 
which partially negatively charged Oxygen atom of 
PVP may be attracted towards partially positively 
charged Hydrogen atom of water and methyl group of 
DMSO. This will increase association in polymer and 
solvent molecule and complex formation takes place 
between them. Also polymer-polymer interaction is a 
present in the system. Behaviour of PVP with DMSO 
is complex compared to water. 
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