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Ultrasonic velocities, densities, and viscosities have been measured for the solution of polyvinyl alcohol in water at concentration
range of 0.3% to 1% at temperature 35∘C. Ultrasonic velocities have been measured using variable path ultrasonic interferometer at
1MHz frequency. The acoustical parameters like adiabatic compressibility, acoustic impedance, intermolecular free length, and
relaxation time have been calculated by using above-mentioned values of ultrasonic velocities, densities, and viscosities. The
variation of these acoustical parameters is explained in terms of solute-solvent interaction in a polymer solution.

1. Introduction

For many years ultrasound has been used in a variety of
fields such as biology, biochemistry, dentistry, engineering,
geology, industry, medicine, and polymers [1]. The study of
molecular interaction in binary and ternary liquid mixtures
plays an important role in molecular sciences. In recent
years ultrasound has become a powerful tool in providing
information about the physiochemical properties of liquid
system [2–5]. The study of molecular interactions in the
polymer and solvent throws light on the processes involv-
ing polymer production and their uses. The deviation of
ultrasonic sound velocity and several other thermodynamic
properties of electrolytic solutions and binary and ternary
mixtures with various concentrations has been investigated
by various researchers [6–8].

The ion-dipole interaction depends mainly on ion size
and polarity of the solvent. The strength of ion-dipole
attraction is directly proportional to size of the ion, charge,
and the magnitude of the dipole, but inversely proportional
to the distance between the ions and the dipolar molecules
[9–13] of polymer solutions and has shown that ultrasonic
velocity and its allied parameters provide more information
on molecular interactions which are of the utmost impor-
tance for process involving polymer production and their

uses [14]. In the present paper an attempt has been made
to calculate adiabatic compressibility, acoustic impedance,
intermolecular free length, and relaxation time by usingmea-
sured values of ultrasonic velocities, densities, and viscosities
at concentration range of 1.0%, 0.8%, 0.6%, 0.5%, 0.4%, and
0.3% at 35∘C temperature.

2. Experimental Details

In the present investigation polyvinyl alcohol in solid form
of molecular weight approximately (140,000Da) is used.
The solutions were prepared by adding known volume of
polyvinyl alcohol to fixed volume of water and stirring
under reflex, until a clear solution was obtained. The con-
centration range studied in the solution is 1.0%, 0.8%, 0.6%,
0.5%, 0.4%, and 0.3% (m/v). Different acoustical parameters
like intermolecular free length and relaxation time were
calculated at different concentration like 1.0%, 0.8%, 0.6%,
0.5%, 0.4%, and 0.3% and at 35∘C temperatures at 1MHz
frequency by using variable path ultrasonic interferometer
with reproducibility of ±0.4m/s at 35∘C. The temperature
of the solution has been kept constant by circulating water
from the thermostatically controlled (±0.1∘C) water bath.
The densities at different temperature were measured using
10ml specific gravity bottle and single panmacrobalance.The
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Table 1: Density (×103 kg/m3) of polyvinyl alcohol (PVA) at 35∘C
temperature and concentration at 1MHz frequency.

Concentration (m/v) Density (at 35∘C)
1.0% 0.996
0.8% 0.983
0.6% 0.978
0.5% 0.975
0.4% 0.973
0.3% 0.970

Table 2: Viscosity (×10−1 Pa⋅s) of polyvinyl alcohol (PVA) at 35∘C
temperature and concentration at 1MHz frequency.

Concentration
(m/v) Viscosity at 35∘C

1.0% 0.089
0.8% 0.086
0.6% 0.077
0.5% 0.074
0.4% 0.073
0.3% 0.072

Table 3: Ultrasonic velocity (m/s) of polyvinyl alcohol (PVA) at
different concentration at 1MHz frequency.

Concentration
(m/v)

Ultrasonic velocity at
35∘C

1.0% 1509.9
0.8% 1503.2
0.6% 1501.3
0.5% 1495.9
0.4% 1483.8
0.3% 1482.5

uncertainty in density measurements was found to be about
0.5 kg/m3. The viscosity of the mixtures was determined by
using Ostwald’s viscometer, which was kept inside a double-
walled jacket, in which water from thermostat water bath was
circulated.The inner cylinder of this double-wall-glass jacket
was filled with water of desired temperature so as to establish
and maintain the thermal equilibrium. The accuracy in the
viscosity measurements is within ±0.5%. These parameters
are calculated by using standard relations [15–17].

3. Result and Discussion

In the present work density, viscosity, and ultrasonic velocity
have been measured at different concentration of polyvinyl
alcohol, at 35∘C which is shown in Tables 1, 2, and 3,
respectively. By using these values for PVA, adiabatic com-
pressibility, acoustic impedance, intermolecular free length,
relaxation time, and ultrasonic attenuation have been calcu-
lated by using well known relations [18–20] and the results
have been presented in Tables 4, 5, 6, 7, and 8, respectively.

Table 4: Adiabatic compressibility (×10−10 kg−1ms2) at different
concentration at 1MHz for polyvinyl alcohol (PVA).

Concentration
(m/v)

Adiabatic compressibility
At 35∘C

1.0% 4.404
0.8% 4.502
0.6% 4.537
0.5% 4.583
0.4% 4.668
0.3% 4.691

Table 5: Acoustic impedance (×103 kgm2 s−1) at different concen-
tration at 1MHz for polyvinyl alcohol (PVA).

Concentration
(m/v) Acoustic impedance at 35∘C

1.0% 1503.9
0.8% 1477.6
0.6% 1468.3
0.5% 1458.5
0.4% 1443.7
0.3% 1438

Table 6: Intermolecular free length (×10−13m) at different concen-
tration at 1MHz for polyvinyl alcohol (PVA).

Concentration
(m/v)

Intermolecular free length
at 35∘C

1.0% 2.84
0.8% 2.872
0.6% 2.883
0.5% 2.898
0.4% 2.924
0.3% 2.931

Table 7: Relaxation time (×10−12 s) at different concentration at
1MHz for polyvinyl alcohol (PVA).

Concentration
(m/v)

Relaxation time at
35∘C

1.0% 5.23
0.8% 5.16
0.6% 4.66
0.5% 4.61
0.4% 4.54
0.3% 4.5

The variations of these parameters with temperature and
concentration have been shown in Figures 1–8, respectively.

Polyvinyl alcohol in solid form of molecular weight
approximately 140,000 is taken. Solution were prepared by
adding known weight of polyvinyl alcohol of molecular
weight approximately 140,000 to fixed volume of water and
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Figure 1: Variation of density with concentration at 35∘C temperature.

Table 8: Ultrasonic absorption (×10−15 s2m−1) at different concen-
tration at 1MHz for polyvinyl alcohol (PVA).

Concentration
(m/v)

Ultrasonic absorption at
35∘C

1.0% 6.84
0.8% 6.79
0.6% 6.13
0.5% 6.21
0.4% 6.05
0.3% 6.00
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Figure 2: Variation of viscosity with concentration at 35∘C temper-
ature.

stirring under reflex, until a clear solution was obtained.
Figure 1 represents the variation of densitywith concentration
at 35∘C. Density increases with increase in concentration.
These are in agreement with earlier workers [21]. It may be
due to electro striction in that solution. This electrostriction
decreases the volume and hence increases the density as
a number of solute molecules increase the electrostriction
and density. It is evident from Figure 2 that viscosity
increases with increase in concentration of PVA. This is
showing similar trend as reported by earlier workers [22].
The variations of ultrasonic velocity with concentration have
been shown in Figure 3. Ultrasonic velocity increases with
increase in concentration of PVA. The increase in ultrasonic
velocity with concentration indicates increase in cohesion
forces due too powerful-solvent interactions. The results
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Figure 3: Variation of ultrasonic velocity with concentration at
v35∘C temperature.
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Figure 4: Variation of adiabatic compressibility with concentration
at 35∘C temperature.

are in good agreement with earlier worker. Variation of
adiabatic compressibility with concentration is shown in
Figure 4. It is evident that adiabatic compressibility decreases
with increase in concentration of polyvinyl alcohol in solu-
tion. This decrease in adiabatic compressibility indicates the
enhancement of the bond strength at this concentration.
Figure 5 depicts the variation of acoustic impedance with
concentration. It is seen that it increases with increase in
concentration of polyvinyl alcohol in the solution. This is in
agreement with the requirement as both ultrasonic velocity
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Figure 5: Variation of acoustic impedance with concentration at
35∘C temperature.
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Figure 6:Variation of intermolecular free lengthwith concentration
at 35∘C temperature.
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Figure 7: Variation of relaxation time with concentration at 35∘C
temperature.

and density increase with increase in concentration of the
solute and also effective due to solute-solvent interactions.
Variation of intermolecular free length with concentration
is presented in Figure 6 which shows that it decreases with
increase in concentration of PVA in solution. Similar results
are obtained by earlier researchers. It is evident from Figure 7
that relaxation time increases with increase in concentration
of polyvinyl alcohol in solution. Variation of ultrasonic
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Figure 8: Variation of ultrasonic absorption with concentration at
35∘C temperature.

absorption with concentration is shown in Figure 8. It is
observed that ultrasonic absorption increaseswith increase in
concentration of PVA in the solution. Increase in the value of
relaxation time and ultrasonic absorption with concentration
can be explained in terms of the motion of the molecular
interaction forces.
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