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Ultrasonic Studies of Poly(vinyl acetate)

Solution in Dimethylformamide

S. Venkata Naidu, K. John, and P. Veera Brahmam
Department of Polymer Science and Technology,
Sri Krishnadevaraya University, Anantapur, India

Pavan Kumar Challa
Department of Chemistry, University of Missouri-Rolla,
Rolla, Missouri, USA

Acoustical parameters such as adiabatic compressibility, specific
acoustic impedance, relaxation strength, space-filling factor, and mole-
cular ratio are evaluated for the solutions of poly(vinyl acetate) in
dimethylformamide by measuring viscosity, ultrasonic velocity, refrac-
tive index, and density at different temperatures, (30�, 35�, 40�, and
45�C) and for different concentrations of poly(vinyl acetate) in solution.
The results are discussed based on the solute and solvent interactions.

Keywords: Acoustic parameters; Poly(vinyl acetate); Viscosity; Ultra-
sonic velocity; Refractive index; Density

INTRODUCTION

Many techniques such as X-ray diffraction, nuclear magnetic reso-
nance (NMR), infrared (IR), and ultraviolet (UV) spectroscopy are used
to investigate polymer structure. Acoustical parameters can also be used
as a means to study the degree of solute–solvent interactions in polymer
solutions and molecular structure. Acoustical properties are much
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simpler and more accurate to measure than absorption properties and
can be performed at faster rates.

Ultrasonic absorption and dispersion in polymer solution[1–3] and in
solid polymer[4] have been the subject of extensive research activity in
recent years to study the intermolecular attraction in solute-solvent
systems. Schaaffs[5] and Sette[6,7] summarized several empirical and
semi-empirical relations between ultrasonic velocity and other acoustic
parameters. Reddy and Singh[8] studied acoustical properties of poly
(vinyl pyrrolidone) in aqueous solutions at different temperatures and
concentrations. Rajulu et al.[9] and Naidu et al.[10] carried out studies on
acoustic properties of poly(vinyl pyrrolidone) in water and dimethyl-
formamide and studied the variation of adiabatic compressibility with
temperature. Recently, John et al.[11] studied the ultrasonic measurements
of solution blends of poly(vinyl acetate) with poly(methyl methacrylate)
and poly(vinyl chloride). As poly(vinyl acetate) (PVAc) is a very impor-
tant polymer due to its wide variety of applications, the authors measured
the ultrasonic velocity, density, viscosity, and refractive index for this
polymer in dimethylformamide (DMF) at various concentrations and
temperatures to observe the variation of adiabatic compressibility (bad),
specific acoustic impedance (Z), and relaxation strength (r) with con-
centration at different temperatures and the variation of molecular ratio
(No=Ns) with space-filling factor (r0) and bad at different temperatures.

EXPERIMENTAL

The ultrasonic velocities have been measured by employing an ultra-
sonic interferometer (Mittal Enterprises, New Delhi). The ultrasonic cell
has a double-wall jacket, and thermostated water is circulated through
it from a thermoset with thermal stability of �0.05�C. The experimental
frequency is 2MHz and the velocity measurements have an accuracy
better than �0.5%. The density, viscosity, and refractive index measure-
ments have been made using a pycnometer, an Ostwald viscometer, and
an Abbe refractometer respectively, with accuracies of �0.02%, �0.2%,
and � 0.2%, respectively. The polymer sample used is poly (vinyl acetate)
(SD, India) having an average molecular weight, M, of 150,000.

The adiabatic compressibility is based on the relationship:

bad ¼ 1

n2r
ð1Þ

where n is the ultrasonic velocity and r is the density.
The space-filling factor, r0, is given by the relationship:

r0 ¼ B

V
ð2Þ
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where B is the effective volume occupied by molecules per mole and V is
the molecular volume. According to Gerecze[12], r0 is related to nD, the
refractive index (sodium D line), by the equation:

r0 ¼ n2D � 1

n2D þ 2
ð3Þ

The relation between the ultrasonic velocity, n, and the space-filling
factor, r0, is given by the Schaaffs[5] formula:

n ¼ U r0

where U represents the sound velocity when the entire volume of space is
filled with molecules.

The specific acoustic impedance (Z) and the relaxation strength (r) are
given by the following formulas:

Z ¼ rn ð4Þ

FIGURE 1 Variation of adiabatic compressibility with concentration of solutions

of PVAc in DMF at different temperatures.
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where r is the density and n is the ultrasonic velocity.

r ¼ 1� n2

n2o
ð5Þ

where n is the ultrasonic velocity and no is a constant having a value of
1600m=s.

In the solutions used in the experiments, the number of moles of
solvent and vinyl acetate is determined using the relation:

ðNo=NsÞ ¼
NðM=MoÞ

Ns

ð6Þ

where No is the number of vinyl acetate moles, N is the number of
poly(vinyl acetate) moles, and Ns is the number of dimethylformamide
moles per unit volume of solution given by:

Ns ¼ CsVs ð7Þ

FIGURE 2 Variation of specific acoustic impedance with concentration of

solutions of PVAc in DMF at different temperatures.
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where Cs is the dimethylformamide molecular concentration in moles per
unit volume of dimethylformamide and Vs is the volume of dimethyl-
formamide in the solutions. Its value[13] is:

Vs ¼
r�M C

rs
V ð8Þ

where r is the density of solution, rs is the density of dimethylformamide,
M is the molecular weight of the solute, and C is the molecular con-
centration in mol=L.

RESULTS AND DISCUSSION

The measured viscosity, density, velocity, and the index of refraction of
poly(vinyl acetate) in dimethylformamide as functions of concentration
and temperature are presented in Table I. Adiabatic compressibilities have
been calculated using velocity and density data and are also presented in

FIGURE 3 Variation of relaxation strength with concentration of solutions of

PVAc in DMF at different temperatures.
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the same table. Table I also contains the values of space filling factor r0

calculated using Equation (3). The variation of bad, Z, and r with con-
centration at different temperatures is shown in Figure 1, Figure 2, and
Figure 3 respectively. The variation of molecular ratio with r0 and bad at
different temperatures is shown in Figure 4 and Figure 5 respectively.

From the values recorded in Table I, it is clear that the ultrasonic
velocity (n) in solutions of poly(vinyl acetate) in dimethylformamide
gradually increases with increase in concentration and decreases with
increase in temperature. This behavior is due to strengthening of inter-
molecular forces with increase in concentration and weakening of
molecular forces with increase of temperature. The formation of mole-
cular aggregates reduces the compressibility of the medium. This can be
observed from Figure 1 where adiabatic compressibility (bad) for
poly(vinyl acetate) solution in dimethyl formamide is plotted against
concentration of the solution. It is also observed from the plot that there
is a gradual increase of bad with increase in temperature, which is due to
weakening of intermolecular forces with the supply of heat energy.

FIGURE 4 Variation of molecular ratio with space-filling factor at different

temperatures for solutions of PVAc in DMF.
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The increase of specific acoustic impedance (Z) with concentration
(Figure 2) is attributed to increase of ultrasonic velocity with con-
centration. Z shows a decrease with increase in temperature due to
decrease in ultrasonic velocity with increase in temperature. This kind of
behavior is due to association of molecules and formation of molecular
aggregates[14,15]. Figure 3 shows how the relaxation strength (r) varies
with concentration of the polymer in the solution. The relaxation
strength decreases with increase in concentration at a given temperature.
This may be interpreted in terms of increase in intermolecular forces due
to increase in concentration and subsequent decrease in relaxation of the
molecules. The increase in relaxation strength with temperature is due to
the supply of thermal energy.

From Figure 4, it is evident that space-filling factor (r0) at a given
temperature increases with increase in the molecular ratio (No=Ns).
Adiabatic compressibility (bad) shows a decreasing trend with increase of
molecular ratio (No=Ns) at a given temperature (Figure 5). This is

FIGURE 5 Variation of molecular ratio with adiabatic compressibility at different

temperatures for solutions of PVAc in DMF.
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because a higher number of solute molecules in solution decreases com-
pressibility in the medium.

In all the figures, the curves at four temperatures are nonlinear, which
confirms the hypothesis of association of molecules and strong solute-
solvent interactions.
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