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Acoustical Parameters of Polystyrene in Binary Mixture
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Ultrasonic velocity, viscosity, density and refractive index measurements
have been made for solutions of polystyrene (weight average molecular
we‘;lght 2,46, ,600)in the bmary mixture (benzene + carbon tetrachloride)
4t various ‘concentrations and temperatures. The molar compressibility (B),
specific acoustic impedance (z); Rao.number-(R), van der waals constant
(b) and the relaxation strength (r) have been computed. The variation of
B, Z, R, b and r at 30 and 35°C have been studied from which the presence
of solute-solvent interaction has'been révealed.

INTRODUCTION

Ultrasonic velocity . measurements in solutions of polystyrene in carbon
tetrachloride (CCly), benzene (C¢Hg) and carbon dxsulphlde (CS; ) at 29.7°C over

a wide range of concentration have been reported by Saraf and Samal’. As there

has been growing interest.in the study of polymers dissolved in binary mixtures>>
the authors have studied the variation of molar. compressibility (B), specific
acoustic impedance (Z), Rao number (R) and relaxatlon strength (r) with concen-
tration at 30°and 35°C ‘in‘polystyrene in' tHe binary mixture (C¢Hg + CCly). The
authors have determined the van der Waals constant (b) for these polymer solutions
by refractive index and ultrasonic method and compared the results obtained by
these methods:

EXPERIMENTAL

The ultrasonic velocity measurements have been made by a single frequency
(2MHz) variable path intérferometei-with an accuracy of +0.3% from measure-
ments of the stationary wave pattern inside the liquid cell. The density, viscosity
and refractive index have been measured by employing specific gravity bottle,
Ostwald viscometer and Abbe’s refractometer with an accuracy of +0.01%,
*0.002% and +0.02% respectively. The temperature has been maintained constant
during the period of the measurement by a water circulation system from the
thermostat with a thermal stability of +0.05°C. The polymer sample used is
polystyrene having the weight average molecular weight of 2,46,600. The solvents

TPolymer Physics Laboratories, Sri Krishnadevaraya University, Anantpur-515 003, In



Amara Venkateswara Rao, G.K. Raman and A. Varada Rajulu 583

are purified by the standard method* before use. The values of adiabatic
compressibility (Bag) and Rao number (R) are calculated using the following

relations.
Bad = () N
R=(M/p)yv'"? | @)
where M is the molecular weight, v is the ultrasonic velocity and p is the density.
For solutions the molecular weight is given by the relation
M = Myp3 = [(mM; + oM, + n3Ms)/(ng + np +n3)] 3
where M;, M, and M are the molecular weights and ny, n, and ri3 are the number
of moles of the components comprising the solution.

Schuyer” has derived a generalised expression of the Rao constant by including
a correction factor.
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Fig. 1. Variation of specific acoustic impedance (Z) with concentration (C) for polystyrene:
(C6He + CCly) solutions '
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‘where v is the Poisson’s ratio of the polymer. The value of v is taken from the
literature® as 0.38 for polystyrene. _
‘The theoretical value of Rao number for polymers in solution is given by the
relation’
R =RiX; + RX;, &)

‘where R is the Rao constant of the solution, Ry, R, and X;, X, are the Rao
constants and mole fractions of the solute and solvent respectively.
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Fig: 2. Variation:of adiabatic compressibility (,4) with concentration (C) for polystyrene:
(CsHs + CCls) solutions
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TABLE 1: MEASURED VALUES OF DENSITY (p), VISCOSITY (n), ULTRASONIC
VELOCITY (v) AND REFRACTIVE INDEX (np) FOR DIFFERENT CONCENTRA-
TIONS (C) OF POLYSTYRENE: (CgHs + CCls)

t°C C g/dl pgem®  mcP v m/s np
30°C 00 .1.2180 0.7140 1050.1 1.4730
25 12174 2.8088. 1054.1 1.4770
50 1.2146 8.0155 1063.6 1.4810
15 1.2119 16.6721 1071.1. 1.4850
10.0 1.2073 35.1074 10783 1.4900
12.5 12053 662223 1086.3 1.4960
15.0 12022 112.8663 1095:9 1.4990
35°C 0.0 1.2116 0.6670 10301 11.4730
.25 12111 2.5512 1036.2 1.4770
50 1.2072 72826 1044.9 1.4810
75 1.2050 15.2845 1053.0 1.4860
100 1.2005 33.3098 1060.9 1.4885
12.5 1.1985 55.7077 1068.6 1.4930

15.0 1.1947 109.2929 1079.6 1.4990

Rao constant of polystyrene is taken from the literature® as 5980

em® s713 mol™!. The values of Rao constants calculated using eqns. (2) and
(4) are presented in Table 2. '

The molar compressibility (B) has been calculated using Wada’s relation®
B = (M/p)(Baa) ™" C®
The specific acoustic impedance (Z) has been calculated by the relation
Z=0pv .(7)

The van der Waals constant (b) has been calculated using the ‘measured
ultrasonic velocity by the relation!®

b= (Mip)[1 - RI/MvV1+(MVBRT) -1)] (8

where R is the gas constant in ergs and T is the absolute temperature of the
system. The van der Waals constant has also been calculated by the relation!!

b = [(nd - 1)/(nd + 2)]4V,, ' ©)

where V, is the molar volume and np is the refractive index (Sodium D line) of
the solution. The relaxation strength (r) defined by 1

r=1-(/Ng) (10)
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has also been caleulated; where V. is a constant whose value is 1,600 m/s..

RESULTS AND DISCUSSION

-Density (p), viscosity(n), ultrasonic velocity (v) and refractive index (np) for
different concentrations of polystyrene in (CgHg + CCly) at 30°C and 35°C are
presented in Table 1. The computed values such as adisbatic compressibility
(Baa) » Rao number (R), van der Waals constant (b) and relaxation strength (r)
are calculated using the equations (1), (2 and 4), (8 and 9) and (10) respectively.
The other characteristic parameters, viz. molar compressibility (B) and specific
acoustic impedance (Z) have also been calculated for the present system under
study and are listed in Table 2.

From Table 2, it is observed that the van der Waals constants b! and b? calculated
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Fig. 3. Variation of Rao number (R) with concentration (C) for polystyrene: (CsHs + CCl)
solutions
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for the ploymer solutions from refractive index method and ultrasonic velocity
method respectively differ from one another (the percentage deviation ranges -
from 17 to 20%) indicating the solute-solvent interaction. Similar conclusion is
drawn by Rao ef a3 ip poly (vinyl pyrrolidone) solutions..

The variations of Z and f,q9 with concentration are shown in Figs. 1 and 2
respectively. From Fig. 1 it is evident that Z increases linearly with concentration
expect between the concentrations 7.5 g-dl'1 and 10.0 g-dl'1 showing a structural
change in this range. Similar observation is made by Saraf and Samal! in the
variation of M with concentration in the case of polystyrene: C¢Hg, CCly and
CS;. From the Fig. 2, it is seen that Bad decreases nonlinearly with concentration

showing solute-solvent interaction*
The variations of R and f wnth concentration are shown in Figs. 3 and 4
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Fig. 4. Variation of molar compressibility (§) with concentration (C) for polystyrene:
(CsHs + CCly) solutions
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respectively. From Fig. 3, it is evident that R changes almost linearly with
concentration except for a slight nonlinearly between the concentrations 7.5

gdl™ and 10.0 g-di™. It is also observed that the values of R at 30°and 35°C
coincide with each other. This is in accordance with the theoretical expectation

that Rao function is independent of temperature15 16 1t is observed from the figure
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Fig.5. Variation of viscosity () with concentration (C) for polystyrene: (C¢Hs + CCly),
polystyrene: CCly and polystyrene: CsHg solutions
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that the values of R calculated with v factor are lower than those calculated
without v factor. The theoretical value of R calculated using eqn. (5) is 4431
em!®-s713.mol ™! at 30°C and 4426 cm ¥ 3.5~13.mol ™! at 35°C. The average values
of R observed differ from the theoretical values by 9% and 4% without and with
v factors respectively, showing a close agreement between theoretical and
observed values. From Fig. 4, § increases with concentration but the relation is
slightly nonlinear.

The variation of n with concentration is shown in Fig. 5. In the same figure
the viscosities of polystyrene in C¢Hg and polystyrene in CCly at 29.7°C (available
in the literature") are also plotted for comparison sake. From the figure it is evident
that 1) increases slowly upto the concentration of 7.5 g~dl‘1 after which it increases
rapidly in all three systems. Saraf and Samal! have attributed this to the structural
changes. Similar conclusion can be drawn in the present case also.

The variations of b and r with concentration are presented in Figs. 6 and 7
respectively. From the figures it is clearly evident that the van der Waals .
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Fig.6. Variation of van der Waals constants b' (calculated by refractive index method) and

b? (calculated by ultrasonic velocity measurement) with concentration (C) for
polystyrene: (CeHg + CCls) solutions
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Fig. 7. Variation of relaxation strength (r) with concentration (C) for polys-
tyrene:(CsHs + CCls), polystyrene: CCls and polystyrene : CsHg solutions

constants b! and b? calculated differ from each other and b increases linearly with
concentration, whereas r decreases linearly with concentration, which indicates
solute-solvent interactions. Similar conclusions are drawn by Rao et al.'>!* in
the case of poly (vinyl pyrrolidone) solutions and by Johri and Misra'! in the
case of tertiary butyl alcohol in CgHg and CCl, solutions. From all the above
observations, the conclusion may be drawn that solute-solvent interactions exist
in polystyrene: CgHg + CCly) solutions and structural changes take place at 7.5
g.di™! concentration.
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