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ABSTRACT: Miscibility studies of poly(vinyl pyrrolidone)–polystyrene and poly(vinyl
pyrrolidone)–poly(methyl methacrylate) in mixed common solvent (dimethyl formamide
1 cyclohexanone) have been carried out in different percentages of the blend compo-
nents. The ultrasonic velocity, viscosity, density, and refractive index have been mea-
sured at 30°C. The interaction parameters have been obtained using the viscosity data
to probe the miscibility. The obtained results have been confirmed by the ultrasonic
velocity, density, and refractive index. © 1998 John Wiley & Sons, Inc. J Appl Polym Sci 70:
1823–1827, 1998
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INTRODUCTION

The blending of polymers is one of the simplest
means to obtain a variety of physical and chemi-
cal properties from the constituent polymers.1

The gain in newer properties depends on the de-
gree of compatibility or miscibility of the polymers
at a molecular level. There have been various
techniques of studying the miscibility of the poly-
mer blends.2 Some of these techniques may be
complicated, costly, and time-consuming. Hence,
it is desirable to identify simple, low-cost, and
rapid techniques to study the miscibility of poly-
mer blends. Chee3 and Sun et al.4 have suggested
a viscometric method for the study of polymer–
polymer miscibility. Singh and Singh5,6 have sug-
gested the use of ultrasonic velocity and viscosity
measurements for investigating the polymer mis-
cibility. Paladhi and Singh7,8 have shown that the
variation of ultrasonic velocity and viscosity with

blend compositions is linear for miscible blends.
Recently, Varada Rajulu et al.9 have used an ul-
trasonic technique for the study of the miscibility
of polymers. In the present study, the authors
have measured the viscosity, ultrasonic velocity,
density, and refractive index of poly(vinyl pyr-
rolidone)–polystyrene (PVP–PS) and poly(vinyl
pyrrolidone)–poly(methyl methacrylate) (PVP–
PMMA) blend solutions in 1 : 1 mixture of cyclo-
hexanone and dimethyl formamide at 30°C in or-
der to study the miscibility of the blend. This
mixed solvent is found to be an effective one for
the blends under study.

EXPERIMENTAL

The blends of PVP–PS and PVP–PMMA of differ-
ent compositions have been made by mixing solu-
tions of the polymers in a mixed solvent of di-
methyl formamide and cyclohexanone (taken in
1 : 1 ratio). PVP (M/s Laser Chemicals, India;
M# V 5 25,000), PS (M/s G.S.F.C, India; M# V
5 90,000), and PMMA (M/s G.S.F.C, India; M# V
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5 98,000) have been employed in the present
study. The total weight of the 2 components in the
solution is always maintained at 1 g/dL. The ul-
trasonic velocity measurements have been per-
formed by an ultrasonic interferometric tech-
nique.10 The temperature is maintained at 30°C
by circulating water from a thermostat with a
thermal stability of 60.05°C through the double
wall jacket of the ultrasonic experimental cell.
The densities of the solutions have been mea-
sured at 30°C by specific gravity bottle. The re-
fractive index of the blend solutions has been
measured with Abbe’s refractometer with ther-
mostated water circulation system11 at 30°C. The
relative viscosity of blend solutions has been mea-
sured at 30°C using an Ubbelohde suspended
level viscometer.

RESULTS AND DISCUSSION

The obtained values have been presented in Table
I. Figure 1 shows the Huggin’s plots for blends of
PVP–PS and PVP–PMMA, in which the weight
fraction of both the components has been main-
tained at 0.5. Chee3 has given an expression for
the interaction parameter when the polymers are

mixed in weight fractions of W2 and W3 as fol-
lows:

DB 5 ~b 2 b# !/2W2W3 (1)

where b# 5 W2b22 1 W3b33, in which b22 and
b33 are the slopes of the viscosity curves for the
pure components. The coefficient b is related to
the Huggin’s coefficient KH as

b 5 KH@h#2 (2)

For a ternary system,3 the coefficient ‘b’ is also
given by

b 5 W2
2b22 1 W3

2b33 1 2W2W3b23 (3)

where b23 is the slope of the viscosity curve for the
blend solution.

Using these values, Chee3 has defined a more
effective parameter, as follows:

m 5 DB/$@h#3 2 @h#2%
2 (4)

where [h]2 and [h]3 are the intrinsic viscosities for
the pure component solutions. The blend is mis-
cible if m $ 0 and immiscible3 if m , 0. In the
present study, the values of m for PVP–PS and
PVP–PMMA systems are computed as 20.1596
and 20.7344, respectively, indicating that the
blends are immiscible. But recently, Sun et al.4

have suggested a new formula for the determina-
tion of miscibility for polymers as follows:

a 5 Km 2

K1@h#1
2W1

2 1 K2@h#2
2W2

2

1 2K1K2@h#1@h#2W1W2

$@h#1W1 1 @h#2W2%
2 (5)

where K1, K2, and Km are the Huggin’s constants
for the individual (pure) components 1 and 2 and
the blend, respectively. While deriving this equa-
tion, the long-range hydrodynamic interactions
are taken into account. Sun et al.4 have suggested
that a blend will be miscible if a $ 0 and immis-
cible when a , 0. In the present study, the a
values are found to be 10.8360 and 20.4828 for
PVP–PS and PVP–PMMA blends, respectively.
These values indicate that the blend of PVP–PS is
miscible, whereas PVP–PMMA is immiscible. But
the m values [eq. (4)] indicate that both the blends
under study are immiscible.

Table I Ultrasonic Velocity, Density, and
Refractive Index of PVP–PS and PVP–PMMA
Blend Solutions in Mixed Solvent of Dimethyl
Formamide and Cyclohexanone at 30°C

% of PVP in
the Blend

Ultrasonic
Velocity (m/s)

Density
(g/cc)

Refractive
Index

PVP–PS Blend

0.0 1413.06 0.9439 1.4325
20.0 1416.00 0.9438 1.4330
40.0 1416.16 0.9438 1.4330
60.0 1415.36 0.9438 1.4330
80.0 1417.60 0.9438 1.4330

100.0 1416.00 0.9437 1.4330

PVP–PMMA Blend

0.0 1441.92 0.9517 1.4305
20.0 1408.16 0.9442 1.4320
40.0 1414.88 0.9448 1.4310
60.0 1416.00 0.9447 1.4300
80.0 1408.00 0.9424 1.4320

100.0 1416.00 0.9437 1.4330
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In order to confirm the miscibility or other-
wise of these blends and the validity of equation
(5), the variation of the ultrasonic velocity (v),
density (r), and refractive index (n) of the poly-
mer blend solutions with composition have been
shown in Figures 2, 3, and 4, respectively.
From these figures, it is clearly evident that the

variation is linear for PVP–PS and nonlinear
for PVP–PMMA showing a single phase for
PVP–PS and a double phase for PVP–PMMA
blend. Varada Rajulu et al.9 have used these
techniques for the miscibility study of a cellu-
lose acetate–poly(methyl methacrylate) blend
where nonlinear variation of the ultrasonic ve-

Figure 1 The variation of reduced viscosity with composition in PVP–PS and PVP–
PMMA (equal weight fraction) in mixed solvent (dimethyl formamide 1 cyclohexanone)
at 30°C.
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locity with the blend composition has been at-
tributed to the immiscible nature of the blend.
Similarly, the linear variation of ultrasonic ve-
locity with blend composition in the case of
poly(methyl methacrylate)–poly(vinyl acetate)6

has been attributed to the miscible nature of
the blend. Further, Singh et al.12 have pointed
out that the variation of v and r with blend
composition is linear for miscible blends,
whereas the curves depicting this variation for
immiscible blends are found to have S or in-
verted S shapes. In the present case, the vari-
ation of v, n, and r with blend composition for
PVP–PS is found to be linear, whereas the
curves are S-shaped for PVP–PMMA blend.
These observations clearly indicate that the
blend PVP–PS is miscible, whereas PVP–
PMMA is immiscible. The same information is
found when equation (5) is employed to compute
a values. Thus, these observations confirm the
validity of equation (5). Further, it is also ob-
served that the ultrasonic velocity, density, and
refractive index of the PVP–PMMA blend is
varying larger than those of the pure compo-
nents. This observation further indicates that
the blend is immiscible. But the ultrasonic ve-
locity, density, and refractive index of the
PVP–PS blend are not varied much more than
those of the pure components. This observation
indicates that the blend is miscible.

One of the authors (R.L.N.R.) thanks the CSIR, India,
for the award of a Senior Research Fellowship.

Figure 2 Variation of ultrasonic velocity with the
composition of PVP–PS and PVP–PMMA blends in a
mixed solvent (dimethyl formamide 1 cyclohexanone)
at 30°C.

Figure 3 Variation of density with composition of
PVP–PS and PVP–PMMA blends in a mixed solvent
(dimethyl formamide 1 cyclohexanone) at 30°C.

Figure 4 The variation of the refractive index with
the composition of PVP–PS and PVP–PMMA blends in
a mixed solvent (dimethyl formamide 1 cyclohexanone)
at 30°C.
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