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ABSTRACT

The main objective of this work is to illustrate miscibility, when formation of poly blends occurred in different solvents. Isothermal
evaporation method was used to achieve poly blends of poly styrene and poly vinyl acetate (PS: PVAc).The FTIR spectroscopy
results revel that there are miscibility exists. For these blends with different solvents, electrical conductivity and dielectric constant
were measured at different temperatures (313K, 323K, 333K and 343K) and at the different frequencies (1 KHz to 10MHz) using
4284 LCR meter. It is found that ac conductivity of polyblends thin film varies with temperature for all values of frequencies and it
varies with increase in frequencies at constant temperature. The dielectric constant also varies with the increasing of the temperature
of polyblends.
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INTRODUCTION

Polymers and their blends are significant materials, growing with a lot of potential applications in various areas. In
recent era, the scientists have focused toward the synthesis and development of new efficient polyblends materials
derived monomer polymers like Poly-vinyl acetate (PVAc), Polystyrene (PS), Polymethyl methacrylate (PMMA) etc.
So many methods were developing to synthesis polyblends. One most used method is isothermal evaporation method
because its ease and low costing. In this method different solvents were used such as Acetone, Methyl-ethyl ketone
(MEK), Tetra hydro furan (THF), Toluene and pure distilled Water etc [1-5] to dissolve polymeric materials to form
homogenous solution. During this procedure, several improvements in physical and chemical properties like dielectric
properties, mechanical and thermal durability and process ability rather than development of new polymers are also
observed.

EXPERIMENTAL

Poly-styrene (PS) and Poly-vinyl acetate (PVAc) were supplied by Sigma —Aldrich, Co., 3050 spruce street, St.
Louis. MO 63103 USA 314-771-5765. Methyl-ethyl ketone (MEK), Tetra hydro furan (THF) and Toluene used as
organic media, (E-Merck India Ltd., Mumbai) are being used as a solvent for poly-blending process. All chemicals
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were of analytical grade used. In the present work, thin films were prepared by Isothermal Evaporation Technique (IET)
[3, 6].

Preparation of Polyblends

Polystyrene and Poly-vinyl acetate were dissolved in Methyl-ethyl ketone, Tetra hydro furan and Toluene in three
different beakers. Stirring was continued for one hour before deposition of film. Total concentration of the polymeric
mixture in solvent was kept 5%. So, films of polymer blends were prepared by IET [2-3, 5-6].

Measurements

FTIR measurements were carried out using the single beam FTIR [Agilent Technologies, Singapore]. The FTIR
spectra of all samples are in the range of 700-3800 cm™*. The ac frequencies were applied (in the range 1 KHz -10 MHz)
across the sample by using the 4284 A precision LCR meter [Agilent Technologies, Singapore].

RESULTS AND DISCUSSION
FTIR Spectroscopic Analysis

Fourier transform infrared (FTIR) spectroscopy is one of the widely used optical methods to study the interaction
of electromagnetic radiation in the infrared region with chemical compounds.
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Fig.1 (a): FTIR PS (10) + PVAc (90) (MEK)
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Fig.1 (b): FTIR PS (10) +PVAc (90) (THF)
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Fig.1 (b): FTIR PS (10) +PVAc (90) (Toluene)

Figure 1(a), (b) and (c) depicts the FTIR spectra of PS: PVAc blend dissolved in MEK, THF and Toluene
respectively in the wave number range 700 — 3800 cm™*. From figures it is observed that the vibrational bands at (2924
and 2856), (3064 and 2920) and (2915 and 2852) cm™ are ascribed to O-CHj (ester group) asymmetric stretching and
symmetric stretching vibrations, respectively. The intense band at around (1729.40, 1727.65, 1728.50) cm™* represents
the C=0 stretching band of an un-conjugated ester. At (1369.75, 1369.14, 1368.92) cm™, a prominent band is evident,
here the CH3 (C=0) group strongly absorbs acetate esters. The strong band at (1223.67, 1221.34, 1220.31) cm™and the
band at (1116.63, 1109.94, 1106.34) cmare ascribed to C-O-C symmetric stretching and C—O stretching vibrations,
respectively. Also the peak at (944, 942, 941) cm-lis ascribed to CH bending vibrations. This all show the evidences for
PVAc [1]. However, each repeat unit in PS contains a pendant benzene ring. Mainly PS characterizing bands are
observed. The methylene (CH,) asymmetric stretching bands are observed at 3023.16 cm™. There is a C=0 stretching
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at 1729.40 cm™. The out-of-plane C—H bending mode of the aromatic ring is shown at 944.57 cm-*and the ring-bending
vibrational band appears at 693 cm[7-9].

From FTIR spectrum of PS: PVAc polyblends it is also observed that spectrum that C=0 stretching at 1727 cm™
and C-C stretching in aromatic ring found at 1433 cm* and typical C—H bend being usually present as band at 1369 cm-
1. Some bands are disappeared in the blends and the intensity of some bands was changed. All results data suggest that
homogeneous polymer composites are formed over all the blend compositions.

Further the FTIR spectrum recorded on PS: PVAc blend did not indicate the existence of any interaction between
the components. There is no change in the position of either peak of aromatic ring of PVAc or the ether lone pair peak
of PS, which means that neither ether linkage is interacting nor the aromatic ring is affected by blending these two
polymers. Furthermore it is to be pointed here that the Sun’s formula seems to be well applicable in describing the
miscibility of PS: PVAc blend system [10].

AC Electrical Conductivity and Dielectric Constant Studies

Figure 2 (a) shows the relation between frequency and ac conductivity for (PS: PVAC) blends in MEK, Toluene
and THF at constant temperature 313K, 323K, 333K and 343K. Plot shows rise in conductivity with increasing
frequencies from 1 KHz to 10 MHz. The rise of conductivity on increasing the frequency and temperature is a common
respond for polymeric thin films samples. It is due to the tremendous increase of the mobility of charge carriers in the
blend films i.e. at higher frequencies blends of molecules starts vibrating with large amplitude within the polymeric
chains hence the effect of increase in conductivity of blends [8,11].

It also shows that conductivity shifted above the frequency axis for blend dissolve in Toluene, THF and MEK
solvent respectively. Further table 1 illustrates that Frequency their corresponding ac conductivities values for PS (10):
PVACc (90). From table it’s clear that PS: PVAc (THF as Solvent) shows maximum ac conductivity among other solvent
samples. In observed that in same poly-blend film o, increases with frequency which is the common characteristic of
disordered materials. Hence an increase in frequency leads to increase in ac conductivity [12]. Furthermore, almost all
the prepared PS: PVAc films show similar behaviour up to 10 MHz, which is typical for hopping conduction.
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Fig. 2 (a): Variation between frequency and a.c. conductivity for blend in different solvent at constant
temperatures.

Table 1: Frequency their corresponding a.c. conductivities values for PS (10): PVAc (90)

Constant Values Solvent

Temperature Toluene THF MEK

313K Frequency 1kHz 10MHz 1kHz 10MHz 1kHz 10MHz
A.C. Conductivity | 1.6639 4.8380 1.09 8.88 0.5264 0.1263
In[S/m]

323K Frequency 1kHz 10MHz 1kHz 10MHz 1kHz 10MHz
A.C. Conductivity | 0.2221 7.6013 1.34 5.91 0.5314 0.1037
In[S/m]

333K Frequency 1kHz 10MHz 1kHz 10MHz 1kHz 10MHz
A.C. Conductivity | 0.2501 7.9442 1.09 8.88 0.5355 0.1072
In[S/m]

343K Frequency 1kHz 10MHz 1kHz 10MHz 1kHz 10MHz
A.C. Conductivity | 1.3705 8.5226 1.18 5.50 0.6217 0.1771
In[S/m]

Figure 2 (b) shows the relation between frequency and dielectric constant for (PS:PVAc) blends in different solvent
i.e. Toluene, THF and MEK at constant temperatures 313K, 323K, 333K and 343K. Plot shows rise in dielectric constant
with increasing frequencies from 1 KHz to 15MHz. The rise of dielectric constant upon increasing the frequency and
temperature is a common respond for all blends samples [11, 13-14]. Table 2 illustrates that Frequency their
corresponding dielectric constant values for PS (10): PVAc (90). From table it’s observed that PS: PVAc (THF as
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Solvent) shows maximum dielectric constant among other solvent samples. For the future research scope THF dissolve

polyblends samples will used.
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Fig. 2 (b): Variation between frequency and dielectric constant for blends in different solvent at constant

temperatures.

Table 2: Frequency their corresponding dielectric constant for PS (10): PVAc (90)

Constant Values Solvent

Temperature Toluene THF MEK

313K Frequency 1 kHz 10MHz 1 kHz 10MHz 1kHz 10 MHz
Dielectric Constant 1.6639 4.8380 1.09 8.88 0.5264 0.1263

323K Frequency 1 kHz 10MHz 1 kHz 10MHz 1kHz 10 MHz
Dielectric Constant 0.2221 7.6013 1.34 591 0.5314 0.1037

333K Frequency 1 kHz 10MHz 1 kHz 10MHz 1kHz 10 MHz
Dielectric Constant 0.2501 7.9442 1.09 8.88 0.5355 0.1072

343K Frequency 1 kHz 10MHz 1 kHz 10MHz 1kHz 10 MHz
Dielectric Constant 1.3705 8.5226 1.18 5.50 0.6217 0.1771
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CONCLUSIONS

FTIR results concludes that miscibility of PS (10): PVAc (90) polymer blends were maximum in Toluene, moderate
in THF and minimum in MEK solvents. Hence all samples show the miscibility existence.

The ac electrical conductivity and dielectric constants have been measured for (PS:PVAc) blends in different solvent
i.e. MEK, THF and Toluene at constant temperature 313K, 323K, 333K at the different frequencies. It is found that ac
conductivity of blends thin film increases with increase in frequencies at constant temperature and also the dielectric
constant increases with the increasing frequencies of blends. Further graphs revels that Toluene dissolve blend shows
maximum ac conductivity at different constant temperature, THF dissolve blend shows moderate ac conductivity range
while MEK dissolve blend shows minimum ac conductivity. Furthermore in case of dielectric constant similar
consequence follows all blend samples.
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