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Abstract 

AC electrical conductivity and dielectric constants σA.C, εi, εr of (PVC-PS)blends films were measured at different temperatures 
(303K, 333K, 363K and 383K) and at the different frequencies (1kHz to 10MHz) using LCR meter . It was found that ac 
conductivity of thin film decreases with increase of temperature for all values of frequencies and it increases with the increase of 
frequency at constant temperature. The dielectric constant decreases with the increase of the temperature of blends. In this blends 
the miscibility exists, as evidenced by FTIR spectroscopy. 
 
Keywords: Alternative Conductivity; dielectric permittivity, relaxation.  
 
1. Introduction 
Mixing two or more polymers together is an easy way to achieve specified properties without the need to synthesize 
specialized polymer systems. The design, selection, and performance of polymer blends crucially depend on the ability to 
predict and control the phase behavior and morphology of the blends. A large number of studies have been devoted to the 
understanding of the parameters that govern miscibility and have attempted to gain a good knowledge of thermodynamics 
of the mixtures [1–10]. This approach provided quantitatively the relationships between the phase behavior of blends and 
the polymer–polymer interaction energies and consequently predicting whether the two components will form miscible or 
immiscible blend. The interaction parameters between the two components affects the physical and mechanical properties 
of miscible systems, however, it determines the nature and the width of the interface between the two immiscible 
components. The miscibility of polymer blends could be experimentally predicted by a large number of techniques. For 
example the blend morphology and the kinetics of phase separation can be investigated by electron microscopy and time 
resolved light scattering.PVC is well known for its excellent miscibility and compatibility properties with various low or 
high molecular weight polymers as well as providing good mechanical strength. This is due to its lone pair of electron 
from the chlorine atom which can act to stiffen the backbone of the polymer. Besides, the inexpensive PVC can well 
solvated with the inorganic salts [11,12-16].  
The choice of these polymers(PVC and PS) thus takes into account the donor–acceptor capabilities. The goal of the 
present study was to correlate the miscibility of commercially important polymers PVC/ PS by using FTIR methods. A 
systematic study on this at wide range of composition is not available so it is desirable to work on such system and 
correlate the two different techniques. In the present study, A.C conduction was measured to identify the mechanism of 
electrical conduction. Results have been discussed in the light of different mechanisms Arrehenius plots.  
 
2. Experimental Details 
   Polyvinylchloride (PVC) of standard grade supplied by Polychem Industries, Mumbai and polystyrene (PS) supplied by 
Dental Product of India Ltd., Mumbai, were used for the study. The appropriate weights of PVC, PS were dissolved in 
tetrahydrofuran (THF). The solution was then stirred continuously until the mixture took a homogeneous viscous liquid 
appearance. The solutions of different composition were dissolved separately and subsequently mixed together. After 
allowing them to dissolve completely, the two solutions were mixed together. The solution was heated at 60 0 C for 2 h to 
allow polymers to dissolve completely to yield a clear solution. A glass plate(5x5 cm) thoroughly cleaned with hot water 
and then with acetone was used as a substrate. To achieve perfect leveling and uniformity in the thickness of the film, a 
pool of mercury was used in a plastic tray in which the glass plate was freely suspended. The solution was poured on the 
glass plate and allowed to spread uniformly in all directions on the substrate. The whole assembly was placed in a dust 
free chamber maintained at a constant temperature (400C). For measuring the thickness, micrometer screw gauge with 
least count, 0.001 cm ,was used. The film used for the present study is of thickness0.03-0.045  cm. 
The dried films were sandwiched between polished stainless steel blocking electrodes. Perkin-Elmer-Paragon 500 Grating 
IR spectrophotometer was used for FTIR measurement.  To study the effect of frequency of the applied electric field and 
heat treatment in the range (303-383)K on the A.C conductivity σtot(w) real (εr ), imaginary part (εi) of dielectric constant 
,  polarizability α, and relaxation time τ of (PVC-PS)blend  films, the (LRC) meter (model HP-4274A) and (HP-4275A) 
are used .The capacitance C and conductance G of the samples were measured (in parallel mode) with an automatic 
impedance meter Hewlett-Packard HP-4284A operated in the 10k Hz to 10 MHz frequency range, the specimen was fixed 
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in specimen holder and placed into temperature controlled oven type (Heresies electronic). Three dielectric parameters 
were measured directly from above setup total resistance (RT), total capacitance (CT) and dissipation factor tanδ with an 
accuracy of 0.1%. All measurements were performed under certain frequency range 104- 106 Hz, the temperature range 
between (303- 383)K, was changed by constant rate of 2K/min. Constant voltage of (0.1V) was applied in all frequency 
range and temperature as indicated in this work.  
          Information about the nature of the conduction mechanism in a material can be obtained from a.c conductivity. In 
these experiments the electrical conductivity was measured as a function of the frequency  where =2 is the angular 
frequency and f is the frequency of an alternating electric field . The total conductivity tot at a certain frequency and 
temperature is defined as: 

  cdcatot ..                     (1)             
whered.c is the D.C conductivity which depends strongly on temperature and dominate at low frequencies, while a.c  is 
the A.C. conductivity which is weaker temperature dependence than d.c   and dominate at high frequency and 
nondependent temperature . The empirical relation of frequency dependence on a.c conductivity (σa.s(w))has been 
observed in many amorphous semiconductors and insulators both inorganic and polymeric material has the form: 
 
      s

ca  .                         (2)                

  s
ca A 1.                           (3)                  

where: 1A  is constant ,then we can re-write the eq. (1) as follows: 
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s

Itot A .)(                         (4)                       
and (s) is a function of frequency and is determined from the slope of a plot lna.c ()versus ln()then[ 17 ]  : 
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 And because of the presence of logarithmic term then s is not constant, usually 0 < s <1 and approaching unity at low 
temperature and decreasing to 0.5 or less at high temperature. 
 For non metallic materials the A.C. electrical conductivity depends on the temperature (T) according to the Arrhenius 
equation [18]- 

   ..exp .. TkE Bcaca     (6)              
   The mechanisms of a.c conductivity (σac (ω)) gives information about the nature of the polarization mechanisms in 
dielectric also provide information about the electrodes capacitance interface and amount electronic conductivity present. 
Indeed, so wide spread is this phenomenon that appears to be a common feature of the amorphous non metallic state. This 
phenomenon has variously been a scribed to relaxation processes caused by the motion of electrons or ions, hopping or 
tunneling between equilibrium states. Measurements over the wide frequency range the a.c conductivity generally 
followed from the equation(3) , for rather wide range of frequency. 
The a.c conductivity (σac) can be calculated using the following relation: 
σac= ɷ εo εi                            (7) 
The dielectric constants (εr,εi)  can be  calculated using the following relations: 
εr= C.t / ε0 .A                   (8) 
where C is   Capacitance, ε0 is the Permittivity of free space =8.854x10-14 (F/cm). 
εi=tanδ εr                        (9) 
 where tanδ  is loss tangent . 
Many different theories for a.c conduction have been proposed in the past. It is commonly assumed that the dielectric loss 
occurs because the carrier motion is considered to be localized within pairs of sets. Two distinct processes have been 
proposed for interpretation  these relaxation mechanisms , namely quantum mechanical tunneling (QMT) , in this process 
the a.c conductivity is linearly dependent on temperature and the exponent s is frequency dependent , which it is 
independent on temperature . 
     The second process is called correlated barrier hopping (CBH) when the electrons hope over the potential barrier 
between two sites , the a.c conductivity is due to hopping between defect states or dangling  bonds (D+ D-). In CBH the 
σa.c() is exponentially dependent on temperature, and exponent s approaches unity when the temperature approaches 
zero[ 19 ]. 
 
3. Results and Discussion        
The variation of conductivity σtot (ω ) versus angular frequency for (PVC-PS) blend films of different weight percentage 
of PVC-PS polymer blends (0-100%) and  thermal treatment T(303-383K) were plotted in Figure. 1. There is a little 
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conductivity enhancement after the addition of PS to the PVC. The lowest conductivity obtained was 1.54x10-9 S cm–1 at 
100 wt.% of PVC i.e 0 %PS  content while the maximum conductivity was observed at 50 wt.% of PS loading with 
conductivity value of 5.49x10-8  S cm–1. The conductivity of the blends has been improved by one order of magnitude . 
This step was carried out to optimize the coordination sites of the polymer host by create and promotes more free volume 
in the blend system and making the mobility of carriers became easier also the increased in conductivity of the polymer 
blends system is due to the decreased of bulk resistance in the system. It is clearly that σtot (ω) for pure PVC and PS 
sample  increases with temperature while σtot (ω) for blends samples decreases with temperature and frequency ,  however 
σtot(ω)  increases with frequency in the low frequency range but thereafter decreases. From these results, it is believed that 
PVC-rich phase is a solid-like medium, which greatly hinders the transport of charges. Due to such a blocking of the 
PVC-rich phase, the transport of carriers in PVC-PS blend occur via indirect motion along a convoluted path restricted to 
the PS-rich phase. In polymer sample containing PS alone, the conductivity values are observed to be higher because of 
the absence of the non-conducting PVC-phase. This behavior can be rationalized by recognizing the free-volume model 
[20].As the temperature increases, the polymer can expand easily and produce free volume. Thus, ions, solvated 
molecules, or polymer segments can move into the free volume [21]. The resulting conductivity represented by the overall 
mobility of ion and polymer is determined by the free volume around the polymer chains. Therefore, as the temperature 
increases, the free volume increases. This leads to an increase in ion mobility and segmental mobility that will assist ion 
transport and virtually compensate for the retarding effect of the ion clouds. 
 The slope(s) show non systematic sequence with composition and heat treatment but in general it is obvious that s 
increases with PS addition to PVC up to 75% but there after decreases , also  the maximum s value occur at 
5o%PVC_50%PS , on the other hand  s decreases with the increasing of thermal treatment for blend samples while s 
increases with T for pure PVC and PS sample in the first stage then s decreases with further increase of temperature .The 
behavior of s with increase of oven temperature can be explain according to correlated barrier hopping CBH model and 
small poloran model as seen from Table 1. 
 

 

  

 
Figure 1-(Color online) The variation of Ln σtot(ω) with  lnω for (PVC-PS) blends films 
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Table 1 Illustrates the values of s, and α for (PVC-PS) blends films 
 

Blend sample Thermal treatment 
temperature(K) s α 

100%PVC 303 

0.676 
0.821 
0.691 
0.881 
0.792 

0.265 
0.088 
0.132 
0.055 
0.055 

75%PVC+25%PS 323 

0.706 
0.930 
0.189 
0.226 
0.238 

0.055 
0.111 
0.088 
0.111 
0.333 

50%PVC+50%PS 343 

0.750 
0.865 
1.249 
0.385 
0.824 

0.088 
0.111 
0.111 
0.165 
0.111 

25%PVC+75%PS 363 

0.937 
0.739 
0.763 
0.512 
0.604 

0.022 
0.222 
0.022 
0.132 
0.022 

100%PS 383 

0.646 
0.763 
0.641 
0.614 
0.666 

0.022 
0.143 
0.111 
0.111 
0.088 

 
 
The values of A.C activation energy EAC for (PVC-PS) blend films  were determined from the plot of  Lnσ (ω)  against  
the reciprocal  absolute temperature as in Figure 2, Table 2 illustrates the EAC values  at selected frequency (10,100,100 
kHz), the results show that the conduction take place through out two mechanisms , consequently there are two activation 
EAC1 and EAC1   energies which converts to one mechanism  as the  frequency increases ,moreover the values of EAC 
decreases  with the increase  of PS content in the blend samples up to 75% but thereafter EAC   increases  , moreover EAC1 
and EAC2   decreases from 0.1712 to 0.0568 eV  and from 0.0338 to 0.0166 eV  respectively when PS increases from 0 to 
75%(see table 2),the results can be ascribes to  lowering of energy demand to transport charge carriers , the minimum 
activation energy occur at PS content 75% which constituent  the conductivity results, on the other hand the activation 
energy decreased with frequency this can be ascribes to the increase of energy supplied from applied field which enhance 
the electronic jumps between the localized states .                                                                                        

 
Table 2. Illustrates the values of EAC for (PVC-PS) blends films.  

Blend sample F=10kHz F=100kHz F=1000kHz 

EAC1 EAC2 EAC EAC 
100%PVC 0.1712     0.0338 0.0353 0.0312 

75%PVC+25%PS 0.1631     0.0200 0.0345 0.0215 
50%PVC+50%PS 0.1292     0.0311 0.0208 0.0206 
25%PVC+75%PS 0.0568      0.0166 0.0420 0.0277 

100%PS 0.0737     0.0458 0.0424          0.0095 0.0240 
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Figure 2- (Color online) ln(σtot) with 1000/T for (PVC-PS) blends films at different frequencies. 

 
The dielectric constant εr of (PVC-PS) blends films with different composition and treated at different temperature(303-
383K) were measured within the employed frequency range(104-107Hz). Figure 3 showed the spectrum of  εr  versus 
Log(ω), it is obvious  that εr tends to decrease with  the increase  of  treatment temperature while it increased with the 
addition of PS , however εr reach maximum value at PS content 50%  , indeed at f= 10kHz  εr decreases from 4.49 to 4.21 
while  εr increases from 4.49to 247when thermal treatment increases from 303 to 383K and PS content increases from 0 
to 50 %  respectively ,also  εr  decreases with increase of frequency to reach lower values this ascribed to the fact that 
electrode blocking layer is dominated thus the dielectric behavior is affected by the electrode polarization, while at high 
frequency the dielectric signal is not affected by electrode polarization. 
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Figure 3- (Color online) The variation of εr with  lnω for  (PVC-PS) blends films. 

 
The relation between εi versus Ln(ω) are plotted  in Figure .4 for (PVC-PS) blend films  , one can be seen the  dielectric 
loss  show the same behavior of εr. i.e. decrease with increase of treatment temperature while it increases with the increase 
of PS content. 
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Figure 4- (Color online) The variation of εi with  lnω for  (PVC-PS) blends films. 

 
Cole-Cole diagrams was plotted in Figure. 5. By measuring the angles (απ/2)the vales of the polarizability (α) had been 
determined and were  listed in Table 2. It is clear that (α )show  a nonsystematic variation with  the increasing  of T but 
in general (α) for pure  PVC decreased with the increase of heat treatment in contrast to that (α) of pure  PS and residual  
blends samples increased with heat treatment , on the other hand  the polarizability of PVC exceeded that of pure PS and 
all blends samples . The decrease of α with the increasing of heat treatment results from rise of the forces of the 
intermolecular, while the  increase of α value came from the weaken  the forces as result of formation of barrier[22,23] 
,indeed α for PVC sample is 0.275  which decreased  to 0.055 when T increase  from 303 to 383K. While α for PS 
increased from 0.022 to 0.088, see Table 1. 
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Figure 5- (Color online) Cole-Cole diagrams for for (PVC-PS) blends films 

 
3.3. ATR-FTIR Studies  
  FTIR spectra of  pure PVC  ,PS and( PVC- PS)blend are shown in Fig. 6 , the main transmittance peaks are illustrates in 
Table .3. The absorption peaks of PVC, 1717, 1512, 1272 and 1093 cm-1 . The vibrational bands of PVC ,2407, 1373and 
605 cm-1 are found to be absent in the polymer blends.  In PVC the peak at 1635, 1325, 1272, 605cm-1has been assigned 
to C=C , CH2 deformation, CH– rocking, and cis CH wagging, respectively.  FTIR transmittance plot of 
polystyreneshowed peaks set in a range of 2900-3200 cm-1 correspond to C-H stretch bond. The peak at higher wave 
number is the asymmetric stretch bond of C-H and the lower peak is the symmetric stretch bond of C-H(1700,1500)cm-1. 
The peaks around 1400cm-1 are assigned to C-H aliphatic bending bond. Finally, peaks in a range of 800-900cm-1 
correspond to C-H deformation . 
The C=O stretching region of PVC, the band at 1717 cm-1 showed the spectral shift to lower wavelength with the addition 
of PS to PVC , i.e. the region of C=O stretching for(PVC-PS) blends occurs at the band 1722,1726  cm-1  as the PS 
content increases from 0 to 50% wt. and remain  constant with further increase of PS ,on the other hand a slightly broader 
peak occurs at 1726 cm-1 in the case of polymer blend 25%PVC+75%PS and pure PS, this may be due to association 
through the redistribution of charge accompanying the formation of ionic pairs and aggregation [24,25].From these 
results, it is believed that PVC-rich phase is a solid-like medium, which greatly hinders the transport of charges. Due to 
such a blocking of the PVC-rich phase, the transport of ion in PVC-PS blend may occur via indirect motion along a 
convoluted path restricted to the PS rich phase. In sample polymer containing PS alone, the conductivity values are 
observed to be higher because of the absence of the non-conducting PVC-phase. 

 
Figure 6- (Color online) FTIR spectrum of for (PVC-PS) blends films 

T% 
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Table .3 Illustrates the FTIR spectrum of (PVC-PS) blends. 

  
 

  

 
 

CONCLUSION 
     From the previous results one can put the following conclusion: 
1- σac, εr and  εi, reach maximum value at PS content 50%  but thereafter decreases . 
2-Improvement of conductivity take place with the addition of PS to PVC up 50% . 
3- Addition PS to PVC increase the force of intermolecular, i.e. ( PVC-PS) blends have good degree of miscibility, while 
increasing of temperature reduces the miscibility of (PVC-PS) blends through out reducing the intermolecular force.  
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