
The Theoretical Study of Electrical Conductivity of Polystyrene Polymer Films 
under High Pressure

Abstract: The electrical resistivity and conductivity of polymer materials have been studied 
experimentally under high pressure by different research groups. In this paper, a formula

Log  = C +  log  (P /P) – ) has proposed for the theoretical study of the pressure effects on the σ α  β (P/Pe c c

electrical conductivity of thin films of polystyrene films. The constant  is related to intermolecular α
spacing and  depends on the free path of the electrons. The experimental data have been interpreted with β
pressure at constant temperature for the polarising field E  = 5, 8, 10 and 12 KV/cm. Under high pressure, P

it has been found that electrical conductivity shows exponential growth with the increasing polarising 
field.
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Introduction

Polymer materials are more popular nowadays due to 
its wide applicability, environmental friendly, 
flexibility, low cost etc.  Conducting polymers such 
as polypyrrole, polyvinyl, and polythiophens are well 
known for their high electrical conductivity (Guanije 
et al., 2021; Shujahadeen et al., 2018) and good 
environmental stability, on one hand and poor 
mechanical properties and process ability on the 
other hand. In recent years numbers of experimental 
studies have been carried out to the study the 
variation of electrical properties with temperature 
and pressure (Yaseen et al., 2021; Wang et al., 2019; 
Yang et al., 2021; Saees et al., 2021). It has found that 
the structural and electro-optical properties vary with 
high pressure (Huang et al., 2013; Patel et.al, 2008). 

In the present paper, the theoretical study has done for 
electrical conductivity of polystyrene thin films with 
pressure variation at constant temperature. A formula 
for the study of the relation between pressure and 
electrical conductivity of polystyrene thin films has 
suggested with counting volume effect. The effects of 
pressure on electrical properties for organic and 
inorganic materials have been also studied earlier 
(Kesharwani, 2002; Dixit et al., 2003; Sangwar et al. 
and Adgaonkar 1996). 

Theory

The application of the theory to explain the pressure 
induced electrical properties of polystyrene. After 
applying an external pressure P on some material, the 
molecular separation decrease. The electronics shells 
of the neighbour molecules overlap due to pressure, 

in this condition a force of repulsion becomes 
important.  At very high pressures, the pathways of 
the electrons (Patel et al., 2008) come too close to 
each other due to which mean free time between 
charge carrier collisions decreases with increase in P. 

The results can be easily applicable for studying the 
variation of electrical conductivity with pressure. The 
electrical conductivity σ at a pressure is, thus, given 
by 

Log σ = C + α log  (P /P) – β (P/P )   ......................  (1)e c c

Where C, α and β are constants and P  is the pressure c

at which the conductivity is maximum. The constant 
α is related to intermolecular spacing and β depends 
on the free path of the electrons.  

Results

The experimental measurements on variation of dc 
electrical conductivity of polystyrene thin films with 
pressure have been carried out by Sangwar and 
Adgaonkar (1996). They prepared the desired sample 
at polarising temperature T (=333K) and applied the P 

polarising electric field E (= 5,8,10 and 12 KV/cm) P 

between the electrodes. The sample was, the, cooled 
to room temperature and the field was removed.

In the present paper, we have analysed the 
experimental results with the help of equation (1). For 
the polarising field E  = 5, 8, 10 and 12 KV/cm, we P

compare our calculated results with the experimental 
data in fig-1 and table-1.
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The calculated values of the constants used in the 
analysis are summarised in table-1. We find that our 
results are in close agreement with the experiments. 
The values of conductivity have found maximum for 
theoretically and experimentally at the critical 
pressure P  =15.6 KPa for the polarising field E  = 5, c P

8, 10 and 12 KV/cm (Fig.-1).  The experimental and 
theoretical results have good agreement in the high 
pressure range 20 KPa to 45 KPa. In the low pressure 
range 5 KPa to critical pressure P  =15.6 KPa, the c

theoretical values are showing a little disagreement 
with the experimental values.  

Discussion

The calculations reveal that the values of magnitude 
of  ( | ) and  α = |α β Increases as the polarising field is 
increased. The value /β remains constant (= -1.4) for α
each value of E  (Table 1), the value of  is close to P β
0.3. A similar result was obtained in reference 
(Kesharwani, 2002) for the studies on variation of 
electrical properties with pressure on thin films of 
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polyprrole blended with PVC where  was found to  β
be 1/3, the value of  suggested that electrical           β
Conductivity is varies exponential with high 
pressure.
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Fig (1):- Conductivity log σ (ohm-cm ) VS Pressure P (in KPa)

Table 1: The values of α and β for different 
polarising field
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