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Abstract 
The electrical conduction polymer Polyaniline (PANI) base is soluble in selected organic (polar) solvents. The PANI becomes 
conductive upon partial oxidation or reduction by a process commonly known as doping. The PANI base was doped by chemical 
method using perchloric acid (HClO4) as a dopant. The doped conducting polymer was dissolved in three selective organic 
solvents namely p-Cresol (PCL), Dimethyl sulphoxide (DMSO) and 2-Chlorophenol (2CPL). The ultrasonic velocity values were 
measured for the polymer in solutions using fixed frequency (3MHz) continuous wave ultrasonic interferometer technique at three 
different temperatures. The related thermodynamic parameters were calculated and their variations with concentration have been 
discussed with a view to understand the molecular interactions of the conduction polymers in solutions. Hence the acoustic 
properties of doped PANI in solutions will provide possibly a new product ideas and benefits over the traditional polymers owing to 
its properties in solutions. 
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Introduction 

In recent years the measurement of ultrasonic 
velocity has been adequately employed in understanding 
the nature of the molecular interactions of polymers in 
solutions. It is also noted that the ultrasonic investigations 
find extensive applications in identifying the characteristic 
aspects of molecular interactions existing in binary    
systems [1, 2]. Further the ultrasonic velocity is also 
useful for evaluating the some important acoustic 

parameters Adiabatic compressibility (), Intermolecular 
free-length (Lf), Relaxation Time (  ) and Specific 

acoustic impedance (Z). The physical nature and 
strength of the intermolecular interactions in solutions are 
also being obtained qualitatively from the ultrasonic 
velocity, values of acoustic parameters and their 
variations with temperature [3]. 

In the recent past a large number of research and 
review articles have been published on conduction 
polymers [4-8]. The unique stability of polymers has 
become so important on the development of conducting 
polymers as a class of synthetic metals with promising 
applications. 

Compared to solid polymers, solutions of synthetic 
polymers find widespread technological applications. In 
solutions, it is possible to gain the details of information 

about the dimensions of the solute polymer molecules. 
Such information cannot be ascertained with so ease 
from the solid polymers [9].  

The present paper discusses the synthesis of 
polyaniline in base form and its behaviour in solutions of 
different organic solvents. Since the solublization of PANI 
is important for the development of many technologies 
involving PANI as a class of new electronic material.  The 
PANI is available in various forms as leuco emeraldine, 
emeraldine base and pernigraniline [10]. 

 
Materials and Methods 

Polyaniline is synthesized through chemical 
polymerization method from its monomer aniline following 
the procedure reported in the literatures [11, 12]. It was 
also doped with perchloric acid of strength 1.0 N as the 
dopant. 

 The purity of the solvents selected was maintained 
by repeated distillation. The measured values of 

ultrasonic velocity (U), density () and viscosity () for 

the solvents (PCL, 2CPL and DMSO) are given in Table 
1 and are in agreement with the reported values [13, 14]. 
The accuracy of the measurement of the ultrasonic 
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velocity, density and viscosity was within 0.02, 0.2 and 

0.2 % respectively.  
 
Table 1.  Thermodynamic Properties of Solvents 

 
 
 
 
 
 
The molecular weight of the doped PANI was 

determined using MALDI-TOF-MS technique at Indian 
Institute of Science, Bangalore, India. Nitrogen laser of 
wavelength 337 nm of accuracy 0.001nm was used as 
ionizing source. The molecular weight value so 
determined was 5830.246.  The ultrasonic velocity values 
were measured for the conduction polymer Polyaniline in 
solutions, using ultrasonic interferometer (MITTEL) type 
using PCL, 2CPL and DMSO were used as the solvents. 
The ultrasonic velocity along with the density and velocity 
values were measured at three different temperatures 
respectively. The acoustic parameters of interest were 
also calculated from the standard relations I-IV. 

 
 
 
 
 
 
 
In equation (II), KT is the temperature dependent 

constant = [(93.875+0.345T) X 10-8] where the suffix T 
stands for the absolute temperature [15].  

 
Results and Discussion 

The ultrasonic applied to scientific investigations on 
the behaviour of molecules in the liquids and solutions 
have become a powerful tool in this last two decades. 
The characteristic physical and chemical behaviour of the 
medium can be understood from the ultrasonic sound 
velocity data. The structure and properties of various 
liquids and effect of mixing on binary and ternary 
solutions may also be explained by the study of 
molecular interaction. The study of the elastic properties, 
structure aspects, molecular relaxation process and 
molecular interaction by ultrasonic studies provides 
valuable information about the polymers, copolymers and 
about mixtures. 

The values velocity, density, viscosity, adiabatic 
compressibility, intermolecular free length, relaxation time 
and specific acoustic impedance of the solvated part of 
the PANI doped with HClO4 (1.0N) are computed for all 

concentrations in molality at three different temperatures 
were given in Tables 2.1,2.2 and 2.3. 
 
Table 2. Acoustic parameters of HClO4  (1N) doped PANI in 
solutions 
 
Table 2.1  Acoustic parameters of Polyaniline doped with HClO4 
(1.0 N) in 2CPL 

 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2.2  Acoustic parameters of Polyaniline doped with HClO4 
(1.0 N) in PCL 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2.3   Acoustic parameters of Polyaniline doped with HClO4 
(1.0 N) in DMSO 
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The value of ultrasonic velocity, density and viscosity 
of all the three system increase with increasing of 
concentration and decrease with increasing of 
temperatures. In the present investigation also the 
adiabatic compressibility of polymer solutions is less than 
that of the three solvents employed in accordance with 
the data found in the literature [16, 17]  

In the process of solvation, highly polar forces result 
in a localized field and an incompressible region was 
formed by the solvating molecules which result in lesser 
value of adiabatic compressibility for the polymer in 
solutions than solvents [18]. Increase of ultrasonic 
velocity with concentration and decrease of adiabatic 
compressibility with concentration indicate that the 
molecules are forming a more tightly bound system [19]. 

The increase in velocity with concentration suggests 
that increase in cohesive forces due to powerful polymer-
solvent interactions, i.e., intermolecular interactions. The 
decrease of density and viscosity with temperature 
supports decrease in cohesive forces and hence 
decrease of intermolecular free length. Increasing 
thermal energy of the system causes volume expansion 
and hence decreases in density and viscosity while an 
increasing in Lf is observed. 

Relaxation time () for doped polyaniline have been 

reported in solutions at different temperatures by varying 
the concentrations from 0.001M to 0.005M.  It is found 
the relaxation time in all the three solvents decrease 
linearly with temperature and increase with 
concentrations as exhibited by viscosity values as a 
result of the change in the thermodynamic parameters.  
The linear increase of the relaxation time over the 
selected range of polymer concentration suggests the 
existence of interaction between the polymer and solvent 
molecules. 

The acoustic impedance of the polymer is also 
increases with increase of concentration in all the three 
system and decreases with increase of temperature. The 
linear variation of impedance both with concentration and 
temperature is the indication that there is a strong 
interaction between solute and solvent molecules. The 
specific acoustic impedance is a significant factor 
affecting reflection and transmission of sound waves in 
the medium and solvent molecules.  
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