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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 (HCIO4) 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 (L7), Relaxation Time ( 7 ) 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
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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 (p) and viscosity (r) 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

Density  Viscosity Velocity

Solvent Kgm- Nsm?2 ms!

f;f:'gtr)ovhe"d 1241 3054 13776
(FECCFBS*" 1016 5537 14411
%ﬂ%ﬁ(‘)};‘ sulphoxide 1.0055 1.089 14872

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.
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In equation (Il), Kr is the temperature dependent
constant = [(93.875+0.345T) X 108] 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 HCIO4 (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 HCIO4 (1N) doped PANI in
solutions

Table 2.1 Acoustic parameters of Polyaniline doped with HCIO4
(1.0 N) in 2CPL

Temp | Molaity | Viscosity | Densty |Velocty |BXx10% |LX10® [tx102 [zx10¢
K m Nsm-2 Kg/m3 m's N-1m2 m Sec Kgm3s!
0.001 5.0067 125172 14021 RS 40141 27484 17634
0.002 518% 125090 | 14035 |40%25 [40082 |27870 | 17860
303 0003 53276 126054 | 14048 [ 40199 40019 28555 | 1.7708
0.004 54471 126185 | 14062 [40077 | 39080  [20107 | 17744
0,005 56070 126346 | 14081 30018 [30870 |2083 | 17791
0,001 4.2000 14710 | 13672 | 42898 | 42040 | 24023 | 1.7050
0002 43149 124057 | 13688 42747 [av9r5 | 24503 | 17000
M |00 44 124090 | 13703 | 42605 | 41905 25088 | 17120
0004 45682 125152 137119 42454 41831 25858 17170
0.005 46614 125301 | 13735 |42%05 | 41757 [26203 | 17210
0.001 a2 128712 | 13275 | 45880 | 44110 | 20023 | 16423
0.002 3ane 120882 | 13288 |45716 | 44046 [ 20553 | 16461
2 oom 35200 120002 [ 13003 [45569 |43075 | 21387 | 16498
0.004 35012 124176 | 13019 | 4536 | 43801 21737 | 16530
0.005 anmn 124208 | 13032 [45263 |4387  [2243 16571

Table 2.2 Acoustic parameters of Polyaniline doped with HCIO4
(1.0 N)in PCL

Temp | Molality Viscosity | Density | Velocity | pX10% | LX10" | tx10= [2ZX10¢
K m Nsm-2 Kgim3 mis Nim2 | m Sec Kgm<s*
0.001 76942 102246 | 14545 45782 | 42708 |46%8 | 15017
0002 s 103372 | 14559 45%39 | 42641 |47 | 15080
33 0003 78814 103551 14573 45472 | 42563 | 47785 | 15091
0004 79628 10%74 | 14586 45338 | 42500 |48135 |1512
0005 80726 103808 | 14598 4505 |42438 |4885% | 15154
0.001 69763 102670 | 14418 46854 |45 |48 | 14803
0002 7.055% 102811 | 14432 46699 | 4272 |4 14838
318 0003 7.4782 102943 | 14845 46555 | 43805 |44s58 | 14870
0004 72816 103098 | 14459 463%5 | 4370 | 45084 | 14907
0005 7.4000 10227 | 14475 46235 | 4354 4518 | 14982
0001 60482 102131 | 14269 48090 | 45175 | 38781 | 14573
0002 61593 102264 | 14283 4793 | 45101 | 39385 | 14606
K5 0003 62731 102415 | 14208 47762 | 45020 |39849 | 14543
0004 63501 102533 | 14312 47614 | 44951 |43 | 14674
0005 64597 102702 | 14324 47455 | 44876 |acera | 14711

Table 2.3  Acoustic parameters of Polyaniline doped with HCIO4
(1.0 Ny in DMSO

Temp Molality Viscosity Density Veloaty BX10% [ LX10" | ©X 102 | ZX 104
K m Nsm-2 Kgim3 ms N-1m2 m Sec Kgmis!
0001 18320 111148 14980 40094 | 40267 | 09794 16650

0002 18681 111278 14992 39983 | 40200 | 09959 15063

303 0003 19012 111425 15017 39797 | 40137 | 10088 | 15077
0004 19354 111593 15028 39679 | 40076 10239 15095

0005 19776 11728 15044 39547 | 40016 10428 1513

0001 13185 110578 14672 42010 | 41913 | 07385 14671

0002 13542 1106.90 14684 | 41809 | 41850 | 07565 | 14687

313 0003 13842 110831 14609 | 41760 | 41779 | 07707 | 14704
0004 14406 1109.72 14712 | 41634 | 41711 | 07997 | 14717

0005 14710 11107 14726 | 41504 | 41642 | 08140 | 14737

0001 09247 1099.15 14398 43887 | 43484 | 05411 14338

0002 09564 110059 14411 43751 43 05579 14351

kKra) 0003 09952 110186 14426 | 43610 | 43352 | 05787 | 14369
0004 10329 110324 14438 43483 | 43272 | 05988 14385

0005 10712 110467 14450 | 43354 | 43197 | 06192 | 14401
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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 Lt is observed.

Relaxation time (t) 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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