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ABSTRACT

The effect of the concentrations of the oxidizing agent (sodium persulphate) on the properties of poly (m-
aminobenzene sulfonic acid -co- aniline) p(m-ABSA-co-Ani) co-polymer has been investigated. The prepared
samples were confirmed by Fourier transformation infrared spectroscopy and further, characterized by electron
paramagnetic resonance (EPR), UV-Vis spectroscopic techniques and tested for temperature dependent stability by
thermogravimetric analyses. The room-temperature conductivity measurements have been performed on all the
p(m-ABSA-co Ani) co-polymers samples and found a maximum value of conductivity of ~ 6.5 x 102 S/cm at 168 mM
concentration of oxidizing agent. The EPR studies have been shown that the variation of line width of EPR signals
with_oxidizing agent concentration and found a close relation with electrical conductivity. The prepared co-polymer
samples are thermally stable up to 600 °C detected by TGA analysis. The synthesized co-polymer materials show
around 75% solubility in chloroform, ~65 % in Dimethyl sulfoxide, ~58 % in N-methyl-2-pyrrolidinone and weakly

soluble in aqueous medium.
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INTRODUCTION

During last decade, organic materials, conducting
polymers were extensively investigated due to their wide
range of potential applications in the fields of
electromagnetic shielding, gas- and ion-sensors, and battery
electrodes.*? Among the most studied conducting polymers,
polyaniline (Pani) standout due to its tunable electrical
conductivity from insulator to metal-like along with its good
environmental stability. It can be doped to conducting form
without changing the number of mn-electrons through
protonation by exposure to an appropriate protonic acid in
aqueous solution.*® But the main hindrance in the
application of these materials is their solubility because
these conducting materials have poor solubility in common
organic solvents. Beside this water soluble materials are
more versatile as compared to soluble in organic solvent in
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regards to application.”® Researchers are paying attention in
this direction and various research groups all over the world
have done some extensive work on this.”*® The most
successful approach to enhance the solubility of conductive
Pani in organic/aqueous solvent solutions is to attach the
sulfonic (-SO3H) acid groups to polymer chains. This can be
achieved by treating the polymer with the appropriate
reagents after polymerization or by polymerizing the
substituted aniline derivatives. The sulfonication of the
emeraldine base with fuming sulfuric acid, to produce a
polymer, soluble in aqueous alkaline solutions is the best
example of the former approach."™ Introducing a -SO;H
group on the Pani chain, affects the properties of parent
polyaniline without substantially sacrificing its conductivity
and is of specific interest for several reasons. The electrical,
optical and thermal properties of the sulfonicated Pani are
incredibly altered due to electronic effects of the -SO;H
groups. This =SOsH groups on the phenyl rings provides the
good environmental stability to the parent Pani due to its
strong electron withdrawing properties. Along with these
improved properties, the solubility of Pani is qreatly
enhanced due to the presence of the —~SO3H groups.™ The
incorporation of the side groups to Pani chains has enhanced
its solubility and processability and change its properties.
Although, alkyl- and alkoxy-ring-substituted Pani after acid
doping have a moderate conductivity of 10%-10% S/cm,*
however, the poor processability of Pani, which is also true
of other conducting polymers as well have limited its
applications.
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A large number of reports are available on the synthesis
of pure Pani but there is a dearth of data on the co-
polymerization of aniline with its derivatives. Furthermore,
the sulfonication of Pani co-polymers still a challenging task
leading to its enhance solubility in different mediums.”**" In
this present study, we have made an attempt to use both the
approaches of sulfonication at the same time during the
reaction by co-polymerizing the aniline with its derivative
m-aminobenzene sulfonic acid in a highly sulfonicated
solution to explore the possibility of their easy
processability.

EXPERIMENTAL DETAILS

2.1. Synthesis of poly (m-aminobenzene sulfonic acid -co-
aniline)

The co-polymer of aniline and its derivative, m-
aminobenzene sulfonic acid, {poly (m-aminobenzene
sulfonic acid -co- aniline)} or p(m-ABSA-co-Ani) has been
synthesized by simple chemical oxidation method at
different concentrations of oxidizing agent, sodium
persulfate. A 97 mM solution of m-aminobenzene sulfonic
acid was prepared in 75 ml distilled water and then 8 mM
solution of aniline hydrochloride and 18 mM solution of
radical initiator ferrous sulfate was added to it. The prepared
mixed solution was further, stirrer for a homogeneous
solution. A 67 mM solution of oxidizing agent, sodium
persulfate was added to the above prepared solution of
monomers. After few seconds the polymerization start and
solution turns into dark green and the reaction was left for
further polymerization for 6 hours at room temperature. The
resultant co-polymer precipitates were filtered, washed with
ethanol and distilled water several times and dried at room
temperature for 24 hours. The sample was labeled as P1.6.
Similar, route has been adopted for the synthesis of other
samples at 84, 126, 168, 210 and 252 mM concentrations of
oxidizing agent and designated as sample P2, P3, P4, P5 and
P6, respectively. The persulfate group present in the
oxidizing agent make the solution highly sulfonicated which
lead to dope the Pani chains with -SO3;H groups.

2.2. Samples Characterizations

For the confirmation of the synthesis of p(m-ABSA-co-
Ani) co-polymer Fourier transform infrared spectroscopy
measurements were performed on all the prepared samples
at FT-IR Spectrometer, Spectrum BX (Perkin-Elmer). The
KBr pallet method has been employed for these
measurements. The optical properties of the prepared
samples were tested under UV-Vis spectrophotometer,
CARY-100 (Varian). The band gap energy was calculated
from the following equation:

AE= hc/Amax
Where, h=6.6 x 1034 J-s, ¢ = 3 x 108 m/s

Here, AE is the band gap energy, h is the plank's constant,
c is the velocity of light, and Ana iS the wave length of the
absorption.

Electron paramagnetic resonance (EPR) analysis of the
powder samples were carried out using EPR spectrometer (
JEOL, JES-FE3XG ) with center field 3260 G having a
sweep width of 500 G. A resolution of 1000 points at
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microwave frequency 9.4 GHz and microwave power 1mw
was used for all the measurements. The system was
standardized with 1,1-diphenyl-2-picrylhydrazyl (DPPH).
The temperature dependent stability of the samples was
tested under thermogravimetric analysis at TGA, SlI (Perkin
Elmer). The experiments were carried out under N,
atmosphere from 30 to 600°C at a heating rate of 10°C/min.
The room temperature DC conductivity of the samples was
measured with Keithley’s 236 source measurement unit
(SMU) on the pallets in sandwich structure. The solubility of
the prepared samples was tested in chloroform, Dimethyl
sulfoxide (DMSO), N-methyl-2-pyrrolidinone  (NMP)
organic solvents and aqueous medium.

RESULTS AND DISCUSSION
3.1. FT-IR studies

For the confirmation of the synthesis of p(m-ABSA-co-
Ani) co-polymer FT-IR spectroscopic measurements have
been performed on the all the sample. Figure 1 shows the
characteristic FT-IR spectra of p(m-ABSA-co-Ani) at
various  concentrations of oxidizing agent. The FT-IR
spectra of the co-polymer consist of all the characteristic
bands of Pani along with some other bands including the -
SO3zH band which confirms the sulfonication of co-polymer.
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Figure 1. FT-IR spectra of p(m-ABSA-co-Ani) at various
concentrations of sodium persulfate P1.6 =67, P2 = 84, P3

=126, P4 = 168, P5 =210 and P6 = 252 mM.

The intense band located around at ~3435 cm™ in the
spectrum of all the samples was attributed to the N-H
stretching band while the weak doublet at the lower side at ~
2854 and 2924 cm™ was assigned to the C-H bands of
methyl and methylene, respectively. A strong quinoid
stretching band was observed around at 1618 cm™ whereas a
weak benzenoid stretching band around at 1509 cm™ with
minor shifting with oxidant concentration. The band located
around 1292-1309 cm™ was ascribed as the C-N stretching
band of Pani with some overlapping of SOsH groups. This
can be attributed to the lower electron-withdrawing
capability of the SOs;H group attached directly to the
benzene ring 18. The presence of the absorption peak at
~1172 and 1044 cm™ characteristic of asymmetric and
symmetric O=S=0 stretching 19,20 with some shifting due
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to different doping of SO, groups while the band at ~1115
cm™ is due to strong aromatic C-N stretching of Pani. The
bands in the region between 800 and 600 cm™ are due to C-S
and S-O stretching modes and these bands indicate the
existence of SO3- groups. Thus, the FT-IR studies confirms
the synthesis of the p(m-ABSA-co-Ani) co-polymer with the
doping of sulfonic groups.

3.2. UV-Vis spectroscopic measurements

Figure 2 illustrates the UV-Vis spectra of all co-polymer
samples taken in ethanol. All of spectra consist of three
major absorption bands. The first one is around 310-315 nm,
which is attributed to n- n* electronic transition for the
benzenoid rings in the polymer backbone. This band also
provides the conjugation length. This band shows a
hypsochromic shift from a emarldine base, the insulating
form of Pani to a conducting form of Pani, the emarldine
salt, for all the six samples P1.6 to P6. This transition
mainly caused by the steric hindrance between large ortho
substituent and neighboring phenyl hydrogen, location of
charge in this type of structures due to hydrogen bonding
interaction between SOsH and NH," radical cation. This also
indicates the excitation of the nitrogen in the benzenoid
segments.’*#* The second absorption band was observed
around 355-370 nm ascribed to polaron/bipolaron transition
that occurs in doped Pani.?* The third absorption band for
exciton transition was observed in the range of 520-580 nm
having a peak around 550 nm. This band mainly caused by
the exciton transition between interchain or interchain
charge transfer or the charge transfer between the benzenoid
and quinoid rings. The steric repulsion may enhance the ring
torsion angle and reduce the overlap between the two
neighboring phenyl rings.® This band becomes more and
more prominent with the oxidant concentration. The bands
located around ~370 and 550 nm are confirm the protonated
structures of the Pani samples. This confirms that all the
samples maintained their conducing states with oxidizing
agent.
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Figure 2. UV-Vis spectra of p(m-ABSA-co-Ani) at various
concentrations of sodium persulfate P1.6 = 67, P2 = 84, P3
=126, P4 = 168, P5 =210 and P6 = 252 mM.
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3.3. EPR studies

EPR is a powerful tool used for probing the spin
localization and dimensionality through the measurement of
susceptibility, line width, line shape and g factor. The EPR
line width is inversely proportional to the spin-spin
relaxation time (T) and there are several relaxations which
are tends to shortened this time (T) and caused for the line
broadening of EPR line. Spin-lattice relaxation is one of the
examples of such relaxation which shortens the lifetime of
spins states and broadens the EPR line. While the EPR line
shape generally depends upon the dipole-dipole or hyperfine
interaction and spin motion. The EPR lines have a Gaussian
shape if there is dipole or hyperfine broadening while the 3D
spin motion or exchange altered the line shape to a
Lorentzian shape. Thus, the Lorentzian line shape
corresponds to the 3D spin motion or exchange while
Gaussian shape corresponds to the 1D motion.

i
s

3230 3240 3250 3260 3270 3230 3240 3250 3260 3270

Intensity (arb. units)

T

Magnetic field (G)
O
<
S 3+ ®
= 10 =
—~ '2_
= 10
O 3
o 10°
© 0
2.0240-
(]
S 2.0236-
IS
> 20232 - _ —
(@] o]
2.0228 r T r T :
2 3 4 5 6

Oxidant Concentration (g)
Figure 3. (a) EPR spectra of p(m-ABSA-co-Ani) (b)
variation of g-value, conductivity and line width at various
concentrations of sodium persulfate P1.6 = 67, P2 = 84, P3
=126, P4 = 168, P5 =210 and P6 = 252 mM.

Figure 3a shows the EPR spectra of p(m-ABSA-co-Ani)
co-polymer at various concentration of the oxidizing agent.
All the spectra have somewhat asymmetric Lorentzian line
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shape. The EPR spectra were further used for the evaluation
of the line width and g-value. Figure 3b elucidates the
variation of line width, conductivity and the g values with
oxidant concentration. It has been found that with increase
of the concentration of the oxidant the line width of the EPR
spectra decreases from 4.0 to 2.0 G while the conductivity of
the samples increases from 2 x 102 to 6.5 x 10 S/cm™ upto
168 mM concentration of the_oxidizing agent. Beyond, 168
mM concentration of the oxidizing agent the line width and
electrical conductivity show a reversal trend with
concentration. However, the g-values of all the samples are
approximately same except sample P1.6. The change in line
width is strongly depends upon the nature of the co-polymer
and the nature of the co-polymer is strongly depends on the
concentrations m-aminobenzensulfonic acid and aniline used
for the co-polymerization process. It causes the hyperfine
broadening and re-ordering in the structure of co-polymers
and change the EPR line width.”>* If we compare the line
width values with electrical conductivity of the p(m-ABSA-
co-Ani) co-polymer, it has been found that electrical
conductivity of the co-polymer increases with decrease in
the line broadening EPR signal. This may be due to the
protonation of the co-polymer with oxidizing agent
concentration. The broadening of the EPR line width beyond
168 mM concentration of the oxidizing agent and decrease
of the electrical conductivity influences that if we further
increase the oxidizing agent concentration and decrease the
electrical conductivity, the EPR line broadening increases
until the disappearance of the EPR signal. Thus, the EPR
line width has a direct relationship with the unpaired spin
density in the co-polymer. The broadening of the EPR line
width influences the formation of localized polarons or
localized spins.

The g-value of the co-polymer also changes between
2.030 to 2.041 with oxidant concentration but are very close
to each other and to the free radicals (electron) ~2.0023 in
the m system of polyenes and aromatics. This indicates that
the spins are free electron type in the co-polymer. The g-
value depends upon the electronic structure of the species
because the applied field moves the electron through the
molecule. Thus, the similar g-values of the co-polymers
demonstrate that the electronic structures of all the co-

polymer are same. Similar behavior of electrical
conductivity with EPR line width and24 ;glae!zue has been

demonstrated into the reported literature.

3.4. Thermal gravimetric analysis and Differential
thermal analysis

For the evaluation of the temperature dependent stability
of p(m-ABSA-co-Ani) co-polymer samples TGA
measurements have been performed on the prepared
samples. Figure 4a elucidates the TGA plots of p(m-ABSA-
co-Ani) co-polymer samples. All the samples have a two-
step process of weight loss except sample P1.6 which has a
three step process. The first step of weight loss is upto ~100
°C and second step above 100 °C. The first step of weight
loss upto 100 °C is due to the loss of moisture or expulsion
of loosely bounded water molecule or sulfonic acid from the
polymer chain.??%3° About 20% weight is lost in this region
except sample P2 having a weight loss of about 6 % only
upto 100 °C. The first step of the weight loss upto 100 °C

Journal of Integrated Science and Technology

pubs.iscience.in/jist

weight(%)

36 1 1 1 1 1
100 200 300 400 500 600
Temperature("C)
300
0
©
> 1504
o
2
E
2 %
E /\/_L I -
2 [
e ™ —Fr
o P3
= —P4
E‘ -300- PS
O —P6
0 100 200 300 400 500 600

Temperature(°C)
Figure 4. (a) TGA plots (b) DTA plots of p(m-ABSA-co-
Ani) at various concentrations of sodium persulfate P1.6 =
67, P2 = 84, P3 =126, P4 = 168, P5 =210 and P6 = 252 mM.

depends upon the porosity of the sample. Larger porosity of
the sample means larger absorption of moisture and higher
the weight loss. There is very small weight loss variation
with oxidant concentration upto 100°C. Thus, there is no
significant change in the porosity of the samples. As all
samples have a significant weight loss upto 100 °C, thus
these materials are useful for gas sensing application
because, the gas sensing behavior of the samples mainly
depend upon the porosity of the samples. The second step of
weight loss can be attributed to the loss of oligomers and
unbounded dopant and finally weight at somewhat higher
temperature is due to elimination of bounded dopant and
degradation of main Pani chains.® The middle, third step of
weight loss in temperature range 150-310 °C of sample P1.6
may be occurred due to presence of larger amount of
oligomer and unbounded dopant at lower oxidant
concentration due to incomplete polymerization. Beyond
100 °C, the weight loss is increases with increasing the
oxidant concentration. However, the sample P2 has a stable
structure as compared to other samples throughout
temperature range and sample P1.6 have highest weight loss.
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It has been illustrated from the figure 4a that about 50-60 %
weight is lost by the co-polymer samples upto 600°C. The
TGA plots also illustrate that the thermal stability of the
samples increases upto 168mM concentration of oxidizing
agent and decreases beyond it.

Figure 4b illustrates the DTA plots of p(m-ABSA-co-
Ani) co-polymer samples. The DTA plots show the
respective exothermic and endothermic peaks for all the
weight losses which have occurred confirming the
corresponding decomposition temperatures and also the
decomposition processes. The intense exothermic peaks for
all the samples were observed around 130°C, these peaks
mainly correspond to the weight loss due to moisture while
another exothermic peaks were observed at 500 and ~580 °C
for different samples. Expect from other samples, sample
P1.6 has an intense endothermic peaks around ~330°C which
attributed to the weight lost oligomer and unbounded dopant.
Almost, all the samples have two step of weight loss through
an exothermic reaction.

3.5 Solubility test

The synthesized co-polymer samples were tested for the
solubility in chloroform, DMSO and NMP. The solubility of
synthesized copolymers of aniline increases with the
increase in the bulky substituent proportion in the
copolymer. The solubility of the synthesized co-polymers
arises mainly due to the steric groups, introduced by the
substituted alkyl groups in the polymer matrix. It has been
found that the solubility of the prepared co-polymer was
around 75% in chloroform, 65 % in DMSO and about 58 %
in NMP. The prepared samples are weakly soluble in water
only about 20 %. The solubility of the synthesized materials
increases with increase of oxidizing agent upto around 5 %.

CONCLUSION

The p(m-ABSA-co-Ani) co-polymers have been
synthesized by the simple chemical oxidation method at
various concentrations of oxidizing agent. The prepared
samples were tested for chemical bonding and electronic
structures by FT-IR, UV-Vis and EPR studies. FT-IR spectra
of all the samples contain all the characteristics band of Pani
with some other bands related to the sulfonic groups which
confirm the doping of Pani chains with sulfonic groups. The
FT-IR spectra of the prepared samples confirms the
synthesis of p(m-ABSA-co-Ani) co-polymer doped with
sulfonic acid. The UV-Vis spectra of the doped Pani
illustrate the synthesis of conducting form of Pani
(emeraldine salt) with oxidizing agent concentration. The
EPR studies of the synthesized samples show that the line
width of the EPR signal decreases with oxidizing agent
concentration (168mM) and increase beyond this
concentration. Whereas, the electrical conductivity of the
samples have just a reversal trend to the line width of EPR
signal. The thermal stability of the prepared samples was
determined from the TGA measurements. TGA
thermograms show two-step thermal degradation process of
the co-polymer samples. All the samples have a weight lost
of ~20% weight upto 100°C which attributed the weight loss

Journal of Integrated Science and Technology

pubs.iscience.in/jist

by the absorbed moisture. This is also infer that the samples
are highly porous and can be used for gas sensing
application. The thermal stability of the samples increases
with the oxidant. The co-polymer samples show around 75
% solubility in chloroform, 65% in DMSO and 58 % in
NMP.

ACKNOWLEDGEMENTS

Authors are grateful to Vice-Chancellor, University of
Delhi, Delhi, India for financial assistance for this work.

REFERENCES

1. P. Kathirgamanathan. High Perf. Polym. 1988, 5, 1-5.

2. P. Kathirgamanathan, P.N. Adams, K. Quill, A. E. Underhill. J.
Mater. Chem. 1991, 1, 138-141.

3. W. S. Huang, B. D. Humphrey, A.G. MacDiarmid. J. Chem. Soc.

Faraday Trans. 1986, 82, 2385-2400.

S.A. Chen, W.G. Fang. Macromol. 1991, 24, 1240-1242.

J.C. Chiang, A.G. MacDiarmid. Synth. Met. 1986, 13, 190-193.

M.Y. Hua, Y.N. Su, S.A. Chen. Polymer 2000, 41, 813-820.

J. Yue, AJ. Epstein. J. Am. Chem. Soc. 1990, 112, 2800-2805.

B.C. Roy, M.D. Gupta, L. Bhowmik, J.K. Ray. Synth. Met. 1999, 100,

233-240.

9. S.L. Mu, Y.J. Shi. Polym. Biomater. 1991, 82, 233-238.

10.C.T. Kuo, C.H. Chen. Synth. Met. 1999, 99, 163-167.

11.J. Yue, Z.H. Wang, K.R. Cromack, A.J. Epstein, A.G. MacDiarmid. J.
Am. Chem. Soc. 1991, 113, 2665-2671.

12.J. Yue, AJ. Epstein. Macromol. 1991, 24, 4441-4445.

13.M.T. Nguyen, P. Kasai, J.L. Miller, A.F. Diaz. Macromol. 1994, 27,
3625-3631.

14.S.A. Chen, G.W. Hwang. J. Am. Chem. Soc. 1995, 117, 10055-10062.

15.M. Leclerc, J. Guay, L.H. Dao. Macromol. 1989, 22, 649-653.

16. J.V. Chavalier, J.Y. Begeron, L.H. Dao. Macromol. 1992, 25, 3325-
3332.

17.P.S. Rao, D.N. Sathyanarayana. Synth. Met. 2003, 138, 519-527.

18.J. Fan, M. Wan, D. Zhu. J. Polym. Sci. 1998, 36, 3013-3019.

19.K. Nakanishi, P.H. Solomon. Infrared absorption spectroscopy, 2™ ed.
Tokyo: Nankodo, 1977.

20.S.A. Chen, G.W. Hwang. J. Am. Chem. Soc. 1994, 116, 7939-7940.

21.S. Sinha, S. Bhadra, D. Khastgir. J. Appl. Polym. Sci. 2009, 112,
3135-3140.

22.J.C. Scott, P. Pfluger, M.T. Krounbi, G.B. Street. Phys. Rev. B 1983,
28, 2140-2144.

23.T. Jeevananda, Siddaramaiah, S. Seetharamu, S. Saravanan, L.
D’Souza. Synth. Met. 2004, 140, 247-260.

24.V. Sitaram, A. Sharma, S.V. Bhat, K. Mizoguchi, R. Menon. Physical
Review B 2005, 72, 035209.

25.A.V. Kulikov, V.R. Bogatyrenko, O.V. Belonogova, L.S. Fokeeva,
A.V. Lebedev, T.A. Echmaeva, I. G. Shunina. Russ. Chem. Bull. Int.
Ed., 2002, 51, 2216.

26.S. Mu, C. Chen. J. Phys. Chem. B 2007, 111, 6998-7003.

27.T. Ohsawa, O. Kimura, M. Onoda, K. Yoshino. Synthetic Metals,
1992, 47, 151-156.

28.S.H. Khor, K.G. Neoh, E.T. Kang. J. Appl. Polym. Sci. 1990, 40,
2015-2025.

29.J. Yue, AJ. Epstein, Z. Zhong, P.K. Gallagher, A.G. MacDiarmid.
Synth. Met. 1991, 41, 765-768.

30.S. Bhadra, N.K. Singha, S. Chattopadhyay, D. Khastgir. J. Polym. Sci.
2007, 45, 2046-2059.

31.M. Baron, K.H. Hellwich, M. Hess, K. Horie, A.D. Jenkins, R.G.
Jones, J. Kahovec, P. Kratochvil, W.V. Metanomski, W. Mormann,
R.F.T. Stepto, J. Vohlidal, E.S. Wilks. Pure Appl. Chem. 2009, 81,
1131-1183.

32.K. Horie, M. Baron, R.B. Fox, J. He, M. Hess, J. Kahovec, T.
Kitayama, P. Kubisa, E. Marechal, W. Mormann, R.F.T. Stepto, D.
Tabak, J. Vohlidal, E.S. Wilks, W.J. Work. Pure Appl. Chem. 2004,
76, 889-906.

e R e

J. Integr. Sci. Technol., 2014, 2(2), 64-68 68



