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Investigation of Spectroscopic and Thermal
Properties of Poly(o-toluidine) Doped with
Polymeric Acids

MILIND V. KULKARNI, ANNAMRAJU KASI VISWANATH,
AND P. K. KHANNA

Photonics and Advanced Materials Laboratory, Center for Materials
for Electronics Technology (C-MET), Panchawati, Pune, India

Single step polymerization of poly(o-toluidine) was carried out by using ammonium
persulphate as an oxidizing agent. Formation of the conducting emeraldine salt
phase of the polymer was confirmed by the UV-visible and FT-IR spectroscopic
analysis. The elemental composition of the polymer was evaluated by using a CHNS
analyzer. Thermal stability of these polymers was investigated by the thermogravi-
metric analysis. Among the three polymeric acids used for doping purposes,
poly(acrylic acid) doped material was found to show less thermal stability compared
to poly(styrene sulphonic acid) and poly(vinyl sulphonic acid) doped poly(o-toluidine).

Keywords polymers, chemical synthesis, spectroscopy, thermal stability

Introduction

Electroactive polymers have attracted a great deal of attention during the past decades
because of their unusual electrical/electronic properties. Among them, polyaniline is
one of the best candidates for various technological applications due to its moderately
high conductivity, good environmental stability and facile synthesis process (1-4).
However, it has been observed in recent investigations that, the substituted derivatives
of polyaniline could also serve as a good alternative for unsubstituted polyaniline with
comparable conductivities.

Polymerization of aniline derivatives has been widely investigated for the
improvement of processability and other properties of conductive polyaniline. The use
of some aniline derivatives causes improvements in some of the physical and chemical
characteristics, such as stability and solubility. A good conductivity could be achieved
when polyaniline is doped or protonated with acids like HCI, H,SO,, or some organic
sulphonic acids. Also, there has been many reports on the use of polymeric acid
dopants for polyaniline (5—8). However, little attention has been given to the substituted
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derivatives of polyaniline synthesized using polymeric acid dopants. We have taken up a
systematic investigation of conducting polymers (9—14) and polymers doped with suitable
molecules for the development of humidity sensors (15—-17).

In the present work, we have synthesized poly(o-toluidine) doped with polymeric
acids [like poly(styrene sulphonic acid) PSSA, poly(vinyl sulphonic acid) PVSA, and
poly(acrylic acid) PAA] by the chemical oxidative polymerization method. The
physico-chemical properties of the polymers were investigated by studying their
spectroscopic and thermal analysis. The effects of the substituent on the properties of
the polymer are also discussed.

Experimental

All chemicals used were of Analytical reagent (AR) grade and used as received. The
polymerization of the monomer, (o-toluidine) was initiated by the dropwise addition of
the oxidizing agent (ammonium persulphate) in an acidified solution prepared using
doubly distilled water under constant stirring at 0—5°C. The monomer to oxidizing
agent ratio was kept as 1:1. After complete addition of the oxidizing agent, the reaction
mixture was kept under constant stirring for 24 h. The precipitated polymer was filtered
and washed with distilled water until the filtrate was colorless. Finally, the polymer was
dried in an oven at 70°C for 12 h.

The UV-visible spectra of the polymer solution in m-cresol were recorded by using a
Hitachi-U3210 spectrophotometer in the range of 300—900 nm. FT-IR spectra of the
polymer were taken on a Perkin-Elmer-Spectrum 2000 spectrophotometer between
400—4000cm ™~ '. The samples were prepared in the pellet form using spectroscopic
grade KBr powder. The elemental composition of the material was estimated by using a
CE Instruments EA-1110 CHNS analyzer. A thermogram of the polymer sample was
recorded using a Mettler-Toledo 851 thermogravimetric analyzer in the presence of N,
atmosphere from RT to 900°C at a heating rate of 10°C/min.

Results and Discussion

Figure 1(a—c) shows the optical absorption spectra of poly(o-toluidine) synthesized by
using different polymeric acids. The spectra were recorded by using m-cresol as a
solvent. As seen from the figure, in m-cresol, all three polymers exhibit a strong peak
at 320nm and a broad peak at 720 nm, together with small shoulders at 420 nm and
540 nm.

The sharp peak at 320 nm corresponds to the 7-7r* transition of the benzenoid rings,
while, the broad peak at 720nm is due to the conducting emeraldine salt phase of
the polymer. The absorption band appearing as a shoulder at 420 nm can be assigned to
the localized polarons, which is characteristic of the protonated polyaniline, whereas the
shoulder at 540 nm represents the insulating pernigraniline phase of the polymer (18, 19).

In poly(o-toluidine), the bands in UV-visible spectra, corresponding to the different
oxidation states of the polymer, are found to appear at a shorter wavelength as
compared with polyaniline. This blue shift in the optical bands can be attributed to the
different molecular orientations and to the decrease of conjugation in the polymer chains.

It has been reported in the literature that not only the electronic effect of the methyl
substituent is responsible for the blue shift of the absorption maxima, but also the steric
effect, the electronic effect of the substituent must also be taken into account (20).
Bredas et al. (21) have reported that the presence of some substituents can induce some
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Figure 1. UV-Visible spectra of poly(o-toluidine) doped with a) PSSA, b) PVSA, and c) PAA.

non-planar conformations that decrease the conjugation length and hence, the blue shift in
the absorption spectra. The presence of different bands in the spectrum clearly shows that
the polymer is composed of different oxidation states (insulating and conducting phase)
of the polymer.

Figure 2(a—c) represents the FT-IR spectra of the poly(o-toluidine) doped with
polymeric acids, and the peak locations related to the corresponding chemical bonds
are listed in Table 1. The key bands observed from the figure, as well as from Table 1,
are in good agreement with the IR frequencies of poly(o-toluidines) (22, 23).
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Figure 2. FT-IR spectra of poly(o-toluidine) doped with a) PSSA, b) PVSA, and c) PAA.

The presence of strong bands corresponding to quinoid and benzenoid ring and the bands
for the dopant ion clearly indicate the formation of a conducting emeraldine salt phase of
the polymer and supports the UV-visible spectroscopic results.

Table 2 represents the % composition of the various elements (viz. C, H, N and S)
present in the polymer. The presence of sulphur in PSSA and PVSA doped
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Table 1
Characteristic frequencies of chemically synthesized polymeric acid doped poly
(o-toluidine)

Wavenumber (cm l)

PSSA PVSA PAA Band characteristics
577.26 574.96 575.341  C-H out of plane bending vibration
750.24 750.23 — SO;3 attached to the aromatic rings
813.21 823.16 812.48 Paradisubstituted aromatic rings indicating polymer
formation

875.57 879.26 879.21 Due to the methyl group attached to the phenyl ring
1113.69 1115.20  1111.23 C-H in plane bending vibration
1158.69 1157.46 1156.67 Vibration band of the dopant anion
1212.91 1219.83  1268.03 v (C-N) in QB.Q, QBB and BBQ
6 (OH) + v (C-0) of COOH
o o 1407.03 vs (CO,) of carboxylate group
1499.74 1498.72  1497.22 C—N stretching of benzenoid rings
1592.22 1591.21 1592.46 C—N stretching of quinoid rings
— — 1716.12 v (C=0) of polyacrylic acid
2350.74 2354.24 2354.18 v (N=H)" unsaturated amine
2925.37 3033.21  2966.78 C—H stretching due to substituent methyl group
3334.98 325091  3330.75 >N-H stretching vibration

poly(o-toluidine) confirms the efficient doping of the iminic nitrogen atom of the polymer,
which is responsible for the conducting phase of the polymer.

Figure 3(a—c) displays the thermal profiles of poly(o-toluidine) doped with polymeric
acids. They exhibit a typical three-step decomposition pattern similar to the thermal
degradation of HCI doped poly(o-toluidine). The first step starting almost from room tempera-
ture and going up to 130°C, corresponds to the expulsion of water molecules from the polymer
matrix. The second step, from 220°C to 270°C is associated with the elimination of the dopant
(dedoping) and degradation of the small chain fragments. The third step, starting from 270°C
onwards, represents the degradation and decomposition of the polymer backbone. This kind of
TGA pattern is generally observed in substituted polyanilines (24, 25).

On comparison, among the thermograms for the three different polymeric acids, it is
observed that, in the case of polyacrylic acid doped poly(o-toluidine), more weight

Table 2
Elemental composition of the poly(o-toluidine) doped with
polymeric acids

Polymer %C %H 90N %S
P(o-tol)-PSSA 64.15 5.73 8.76 2.68
P(o-tol)-PVSA 64.37 5.80 9.64 3.34

P(o-tol)-PAA 66.60 5.78 9.42 —
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Figure 3. Thermograms of poly(o-toluidine) doped a) PSSA, b) PVSA, and c) PAA.

loss is observed in the first step of weight loss than that of PSSA and PVSA doped poly(o-
toluidine). However, the second step loss associated for the dedoping is very slow and
extending over a broad temperature range in the case of PSSA doped poly(o-toluidine).
On the other hand, a very rapid and fast weight loss is observed in the PVSA and PAA
doped polymer. In PSSA and PVSA, 50% wt loss is observed up to 520°C, while, in
poly(acrylic acid) doped polymer 50% wt loss is observed only up to 460°C, indicating
the less thermal stability of the poly(acrylic acid) doped material compared to PSSA
and PVSA doped poly(o-toluidine). This could be due to the less thermal stability of
polyacrylic acid moiety, which undergoes fast thermal decomposition at a very early
temperature range.
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Conclusions

From the spectroscopic (UV-vis. and FT-IR studies) it is observed that the presence of
conducting emeraldine salt phase of the polymer, confirms that the polymeric acids effi-
ciently dope the iminic nitrogen site of the poly(o-toluidine). Thermal properties are
also found to be affected by the nature of the dopant ions. Among the three acids used
for the doping purpose, poly(o-toluidine) doped with PSSA and PVSA shows good
thermal stability. Where as, poly(acrylic acid) doped material is found to be less
thermally stable.
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