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A Conducting Composite of
Polythiophene: Synthesis and
Characterization
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Abstract: Conducting polymer composites of polythiophene, using a polyamide
as the insulating matrix, were prepared via electrochemical methods. The characterization of the composite was done by scanning electron microscopy, differential scanning calorimetry, thermogravimetric analysis, Fourier transform infrared
and pyrolysis studies. The conductivities were measured by a four-probe technique. The cited methods revealed that the composites have properties different
from those of simple mechanical mixtures of the two polymers.
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INTRO DUCTlON

of the polymer decreases, whereas during electrochemical synthesis of the conducting polymer on an electrode
coated with an insulating polymer, the conductivity of
Conjugated polymers are of special interest because of
the resultant electrolytic film is maintained and the
the potential for a unique combination of electrical and
mechanical properties are improved. This paper concenmechanical properties. The high electrical conductivity
trates on the synthesis and characterization of homogeof heteroatomic polymers, such as polythiophene (PTh),
neous composites of polythiophene on a polyamide
polyaniline, polypyrrole and polyfuran, have spurred
(PA) coated electrode. The characterization of the freeinterest in the use of these materials for electronic and
standing films was done by means of scanning electron
There have been various
chemical applications.
microscopy (SEM), differential scanning calorimetry
studies on the synthesis of such polymers and their
(DSC), thermogravimetric analysis (TGA), Fourier
Several groups have reported that their
transform infrared (FTIR) and direct and indirect pyrolelectrochemical polymerization can be carried out on
an electrode coated with an insulating p ~ l y m e r . ' ~ . ' ~ ysis mass spectrometry (MS) analyses.
The main aim is to obtain homogeneous composites
having the properties of both polymers, at least to a
certain extent. It is known that these heterocyclic polymers possess poor mechanical properties and proEXPERIMENTAL
cessability. In recent years, several attempts have been
made to overcome these problem^,'^-'^ in particular by
PTh/PA composites were prepared by electrochemical
blending with conventional polymers. However, mechapolymerization of thiophene onto a PA-coated elecnical blending is undesirable, because the conductivity
trode at a constant potential of 1-8V versus a
Ag0/Agf(10-') reference electrode. The electropoly* To whom all correspondence should be addressed. Present
merizations were carried out with a potentioscan
address: Department of Chemistry, Bilkent University, 06533
Ankara, Turkey.
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The PA films were dip-coated from chloroform solution (10mg1-') of a commercial polyamide resin
(Aldrich Co. 19, 101-9; a 20-carbon aliphatic amide
with T, = 95°C). The amounts of insulating and conducting polymer were gravimetrically determined.
The polymerizations were carried out in a threecompartment cell equipped with Pt foils (1.5 cm'), as
the working and the counter electrodes, and a capillary
Ago/Agf as the reference electrode. The solvent was
acetonitrile (Aldrich Co. 27, 071-7), and the electrolyte
was tetrabutylammonium tertrafluoroborate (Aldrich
Co. 21, 7966-4). To be sure that there were no changes
in the structure or in the weight of the insulating
polymer, blank runs with PA-coated electrodes were
carried out in the same medium containing no thiophene.
Conductivities of the samples were measured via a
four-probe technique. The composites were characterized by FTIR (Nicolet 510 FT-Spectrometer), DSC (TA
Instruments Thermal Analyst 2000 System), TGA (Du
Pont Instruments 951 Thermogravimetric Analyzer)
and SEM (JEOL JSM-6400 Scanning Microscope). The
experimental set-up used in direct and indirect pyrolysis
analyses by MS has been explained in detail in our previous publications.20~21
Direct pyrolysis MS equipment
basically consists of a direct insertion pyrolysis probe
designed in our laboratories, a Balzers QMG 31 1 quadruple mass spectrometer and a personal computer for
the control of the instrument and data acquisition and
processing. In the case of indirect pyrolysis MS studies
for the analysis of evolved gases, a pyrolysis chamber
was used instead of the probe.

RESULTS AND DISCUSSION

The electro-oxidation of thiophene on a PA-coated
anode gives rise to a film whose colour changes from
green to black as the doping state increases.
Free-standing films were obtained by peeling them off
the electrode surface. Since the films are highly affected
by moisture in the air, they were dried under vacuum
and kept in dry N, atmosphere before conductivities
were measured. The relation between the conductivity
and the composition of the free-standing films is given
in Fig. 1. A threshold conductivity of about 0.1 Scm-'
is reached at c. 30% PTh content in the composite films.
When the films were washed with chloroform (the
solvent for PA) for several weeks, no changes were
found in the weight; the films did not dissolve even
when they were refluxed in chloroform for several days.
The surface appearance of the washed and unwashed
films remained the same, as did the conductivity. SEM
micrographs of the composites show that PTh grows
uniformly in the host polymer (PA). Polythiophene
crests grow out of the surface of the coated electrode
toward the solution, producing the so-called cauliflower
picture (Fig. 2). These observations indicate that there is
a certain chemical interaction other than a simple
physical adhesion in between the two polymers.
The DSC studies (Fig. 3) show different thermal
behaviours for PA, PTh, PA-PTh simple mechanical
mixture and the electrolytic film. The glass transition
temperature (T,) of PA is around 88°C and in the
mechanical mixture the same can clearly be seen,
whereas in the electrolytic film no T, due to PA was
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Fig. 1. Conductivities of PA/PTh films.
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Fig. 2. SEM micrographs: (A) pure PTh, solution side; (B) PTh/PA electrolytic film, solution side; (C)washed PTh/PA electrolytic
film; (D) PTh/PA electrolytic film, electrode side.

observed. The mechanical mixture shows the thermal
behaviour of the PA (c. SOT) and that of PTh (c. 205
and 300"C), whereas the electrolytic film reveals a different endotherm at around 107°C.
Thermogravimetric analysis of the electrolytic films
shows different patterns to that of the mechanical
mixture of the two polymers (Fig. 4). There is no loss
peak for PA in the case of the electrolytic film, while for
the mechanical mixture the loss peak due to PA is
clearly evident. This weight loss pattern for the composite film can be considered as evidence of higher heat
resistance, with no indication of the presence of free
polyamide. This conclusion is based on the absence of a
445°C peak, which is only due to the insulating
polymer.
FTIR spectra of the pure polymers and their mechanical mixture are studied in comparison with that of the
composite films (Fig. 5). The electrolytic free-standing
film [Fig. (5(D)] has a somewhat different pattern
compare to the mechanical mixture [Fig. 5(C)], especially in the low wavenumber region.
In order to be more specific as to the differences in
the spectra, pyrolysis studies were carried out. Studies
on thermal stabilities and degradation products of the
POLYMER INTERNATIONAL VOL. 41, NO. 3, 1996

PA, PTh, the mechanical mixture and the electrolytic
film (PA/PTh) by direct and indirect pyrolysis MS techniques offer another means of assessing the nature of
the product. Direct pyrolysis mass spectra of PA and
PTh samples were quite typical.
Characteristic peaks of both long hydrocarbon chains
and amide groups were present in the direct pyrolysis
mass spectra of PA. The main decomposition occurred
in a narrow temperature range of 215 to 235°C.
Maximum product yield was observed at 226°C. In the
case of PTh, the decomposition started at very low temperatures, just above 50"C, mainly yielding small molecular weight fragments.
Diagnostic peaks for both PA and PTh were present
in the direct pyrolysis mass spectra of the mechanical
mixture. The thermal behaviour of each component
resembled that of the corresponding homopolymer. On
the other hand, direct pyrolysis of the electrolytic film
produced notably different spectra. Disappearance of
the diagnostic peaks for PA was particularly significant.
Figure 6 shows the variation of the relative intensity
(intensities are given relative to the normalized base
peak in the pyrolysis mass spectra of each sample) of
the peak at 140amu, due to characteristic cleavage of
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Fig. 6. Direct pyrolysis: (A) polyamide; (B) mechanical mixture (50% PTh wt/wt); (C) electrolytic film (50% PTh wt/wt).
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Fig. 7. Indirect pyrolysis: (A) polythiophene; (B) mechanical mixture (50% PTh wt/wt); (C) electrolytic film (SOYOPTh wt/wt).
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secondary amide groups, as a function of temperature
during the direct pyrolysis of PA, PA-PTh mechanical
mixture and the electrolytic film. These results indicate
that extensive chemical processes must have taken place
in the PA film during the electrochemical polymerization of thiophene.
Indirect pyrolysis evolved-gas analysis data also
support the direct pyrolysis findings. A particular point
that should be mentioned is H2S formation (Fig. 7).
During the indirect pyrolysis of PTh, H2S generation
occurred at elevated temperatures. This indicates that
its production is mainly due to secondary reactions of
sulphur produced in the initial stages of decomposition.
The presence of PA in the pyrolysis chamber enhanced
H2S production. Yet it is clear from the figure that its
generation during the thermal degradation of the electrolytic film was much more pronounced. The production of H,S in the low temperature range in this
sample may be due to expulsion of HS from the
polymer chain, which can further react to produce H2S
even at low temperatures. The presence of HS may be
additional evidence for chemical interactions between
PA and PTh in the electrolytic film.
A detailed study of the thermal degradation products
of the samples is in progress.
CONCLUSIONS

Thermal and spectroscopic studies support the evidence
for the existence of an alloy film formed by the two
polymers, PA and PTh. SEM micrographs of the composites show that PTh diffuses through the host
polymer (PA), producing a uniform network in the composite. Pyrolysis analysis of the electrolytic films reveals
that there exists a possible chemical interaction between
the insulating and the conducting polymer during the
polymerization of thiophene.
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