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INTRODUCTION

The study of polythiophenes, PTh´s, has been in-

tensified over the last decades. Between the properties
of these materials, one of the most notable is the elec-
tric conductivity. However, conductivity is not the only
interesting property resulting from electron delocaliza-
tion. The optical properties of these materials respond
to environmental stimuli, with dramatic color shifts in
response to changes in solvent, temperature, applied
potential, or binding to other molecules. A number of
applications have been proposed for conducting PTh´s.

Potential applications include field-effect transistors[1],
electroluminescent devises, solar cells, photochemical-
resists, nonlinear optic devises[2], batteries, diodes, and
chemical sensors[3].

A variety of reagents have been used to dope
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In this study, doped homopolymers of thiophene were synthesized by chemi-
cal oxidative polymerization. The polymerization was carried out inside a
mesoporous material of the MCM-41 type avoiding the polymer instability
after the doping. The polymer was characterized by FTIR spectroscopy and
the conductivity of the doped polymer was determined.
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PTh´s. Iodine and bromine produce high conductivi-

ties[4], but are unstable and slowly evaporate from the
material[5]. Organic acids including trifluoroacetic acid,
propionic acid, or sulfonic acids produce PTh´s with

lower conductivities than iodine, but with higher envi-
ronmental stabilities[5,6]. Oxidative polymerization with
ferric chloride can result in doping by residual cata-
lyst[7]. Unsubstituted PTh´s are conductive after dop-

ing, and have excellent environmental stability com-
pared with some other conducting polymers such as
polyacetylene, but are intractable and soluble only in
solutions like mixtures of arsenic tri- or penta-fluo-
ride[8]. However, in 1987 examples of organic-soluble
PTh´s were reported[9-19].

The practical application of the conducting poly-
mers is limited mainly by problems in the synthesis pro-
cess and their instability specially after the doping, which
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means that a special process of synthesis is necessary,
a process including the use of an inert atmosphere or
vacuum. Because of these inconveniences we have de-
cided to study the synthesis of polythiophene inside the
channels of a porous material such as a mesoporous
material (MM)[20]. After the polymerization the silica
channels are inundated with chains of polymer, the in-
organic inert walls act as a protect case. In this way the
polymer�s tendency to disarrange is drastically reduced.

This route brings the advantage that the materials can
be stored and process in the presence of oxygen with-
out the risk of the altering its properties.

The aim of this work was the synthesis and charac-
terization of polythiophene doped with HCl or p-
toluensulfonic acid supported on a mesoporous material,
MM, previously impregnated with an oxidant. We tried
to find a route of polymerization in which there was no an
excessive wear of reagents. The obtained polymer was
characterized by infrared spectroscopy and the conduc-
tivity of the doped polymer was determined.

EXPERIMENTAL

In order to obtain a supported conducting
polythiophene the next steps were followed: synthesis
of the support material (MM), impregnation of the sup-
port with an oxidant, synthesis of the polythiophene in-
side the support pores, characterization of the polymer
and measurement of conductivity.

Support synthesis: The MM support of the MCM-
41 type was synthesized mixing a solution of NH

4
OH

with a surfactant, hexadeciltrimethyl ammonia, and
tetramethylorthosilicate under vigorous stirring. The
solution was filtered, washed with distilled water, dried
at room temperature for 24 h, and then calcined at 550
oC for 4 h. The obtained material was subjected to the
nitrogen physisorption test. The determined surface area,
pore volume and pore diameter were 1332 m2/g, 0.973
cm3/g and 29 Å, respectively. The N

2
 adsorption-des-

orption isotherm and the X-ray powder diffraction data
are shown in reference[20], and the FTIR spectrum of
MM is shown in Figure 1.

Impregnation: The support was transformed into a
powder by crashing it in a mortar, and then it was spread
on a watch glass. An aqueous solution of ferric chloride

Synthesis of polythiophene

The FeCl
3
-containing MM support was mixed with

chloroform in a reaction vessel containing a magnetic
stirring bar. In other reaction vessel, thiophene was
added to chloroform with constant stirring. Both solu-
tions were mixed and the polymerization was carried
out for 24 h in a nitrogen atmosphere. The obtained
solution was filtered and the PT confined in the MM
was dried in a vacuum drier for 24h. The obtained dry
solid was characterized by FTIR spectroscopy.

Instrumental and materials

Fourier transformed infrared (FTIR) spectra were
recorded in the 400-4000 cm-1 range on a Bruker-ten-
sor 27 spectrophotometer. Electric conductivity of the
PT-MM was measured with a Hanna Instruments

was prepared and distributed with a syringe on the sup-
port. Then the sample was dried at room temperature
for 24 h. Several samples with different amount of fer-
ric chloride (from 10 to 22 wt. % of FeCl

3 
6H

2
O) were

prepared, TABLE 1. Other series of samples were pre-
pared using anhydrous FeCl

3
.

Figure 1 : FTIR spectrum of the mesopourous material MM.

TABLE 1 : Amount of ferric chloride hexahydrate used for
the impregnation of the mesoporous material MM.

Oxidant content 

wt.% FeCl3?6H2O, g 

10 0.5367 

12 0.6587 

15 0.8224 

16.5 0.9545 

18 1.0603 

20 1.2076 

22 1.3624 
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conductimeter microprocessor logging HI 933300.
Aldrich supplied all reactants used.

RESULTS AND DISCUSSION

During the experimental development different tests
of polymerizing were performed in the presence of an-
hydrous FeCl

3
 or FeCl

3
·6H

2
O, supported on a

mesoporous material MM or without the support. The
tests were performed by varying the rate of impregna-
tion of the support. To measure the conductivity of the
polymer the samples of the polymer were dissolved in
deionized water.

Synthesis of PT-MM with anhydrous FeCl3 in N2

atmosphere

PT-MM synthesis was realized in nitrogen atmo-
sphere using anhydrous ferric chloride impregnated on
the MM support from chloroform solution. Two solid
phases were obtained: a black color solid which corre-
sponded to the unreacted ferric chloride and a brown
solid which was the polythiophene and which infrared
spectrum is shown in Figure 2. In the FTIR spectrum of
the PT-MM sample the following signals can be appre-
ciated: a band at 1435 cm-1 which is characteristic of
carbon-carbon double bonds, the bands at 840 cm-1

and 581 cm-1 indicating the presence of C-S and C-S-
C links, respectively.

Synthesis of PT-MM using anhydrous FeCl3 sup-
ported on MM

Several trials were conducted varying the amount
of the anhydrous FeCl

3
 on the support, TABLE 2.

When the amount of the oxidant was equal to 12 wt.
%, the obtained material hadan orange color. The cor-
responding FTIR spectrum, Figure 4, showed the
characteristic bands of polythiophene near 1400 cm-1,
800 cm-1, and 560 cm-1. Samples prepared with other
amounts of oxidant also showed these bands, but the
coloration was more tenuous, besides that the ab-
sorbance was higher for the sample with 12 wt. % of
FeCl

3
.

Figure 2 : Spectrum obtained from the brown material in the
synthesis carried out with ferric chloride in a nitrogen atmo-
sphere without the mesoporous material, you can see the band
in 1600 cm-1, characteristic of carbon - carbon double bonds,
the bands at 840 cm-1 and 581 cm-1 indicates the existence of
carbon-sulphur bonds.

Synthesis of PT-MM using FeCl3·6H2O supported
on MM

This synthesis was performed several times with

different amounts of ferric chloride impregnated on
the mesoporous material, TABLE 1. When the amount
of ferric chloride was equal to 16.5 wt. %, an orange-
brown color solid was obtained. This color is charac-
teristic of a non-doped polythiophene state. In figure
3, the corresponding FTIR spectrum shows bands
near 1400 cm-1, 800 cm-1 and 560 cm-1 correspond-
ing to thiophene. The displacement was attributed to
the support.

Figure 3 : Spectrum of the polymer synthesized in the pres-
ence of the mesoporous material impregnated with 16.5 wt.
% of ferric chloride hexahydrate, the bands at 1600 cm-1,
840 cm-1 and 560 cm-1 confirm the presence of polythiophene,
the displacement is attributed to the support.

TABLE 2 : Amount of anhydrous ferric chloride used for the
impregnation of the mesoporous material MM in nitrogen
atmosphere.

Oxidant content 

wt. % Anhidrous FeCl3, g 

6 0.1848 

12 0.3949 

15 0.5111 



M.A.Mora et al. 37

Full  Paper
RRPL, 2(1) 2011

Research & Reviews In
Polymer

CONDUCTIVITY

TABLE 3 shows results from the conductivity mea-
surements for the polythiophenes obtained under dif-
ferent conditions.

Figure 4 : Spectrum of the polymer synthesized in the pres-
ence of mesoporous material MM impregnated with 12 wt. %
of anhydrous ferric chloride and in nitrogen atmosphere, note
the bands at 1600 cm-1, 840 cm-1, and 560 cm-1 characteristic
of the polythiophene, the displacement is attributed to the
presence of the support.

only slightly below the polymer obtained with the same
catalyst and dopant but without the support. However,
the advantage of the first is the stability of PT given by
the support. This conductivity stability can be attrib-
uted to the support because itreduce the interaction
between the polymer and the humidity from the atmo-
sphere, avoiding the dedoping of the polymer as has
been shown for poly (2-octylthiophene) in reference
21. Aavapiriyanont and coworkers[22] have also shown
that the presence of small amount of water affects the
rate of growth and the polymer conductivity.

Also in TABLE 3 the conductivity values obtained
for undoped polythiophenes are shown, these have a
low electrical conductivity of around 10-7, in agreement
with the range of 10-10 � 10-8 S/cm known[23] for
undoped conjugated polymers.

CONCLUSIONS

Polythiophene was prepared inside the channels of
a mesoporous material MM of the MCM-41 type. The
sample with the highest conductivity, 1.15 x 10-2 Scm-1,
was the sample prepared with 16.5 wt. % of oxidant
(anhydrous FeCl

3
) doped with p-toluensulfonic acid.

Performance of the PT synthesis inside the MM-
mesopore channels allowed us an increase in the stabil-
ity of the obtained PT.
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