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ABSTRACT

Inthis 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.

© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Thestudy of polythiophenes, PTh's, has been in-
tengfied over thelast decades. Between the properties
of these materials, one of the most notableisthe elec-
tric conductivity. However, conductivity isnot theonly
interesting property resulting from electron del ocaliza-
tion. Theoptical propertiesof thesemateriasrespond
to environmental stimuli, with dramatic color shiftsin
response to changesin solvent, temperature, applied
potential, or binding to other molecules. A number of
gpplications have been proposed for conducting PTh’s.
Potentid gpplicationsincludefid d-effect transistors?,
€lectroluminescent devises, solar cdlls, photochemica-
resists, nonlinear optic devises?, batteries, diodes, and
chemicd sensorg?.

A variety of reagents have been used to dope
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PTh’s. Iodine and bromine produce high conductivi-
tied¥, but are unstable and slowly evaporatefromthe
materia®™. Organic acidsincluding trifluoroacetic acid,
propionic acid, or sulfonic acidsproduce PTh's with
lower conductivitiesthan iodine, but with higher envi-
ronmental stabilities>. Oxidative polymerization with
ferric chloride can result in doping by residual cata-
lystt. Unsubstituted PTh’s are conductive after dop-
ing, and have excellent environmental stability com-
pared with some other conducting polymers such as
polyacetylene, but areintractable and solubleonly in
solutionslike mixtures of arsenic tri- or penta-fluo-
ride’®. However, in 1987 examples of organic-soluble
PTh’s were reported®*9,

The practical application of the conducting poly-
mersislimited mainly by problemsinthesynthesspro-
cessandtheringtability specidly after thedoping, which
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meansthat aspecia process of synthesisisnecessary,
aprocessincluding the use of aninert atmosphere or
vacuum. Because of theseinconvenienceswehavede-
cided to study the synthesisof polythiopheneinsidethe
channels of aporous material such asamesoporous
material (MM)29, After the polymerizationthesilica
channelsareinundated with chainsof polymer, thein-
organicinert walsact asaprotect case. Inthisway the
polymer’s tendency to disarrange is drastically reduced.
Thisroute bringsthe advantage that the materialscan
be stored and processin the presence of oxygen with-
out therisk of theateringitsproperties.

Theam of thiswork wasthe synthesisand charac-
terization of polythiophene doped with HCI or p-
tol uensulfonic acid supported on amesoporous materid,
MM, previously impregnated with an oxidant. Wetried
tofindarouteof polymerizationinwhichtherewasnoan
excessivewear of reagents. The obtained polymer was
characterized by infrared spectroscopy and the conduc-
tivity of thedoped polymer was determined.

EXPERIMENTAL

In order to obtain a supported conducting
polythiophenethe next stepswerefollowed: synthesis
of thesupport materid (MM), impregnation of the sup-
port with an oxidant, synthesisof the pol ythiophenein-
sidethesupport pores, characterization of the polymer
and measurement of conductivity.

Support synthesis. The MM support of the MCM-
41 typewas synthesized mixing asol ution of NH,OH
with asurfactant, hexadeciltrimethyl ammonia, and
tetramethylorthosilicate under vigorous stirring. The
solution wasfiltered, washed with distilled water, dried
at room temperaturefor 24 h, and then calcined at 550
°Cfor 4 h. The obtained materia wassubjectedtothe
nitrogen physisorptiontest. Thedetermined surfacearea,
porevolume and pore diameter were 1332 m?/g, 0.973
cm®/gand 29 A, respectively. The N, adsorption-des-
orptionisotherm and the X-ray powder diffraction data
areshownin reference?”, and the FTIR spectrum of
MM isshowninFigure 1.

I mpregnation: The support wastransformed into a
powder by crashingitinamortar, and thenit was soread
onawatch glass. An aqueoussolution of ferric chloride
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was prepared and distributed with asyringe on the sup-
port. Then the samplewasdried at room temperature
for 24 h. Severa sampleswith different amount of fer-
ric chloride (from 10to 22 wt. % of FeCl,6H,0) were
prepared, TABLE 1. Other seriesof sampleswerepre-
pared using anhydrous FeCl.,.

3000 2000
............

Figurel: FTIR spectrum of themesopourousmaterial MM.

TABLE 1: Amount of ferricchloridehexahydrate used for
theimpregnation of the mesopor ousmaterial M M.

Oxidant content

Wt.% FeClyBH,0, g

10 0.5367

12 0.6587

15 0.8224
165 0.9545

18 1.0603

20 1.2076

22 1.3624

Synthesisof polythiophene

TheFeCl_-containing MM support wasmixed with
chloroformin areaction vessal containing amagnetic
stirring bar. In other reaction vessel, thiophene was
added to chloroformwith constant stirring. Both solu-
tionswere mixed and the polymerization was carried
out for 24 h in anitrogen atmosphere. The obtained
solution wasfiltered and the PT confined inthe MM
wasdried inavacuum drier for 24h. The obtained dry
solid was characterized by FTIR spectroscopy.

Instrumental and materials

Fourier transformed infrared (FTIR) spectrawere
recorded in the 400-4000 cm* range on a Bruker-ten-
sor 27 spectrophotometer. Electric conductivity of the
PT-MM was measured with a Hanna Instruments
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conductimeter microprocessor logging HI 933300.
Aldrich supplied dl reactants used.

RESULTSAND DISCUSSION

During theexperimenta development different tests
of polymerizing were performed in the presence of an-
hydrous FeCl, or FeCl,:6H,0, supported on a
mesoporous material MM or without thesupport. The
testswereperformed by varying therate of impregna-
tion of the support. To measurethe conductivity of the
polymer the samples of the polymer weredissolvedin
delonized water.

Synthesisof PT-MM with anhydrousFeCl,in N,
atmosphere

PT-MM synthesiswasrealized in nitrogen atmo-
sphereusing anhydrousferric chlorideimpregnated on
theMM support from chloroform solution. Two solid
phaseswere obtained: ablack color solid which corre-
sponded to the unreacted ferric chlorideand abrown
solid which wasthe polythiopheneand which infrared
gpectrumisshowninFgure2. Inthe FTIR spectrum of
the PT-MM samplethefollowing signascan begppre-
ciated: aband at 1435 cmr* whichischaracteristic of
carbon-carbon double bonds, the bands at 840 cn?
and 581 cm indicating the presence of C-Sand C-S-

Clinks, respectively.

Figure2: Spectrum obtained from thebrown material inthe
synthesiscarried out with ferric chloridein anitrogen atmo-
spherewithout themesopor ousmaterial, you can seetheband
in 1600 cm, char acteristic of car bon - carbon doublebonds,
thebandsat 840 cm* and 581 cmindicatestheexistence of
car bon-sulphur bonds.

Synthesisof PT-MM using FeCl -6H.,O suppor ted
on MM

Thissynthesiswasperformed several timeswith

different amounts of ferric chlorideimpregnated on
themesoporousmateria, TABLE 1. Whenthe amount
of ferric chloridewasequal to 16.5 wt. %, an orange-
brown color solid was obtained. Thiscolor ischarac-
teristic of anon-doped polythiophenestate. Infigure
3, the corresponding FTIR spectrum shows bands
near 1400 cm, 800 cm™* and 560 cm'* correspond-
ing to thiophene. The displacement was attributed to
the support.

‘‘‘‘‘‘

Figure3: Spectrum of the polymer synthesized in thepres-
enceof the mesopor ousmaterial impregnated with 16.5 wt.
% of ferric chloride hexahydrate, the bands at 1600 cm,
840 cmand 560 cm® confirmthe presenceof polythiophene,
thedisplacement isattributed tothe support.

Synthesisof PT-MM using anhydrous FeCl, sup-
ported on MM

Severd trid swere conducted varying theamount
of the anhydrous FeCl , 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?,
800 cm't, and 560 cnt. 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 samplewith 12 wt. % of
FeCl...

TABLE 2: Amount of anhydrousferric chlorideused for the
impregnation of the mesoporousmaterial MM in nitrogen
atmosphere.

Oxidant content

wt. % Anhidrous FeCl;, g
6 0.1848
12 0.3949
15 0.5111
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Figure4: Spectrum of the polymer synthesized inthepres-
enceof mesoporousmaterial MM impregnated with 12wt. %
of anhydrousferricchlorideandin nitr ogen atmospher e, note
thebandsat 1600 cm, 840 cm™, and 560 cm™ char acteristic
of the polythiophene, the displacement isattributed tothe
presenceof thesupport.

CONDUCTIVITY

TABLE 3 showsresultsfrom theconductivity mea-
surementsfor the polythiophenes obtained under dif-
ferent conditions.

TABLE 3: Polymer conductivity valuesregistrated for PTh’s
obtained under different reaction pathway conditions.
Dopant a=P-toluensulfonic acid, dopant b = hidrocloric acid.

Sample aﬁliicéjlrso ggfg Dopant
PT pure 2.61x10°
PT a-doped 1.15x 10
PT b-doped 8.57x 107 b

PT supported on MM 1076 x 107 5.64 x 107
PT a-doped, supportedon MM 1.06 x 10° 8.11 x 10*

PT b-doped supported on MM~ 9.74x 10* 256x10* b
PT a-doped supported on MM.

In the presence of solar light.

Asit can be seen, the experiments can be sepa-
rated into two groups, in thefirst one anhydrous FeCl
was used, and in the second one hydrated FeCl -6H,0
wasemployed, either with or without support. Further-
more, it can be noted that the samples doped with hy-
drochloric acid or p-toluenesulfonic acid showed bet-
ter conductivity resultsthan corresponding undoped ref-
erences. The polymersobtained with anhydrous FeCl.,
in chloroform solution were aways better conductor
than the polymersobtained with hydrated FeCl -6H,0.
The polymer obtained with anhydrousferric chloride
supported on the mesoporous material MM and doped
with p-tol uensulfoni ¢ acida so had ahigh conductivity,

9.87x10° 9.63x10% a
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only dightly below the polymer obtained withthesame
catalyst and dopant but without the support. However,
the advantageof thefirst isthestability of PT given by
the support. Thisconductivity stability can be attrib-
uted to the support because itreduce the interaction
between the polymer and the humidity from theatmo-
sphere, avoiding the dedoping of the polymer ashas
been shown for poly (2-octylthiophene) in reference
21. Aavapiriyanont and coworkers? havea so shown
that the presence of small amount of water affectsthe
rate of growth and the polymer conductivity.

Alsoin TABLE 3 the conductivity values obtained
for undoped polythiophenes are shown, thesehavea
low dectrica conductivity of around 107, in agreement
with the range of 10%° — 10® S/cm known'®! for
undoped conjugated polymers.

CONCLUSIONS

Polythiophenewas prepared ins dethe channel s of
amesoporousmaterial MM of theMCM-41type. The
samplewith the highest conductivity, 1.15x 10 Scn?,
wasthe sample prepared with 16.5 wt. % of oxidant
(anhydrous FeCl.)) doped with p-toluensulfonic acid.
Performance of the PT synthesis inside the MM-
mesopore channel sallowed usanincreasein the stabil-
ity of the obtained PT.
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