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OPTIMISATION OF THE ELECTROSYNTHESIS OF POLYTHIOPHENE AND
POLYSELENOPHENE FILMS.

CLAUDE CHORRO, BERTIL MOUKALA, JEAN-PIERRE LERE-PORTE, JEAN
PETRISSANS.

Laboratoire de Chimie Générale, Université de Montpellier,
Place Eugéne Bataillon , 34095 Montpellier Cedex 5 , France.

Abstract Conditions were improved in the electrochemical prepara-
tion of polythiophene and polyselenophene films in order to increa-
se the conductivity and stability of doped films and to improve the
reproducibility of the synthesis. The effect of the following
parameters were studied:nature and temperature of the solvent,
ageing of the solution, nature of the doping anion, nature of the
monomer, thickness of the film.

INTRODUCTION

Conducting polymers have constitued a growing field of science and
engineering for ten years since polyacetylene was discovered to be
higly conducting upon doping with,for example,iodine and arsenic penta-
fluoridel. After this discovery a large set of conductive polymers has
been synthesized by chemical or electrochemical methods : polyaroma-
tics (polyparaphenylene, polyparaphenylene sulfide), polyheterocycles
( polypyrrole, polythiophene, polyselenophene). Polyheterocycles such
as polypyrrole, polythiophene and polyselenophene are interesting
because they are easily synthesized as free standing films by electro-
oxydation of a monomer dissolved in an electrolytic solution. The
resulting polymers are made to be highly conducting by in situ do-’
ping with anion species of the supporting electrolyte.

Industrial anplications of such compounds require high conductivis
ty, stability toward atmosphere and reproducibility of the synthesis.
Optimisation of the conductivity of polythiophene (PT) and polymethyl-
thiophene (PMeT) electrochemically generated has been intensively stu-
died by several research ;;;roupsz_ls . In France, Garnier and C016_11
have improved the conductivity of PMeT by varying experimental

conditions such as monomer concentration, thickness of the film and
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electrolyte anion. To our knowledge, the problem related to the stabili-
ty and reproducibility has received less attention. We present in this
paper first results on the optimisation of the electrosynthesis of PT
and polyselenophene (PSe) films in order to improve simultaneously
the conductivity and the stability of the compounds and the reprodu-

cibility of these synthesis. We report results concerning the effect of
the following parameters:

- nature and temperature of the solvent,

- nature of the doping anion,

- nature of the monomer,

-~ ageing of the solution;

-~ thickness of the film.

EXPERIMENTAL SECTION

The electrochemical synthesis was performed in an one-compartment cell
using an KG&G potentiostat model 363 under computer control. The wor-
king and counter electrodes were platinum sheets (2x2.5 cm) placed at
1.8 cm and the anodic potential was measured versus an Ag/AgN03 (10_2M)
electrode. The platinum sheets were carefully polished with A1203

( Presi , 1 ym) after each synthesis. Oxygen was excluded from the
electrochemical cell by a nitrogen flow. Electropolymerisation of the
monomer dissolved in the electrolytic solution was performed at 1.3 V
versus an Ag/AgNO3 (IO_ZM) electrode. The integrated charge (Q) passed
during film growth was used to monitor the thickness of the deposited
film. The following relation was used : e ( ypem) = 2.5xQ (Cb/cmz). The
DC conductivity of doped free standéng films was measured using the
conventional four probes methods: four copper wires were attached to the

"

doped film using " electrodag'. The film thicknesses were ditermined

with a " Heilderham" thickness monitor.

RESULTS AND DISCUSSION

Nature of the solvent

. R 4 .
We have oberved, in agreement with published data , that PT films pre-
pared in acetonitrile adhere firmly to the electrode and detach only
with great difficulty. The quality of the samples obtained in this sol-

vent is not easily reproduced: the conductivity of the films prepared
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under similar conditions can vary from 10—1 to 100 sf].cm-l. The films
are , in addition, not homogeneous: the side in contact with the elec-
trode is smooth and shiny and that which is in contact with the solu-
tion is rough and irregular. The study of the photoluminescence12 con-~
firms the pronounced lack of homogeneity cf the two sides and lead us
to conclude, in agreement with Garnier and Col6 that the quality of
the film degrades progressively during the period of growth.

The reproducibility of the synthesis is clearly improved when nitro-
benzene is used as a solvent. The measured conductivities varied from
80 to 100 51.cm_l. The films appear more homogeneous, the two sides
are shiny. The study of the photoluminescence revealslz, moreover, that

the differentiation of the twd faces is less pronounced thht observed

for films prepared in acetonitrile.

Temperature of the solvent

Tanakal3 has reported that the temperature of the electrolytic solution
Has an effect on the conductivity of PT films. 1In accord with the resulte
of these authors,we have found that a low temperature(5°C) improves the
conductivity(Table I) and the mechanical properties of PT films.

TABLE I  Conductivity of PT films prepared at 40, 20 and 5°C
in nitrobenzene.

Temperature (°C) Conductivity ( S{l.cm—])
40 very weak
20 10-40
5 85-100

Infrared spectra of PT films prepared at 40, 20 and 5°C are very simi-
lar. We have not observed, as mentiondd by Tanakal3,absorptions which

can be associated with cross-linking of polymer chains.

Ageing of the solution

Table II shows the conductivity of PT films prepared in potentiostatic
conditions (1.3 V versus Ag/AgNO3 (10_2M) electrode) using the same
electrolytic solution ( N(Bu)4C104 in nitrobenzene at T=5°C), Before

0,.

each synthesis the platinum sheets were carefully polished with Al, 3
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It can be noted that the conductivity values are nearly the same. As
pointed by Delabouglise14 the formation of oligomers should lead to a
decrease of the conjugation length and conductivity.

TABLE II Conductivity of PT films as a function of the number
of films synthesized from the same momomer solution.

Film number Conductivity ( S{Tlcm—])
| 94
2 85
3 110
4 93
5 107

Nature of the doping anion

Marque and Col9 have reported that the nature of the doping anion plays

a determining role in the structure of the polymer during its synthesis

The best electrochemival properties are obtained for PF6 and decrease

in the order PF; , 0102 s BFZ and CFBSOE . Accordang to these results

we have observed that the conductivity of ClOZ

than BF4 doped films. However it seems quite difficulg , at the present,

to attribute exlusévely this change to the doping anion, excluding any

doped films is larger

contribution of water which can be present in various amounts in elec-
trolytes or solvents. Evolution of the conductivity of BF; and CIOZ
doped films exposed to air is shown in figure 1. In both cases, we note
a decrease in the conductivity values versus time. The rate of this
decrease is larger for films doped with BFZ anions. Contrary to the ob-
servations of Hotta15 this evolution is found @rreversible, We have not
observed an increase in the conductivity when a film exposed to the at-~

mosphere is left in dry air.

Nature of the monomer

PT films can be elaborated by electrochemical oxidation of a monomer
such thiophene or 2,2'-bithiophene. For some authorsle"-17 , the use of
2,2'-bithiophene improves the quality of PT. This result is contested
by Roncali and Cols.

We prepared under potentiostatic conditions self-supporting films
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using nitrobenzene as a solvent, N(Bu)40104 as an electrolyte and thi?—
phene as a monomer. The conductivity of these films is close to 100 @ .
em | and their polymerisation length (Ndp), determined by infrared spec-
troscopy using the procedure described by Furakawa l% has a value of

70 thiophene rings. 1In accord with the results published by Roncali8

we have oberved during the electropolymerisation of 2,2'-bithiophene,

the formation of a very thin film which is gradually covered by a

granular deposit. The conductivity( 0) anmd the polymerisation length

are low ( 0=10-2 (-il.tim_l

), Ndp = 30). The polymerisation of selenophene
a monomer whose conjugation seems higher than that of thiophene, leads
to a self suporting film which has a short polymerisation length ( 10)
and a very poor conductivity (10_3 Qilcm_l).

The decreade in the polymerisation length leads to an increase of
the interchain jump , factor which limits the conductivity. In conclusion

thiophene is the best choice of monomer.

Thickness of the film

. 11 - .
According to Yassar and Col. ', the conductivity of PMeT films prepared

in galvanostatic conditions is notably diminished when their thickness
increases. Taking into account these results,we have synthesized PT films
of different thicknesses (.5 to 3 ym) at a controlled intensity. The
conductivity decreases with the thickness:o =20,'31 and 43 Q_].cr.n-1

for e =2, 0.8 and .5 y.m. In addition, we have studied the stability
of these films when they are exposed to the atmosphere (figure 1). It

clearly appears that the thinnest films lose their conductive properties

I 25 7
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FIGURE | Conductivity change of PT films exposed to air. === : BF;
dopdd , 1=2 ym; — : ClO4 doped, 1=2um; -+ - : C104 doped, 1=.3ym.



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:19 19 February 2013

204/[464] C. CHORRO, B. MOUKALA, J.P. LERE-PORTE, J. PETRISSANS

We have not observed asignificant variation in the conductivity of the
films, whether thick or thin , when tley are prepared in potentiostatic
conditions. Our initial results reveal, in effect, that the conductivi-

l.cm_l) when

ty of these films is practically constant ( 80 to 100 &
their thicknesses increases from 2 to 4 um. The conductivity is superior
to that of films with the same thickness elaborated in pgalvanostatic

conditions.

CONCLUSION

We conducted these various assays 'n order to improve the electrosynthe-
sis of PT and PSe films. The results lead us to formulate the following
conclusions:

- the choice of a solvent such as natrobenzene improves the repro-
ducibility of the synthesis and the homogeneity of the film. The conduc-
tivity is increased when the synthesis is carried out at a low tempera-
ture (5°C). Using ClOZ
the stability of the films in the atmosphere. The ageing -of the solution

as dopant anion improves both conductivity and

doesn't seem have an effect on the quality of the films. It therefore
appears that the best environment for the preparation of these films

is a solution of N(Bu)4C10 in nitrobenzene at 5°C,

~ the increase in the4conjugation of the monomer leads to a decrease
in the polymerisation length and very low conductivity. Thus, the
measured conductivities of polybithiophene and polyselenophene are infe-
rior to those of polythiophene ,
- the conductivity of PT films formed galvanostatically, varies a
a little with the thickness. The thin films are the best conductors but
prove to be unstables in the atmosphere. On the other hand, the thick-
ness of the films does not seem to affect their conductivity when they

are prepared at a controlled potential. This method of electropolyme-

risation is, in our hands, the best choice.
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