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ABSTRACT: Conducting polythiophene films hundreds of micrometers thick was first
obtained by electrochemical polymerization of thiophene in freshly distilled BF3-diethyl
ether solution at stainless steel electrode. The tensile strengths of these films were
much higher than those of some widely used engineering plastics such as polypropylene
and poly(vinyl acetate). These films can be easily cut by conventional mechanical
methods into a variety of structures like a metallic sheet. q 1998 John Wiley & Sons, Inc.
J Appl Polym Sci 68: 1027–1029, 1998
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INTRODUCTION conducting film like a metallic sheet from the
same system. This article reports experimental
results.Much work has already been devoted to the syn-

thesis of conducting polymers, such as polythio-
phene (Pth), polypyrrole, and polyaniline.1–3 The
high electrical conductivity of these materials pro- EXPERIMENTAL
vides potential applications in fabricating many
kinds of microelectrical devices.4–7 Usually, thin

Materialsfilms of the conducting polymer are obtained by
electrochemical synthesis,8 and powders are ob- BFEE solution (Huangyan Chemical Plant,
tained by chemical oxidative polymerization.9 Shanghai, China) was purified by distillation. An-
However, as we know, the conducting polymer alytical grade thiophene (Tianjing Xiqing Kelong
film with a thickness of hundreds of micrometers Chemical Plant, China) was distilled twice before
has never been obtained. use.

Recently, we synthesized a thin Pth film with
great strength by electrochemical polymerization

Pth Film Preparationof thiophene in freshly distilled BF3-diethyl ether
(BFEE) solution at 1.3 V versus Ag/AgCl with a Electrochemical syntheses were performed in a
stainless steel working electrode.10 This led us to one-compartment cell with the use of an EG&G
try and study the possibility of preparing thick potentiostat model 273 under computer control.

The working and counter electrodes were AISI
Correspondence to: G. Shi. 304 stainless steel sheets (3 cm 1 4 cm) placed
Contract grant sponsor: Foundation of State Science and 0.5 cm apart. The anodic potentials of 1.4 V were

Technology Commission of China.
measured versus a Ag/AgCl electrode (AgCl coated
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q 1998 John Wiley & Sons, Inc. CCC 0021-8995/98/061027-03 on Ag directly in the solution). To provide a more
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Table I Conductivities, Tensile Strengths, and Thicknesses of the Pth Films Obtained by Direct
Oxidation of Thiophene at 1.4 V and 257C in BFEE Solution with Various Monomer Concentrations

Monomer Concentration Film Thickness Tensile Strength Conductivity
No. (M) (mm) (kg cm02) (s cm01)

1 0.03 11 1000 0.26
2 0.03 35 924 0.26
3 0.03 50 542 0.10
4 0.10 50 527 0.50
5 0.10 470 447

general reference, we examined a ferrocene–fer- thicknesses of the Pth films obtained at 1.4 V.
According to this table, the Pth films with differ-rocenium redox couple in freshly distilled BFEE,

and its half-wave potential [1
2(Ep ,a / Ep ,c ) , where ent thicknesses obtained at various monomer con-

centrations were semiconductors, and their con-a is anodic and c is cathodic] was found at 0.331
ductivities were in the order of 1001 s cm01 .V (versus Ag/AgCl). Thus, a correction of 0.069

Films described previously were very shiny andV (00.331 / 0.400 V) was needed to bring the
metallic. Figure 1 shows the scanning electronmeasured potentials in BFEE originally versus
micrographs of the thickest Pth film prepared byAg/AgCl to potentials versus the standard hydro-
electrolysis of BFEE solution containing 0.1Mgen electrode.11 The electrodes were carefully pol-
thiophene for 30 h. The cross-sectional view (Fig.ished with Al2O3 (Presi, 1 mm) before each syn-
1C) of the film revealed that the film has a thick-thesis. The electrolyte was freshly distilled BFEE
ness ofÇ 470 mm. It is clear that the morphologiessolution (no other solvent added) containing 0.03
of the two sides of the film are different. The sideand 0.1M thiophene, respectively. BFEE may
in contact with the electrode (Fig. 1A) was veryexist in diethyl ether as a polar molecule,12

smooth and compact, and that in contact with the(C2H5)3O/ , BF0
4 , which furnishes the conducting

solution (Fig. 1B) of the film was rough and irreg-medium. All solutions were deaearated by bub-
ular. A thin film prepared in the same mediumbling a dry nitrogen stream for 10 min and then
was smooth and compact in both sides.10 It shouldmaintained at a light overpressure during the ex-
be noted herein that a thick film is also obtainableperiments. The integrated charge passed during
from the BFEE solution with lower monomer con-film growth was used to control the thickness of
centration, but it will take a longer time becausedeposited films. Electrochemical syntheses of
of the low polymerization rate.thick films were performed by an alternate im-

The Pth film with a thickness of 11 mm showedmersion of the electrodes in a new electrolyte solu-
a great tensile strength of 1000 { 50 kg cm02 , andtion containing the monomer every 3 h. Pth films
it mechanically behaved like aluminum foil. Thewere peeled off the electrode surface and washed

repeatedly with distilled ethyl ether, and then tensile strength of the films decreased with the
dried for 24 h at 507C under vacuum before our increasing of film thickness (as shown in Table I) .
characterizations. It is also clear from this table that the mechanical

property of Pth film became worse when higher
Film Property Tests monomer concentration was used for electrolysis.

The deposition rate of Pth film on the electrodeFilm thicknesses were determined with a ‘‘Heild-
increased with the increasing of the monomer con-erham’’ thickness monitor. Tensile strength of the
centration, which resulted in the formation offilms was carried out by using a electronic draw-
loosely accumulated films (as shown in Fig. 1).ing machine (WD-1, Changchun) at a stretching
But, it should be pointed out that even the filmrate of 0.5 cm s01 . Scanning electron microscopy
with a thickness of Ç 470 mm has a tensilepictures were taken out by using an X-560 elec-
strength as high as 447 { 50 kg cm02 . This valuetron micrographer.
was much higher than those of some generally
used important engineering plastics, such as poly-RESULTS AND DISCUSSION
(vinyl acetate) (Ç 260 kg cm02) and polypropyl-
ene (Ç 300 kg cm02) .13 Therefore, the thick PthTable I lists a series of experimental condition

parameters, conductivities, tensile strengths, and films can be called ‘‘metallic plastic sheet.’’
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ELECTROCHEMICAL POLYMERIZATION OF THIOPHENE 1029

Figure 1 Scanning electron micrographic images of Pth film prepared by electrolysis
of BFEE solution containing 0.1M thiophene for 30 h. (A) Side contacted to the elec-
trode. (B) Side exposed to the solution. (C) Cross-sectional view.
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