
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 20 February 2013, At: 12:45
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Influence of 3-4 Substitutions
On Properties of Five
Membered Polyheterocycles
J. M. Bureau a , M. Gazard a , M. Champagne a , J. C.
Dubois a , G. Tourillon b & F. Garnier b
a Thomson-CSF, Laboratoire Central de Recherches,
Domaine de Corbeville, 91401, ORSAY, (France)
b Laboratoire de Photochimie Solaire, CNRS, 94320,
THIAIS, (France)
Version of record first published: 17 Oct 2011.

To cite this article: J. M. Bureau , M. Gazard , M. Champagne , J. C. Dubois , G.
Tourillon & F. Garnier (1985): Influence of 3-4 Substitutions On Properties of Five
Membered Polyheterocycles, Molecular Crystals and Liquid Crystals, 118:1, 235-239

To link to this article:  http://dx.doi.org/10.1080/00268948508076216

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948508076216
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
45

 2
0 

Fe
br

ua
ry

 2
01

3 



Mol. CIYSI. Liq. CvH. 1985, Vol. 118, pp. 235-239 
0026-894 1/85/ I 184-0235/$ I O.OO/O 
0 1985 Gordon and Breach, Science Publishers, Inc. and OPA Ltd. 
Printed in the United States of America 

INFLUENCE OF 3-4 SUBSTITUTIONS ON PROPERTIES OF FIVE MEMBERED 
POLYHETEROCYCLES 

J.M. BUREAU, M. GAZARD, M. CHAMPAGNE, J.C. DUBOIS 
Thomson-CSF, Laboratoire Central de Recherches, Domaine de 
Corbeville, 91401 ORSAY (France) 
G. TOURILLON, F. GARNIER 
Laboratoire de Photochimie Solaire, CNRS, 94320 THIAIS (France) 

Abstract : Thin films of 3-4 substitued 5-membered polyhetero- 
cycles derived from pyrrole and thiophene have been electro- 
chemically synthetized, showing reversible electrochemical 
oxydation and reduction processes, and conductivities varying 
between 10-4 and 102 f2-l .cm-’. The absorption spectra of their 
doped and undoped states, their switching time and lifetime 
make some of these polymers interesting for electrochromic 
applications. 

INTRODUCTION 

Five membered heterocycles as pyrrole *, thiophene, furan 
been shown to polymerize by a-a’coupling in an electrolytic medium, 

leading to doped conducting polymers. The high rate of the electro- 

chemical doping-undoping process, with a change of the absorption 

spectrum make them attractive as electrochromic compounds ’. In this 
regard, the position 3 and 4 appear interesting for the analysis of 

the substituent effect on electrospectrochemical properties. 

have 

SYNTHESIS AND PROPERTIES OF POLYMERS 

These polymers have been electrochemically generated in CH3CN, 

0.1 M monomer and 0.5 M supporting salt. The films were grafted on 

rough and polished Pt electrodes. The oxidation potential varied 

with the monomer (Table I) in agreement with the electronic effect 

of the heteroatom and of the substituents. The conductivities vary 

in a large range, revealing varying degrees of the stereoregularity 

of the polymer. 
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236 I. M. BUREAU et al. 

TABLE I - DATA OF IN CHaCN WLYM€RIZED HETEROCYCLES 
111 Currmt density 15OuA I c d  - Electrdyte salt Et, NBF, 
121 )(on uniform film 131 Thin film I41 Pressad pellets 
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0.77 

1.0 

0.6 

0.7 

0.85 

10'131 

10A13l 

e 

0.2 131 

lo-%l 

c 

1OAl3I 

m 13-41 

W(41 

50 I41 

- 
ma I 31 

410'14 

lV'I31 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
45

 2
0 

Fe
br

ua
ry

 2
01

3 



FIVE MEMBERED POLYHETEROCYCLES 231 

An interesting case is given by polythiophene and poly 2,2'bithio- 

phene, which show a conductivity ratio of lo5,  although a same 

polymer could have been expected. The polymer films, exhibit rever- 

sible cyclic voltammograms (fig.1). The amount of charge involved 

in the oxidation and in the reduction processes is almost equal, 

and is ab0u.t 1/10 of  the charge needed for the polymerization. The 

anodic and cathodic peak currents are proportional to the scan rate, 

characteristic of an electroactive film on an electrode where dif- 

fusion phenomena do not exist. In almost all cases, the reduction 

wave appears broader, as observed for polythiophene and polypyrrole. 

&ly.dimethylpyrrolc3 orefylpyrroie 83 mcthyithiophrn. dtphenylthiophene 9 phenylthiophenc 2.2' btthiophenr 

F I G U R E  I Cyclic voltammograms (Electrolyte : Et4 BF4/CH3CN) 

The absorption spectra of the undoped forms (fig.2) agree with long 

conjugated chains, polythiophene derivatives appearing red (Amax 

c 480 nm) and polypyrrole derivatives appearing yellow (Amax = 420nm) 
The corresponding doped states absorb uniformly with a very broad 

band from 600 to 3000 nm. This band i s  related t o  the presence of 

free carriers. 

I 

Poly pyrrole Poly. 3,L dimethylpyrrole Poly. 3 methylthiophene Poly 2.2' bithiophene 

FIGURE 2 
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238 J .  M. BUREAU el al. 

Table I1 lists the different colours and electrooptical effi- 

ciencies that can be obtained when cycling various polymers within 

a determined potential range. 

TABLE I I E l n t r o l y t e  : Et, N EF,I 

rdov P o t m t k l  A00 

X A, R, oxidzed reduced (v r- sCEl In(.ta'l 

W H  H 

W H CMH, 

brwn ydlow 

yellow-brown brown-ydlow 

-8 Orem 

brown-red ormg.-yellow 

blu nd 

dnp-blu h(ur 

pnn-blu ydlow 

*(nY war 
blw-grri rsd 

0 - 0 0.7 . 

o - * l . t  

-0.5 - 0.5 

0 - 0.1 

0 - + 1.1 

. 0.5 - . 15 

0 - * 1 5  

.0.5 - . 15 
0 - * 1 3  

0.1 l5OOn.I 

0.1 151knl 

0.05 I LLOn 

0.05 I5OOnrl 

The switching time (Table 111) appeared t o  be dependant on the 

state of  the electrode. On rough Pt, the observed switching time 

was much longer than on polished Pt, as if a resistance effect took 

place, which could be attributed to an inhomogeneous grafting of 

the polymer. This might be due to field inhomogeneities on this 

type of electrode during the polymerization. The switching times 

obtained on polished Pt appear very interesting for an electro- 

chromic effect. The life times determined in rough conditions, 

under uncontrolled atmosphere are promising for some polymers 

(up to lo5 cycles). 
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FIVE MEMBERED POLYHETEROCYCLES 239 

TABLE M 

LIFE m SWITCHYGTIML InrJ 

m W m R  A N M  Rouph Pt ElactroC Pdirhrd Pt IcyclrrJ 
t o l l  T r d  T r d  

BF,- 110 10 
CI 0,- 140 100 1 2  104rouph PtJ 

QC"' 
BF; 
Cli 

120 90 

In conclusion, high contrast between the colours of the two 

states low addressing voltages, as well as improvements concerning 

switching time and life time make some of these 5 membered poly- 

heterocycles attractive candidates for electrochromic display 

devices. 
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