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Abstract

Raman spectroscopic and photoluminescence studies have shown that the oxidative polymerization of silyl thiophene monomers leads
to highly conjugated polythiophene. Soluble high molecular weight polymers have been obtained by use of silylated monomers. The role
of silicon is suggested to involve the stabilization of intermediate cationic species.
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1. Introduction

Conjugated polymers have attracted much interest in
recent years owing to their potential applications in
clectronics, optoelecironics and as non-linear optical
materials [1]. Efforts have been made to synthesize
polymers with improved conjugation properties, and
also to prepare new conjugated polymers containing
novel chain units, from a variety of unsaturated
monomers.

Silicon-directed reactions have been widely used in
organic synthesis to improve the selectivity of carbon-
carbon bond formation [2). However, with the exception
of the group transfer polymerisation reactions [3], little
attention has been paid to the use of related methodol-
ogy for selective polymerization reactions. Improved
selective routes to polymeric materials would be of
particular interest in the case of conjugated organic
polymers, since the properties of the latter are strongly
related to the structural properties of the conjugated
chain.

* Corresponding author.
! Dedicated to Professor Robert Corriu in recognition of his out-
standing contribution to silicon chemistry.
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We present below a brief review of the use of
silylated mcnomers for the preparation of polythio-
phene. After the recent observation, based on electro-
chemical studies, that trimethylsilyl groups facilitate the
a-a' oxidative coupling of thiophene [4], we (5] and
others [6] reported the preparation of polythiophene
films from various silylthiophene derivatives:

oxidative
< i \ » coupllng:. i
s n ] X
X,X'= H, SiMe; Polythiophene

We were interested in defining the role of the silyl
subtituents during the oxidative polymerization and in
characterizing changes in the structural properties that
might result from the use of silyl monomers. The
evaluation of this new route to polythiophene required a
precise characterization of the conjugated materials pro-
duced. Therefore, we first summarize new criteria based
on Raman and photoluminescence spectroscopy which
allow a precise estimate of the conjugation properties.
Then, the synthesis and characterization of polythio-
phene samples arising from the oxidative polymeriza-
tion of silyl thiophene is described. We discuss both the
electrochemical and chemical oxidation of a variety of
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Fig. 1. Chain of polythiophene containing well conjugated (planar) segments and poorly conjugated (non-planar) segments.

silyl thiophene monomers. The polymerization of alkyl
substituted monomers leading to high molecular weight
soluble polythiophene is also discussed.

2. Characterization of polythiophenes by Raman
spectroscopy and photoluminescence

For unsaturated polymers, the conjugation appears to
determine the properties of the conjugated systems
(electronic, non-linear optics, electroluminescent proper-
ties, etc.). Knowledge and control of the conjugation
parameters, i.e. the mean value of the conjugation length
L, and the polydispersity AL, of the conjugation length,
are of particular importance.

Methods based on Raman spectroscopy and photolu-
minescence have been developed in order to evaluate
the conjugation length in conjupated polymers. A de-
tailed discussion of the various methods has been re-
ported [Se). Here, we only summarize the main criteria
used to characterize and compare the conjugation prop-
erties of various polythiophene samples arising from the
oxidative polymerization of a variety of thiophene
monomers prepared in different ways.

2.1. Resonant Raman scattering

Polythiophene can be viewed as a chain of alternat-
ing planar highly conjugated segments and non-planar
poorly conjugated segments. The highly conjugated seg-
ments consist of a chain of thienyl units exclusively
2,5-linked throughout (a.a’ coupling) in a planar ar-
rangement. The poorly conjugated segments are associ-
ated with the presence of conjugation defects arising
from changes in the chain conformation by rotation
around the C-C single bond, the presence of a-8
coupling or cross-linking (Fig. 1).

A detailed analysis of the Raman spectrum of poly-
thiophene (Fig. 2) allows us to define two kinds of
Raman mode: the modes of the highly conjugated

coplanar chain and the defect modes. The defect modes
vanish in highly conjugated polythiophene. More pre-
cisely, a strong correlation between the value of the
conjugation length L. and the ratio R of the intensities
of the Raman lines at 682 and 700 cm™' has been
established. The 700 cm™' band was assigned to the
ring-deformation vibration in a coplanar chain and the
682 cm ™! one to the same kind of motion in a distorted
conformation of the chain. Consequently, this last pa-
rameter R relates the value of the conjugation length to
the distortion of the chain and gives a measure of the
number of coplanar segments along the chain.

In addition, an increase in the conjugation length
causes a large increase in the ratio p of the intensities
of the Raman lines at 700 and 1045 cm™'. The latter,
assigned to the in-plane C-H bending mode, is not
sample dependent and was chosen as an internal inten-
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Fig. 2. Low temperature Raman spectrum of polythiophene (pTh(2-
Si)) recorded at A, = 5145 A and T = 10 K. O, Raman lines of the
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Fig. 3. pllygg/11047) vs. R (lgg, /2500) dependence for polythio-
phene samples. a, pTh(2-Si) electrochemically prepared; O, pTh(n-
Si) obtained by electrooxidation of monomers (n-Si), n=1, 2, 3; @,
pTh(a) obtained by electrooxidation of monomers (n), n=1, 2, 3;
&, pTh(n-Si) prepared by chemical oxidation of monomers (n-Si),
n=1, 2, 3, 4 +, pTh(n) prepared by chemical oxidation of
monomers (n), n=1, 2, 3, 4; a, pTh(6-Si) obtained electrochemi-
caily.

sity reference. We established a clear correlation be-
tween the R and p parameters [5a,e]. Examples are
shown in Fig. 3. The determination of the ratic p is
significantly more precis. and much easier than of the
ratio R, especially for polymers with extended conjuga-
tion length. The p ratio appeared to be the most perti-
nent Raman eriterion for defining the conjugation length
and especially for distinguishing between different
highly conjugated polythiophene samples.

2.2. Photoluminescence

Photoluminescence is observed in conjugated poly-
mers with non-degenerate ground states, such as cis-
polyacetylene [7], polythiophene [8] and polyphenylene-
vinylene [9]. Photoluminescence spectra are attributed
to fluorescence due to their short lifetime and similarity
to emission from the singlet state [10]. An energy
diagram illustrating the fluorescence of polythiophene is
shown in Fig. 4. The ‘ideal’ spectrum of emitted light
exhibits vibronic structure (Fig. 5), i.e. a series of
discrete peaks separated by optic phonon frequencies
[Se,11].

From a detailed analysis of the photoluminescence
properties of various oligomers and polymers, the fol-
lowing conclusions were reached [5e].

(i) The position of the photoluminescence band de-
pends on the conjugation length. The photolumines-
cence shifts to lower energy when the conjugation
length L_ is increased.

F.C. Geometry
I S, relaxation
Eq.
S
! Photo-
fuminescence
So
F.C.
S /
S V.

N -
s =Q=
Fig. 4. Energy diagram illustrating the photoluminescence of poly-

thiophene. S, singlet state; Eq., equilibrium electronic state; F.C.,
Frank-Condom electronic state.

(ii) The dispersion of the conjugation lengths leads to
a dispersion of the emission energy. This results in a
broadening of the photoluminescence. Assuming that
the dispersion of the conjugation length is the main
cause of broadening, the width of the peaks then gives a
qualitative estimate of the polydispersity AL, of the
conjugation length.

(iii) With respect to the ‘ideal’ profile of the photolu-
minescence, additional peaks are observed in crystalline
compounds.

From a quantitative point of view, measurement of
the positions of the peaks and/or their relative intensi-
ties provides an estimate of the value of the confine-
ment parameter y [11], which is the pertinent parameter
in the description of the electronic properties of conju-
gated polymers with non-degenerate ground states.

3. Electrochemical oxidation of «- and B-silylated
thiophenes

3.1. a-Silylated thiophenes

Evidence for the influence of silyl substituents was
first observed in electropolymerization experiments [4].
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Fig. 5. *Ideal” photoluminescence spectrum calculated for a well
conjugated polythiophene (y = 1) (from Ref. [11}).
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Table 1
R and p values (%) for polythiophene films prepared by electro-
chemical oxidation of silylated monomers

Film R p
pTH(1-S) 40 75
pTh(2-Si) 10 160
pTH(3-Si) 20 140

In contrast with the electropolymerization of bithio-
phene which yields the polymeric material as a powder
with low conductivity, the polymerization of bis a,
a'bis-silylated bithiophene leads to a free-standing
polymer film with good conductivity. Moreover, the
voltammogram of the film shows closer similarities
with that of the material obtained upon polymerization
of thiophene rather than that of the polymeric material
arising from bithiophene.

We prepared [Sa] polymer films by oxidative poly-
merization of various bis-silylated monomers, 1-Si, 2-Si,
3-Si (Scheme 1). The resulting materials (pTh(1-Si),
pTh(2-Si), pTh(3-Si); Eq. (2)) were scanned by IR and
Raman spectroscopy.

oxidative
coupling
/ \
MeaSi@}SiMe, —_— 7T,
n
(n-8l) , n=1,234 PTh(n-8i)
(2)

The initial characterization of the films by FTIR
spectroscopy led to the conclusion that electropolymer-
ization occurs via a-a’ coupling with elimination of
the SiMe, groups. The characteristic bands of polythio-
phene were observed (strong absorption around 780
em™', assigned to the C~H out-of-plane bending of the
2,5-disubstituted thiophenes), and the characteristic vi-
brations of the SiMe, groups were very weak. More-
over, EDAX analysis revealed very low Si/S ratios
(less than 0.03) in the material produced.

MQ;S‘ ‘“@m SiMQg

-0 D00
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Scheme 2. Non-silylated thiophenes used as monomers for oxidative
polymerization.

nCgH,a n-CgHy;

The effect of the use of silyl monomers on the
structural properties of polythiophene was assessed on
the basis of Raman resonance scattering and photolumi-
nescence criteria [Sa).

The Raman spectra of the films pTh(1-Si), pTh(2-Si)
and pTh(3-Si) were examined in the 600-720 and 1045
cm™! regions to determine the R and p values. Each
Raman line, 652, 682 and 700 cm™', was fitted to a
Lorentzian profile in order to obtain R with good
accuracy. The R and p values obtained are listed in
Table 1. With respect to the R and the p criteria, the
film synthesized from a,a'-bis-silylated bithiophene
monomer (pTh(2-Si)) appeared the more conjugated
sample. Moreover, the narrowing of the Raman line at
1458 cm™' is consistent with a highly conjugated mate-
rial with low AL_ value.

The values of p for polythiophene films synthesized
from silylated monomers 1-Si, 2-Si and 3-Si are plotted
against R in Fig. 3. which for comparison also shows
plots for the related non-silylated monomers (Scheme 2)
thiophene (1), bithiophene (2) and terthiophene (3) re-
spectively. The polymer pTh(2-Si) appears the most
conjugated of this series. Comparison of the R and p
factors for polymer films prepared under similar reac-
tion conditions from silylated and non-silylated bithio-
phene monomers clearly shows that the use of silylated

messi—{ {P-swe M""S‘@" (P D-swe M"GS'@“@_ R

(1-Si) (2-Si) (3-S) (4-Si)
SiMe, SiMe, SiMo,
gsj\ SiMe, —@ SiMe, —Z/ . \LD
&5 ) (7-5)
: "Gt "Cabhy nGetha RCethiy ﬂ"cﬂ“ﬂ
Maysi—{ _J-sive, ey~ S-se, Mo _@ (’;g—sma Maysi—{_
{8-Si)

(9-8))

(108 m-sj

(12-Si)

Scheme 1. a- and b silylated thiophenes nsed as monomers for oxidative polymerization. Abbreviations of monomers are quoted in parentheses.
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Fig. 6. Low temperature (7 = 10 K) photoluminescence spectrum of
pTh(2-Si) electrochemically prepared (A, = 5145 A).

monomers results in an increase in the mean conjuga-
tion length L, of the polymeric chain.

In agreement with the Raman data, the photolumines-
cence from the pTh(2-Si) film shows the expected
profile for a highly conjugated polymer: three narrow
and well-defined peaks with an energy separation of
0.175 eV (Fig. 6). This shape is close to the calculated
**ideal’* profile (see Fig. 4).

The photoluminescence data for polythiophene sam-
ples prepared from bis-silyl thiophene monomer (pTh(2-
Si)) and from non-silylated bithiophene (pTh(2)) are
shown in Table 2. Compared with polythiophene pre-
pared from bithiophene, the polymer arising from the
silyl monomer (2-Si) showed a zero-phonon line at
lower energy values and with a reduced line width.
These observations are consistent with an increase in
the mean conjugation length L. and a decrease in the
polydispersity AL_ of the conjugation length when us-
ing a silyl-substituted monomer.

3.2. B-Silylated thiophenes

We also studied, for comparison, the use of monomers
with silyl substituents at the B-position. The elec-
tropolymerization of the 3-trimethylsilylthiophenes (5-
Si, 6-Si, 7-Si in Scheme 1) [5a] gave in all cases

Table 2
Photoluminescence data for polymers pTh(2) and pTh(2-51)

Polymer **Zero-phonon’ line
Energy value 0-0 (eV) Line width 4»;,,
E

pTh(2-Si) 1.95 0.02

pTh(2) 1.97 0.04

free-standing films which were deposited on Pt elec-
trodes:

SiMe oxidative SiMe,
3 coupling
IS — /
S s X
X.X' = H,SiMe;
(n-Si) . n=56,7 PTh(n-Si)
(3)

The FTIR spectra of the films are consistent with the
formation of polythiophene. In addition, these spectra
show strong absorption bands which can be assigned to
vibrational modes of (CH,),Si groups. The electropoly-
merization of B-silylated thiophene led to polythio-
phene, in agreement with mainly a,a’ coupling, though
it contained numerous non-disilylated thiophene units
(Eq. 3)).

However, partial desilylation occured during poly-
merization. A quantitative estimate of this was obtained
from X-ray fluorescence spectroscopy [5a]. The values
of the Si/S ratio varied from 0.5 for pTh(5-Si), to 0.7
for pTh(6-Si) and 0.78 for pTh(7-Si). It showed that 50
to 80% of the silyl substituents were retained during the
polymerization.

The partial desilylation does not seem to be associ-
ated with the formation of a-8 linkages in the polymer
chains. The IR absorption spectrum of neither pTh(5-Si)
nor pTh(6-si) shows a ve_,, vibration at 3100 cm™
characteristic of the presence of a hydrogen atom on the
a-carbon of the thiophene ring. This was further con-
firmed by an examination of the infrared spectrum of
the pTh(7-Si) polymer obtained from a monomer with a
deuterium at the 2-position. No absorption associated
with the v._p, vibration (2200 cm~') was observed.
This, together with the absence of absorption at 569
em™' due to the y._,, vibrational mode, is consistent
with extensive electropolymerization through the 2,5-
positions. The loss of SiMe, probably arises from com-
peting protodesilylation of the monomer [12].

The Raman and photolumiuescence spectra of pTh(6-
Si) film are displayed in Fig. 7. The p/R value is
indicative of a low conjugation length together with a
large number of distorted segments (Fig. 3, symbol a4 ).
The photoluminescence profile is quite different from
those previously recorded for highly conjugated poly-
mers. The first maximum was observed at 2.02 eV, i.e.
at a significantly higher energy than in highly conju-
gated samples. The band is broadened and the phonon
replica structure is smoothed.

The above data are consistent with polymerization
with 2 dominant a—a' coupling along the chain. The
presence of an Me;Si group at the B-position of the
thiophene ring induces a large number of non-planar
segments owing to steric interaction between neighbour-
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ing thiophene units, and results in a decrease in the
conjugation.

4. Chemical oxidation of a-silylated thiophenes

We also prepared polythiophene samples by chemi-
cal oxidation of a-silylated thiophene monomers and
compared the material obtained with samples from
non-silylated thiophenes [5f]. Evidence for a high mean
conjugation length in the polythiophene chain prepared
from silylated monomers was obtained by comparing
Raman and photoluminescence data from polymers syn-
thesized by chemical oxidation of silylated and non-
silylated mono-, bi-, ter- and quaterthiophene monomers,
according to the criteria previously defined.
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Fig. 7. (a) Low temperature (7 = 10 K) Raman spectrum of pTh(6-Si)

electrochemically prepared (A, =5145 A: (b) low temperature
.(AT =10 K) photoluminescence of pTh(6-Si) recorded at A_,, = 5145

Table 3
p Values for polythiophenes prepared by chemical oxidation of
a-silylated (pTh(~»-Si)) and related non-silylated (pTh(#)) monomers

n p (pPTh(n-Si)) (%) p (pTh(n)} (%)
1 95 70
2 155 130
3 120 100
4 160 150

The p values measured for the different samples are
given in Table 3. The values are higher in pTh(»-Si)
than in pTh(n). These values are in good agreement
with the p/R correlation shown in Fig. 3 (symbol @).

In chemical oxidative polymerization also, the pres-
ence of silyl substituents on the monomer results in an
increase of the conjugation length of the polymeric
chain. The largest difference between the two series of
polythiophenes synthesized from silylated and non-sily-
lated monomers was observed for monothiophene
pTh(1-Si) and pTh(1).

A detailed analysis of the Raman spectra of pTh(1-Si)
and pTh(1) samples shows the following.

(a) In the 600-750 cm™' region, the intensity of the
682 cm™' Raman line, related to a vibrational mode in
a non-planar chain conformation, is significantly weaker
for pTh(1-Si) than for pTh(1).

(b) The inter-ring stretching mode at 1222 cm™" is
better defined for pTh(1-Si) than for pTh(1). However,
the contribution of the 1177 cm™' mode, assigned to a
structural defect, is also weaker for pTh(1-Si) than for
pTh(1).

(¢) There is a broadening of the 1458 cm ™' Raman
line and an increase of the intensity of the 1500 ¢m ™'
line in pTh(1) due to disorder.

The photoluminescence bands of all the samples
display a profile consisting of a series of discrete peaks
separated by an optic phonon frequency. The main
zero-phonon line and the one-phonon line are observed
at around 1.95 and 1.78 eV respectively (Fig. 8). In
addition to the narrow and well-defined peaks (with an
energy separation of 0.175 eV), extra peaks appear in
the case of pTh(n-Si) samples for n= 2, 3, 4. Similar
peaks are observed in crystalline compounds [Sf}. Fur-
thermore, X-ray examination of the samples showed
that the polymer obtained from silyl monomers exhib-
ited high crystallinity [5f].

1

S. A route to high molecular weight poly(al-
kylthiophene)

We also extended the use of silyl monomers to the
preparation of soluble polymers containing 3-al-
kylthiophene units. Regioselective silylation was
achieved in the case of a substituted thiophene ring.
Selective attachment of a trimethylsilyl group at the 2-
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Fig. 8. Low temperature (T = 10 K) photoluminescence of pTh(3-Si)
chemically prepared (A,,. = 5145 A), * = substructure peaks appear-
ing in crystalline compounds.

or 5-position of 3-alkylthiophene was achieved in good
yield, as shown in Scheme 3 [5c].
Poly(3-alkylthiophenes), which are easily prepared
by oxidative polymerization of 3-alkylthiophene, have
also been synthesized by oxidation of silylated 3-al-
kylthiophene (8-Si, 9-Si. 10-Si, 11-Si, 12-Si) [5¢]:

R oxidative R
__(S__ coupling
x / \ x' . / \
S S X
R = Cgtyy , CaHiz
XX = H.SiMogy
(n=Si) , n=8,9,10,11,12 PTh(n-8l)

(4)

The polymerization was performed under electro-
chemical conditions, using a Pt electrode dipping into
an electrolytic solution, or under chemical conditions
using FeCl, in chloroform. The poly (3-alkylthiophene)
samples obtained were soluble in common solvents,
allowing facile characterization. The molecular weights
were estimated by use of GPC. In Table 4 the experi-
mental values obtained after calibration of the GPC
column using polystyrene standards are reported.

As shown in Table 4, high molecular weights were
obtained by electropolymerization of «,a’-bis-silylated
3-alkylthiophenes. The electrogenerated polymers
showed average molecular weights M, respectively 64
and 14 times larger than those obtained by electropoly-
merization of the non-silylated monomers under similar
conditions. At the same time, the polydispersity M, /M,
was reduced by a factor of between 2 and 3.5. The use
of a,a’-bis-silylated monomers in the chemical oxida-
tive polymerization also led to polymers with a higher

average molecular weight and a lower polydispersity
than those for polymers made from non-silylated pre-
cursors.

Polymerization of the monosilyl thiophenes (11-Si)
and (12-Si) was also studied and gave a broader distri-
bution of the molecular weights. Moreover, the GPC
trace was unimodal and exhibited two peaks and shoul-
ders. This may be indicative of a complex polymerisa-
tion reaction and may be attributed to competing desily-
lation of the monomer during the polymerization of
(11-Si) and (12-Si). These monomers with hydrogen at
the S-position of the thiophene ring undergo coupling
with loss of either the silyl group or protons. The
increased acidity of the reaction medium causes a pro-
todesilylation of the monomer, producing 3-alkyl thio-
phene. The poly(alkyDthiophene formed may therefore
arise from the reactions of both silylated and non-sily-
lated thiophene. This was confirmed by analysis of the
reaction mixture. The unreacted monomer that remained
in the electrolytic solution after formation of the poly-
mer film contained 20% non-silylated 3-alkylthiophene.
Moreover, Me,SiF was also isolated from the elec-
trolytic mixture and characterized.

6. Mechanism

It was apparent that the presence of a silyl substituent
substantially enhanced the ease of the oxidative cou-
pling of thiophene Two SiMe, substituents, in the 2-
and 5-positions of the thiophene ring, are necessary.
The role of the Me,Si group may be interpreted in
terms of increased stabilization of an intermediate B-silyl
cationic species. The electropolymerization of thiophene
has been suggested to oceur via coupling of thiophene
radical cations [13].

The coupling reaction of uilyl thiophene is shown in
Scheme 4.

(i) In the first step (Scheme 4(1)) the radical cation is
generated by oxidation of the monomer. The C-Si bond
which is oxidized at very high potential [14] (V > 2.5
V/SCE) is unaffected by the mild experimental condi-
tions used (V < 1.8 V/SCE).

(i) In the second step (Scheme 4(2)) a dicationic
species arises from the coupling of two radical cations.
The enhanced stability of the dicationic species is sug-
gested to arise from a hyperconjugative interaction be-
tween the electron deficient 7-molecular orbital of the
thiophene ring and the filled o-molecular orbital of the
Si-C bond. Related stabilizations of carbocation 8 to a
silyl substituent are known [2,12].

(iii) The next step (Scheme 4(3)) involves a re-
aromatization of the bicationic species with cleavage of
the C-Si bonds. The cleavage occurs by nucleophilic
attack at silicon. Reaction with the large excess of
supporting electrolyte, to give the thermodynamically
stable Si-F bond, is likely to occur and this is supported
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Scheme 3. Selective silylation of 3-alkylthiophenes.

by the identification of Me,SiF in the reaction mixture.
In the case of monosilyl thiophene, the coupling can
occur in two ways: coupling of C-Si or C-H bonds.
The coupling of a C-H bond would liberate a proton
which may react with the monomer to give, upon
protodesilylation, the non-silylated thiophene identified
in the reaction mixture. Competitive electropolymerisa-
tions between silylated and non-silylated thiophene units

1)

-
Measi—Q—SiMes

2)

+.

MQQSi—Q—SiMea

9

@ SiMe
MGQSiW—SlM%

SiMe,

probably occur in thc case of monomers (11-Si) and
(12-Si).

7. Concluding remarks

In conclusion, the Me,Si group has a major influence
on the oxidative polymerisation. As shown by Raman
and photoluminescence criteria, the presence of silyl

+.
MeQSi-QSiMea

SiMe
Me,Si (g ? SiMe,

SiMe,

Measi—@——Q— SiMe,

Scheme 4. Mechanism of oxidative polymerization of bis «.a'-silylated thiophenes.
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Table 4

GPC data for poly(3-alkylthiophene) obtained by electrochemical (E)
and chemical oxidation (C) of 3-alkylthiophenes and silylated 3-al-
kylthiophenes, Dy, is the average degree of polymerization

Polymer Oxidation 107°M, M,/M, 10°:D,°
(CE)

pTH(S) E 21 4.5 1.2
pTh(8-Si) E 1338 1.3 79.6
pTh(6) E 39 26 2.3
pTh(9-Si) E 839 1.2 2.8
pTI(6) C 38.6 2.4 1.96
pTh(9-S) C 1168 1.9 5.96
pTh(10-S) E 55 a 3.2
pTh(11-Si) E 57 a 3.4

¥ The GPC trace was not unimodal and showed a broad peak with
two maxima or shoulders.

substituents on both the 2- and 5-positions of the thio-
phene ring raises the reactivity, and selective a-a’cou-
pling of thiophene units leads to highly conjugated
polymers with improved conjugation properties. In con-
trast, the use of B-silylated monomers leads to poorly
conjugated polymers. The observed activation by the
silyl substituents also allows the preparation of high
molecular weight poly(3-alkyl) thiophene with low
polymolecularity. The presence of Me,Si groups on the
2- and 5-positions of the thiophene ring was shown to
be necessary to ensure high molecular weight and low
polydispersity

The use of silylated monomers seems promising for
synthesis of conjugated polymers. Its extension to the
synthesis of other unsaturated polyriers may lead to
various upgraded conjugated polymeric structures. The
polymerization of silylthiophene units was also achieved
in the solid state in the case of thienylene-bridged
silsesquioxane. Its oxidative polymerization gives an
organic=inorganic composite consisting of polythio-
phene chains and an interpenetrating silicate network
[5b).

We are currently investigating the use of silylated
monomers in the polymerization of various unsaturated
monomers. An improved degree of polymerization and
higher conjugation are obtained in the polymeric mate-
rial [15).
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