
This article was downloaded by: [University of Haifa Library]
On: 17 August 2012, At: 10:27
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 Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Synthesis and Physical
Properties of Side-Chain
Type Liquid Crystalline
Polythiophene Derivatives
Naoyuki Koide a & Yoshiharu Hirai a
a Department of Chemistry, Faculty of Science,
Science University of Tokyo, Kagurazaka 1-3,
Shinjuku-ku, Tokyo, 162-8601, Japan

Version of record first published: 24 Sep 2006

To cite this article: Naoyuki Koide & Yoshiharu Hirai (1999): Synthesis and Physical
Properties of Side-Chain Type Liquid Crystalline Polythiophene Derivatives, Molecular
Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals and
Liquid Crystals, 332:1, 363-375

To link to this article:  http://dx.doi.org/10.1080/10587259908023780

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,

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259908023780
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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
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
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

27
 1

7 
A

ug
us

t 2
01

2 



Md. Cryst. Liq. Crysf., 1999, Vol. 332, pp. 163-375 
Reprints available directly from the publisher 
Photocopying permitted by lieense only 

0 1999 OPA (Overseas Publishers Association) N.V. 
Published by license under the 

Gordon and Breach Science Publishers imprint. 
Printed in Malaysia 

Synthesis and Physical Properties of Side-Chain 
Type Liquid Crystalline Polythiophene 

Derivatives 

NAOYUKI KOIDE* and YOSHIHARU HIRAI 

Department of Chemistry, Faculty of Science, Science University of Tokyo, 
Kagurazaka 1-3, Shinjuku-ku, Tokyo, 162-8601 Japan 

Side-Chain type liquid crystalline polythiophenes containing a mesogenic group at 3-position 
of the thiophene ring were synthesized. Homopolymers were obtained by the dehalogenation 
polycondensation with zero valence nickel as a catalyst, and copolymers were synthesized by 
the Stille coupling reaction with zero valence palladium as a catalyst. Homopolymers and 
copolymers involved a cyano group at the end of the mesogenic group exhibited a nematic 
phase, while a smectic phase was shown for the homopolymer having the ester bond between 
the thiophene ring and an alkyl spacer. After annealing of the polymer, the oxidation-reduc- 
tion potential peaks of the polymer were lower than that of the neat sam les The conductiv- 
ity of 1, doped thermal treated homopolymers and copolymers were 10 S/cm and 10-’S/cm, 
respectively. 

-P . 

Keywurds: polythiophene; nematic phase; smectic phase: conductivity; side-chain type liq- 
uid crystalline polymer 

INTRODUCTION 

Recently, x-conjugated polymers have attracted a considerable interest and 
have been the research subject of numerous investigations for their electri- 
cal conductivity and non-linear optical pr0perty[l-~1. In general, x-conjugated 

* To whom all correspondence should be addressed 

[2873]/363 
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364/[2874] NAOYUKI KOIDE and YOSHIHARU HIRAI 

polymers, such as polyacetylene, polyphenylene, polythiophene and 
polypyrrole are insoluble and infusible for their rigid structures. As for 
polythiophene , the solubility and fusibility are improved remarkably by lat- 
eral substitution of the thiophene ring with alkyl or alkoxy group f4I. 

I t  is well-known that the conductivity of n-conjugated polymers is 
changed remarkably by the orientation of the polymer backbone. Two meth- 
ods to control the orientation of a x-conjugated polymers are known, the stretch- 
ing of the polymer film and the polymerization in a liquid crystalline medium 
under a magnetic field is’. So, in those backgrounds it can be expected that the 
solubility and fusibility of the polythiophenes are improved by introducing 
the self-organizing group, that is mesogenic group, at the 3-position of the 
thiophene ring. Conse- 
quently, the polymer back- 
bone of the polythiophene 
derivatives can be easily 
oriented to the direction of 
the external fields, and fur- 
thermore their conductivity 
was increased drastically la 

8’. 

As for polymeriza- 
t i on  me thods  of the  
thjophene, oxidative poly- 
merization [9-1*1, electrolytic 
p o I y r n e r i z a t i ~ n ~ ’ ~ - ~ ~ ~  and 
polycondensationl’6.201 are 
well-known. Both oxida- 
tive polymerization and 
electrolytic polymerization 
of thiophene are undesir- 
able in terms of that irregu- 
lar coupling was caused 

(a) HT-HT linkage 

FIGURE 1 Possible regiochemical linkage 
in polythiophenes (regioregular-(a),and 
regiorandom polythiophenes(b)) 
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SIDE-CHAIN TYPE LIQUID CRYSTALLINE POLYTHIOPHENE [2875]/365 

during polymerizations, or having a difficulty to remove the catalyst in the 
polymers such as Lewis acid and electrolyte worked as a dopant L6-’1. So, 
thiophene homopolymers were synthesized by the dehalogenation polycon- 
densation which progresses in the mild condition and didn’t happen the ir- 
regular coupling except for 2,5 position, as shown in Scheme l(a) [21]. How- 

Mesogenicgroup, _v_ Alkyl spacer 

SCHEME 1 Synthesis of homopolymer and copolymer 

ever, the regiorandom polymer shown in Fig. l(b) can be synthesized rather 
than the regioregular polymer shown in Fig. l(a) by the polymerization method 
of Scheme l(a) lz11. 

The x-conjugated length are expanded for high planarity of the thiophene 
rings which adjoined each other in the head-to-tail {H-T(2,5)} linkage of the 
main chain. On the other hand, the existence of the head-to-head {H-H(2,2)} 
linkage in the polymer chain causes the shorter x-conjugated of the thiophene 
rings adjoined each other 122], and the x-conjugated length were shortened. 
These disorders of the regioregularity in the main chain of polythiophene de- 
rivatives can reduce the desired physical properties of the materials, for in- 
stance the electroconductivity 

In this report, in order to get a higher planarity and longer conjugated 
length,, the copolymers having a mesogenic side chain arranged alternately 

and electroluminescence Lub1. 
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366/[2876l NAOYUKI KOIDE and YOSHIHARU HlRAl 

were synthesized, as shown in Scheme l(b), and the thermal and optical prop- 
erties of the polymers were investigated. 

Results and discussion 

The path for synthesis is shown in Scheme 2(a) and 2(b) ,respectively. 
3-Thiophenemethanol was 
the starting material for 
dibromothiophene mono- 
mers. Bromination of 3- 
t hiop henemet hano 1 was car- 
r i e d  o u t  u s i n g  N -  
bromosuccineimide(NBS) at 
room temperature.  The 
mesogenic group was intro- 
duced into 3-position of the 
thiophene ring through an 
alkyl spacer, and connected 
with ether or ester bond as 
shown in scheme 2(a) and 
2(b) ,respectively. We used a 
cyano biphenyl group as a 
rigid core which was superior 
to alkoxy biphenyl group re- 
garding solubility and fusibil- 
ity t6). Their products in each 
reaction step were confirmed 

(b) Ester type rnonomerIlhllCB] 

SCHEME 2 Synthesis of mesogenic 
dibromothiophene monomers 

by 'H-NMR and IR measurements. 
The transition temperatures of dibromothiophene monomers are shown 

in Table I . Thc monomer having the ether bond between the thiophene ring 
and an alkyl spacer (Thl2CB) exhibited a homeotropic orientation on the cool- 
ing scan confirmed by the conoscopic measurement. On the other hand, liquid 
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SIDE-CHAIN TYPE LIQUID CRYSTALLINE POLYTHIOPHENE [2877]/367 

tween the thiophene ring 
and an alkyl spacer was 
not observed. 

The colors of the 
homopolymers and the 
copolymers are reddish 

crystalline phase of the 
monomer(Thl1CB) hav- 

TABLE I Phase transition temperatures 

M~~~~~~~ Phase transition 
temperatures (“c) 

57 ’I 

C A I  

Thl2CB crhH/;7 
ThllCB 

? 

M o l e c u l a r  
weight (Mn) Polymers 

~ 

brown and red* respec- Cr:crystal, H:homeotropic, 1:isotropic 
tively. These polymers 
are soluble in common organic solvents, such as chloroform, toluene, THF 
and DMF. 

Table a shows the phase transition temperatures and number-average 
molecular weights of the polymers. Both of the ether bond type 
homopolymer(PThl2CB) and copolymer( CPThl2CB) had a higher molecu- 
lar weight than that of the ester bond type homopolymer(PThl1CB) and 
copolymer(CPThl1 CB). 

Phase transition 
temperatures (‘V ) 

TABLE II Phase transition temperatures of polymers 

PThl2CB 

PThllCB 

106 ? -  
? 101 
? 76 

N-I 

m-1 

71,100 g-- 

5,400 
g? 74 

CPThl2CB 

CPThllCB 

92  123 
g-N-I 

? 123 
97 124 g-N-I 
97 124 

6,500 

2,200 

g:glassy, N: nematic, Sm:smectic, 1:isotropic 
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368/[2878] NAOYUKI KOIDE and YOSHIHARU HlRAl 
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m 
E: 
Q) 

c 

Y .)-.I 

Y 

c1 - 
I I I 

1.50 10.00 20.00 30.00 40.00 

2 8  (degree) 

FIGURE 2 X-ray diffraction pattern of PThllCB 

observed for PThl2CB, 
CPThl2CB and CPThllCB, 
while PThllCB exhibited a 2 

- 
293 - ,.-., 
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SIDE-CHAIN TYPE LIQUID CRYSTALLINE POLYTHIOPHENE [2879]/369 

s u p e m  to that for the ester bond type copolymer. 
Fig. 3 shows the UV-visible absorption spectra of PThl2CB and 

CPThl2CB. 'Itto absorption peaks were observed at 293nm and 410nm for 
PThllCB. The absorption peaks at 293nm and 410nm were attributed to a 
cyano group and the n-n* absorption peak, respectively. While, the n-x* 
absorption peak of CPThllCB was 491nm. In spite of the lower molecular 
weight of CPThllCB than that of PThllCB, the n-n* absorption peak for 
CPThllCB was shifted to the longer wavelength at 491nm compared with 
that of PThllCB at 410nm. This demonstrates that the copolymer has a longer 
effective conjugated length than that of the homopolymer. 

The fluorescence spectra of PThllCB and CPThllCB are shown in Fig. 
4. The emission peak top of PThllCB and CPThllCB were 577nm and 6 3 0 ~ 1 ,  
respectively. The emission peak top for CPThllCB was longer wavelength 
than that for PThllCB. 

I I I 

550 600 650 700 

Wavelength / nm 
FIGURE 4 Fluorescence spectra of PThllCB (solid line) and 
CPThllCB (broken line). Excitation wavelength 525nm. 

The electrochemical properties of the polymers were examined using a cyclic 
voltamogram measurements. The CV curves of CPThl2CB are shown in Fig. 
5. The oxidation heduction peaks of the neat CPThl2CB were detected at 
0.64V and at 0.56V, respectively. However, the oxidatiodreduction peaks of 
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370/[2880] NAOYUKI KOIDE and YOSHIHARU HIRAI 

Polymers Oxidation peak Reduction Peak 

PThl2CB 1.03 (0.85)* 0.68 (0.61) 
CPThl2CB 0.64 (0.44) 0.56 (0.30) 

PThllCB 0.81 (0.81) 0.69 (0.69) 

CPThllCB 0.70 (0.41) 0.48 (0.36) 

(V versus Ag/Ag+) (Vversus Ag/Ag+) 

L 

0.56 

FIGURE 5 Cyclic voltamograms of etherbond type copolymer 
(CPThl2CB) 

the thermal treated CPThl2CB were shifted to the lower potentials, 0.44V 
and 0.30V, respectively, than that of the neat sample. These shifts suggested 
that the planarity of the polymer backbone was enhanced via annealing. Con- 
sequently, doping and undoping of the electrolyte to the main chain of the 
thiophene derivatives were caused more smoothly after annealing. The oxida- 

TABLE m Oxidation-reduction peaks of polymers 
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SIDE-CHAIN TYPE LIQUID CRYSTALLINE POLYTHIOPHENE [2881]/371 

Polymers 

tion /reduction peaks of the polymers are summarized in Table a. The oxida- 
tion/reduction peaks of the copolymers were lower than that of the homopoly- 
mers. This demonstrates that dopinglundoping of the electrolyte for the co- 
polymers having a longer effective conjugated length is caused smoothly than 
that for homopolymers. The oxidation /reduction peaks of the polymers were 
observed reversibly, and the dopinglundoping were accompanied by color 
changes. During the p-doping, the color of the polymer film was changed 
from red to blue, while the undoped polymer films the color was changed 
from blue to red. These color changes of the polymer film were observed by 
repeating the redox cycle with unchanged the potential value, so the polymers 
can be oxidized and reduced reversibly. 

* Conductivity "( S/cm i 
Molecular 7c - TC absorption mesophase neat After 

weight (A (nm) 

TABLE N Conductivity of polymers 

4 

PThllCB 

I PThl2CB 1 71,100 I 425 I Nematic 1 10' I 10.' I 
5,400 410 Smectic 10" 

CYThl2CB 

CPThllCB 

6,500 501 Nematic lo5 lo-' 

2,200 491 Nematic lo4 

a) Iodine doped 

The electrical conductivity of the polymers was shown in Table N . 
The polymer films were doped under I, atmosphere. The conductivity of the 
virgin homopolymers (PThl2CB and PThllCB) were independent of the me- 
somorphic structures and their values were about S/cm. However, the 
conductivity of the annealed homopolymers increased drastically to S/cm 
for nematic phase (PThlZCB) and 10-3S/cm for smectic phase (PThllCB). 
As for molecular weight of PThllCB, it was about 1/14 of PThl2CB's, and 
for maximum absorption wavelength of x-z* transition of the main chain 
was shorter about 15nm. In spite of these results, the conductivity of the an- 
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372/[2882] NAOYUKI KOIDE and YOSHIHARU HIRAI 

nealed PThllCB was only 1/10 than that of thermal treated PThl2CB. There- 
fore it was supposed that there was some possibility of showing the higher 
conductivity for the smectic phase which formed the layer structure than that 
of the nematic phase. In the case of copolymers,the conductivities of virgin 
CPThl2CB and CPThllCB were 10” S/cm and S/cm, respectively. Fur- 
thermore, after annealing the polymers , the conductivity of CPThl2CB in- 
creased to 10’ S/cm, and of CPThllCB to lo3 S/cm. The molecular weight of 
CPThl2CB was smaller than that of PThl2CB as shown in Table N ,it was 
about 1/10 of PThl2CB, and that of CPThllCB was about 1/2 of PThllCB, 
and also the maximum absorption wavelength of x-JP transition of CPThl2CB 
was 7hnm longer than that of PThl2CB, and of CPThllCB was 81nm longer 
than that of PThllCB. From the above results, it would be expected that the 
higher molecular weight copolymers have the possibility of higher conductiv- 
ity. 

Conclusion 
A nematic phase was observed for homopolymer having the ether bond be- 
tween an alkyl chain and the thiophene ring, while a smectic phase was shown 
for homopolymer connected with the ester bond between the thiophene ring 
and an alkyl spacer. As for copolymers, only a nematic phase was observed. 
The x-n* absorption peak of the copolymers introduced the mesogenic group 
to the thiophene ring alternately was shifted to longer wavelengths than that 
of homopolymers having the same mesogenic group. The oxidation-reduc- 
tion peaks of the annealed copolymers was shifted to lower potentials than the 
virgin samples. The conductivity of the annealed liquid crystalline polymers 
were about 10-104 times larger than that of the neat samples. 

Experimental 

Measurements 
’H-NMR spectra were obtained from a JEOL JNM-PMX60 type spectrom- 
eter using CDCI, as a solvent. Infrared(1R) spectra were taken on a JEOL 
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SIDE-CHAIN TYPE LIQUID CRYSTALLINE POLYTHIOPHENE [2883]/373 

JIR7000 type FT-IR spectrometer. DSC measurements were conducted with a 
Mettler 3000 series. Optical microscopy was performed on a Nikon polariz- 
ing optical microscopy equipped with a Mettler FP80 controller and a FP82 
hot stage. Gel permeation chromatography(GPC) was camed out with a Tosoh 
HLC-8020 instrument using chloroform as the eluent. The instrument was 
calibrated with a polystyrene standard. X-ray diffraction patterns were re- 
corded with a Rigaku X-ray diffractometer RAD-2B system with Ni-filtered 
Cu-K (Y radiation. UV-vis spectra were taken on a HITACHI U-3410 spec- 
trophotometer and fluorescence spectra were obtained on a HITACHI F-4500 
spectrophotofluorometer with polymer thin films cast from CHCI, solutions 
on a quarts plate. Cyclic voltamograms(CVs) were measured by using a Hokuto 
Denko HB-111 function generator and a HA-SO1 potentiostat/galvanostat. A 
polymer was cast from a CHCI, solution onto a IT0 glass plate, and this work- 
ing electrode was heated to 95% of the clearing temperature of a sample an- 
nealed for l h ,  and subsequently cooled to room temperature. After that, the 
electrode which was thermal treated or not was set in an acetonitrile solution 
of 0.1M LiCIO, as an electrolyte. A platinum electrode was used as a counter 
electrode and an Ag/Ag+ electrode was used as a reference electrode. The 
electroconductivities were measured with a Mitsubishikagaku Loresta HP 
(MCP-T410) electrometer by using four-probe (Mitsubishikagaku MCP- 
TP06P) technique at room temperature under N, atmosphere. 

Materials 

The synthesis route for mesogenic dibromothiophene monomers and poly- 
mers are shown in Scheme 2 and Scheme 1, respectively. 
Compounds( 1)-(3) ,mesogenic thiophenemonomers,(a)and(b), and 
homopolymers,(FTh12CB) and (PThllCB) were synthesized according to the 
l i t e r a t ~ r e [ ~ ~ ~ ~ * l ~ ~ ~ ~ ] .  The procedure of compound(A), copolymers,(CPThl2CB) 
and (CPThllCB) are described below. 
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374/[2884] NAOYUKI KOIDE and YOSHIHARU HIRAI 

Synthesis of copolymers 
Copolymers were prepared according to Scheme l(b)[”]. 

[2,5-bis(tri-n-butyI~tannyl)thiophene(A)]~~~1 
In a three-necked flask was charged with 2,s-dibromothiophene (5.4g, 2.3 X 

mol) and 50ml of dry THF under nitrogen. After cooling to - 7 8 c ,  
29.8m1(5.OX mol) of 1.6M n-butyllithium in hexane was dropped to this 
solution and the mixture was stirred for 0.5h. 7.5m1(5.0 X mol) of 
N,N,N’,N’-tetramethylethylenediamine(TMEDA) was dropped to the mixture 
and stirred for 0.5h at the same temperature. 16.3g(5.0 X lo2 mol) of tri-n- 
butyltinchloride in l0ml of dry THF. The mixture was allowed to warm to -50 

and was stirred at this temperature for 4h. The reaction was quenched with 
l0Oml of water at 0°C with vigorous stirring. The organic layer was separated 
and then evaporated. lOOml of chloroform and l0Oml of 10% HClsq were 
added to the residue, and washed with water until organic layer was neutral. 
The organic layer was dehydrated with MgSO, and solvent was removed un- 
der reduced pressure, and the excessive tri-n-butyltinchloride was removed 
born the residue by the fractional distillation. 12.0g(77.9% yield) of light yel- 
low oil was obtained. 
’H-NMR (CDCI,, 6 ppm):0.7-2.0(m,54H), 7.7(s,2H) 

Copolymerization 
[CVThl2CB]: Dried shlenk flask was charged with compound Thl2CB (O.70g, 
1.0 X lo3 mol), tetrakis(triphenylphosphine)palladium, Pd(PPh3),,(24mg, 2.1 
X 10~s mol). lOml of dry toluene and compound A (0.68g, 1.0 X mol) 
were then added via syringe. The  reaction mixture was stirred at 85°C for 48h 
in a stream of nitrogen. After the reaction, the solution was poured into hex- 
ane to precipitate the polymer. The polymer was washed with methanol, 10% 
EDTAaq, water and finally acetone. The polymer was further purified by dis- 
solution in chloroform and reprecipitation with hexane. 0.44g(70.7% yield) 
of CPThl2CB was obtained as red powder. 
IR(  KBr,cm”):292 1,2850( C-H),2223( CN), 1602,1494( C-C, Ar), 1249( C- 
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SIDE-CHAIN TYPE LIQUID CRYSTALLINE POLYTHIOPHENE t28851137.5 

O,Ar),l097(C-O,Aliphatic),850(C-H, hetero- cyclic),821(C-H,Ar) 

The copolymer (CPThllCB) was prepared in a similar to above way. 
0.71g(76.5% yield) of CpThllCB was obtained as red powder. 
IR( KEk,cm-’): 2925,2852( C-H), 2223( CN), 1735( C=O), 1 602,1494( C-C, Ar), 
1249(C-O,Ar), 11 12(C-O,Aliphatic),85O(C-H, heterocyclic),823(C-H,Ar) 
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