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STRUCTURE OF POLYMER LIQUID CRYSTALS 
AND ELECTRO-OPTICAL PROPERTIES 

SEIJI UJIIE, NAOYUKI KOIDE 
AND KAZUYOSHI IIMURA 
Department of Chemistry, Faculty of Science, 
Science University of Tokyo, Kagurazaka, 
Shinjuku-ku, Tokyo 162, JAPAN 

Abstract Electro-optical properties of the 
comb-like and the main chain type liquid 
crystalline polymers were investigated in 
terms of the molecular weight and the polymer 
structures. The comb-like polymer has acrylic 
or methacrylic s k e l e t a l  chain w i t h  4 -  
cyanobiphenylbenzoate as a mesogenic pendant 
group. The response time on application of 
DC field was longer f o r  the methacrylic poly- 
mer owing to its less mobility of the skeletal 
chain. The main chain type polymer with - 
cyanostilbene as a mesogenic moiety exhibited 
a relatively short response time as low as 
200111s. This is likely originated from a 
large dielectric anisotropy of the mesogenic 
moiety. 

INTRODUCTION 

Since electro-optical property of low mass nematic 
liquid crystals was first described by Heilmeir et 

al.'], their applications have been extensively 
investigated and have led to fruitful success. 
Recently, various kinds of thermotropic liquid 
crystalline polymers have been synthesized, and 
their electro-optical properties w e r e  a l s o  

reported by many research  group^^-^). 
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192 S .  UJIIE, N. KOlDE AND K .  IIMURA 

Although the liquid crystalline polymer is not 

necessarily suitable for a high speed display 
device, the basic study on the relations between 
the structure of liquid crystalline polymers and 
electro-optical properties is important to bring 

about possibility for new applications. 
In this report we describe the electro-optical 

p r o p e r t i e s  o f  the c o m b - l i k e  p o l y m e r s  w i t h  
mesogenic group attached to acrylic or methacrylic 
polymer backbone through different lengths of 
alkyl spacer, and of the main chain type polyester 
a n d  p o l y c a r b o n a t e  w i t h  m e s o g e n i c  g r o u p  
alternatively linked with flexible alkyl or 

oxye thylene s p a  c e r , The influence of 

polymer structure and molecular weight on the 
electro-optical properties are discussed. 

EXPERIMENTAL 

Substances 
The structure of liquid crystalline polymers 
investigated are shown i n  Figure 1 ,  and their 

thermal properties are listed in Table 1. 
Acryl or methacryl monomer was prepared by 

reacting 4 & u - a c r y l o y l o x y a l k o x y ~ b e n z o y l  chloride 
or 4 4 & W  -methacryloyloxyalkoxy~benzoyl chloride 
with 4-hydroxy-4I-cyanobipheny1, respectively, and 
polymerized using AIBN or BPO'). 

P o l y e s t e r  w a s  obtained by r e a c t i n g  4 , b 1 -  
dihydroxy- a-cyanostilbene with a, w -dodecane- 
dioyl chloride6). 

Polycarbonate was obtained by reacting 4,L1- 
dihydroxyazoxybenzene with triethyleneglycol- a,w - 
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STRUCTURE AND ELECTRO-OPTICAL PROPERTIES 193 

di c h l o r ~ f o rmate~) . 
The samples with different molecular weight 

w e r e  o b t a i ned b y  c h a n g i n g  p o l y m e r i z a t i o n  
conditions f o r  the comb-like polymers, and by 
fractional precipitation using the mixed solvent 

R 

R=H; A-n (n=2 or 6) 
R=CH3; MA-n (n=2 or 6) 

+ O o C = C H ~ O - C O - ( C H 2 ~  CO Jy 
CN 

Polyester; PE-10 

+O 0 N-N 0 - C 0 4 0  C H C H 2e 0 - C 0 Jy 
0 

Polycarbonate; PC-3 

FIGURE 1. Structures of polymers. 

TABLE 1. Thermal properties of polymers 

Sample Mn [ Q ]  (dl/g) Transition temp.' ( "  C) 

A-2 6200 - g (95.O)N(303.0)1 
11300 - g (1 OO.O)N( 31 5 .O) I 

A-6 14100 - g (60.0)S(332.0)1 

MA-2 9000 - 
21 500  - 

MA-6 10300 - 
g(113.O)N(296.0)1 
g(l45.O)N(312.0)1 
g (60.0)S(328.0)1 

PE-10 20000 0.37 K(134.O)N(198.0)1 

PC-3 7200 0.13 K( 10.4) S (  47.O)N( 130.1 )I 
13500 0.20 K (1 3 .O) S (57.0 )N( 147.4) I 
23000 0.27 K( 16.5) S (  66.O)N( 1 50.4) I 

)g , glassy state ;K, solid phase; N,nematic phase; 
S,smectic phase;I,isotropic phase. 
Numerals in parentheses indicate the 
transition temperatures. 
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194 S. UJIIE. N .  KOIDE AND K .  IIMURA 

s y s t e m  o f  T H F ( g o o d  s o l v e n t )  a n d  m e t h a n o l ( p o o r  

s o l v e n t )  f o r  t h e  m a i n  c h a i n  t y p e  p o l y m e r ,  PC-3. 

M e a s u r e m e n t  o f  E l e c t r o - o p t i c a l  E f f e c t  

T h e  s a m p l e  w a s  s a n d w i t c h e d  b e t w e e n  c o n d u c t i v e  

g l a s s  p l a t e s  c o a t e d  w i t h  I n 2 0 3 / S n 0 2 .  T h e  c e l l  

m a i n t a i n e d  a t  c o n s t a n t  t e m p e r a t u r e  on  t h e  M e t t l e r  

H o t  S t a g e  F P 5 2  w i t h  t h e  c o n t r o l  u n i t  F P 5 .  T h e  

r e s p o n s e  t i m e (  r i s e  t ime ;Tr  a n d  d e c a y  t i r n e ; T d )  was 

d e t e r m i n e d  by r e c o r d i n g  t h e  c h a n g e  i n  t r a n s m i t t e d  

b i r e f r i n g e n t  l i g h t  i n t e n s i t y  t h r o u g h  t h e  s a m p l e  

c e l l  k e p t  a t  t h e  m e s o m o r p h i c  t e m p e r a t u r e .  

On a p p l i c a t i o n  o f  a DC v o l t a g e  a b o v e  t h e  

t h r e s h o l d  a d y n a m i c  s c a t t e r i n g  t e x t u r e  a p p e a r e d  

a n d  t h e  t r a n s m i s s i o n  o f  l i g h t  was i n h i b i t e d .  On 

removal o f  t h e  D C  v o l t a g e  t h e  t r a n s m i t t a n c e  o f  

b i r e f r i n g e n t  l i g h t  w a s  r e c o v e r e d  q u i t e  s l o w l y .  

T h e  r i s e  t i m e  on  a p p l i c a t i o n  o f  a D C  e l e c t r i c  

f i e l d  o f  60V i s  d e f i n e d  a s  t h e  t i m e  r e q u i r e d  f o r  

t h e  t r a n s m i s s i o n  o f  t h e  s a m p l e  b e t w e e n  c r o s s  

p o l a r s  t o  d r o p  f r o m  9 0 %  t o  1 0 %  o f  i t s  i n i t i a l  

l i g h t  i n t e n s i t y .  The d e c a y  t i m e  was o b t a i n e d  from 
t r a n s  rn i t t a n c  e .  

w i t h  a 

t h e  r e v e r s e  p r o c e s s  o f  t h e  

T r a n s m i t t e d  l i g h t  i n t e n s i t y  was 

p h o t o - d i o d e ,  a n d  was r e c o r d e d .  

RESULTS AND DISCUSSION 

As s h o w n  i n  F i g u r e  2 ,  T+ o b s e  

m o n i t o r e d  

v e d  a t  a e d u c e d  

t e m p e r a t u r e ( T / T i = O . 8 2  f o r  t h e  c o m b - l i k e  p o l y m e r s  

a n d  0.91, f o r  t h e  m a i n  c h a i n  t y p e  p o l y m e r s )  a r e  

d e c r e a s e d  w i t h  i n c r e a s i n g  a p p l i e d  v o l t a g e  a n d  

r e a c h e d  t o  a c o n s t a n t  v a l u e .  I n v e r s e  o f  T r  
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' 

w a s  f o u n d  t o  b e  

l i n e a r  a g a i n s t  V* i n  

a s i m i l a r  m a n n e r  a s  

o b s e r v e d  f o r  l o w  

m a s s  l i q u i d  c r y s t a l s .  

D e c a y  t i m e s ( T d  ) 

o n  r e m o v a l  o f  t h e  

e l e c t r i c  f i e l d  w e r e  

s e v e r a l  t e n  t i m e s  

o f  T r  f o r  t h e  

com b - l i k e  p o l y m e r s  ( A  

a n d  M A ) ,  h o w e v e r ,  

t h o s e  o f  m a i n  c h a i n  

t y p e  o f  p o l y m e r s ( P C  

a n d  P E )  w e r e  s e v e r a l  

h u n d r e d s  t i m e s  o f  

T r .  T h e  l a r g e T d  

a m o u n t i n g  t o  s e v e r a l  

t e n s  o r  h u n d r e d s  

s e c o n d s  i s  l i k e l y  

o r i g i n a t e d  f r o m  

h i g h e r  v i s c o s i t y  o f  

t h e  p o l y m e r  m e l t .  

F i g u r e  3 s h o w s  

t e m p e  r a t u r e  t h e  

d e p e n d e n c e  o f  T r  

Vol tage/V 

F I G U R E  2 .  R e l a t i o n  
b e t w e e n  r i s e  t i m e ( ' $  
a n d  a p p l i e d  v o l t a g e :  
0 , A - 2 ( M n = I 1 3 0 0 ) ; 0 ,  

MA-2 (Mn=9000)  ; A , PE- 
1 O( Mn=20000) ;  A , pc -3  
(Mn= 7 2 0 0 )  . 

for t h e  c o m b - l i k e  p o l y m e r s  i n  t h e  m e s o m o r p h i c  

t e m p e r a t u r e  r e g i o n .  A t  a t e m p e r a t u r e  n e a r  t h e  

i s o t r o p i z a t i o n  p o i n t  s h o r t e r  r e s p o n s e  t i m e s  a s  

l o w  a s  200ms h a v e  b e e n  o b s e r v e d .  

C o m p a r i n g  w i t h  t h e  p o l y m e r s  h a v i n g  t h e  s a m e  

b a c k b o n e  s t r u c t u r e  a n d  s p a c e r  l e n g t h ,  Tr b e c o m e s  
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196 S .  UJIIE, N .  KOIDE AND K .  IIMURA 

l o n g e r  f o r  t h e  

h i g h e r  m o l e c u l a r  

w e i g h t  p o l y m e r s .  

T h e  s m e c t i c  p o l y -  

m e r s (  M A - 6 ,  A-6 ) 

e x h i b i t  l o n g e r  T r  

i n  c o m p a r i s o n  w i t h  

Tr o f  t h e  n e m a t i c  

p o l y m e r s ( M A - 2 , A - 2 ) ,  

a n d  a s t e e p  

i n c r e a s e  i n  ‘Cr 

w i t h  l o w e r i n g  

t e m p e r a t u r e  i s  

o b s e r v e d  f o r  t h e  

s m e c t i c  p o l y m e r .  

T h e s e  d a t a  w o u l d  b e  

r e s u l t e d  f r o m  a 

h i g h e r  o r i e n t a -  

t i o n a l  o r d e r  i n  t h e  

s m e c t i c  p h a s e .  

The m e t h a c r y l i c  

p o l y m e r s ( M A - 6 ,  Mn= 

1 0 3 0 0  a n d  M A - 2 ,  

Mn=9000) a l w a y s  

e x h i b i t  a longer  T y  

t h a n  t h e  a c r y l i c  

p o l y m e r s  (A-6, Mn= 1 4 1  00 

0.11 I I J 
1.1 1.2 1 . 3  1.4 

T i / T  

FIGURE 3. T e m p e r a t u r e  
d e p e n d e n c e  o f  T r f o r  t h e  
c o m b - l i k e  p o l y m e r s ;  w , 
A-2(Mn=6200) ;  0 ,A-2(Mn= 
1 1  3 0 0 ) ;  A ,A-6(Mn=1.4100) 
; ,MA-2(Mn=9000) ;  0 , M A  
- 2 ( M n = 2 1 5 0 0 ) ;  A ,MA-6(Mn 
=10300): T , m e a s u r i n g  
t e m p e r a t u r e ;  T i  , i s o -  
t r o p i  z a  t i o n  t e  m p e  r a  t u r e .  

a n d  A-2,Mn=I 1300)  w i t h  

h i g h e r  m o l e c u l a r  w e i g h t s .  The d i f f e r e n c e  

i n  Ty s h o u l d  b e  a s c r i b e d  t o  t h e  m o b i l i t y  o f  t h e  

p o l y m e r  b a c k b o n e s .  a - M e t h y l  g r o u p  i n  t h e  

m e t h a c r y l i c  b a c k b o n e  h i n d e r s  r o t a t i o n a l  m o t i o n  of  

t h e  s k e l e t a l  c h a i n .  M e a s u r e m e n t  o f  t h r e s h o l d  
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STRUCTURE AND ELECTRO-OPTICAL PROPERTIES 197 

v o l t a g e ( V t h )  s u p p o r t s  t h e  a b o v e  i n t e r p r e t a t i o n .  

VthS o f  t h e  a c r y l i c  

m e t h a c r y l i c  p o l y m e r  

(MA-2,Mn=9000) a t  a 

r e d u c e d  t e m p e r a t u r e  

o f  T / T i =  0 .82 w e r e  

d e t e r m i n e d  t o  b e  

1 1 . 0  a n d  1 5 . O V ,  

r e s p e c t i v e l y .  T h e s e  

d a t a  w e l l  r e f l e c t s  

t h e  p o l y m e r  c h a i n  

m o b i l i t y .  

F i g u r e  4 s h o w s  

t h e  t e m p e r a t u r e  

d e p e n d e n c e  o f  Tr 

f o r  t h e  m a i n  

c h a i n  t y p e  o f  p o l y -  

m e r s .  B o t h  P o l y -  

e s t e r ( P E - 1 0 )  a n d  

P o l y c a r b o n a t e ( P C - 3 )  

e x h i b i t e d  n e m a t i c  

p h a s e .  

V a l u e s  o f  T r  

for P C - 3  c h a n g e  i n  

t h e  o r d e r  o f  

s e v e r a l  s e c o n d s  

d e p e n d i n g  o n  i t s  

m o l e c u l a r  w e i g h t .  

T h e  h i g h e r  m o l e c u -  

l a r  w e i g h t  p o l y m e r  

s h o w s  l o n g e r  T y ,  

w h i c h  b e c o m e s  s h o r t  

p o l y m e r ( A - 2 , M n = l 1 3 0 0 )  a n d  t h e  

T / T i  

0.1- 
1.00 1.05 1.10 1.15 T i / T  

FIGURE 4 .  T e m p e r a t u r e  
d e p e n d e n c e  o f  ‘Cp for t h e  
m a i n  c h a i n  t y p e  p o l y -  
m e r s :  0 ,PC-3(Mn=7200);  

0 PC-3(Mn=13500);  0 , 
PC-3[Mn=23000);  A ,PE-10 
( M n = 2 0 0 0 0 ) .  

T A B L E  2 .  A c t i v a t i o n  e n e r g y  

S a m p l e  Mn E a ( K J / m o l )  
~~ 

PC-3 7 2 0 0  44.0  
1 3 5 0 0  44.0 
2 3 0 0 0  48.0 

PE-10 2 0 0 0 0  33 .0  
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198 S. UJIIE, N. KOIDE AND K. IIMURA 

with raising temperature. 
I n  spite of the l a r g e  molecular w e i g h t ,  

rr o f  PE-I0 is in the order of several one-tenth 
seconds and its temperature dependence is small. 

Apparent activation energy of orientation for PE- 
10 is smaller than that of PC-3 (Table 2). 

This c a n  be understood a s  the difference 
between their dielectric anisotropies(k ) .  

Mesogenic groups for both polymers have a negative 
dielectric anisotropy, and A E  for PE-10 and PC-3 
are estimated as -5.5 and -0.2, respectively, f r o m  

the data of the corresponding low mass liquid 
crystals'). Tr is inversely proprtional 8 to . 
Accordingly,Tr becomes shorter for the polymer 
with large A € ,  assuming that the melt viscosities 
o f  these polymers have the same order in magnitude. 
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