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ALIGNMENT O F  L I Q U I D  CRYSTALS ON THE STRETCHED 
POLYMER FILMS 

H I R O S H I  AOYAMA*, YOSHIFUMI YAMAZAKI, 
NAOKI  MATSUURA, HITOSHI MADA, and 

SHUNSUKE KOBAYASHI 

Department of  E l e c t r o n i c  Eng inee r ing  
( D i v i s i o n  of  Eng inee r ing  S c i e n c e s ) ,  
F a c u l t y  of Technology, 
Tokyo U n i v e r s i t y  of  A g r i c u l t u r e  and Technology, 
Koganei,  Tokyo 1 8 4 ,  Japan 

* p r e s e n t l y  w i t h  P ionee r  C o . ,  Ltd.  

(Submi t ted  f o r  p u b l i c a t i o n  August 1 0 ,  1981) 

Abst rac t :  S e v e r a l  k i n d s  o f  t h e  s t r e t c h e d  poly-  

m e r  f i l m s ,  such as t h o s e  o f  c e l l u l o s e ,  po lyv iny l -  

a l c o h o l ,  and po lye thy lene  are shown t o  have 
a l i g n i n g  c a p a b i l i t y  f o r  nemat ic  l i q u i d  c r y s t a l s  
( a  m i x t u r e  of cyanobiphenyls )  i n  t h e  d i r e c t i o n  

of t h e  s t r e t c h i n g  when t h e  f i l m s  are s t r e t c h e d  

o v e r  abou t  1 0 0 % .  Among them po lye thy lene  i s  o n l y  
one e x c e p t i o n a l  case where t h e  i n i t i a l  a l i g n i n g  

p r o p e r t y  l a s t s  on ly  f o r  s e v e r a l  days a t  room 
tempera tu re .  

The f a b r i c a t i o n  of t h e  w e l l - a l i g n e d  l i q u i d  

c r y s t a l  (LC) phases  i s  of c o n s i d e r a b l e  s c i e n t i f i c  
a s  w e l l  as t e c h n i c a l  i n t e r e s t .  For o b t a i n i n g  a 
uniform p a r a l l e l  o r  s l i g h t l y  i n c l i n e d  a l ignment  t o  t h e  

s u b s t r a t e s ,  v a r i o u s  t echn iques  have been developed:  

rubbing  on t h e  b a r e  g l a s s  s u b s t r a t e s '  o r  t h o s e  coa ted  
w i t h  i n o r g a n i c  mater ia ls  ( e .g .  S iOx)2 ,  polymer , and 3 
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s i l a n e  compound ; 

o r  m e t a l s  . Some 

H. AOY AMA et  al. 

4 

7 
and o b l i q u e  e v a p o r a t i o n s  o f  e x i d e s  5 , 6  I 

polymer f i l m s  are known t o  be  u s e f u l  

t o  f a b r i c a t e  t h e  a l i g n i n g  f i l m  and t o  g i v e  an oppor- 

t u n i t y  f o r  s t u d y i n g  t h e  a l i g n i n g  mechanism which i s  
s t i l l  n o t  always c lear  y e t .  

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

L C s  i n  t w i s t e d  nemat ic  ce l l s  i n t o  which L C s  o f  a 

b i p h e n y l  mix tu re  (Merck: E-18 o r  Ch i s so :  GR-18) w e r e  

d i s p o s e d ;  t h e  c e l l u l o s e  f i l m s  used  i n  t h i s  exper iment  

are commercial ly  a v a i l a b l e  a d h e s i v e  t a p e s  ( e .g .  C e l l o -  

t a p e s  by Nichiban or  Cel lophane t a p e  by o t h e r s ) .  A s  

t a k e n  ( n o t  worked) t a p e s  showed a f a i r l y  good a l i g n -  
i n g  c a p a b i l i t y ;  i f  w e  removed c a r e f u l l y  a l i t t l e  

r e s i d u e  of t h e  g l u e  on t h e  f i l m  s u r f a c e  w i t h  a 

s o l v e n t  immersed c o t t o n  swab w e  g o t  a b e t t e r  r e s u l t ;  

and i f  w e  rubbed them w i t h  a d r y  c l o t h  i n  t h e  d i r e c t i o n  

of t h e  l e n g t h  of t h e  t a p e  t h e  r e s u l t  w e  g o t  w a s  much 

b e t t e r .  The o r d i n a r y  adhes ive  t a p e  h a s  an a n i s o t r o p y  

i n  t h e  r e f r a c t i v e  index  o f  about  1 0 %  which r e f l e c t s  
t h e  e f f e c t  o f  t h e  s t r e t c h i n g  i n  t h e  d i r e c t i o n  of 

l e n g t h .  
Then, w e  rubbed t h e  c e l l o t a p e s  w i t h  a c l o t h  i n  

t h e  d i r e c t i o n s  o f f  from t h a t  o f  t h e  s t r e t c h i n g ;  w e  
confirmed t h a t  t h e  l i q u i d  c r y s t a l s  neve r  a l i g n  i n  

t h e  newly rubbed d i r e c t i o n s  which were o f f  from 

t h a t  o f  t h e  s t r e t c h i n g .  
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LIQUID CRYSTALS ON STRETCHED POLYMERS 129 

Table  1. E f f e c t  o f  rubbing  on c e l l o t a p e s  used  f o r  

t w i s t e d  nemat i c  c e l l s ; g / g + b  s t a n d s  f o r  area % of  

good a l i g n e d  r e g i o n  (b:bad r e g i o n )  

~ ~ ~ ~ -~~ 

A O  ((leg. ) * ( n . r . ) * *  0 30 45  6 0  9 0  

55 93 7 5  6 0  30 2 5  

*)  A @ =  [ rubb ing  d i r e c t i o n ]  - [ long  a x i s  o f  t a p e ]  
** )  (n .  r. 1 : no rubb ing  

T h e  results i s  shown i n  Table  1; the degree  of 

a l ignmen t  i s  e v a l u a t e d  and e x p r e s s e d  by t a k i n g  t h e  
area % of  t h e  good r e g i o n  among t h e  whole alrea o f  
t h e  ce l l .  

F i g u r e  l l a )  i s  an e lec t ron  microphotograph o f  

t h e  rubbed s u r f a c e  of a SiO, c o a t e d  g l a s s  p l a t e  

shDwing t h e  s o m e  s t r i a t i o n s  induced  by t h e  r u b b i n g ; i t  

i s  w e l l  known to prepare a f a i r l y  good a l ignmen t  of 

LCs. Whi le ,F igu re  l i b )  i s  a p i c t u r e  of t h e  unworked 
s u r f a c e  o f  a c e l l o t a p e i i t  i s  h a r d  t o  see any grooves  

a t  t h i s  m a g n i f i c a t i o n .  E l e c t r o n  microphotographs .of 

rubbed s u r f a c e  of t h e  c e l l o t a p e s  show worked p a r a l l e l  

g rooves ,  b u t  t h e y  are n o t  capab le  of  a l i g n i n g  LCs  i f  

t h e  grooves  run  n o t  p a r a l l e l  t o  t h e  d i r e c t i o n  o f  
s t r e t c h i n g  . 

Then, w e  t r i e d  t o  examine po lyveny la l coho l  (PVA) 

and p o l y e t h y l e n e  (PE)  and made a comparison o f  
a l i g n i n g  p r o p e r t i e s  o f  bo th  materials. PVA i s  a w e l l  

known m a t e r i a l  f o r  i t s  p a r a l l e l  a l i g n i n g  p r o p e r t y  Of 

LCs i f  it i s  rubbed a p p r o p r i a t e l y .  

F i g u r e  2 shows t h e  r e l a t i o n s h i p  between t h e  
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130 H. AOYAMA et al. 

ave rage  c o l o r  c o n t r a s t  expres sed  by t h e  c o l o r  
d i f f e r e n c e  ( 1 9 7 6  C I E  L*u*v* space )  i n  t h e  whole a r e a  

o f  t h e  TN ce l l s  and t h e  degree  o f  t h e  s t r e t c h i n g  o f  

PVA f i l m s  which are used f o r  a l ignmen t ;  it i s  seen  

t h a t  t h e  c o n t r a s t  s a t u r a t e s  when t h e  PVA f i l m s  

s t r e t c h e d  o v e r  1 0 0 % .  Th i s  a l ignment  l a s t s  f o r  a long 

t i m e  i f  w e  s t o r e  t h e  c e l l  i n  t h e  o r d i n a r y  c o n d i t i o n .  
Almost t h e  same exper iments  have been conducted 

on PE i n s t e a d  o f  PVA; t h e r e  w a s  no s i g n i f i c a n t  d i f -  
f e r e n c e  i n  t h e  i n i t i a l  a l i g n i n g  p r o p e r t i e s  of PE as 

compared w i t h  PVA, b u t  t h e  exper iment  showed t h a t  t h e  

o p t i c a l  c o n t r a s t  o f  t h e  cel ls  w i t h  PE l a s t e d  o n l y  f o r  

2 d a y s ,  which means t h a t  t h e  d e t e r i o r a t i o n  o f  t h e  
s u r f a c e  a l ignment  of  t h e  L C s  occured .  The same i s  
t r u e  f o r  t h e  rubbed PE f i l m s .  The o n l y  d i f f e r e n c e  
i n  t h e  molecu la r  s t r u c t u r e  between PVA and PE i s  t h e  
e x i s t e n c e  o f  OH branches  i n  PVA i n s t e a d  of H b ranches  

i n  PE; t h e  l a t t e r  i s  known as a s a t u r a t e d  hydrocarbon 
system. From t h e  above mentioned exper iments  and 

c o n s i d e r a t i o n ,  w e  w i l l  c l a i m  t h a t  t h e  OH p a r t  may 

p l a y  a r o l e  i n  t h e a n c h o r i n g t h e  LC molecules .  I n  

g e n e r a l ,  t h e  p o l a r  p a r t  in  a polymer such as ,  OH, C 1 ,  

F, B r ,  C H 3 , e t c . ,  may t a k e  p a r t  i n  t h e  anchor ing .  
Formation o f  t h e  microgrooves o n  s u r f a c e  of t h e  

s a t u r a t e d  hydrocarbon system i s  n o t  s u f f i c i e n t  t o  

g e t  a s t a b l e  p a r a l l e l  a l ignment  of  LCs. However, i n  

cases of  PVA and c e l l u l o s e ,  t h e  p o l a r  i n t e r a c t i o n  

(e.9. t h a t  o f  between O H s  w i t h  C E N p a r t  i n  b io-  

pheny l s )  i s  thought  t o  work i n  c o o p e r a t i o n  w i t h  t h e  
a n i s o t r o p i c  i n t e r a c t i o n s  o r i g i n a t e d  from van d e r  

Waals i n t e r a c t i o n 8  'and t h e  grooves which induce  t h e  

e l a s t i c  deformat ion  of LCs . 10 
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FIGURE 1. Microphotographs;  (a )  rubbed s u r f a c e  of 

a SiO, c o a t e d  g l a s s ,  (blunworked s u r f a c e  o f  a 

c e l l o t a p e .  

(a) 

I I - 

I 
1 1 1  PVA/GLASS 

TN-LCD 

LC : E- 18 

POLAR1 ZER: L- 8 2 - 18 

I I 

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