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RELIABLE METHODS FOR ALIGNMENT OF LC POLYMER 

L .DATA,  A .  JAKLI, J .  SZABUN, A. V A J D A  
C e n t r a l  Research I n s t i t u t e  f o r  Phys ics  
H-1525 Budapest 114 ,  P.0 .0 .49 .  Hungary 
J . L I N D A U  
Martin-Luther U n i v e r s i t y ,  H a l l e .  GDR 

A b s t r a c t  Magnetic f i e l d  and a l t e r n a t i n g  s h e a r  were used t o  
a l i g n  a L C  polymer. 

S i m i l a r l y  t o  low molar weight  l i q u i d  c r y s t a l s ,  t h e  a l ignment  of 
polymeric  l i q u i d  c r y s t a l s  is very impor tan t  f o r  t h e  p h y s i c a l  
i n v e s t i g a t i o n s .  For t h e  p o s s i b l e  p r a c t i c a l  a p p l i c a t i o n s  i t  is 
necessary  t o  o b t a i n  uniformly a l i g n e d  samples a s  well. 

c a l l y  / t h e  o p t i c a l  a x i s  is p a r a l l e l  t o  t h e  p l a t e  normall  when 
making from them t h i n  polymeric LC f i l m  /a couple  of t e n  microns/ 
and c o o l i n g  t h e  sample from i s o t r o p i c  t o  LC.  

Large p a r t  of s u b s t a n c e s  tend  t o  a l i g n  themselves  homeotropi- 

I t  is a h a r d  t a s k  however t o  o b t a i n  homogeneous p l a n a r  a l i g n -  
ment / t h e  o p t i c a l  a x i s  is p a r a l l e l  t o  t h e  bounding p l a t e s . /  Some- 
times s u r f a c e  t r e a t m e n t s  combined with t h e  a p p l i c a t i o n  of  electric 
f i e l d s ,  such a s  polyimide c o a t i n g  with rubbing ,  p a r a l l e l  d i r e c t i o n ,  
and a p p l i c a t i o n  of e lec t r ic  f i e l d s  l e a d  t o  a p p r o p r i a t e  p l a n a r  

a l ignment .  

The a p p l i c a t i o n  of l a r g e  magnet ic  f i e l d s  a l s o  may l e a d  t o  good 
enough p l a n a r  a l ignments .  
S i m i l a r l y ,  t h e  a p p l i c a t i o n  of s h e a r  and e l o n g a t i o n a l  f lows  may be 

e f f e c t i v e .  
During t h e s e  l a t t e r  t r e a t m e n t s  t h e  al ignment  was obta ined  by time- 
- c o n s t a n t  s h e a r  and e l o n g a t i o n a l  f l o w s .  

1 

2 

374 

Based on low molar weight  l i q u i d  c r y s t a l  e x p e r i e n c e s  5 , 6 , 7  

we t r i e d  t o  induce p l a n a r  a l ignment  by a l t e r n a t i n g  s h e a r  and 
l a r g e  magnetic f i e l d s  apply ing  them a t  d i f f e r e n t  tempera tures .  
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I n  t h i s  sho r t  communication we summarise b r e a f l y  our i nves t i ga t i ons  

regarding these methods. 

For i nves t i ga t i ons  the  f o l l o w i n g  m a t e r i a l  was used: 

-0-R -0- 2 

‘gH13 x 

R 2 = -(CH~)~,-O---@N=N--@--O-(CH 2 ) 11 - 

molecular weight*20.000 

phase sequence: 

g 36OC Sc 47OC N 9loC Is 

During a l t e r n a t i n g  shear i n v e s t i g a t i o n s  the  sample was t rea ted  

by t he  same set-up which was used i n  low molar weight al ignments , 
thus the  a l t e r n a t i n g  shear was ensured connecting one o f  the  p l a t e  

t o  the  membrane of an e l e c t r i c a l l y  exc i ted  loudspeaker / the  o ther  

p l a t e  was f i x e d / .  

The bes t  al ignments were obtained when the  shear ampli tudes were 

about 5-10 t imes l a r g e r  than the  sample th ickness and the  shear 

f requencies were less than 2-3 Hz. 
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RELIABLE METHODS FOR ALIGNMENT OF LC POLYMER [9871/207 

As a general  tendency i t  was observed t h a t  c lose r  t o  the  

i s o t r o p i c  phase the  obtained alignment i s  b e t t e r .  /It i s  i n  agree- 

ment with the  conclusions of . / We a l so  observed t h a t  a f t e r  the  

induced homeotropic - planar t r a n s i t i o n ,  l e t t i n g  the  sample t o  r e s t ,  

i t  re laxed again t o  the  homeotropic s t a t e .  This r e l a x a t i o n  t ime 

however increased very much as the  temperature decreased. However 

coo l i ng  the  sample r a p i d l y  t o  i t s  glassy phase / i n  severa l  minutes/ 

t he  p lanar  al ignment remained s tab le .  

The above mentioned r e s u l t s  are represented i n  F i g . 1  where 

the  homeotropic alignment i s  shown / the  sample i s  seen between 

crossed n i c o l s /  as i t  i s  es tab l i shed l e t t i n g  the  sample t o  c o o l  

f rom the  i s o t r o p i c  phase w i thout  any ex te rna l  treatments. 

minutes a l t e r n a t i n g  shear treatments /T=54OC, d=15 

v i s i b l e  de fec ts  i n d i c a t e  the  shear d i r e c t i o n .  /Their  l ong  axes 

p o i n t  t o  the  d i r e c t i o n  o f  the  v i b r a t i o n / .  

7 

I n  F ig .2  the  planar alignment can be seen a f t e r  severa l  

urn/. The / 

See Color Plate VI See Color Plate VII 

FIGURE 1. Photomicrograph FIGURE 2. Photomicrograph, 
obtained w i thou t  any when the  al ignment was made 
treatments.  by a l t e r n a t i n g  shear. 

The arrow denotes the  d i rec -  
t i o n  o f  shear. 
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See Color Plate VIII 

FIGURE 3.  Photomicrographs observed when t h e  o r i e n t a t i o n s  
were made by magnetic f i e l d .  
a . )  H 11 t o  t h e  p l a t e .  b . )  HI t o  t h e  p l a t e .  

We a l s o  s tud ied  t h e  e f f e c t  of magnetic f i e l d s  on the al ignment .  
6 , 7  . According t o  t h e  Pow molar w i g h t  e x p e r i e n c e s  it was found, 

t h a t  t h e  magnetic f i e l d  is the most e f f e c t i v e  applying i t  a t  near  
t o  t h e  i s o t r o p i c  - l i q u i d  c r y s t a l  phase t r a n s i t i o n  temperature .  

induced alignment is p lana r ,  while  i f  it is perpendicular  t o  i t  
the horneotropic alignment is favoured .  

dur ing  1 0  minutes is  represented  

p l a t e  /its d i r e c t i o n  is ind ica t ed  by an arrow/,  and i n  Fig.3b 
t h e  magnetic f i e l d  i s  perpendicular  t o  t h e  bounding p l a t e .  

I f  t h e  magnetic f i e l d  i s  p a r a l l e l  t o  t h e  bounding p l a t e  t h e  

The e f f e c t  of a H=75 kOe magnetic f i e l d  applying a t  T=90°C 

i n  F i g . 3  
I n  F i g . 3 a  t h e  magnetic f i e l d  is p a r a l l e l  t o  t h e  bounding 

SUMMARY 

Anything which causes  shear  or  e longa t iona l  f lows i n  t h e  d i r e c t i o n  

of bounding p l a t e s  is a p p l i c a b l e  for  p l ana r  a l ignments  /main 
cha ins  l a y  i n  t h e  flow d i r e c t i o n / .  

Magnetic f i e l d s  a r e  more e f f e c t i v e  keeping t h e  sample 
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RELIABLE METHODS FOR ALIGNMENT OF LC POLYMER 198911209 

/ p l a t e  11 H/ c lose  t o  the  i s o t r o p i c  - N phase t r a n s i t i o n  tempera- 

t u r e .  

a tu res  /e.g . a t  T=90°C back t o  homeotropic i n  severa l  seconds/. 

By quick 

ment remains. 

Surfaces induce real ignment t o  homeotropic one a t  h igh  temper- 

coo l i ng  t o  S phase o r  glassy s t a t e  - the  p lanar  a l i g n -  
C 
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