
C H A P T E R  I X  

PHASE TRANSITIONS OF NEMATIC MAIN-CHAIN POLYMERS 

UNDER PRESSURE 

9.1 INTRODUCTION 

T h e r m o t r o p i c  mesomorphic polymers '  h a v e  become a s u b j e c t  

o f  i n c r e a s i n g  i m p o r t a n c e  i n  r e c e n t  y e a r s  n o t  o n l y  f rom t h e  fundament-  

a l  p o i n t  o f  v i e w ,  b u t  a l s o  b e c a u s e o f t h e i r  t e c h n i c a l  a p p l i c a t i o n s .  

Through a n  a p p r o p r i a t e  c o m b i n a t i o n  of mesogen a n d  non-mesomorphic 

m o i e t i e s ,  i t  is  p o s s i b l e  t o  s y n t h e s i z e  v e r s a t i l e  a n d  n o v e l  mate- 

r i a l s .  I n  t h i s  r e s p e c t ,  po lymers  formed by r e g u l a r l y  a l t e r n a t i n g  

mesogen ic  g r o u p s  a n d  f l e x i b l e  s p a c e r s  i n  t h e  main c h a i n  a r e  among 

t h e  mos t  a c t i v e l y  i n v e s t i g a t e d .  2 

I n  g e n e r a l ,  t h e r e  a r e  two t y p e s  o f  t h e r m o t r o p i c  p o l y m e r i c  

3 l i q u i d  c r y s t a l s  : main- cha in  po lymers  a n d  s i d e - c h a i n  p o l y m e r s .  

I n  t h e  main c h a i n  p o l y m e r s ,  t h e  mesogenic  g r o u p s  form t h e  backbone  

o f  t h e  m o l e c u l a r  c h a i n s ,  w h e r e a s  i n  t h e  s i d e  c h a i n  po lymers4  t h e  

mesogen ic  u n i t s  l i n k  t o  a polymer  backbone a s  p e n d a n t s  i n  t h e  s i d e  

c h a i n .  The s p a c e r  be tween mesogenic  g r o u p s  i n  main- chain  po lymer  

o r  be tween t h e  backbone  a n d  t h e  mesogenic  u n i t s  i n  t h e  s i d e  c h a i n  

po lymer ,  i s  n e c e s s a r y  t o  form t h e  l i q u i d  c r y s t a l l i n e  p h a s e .  Thus  

t h e  mesophase- forming polymer  may e i t h e r  c o n t a i n  o n e  o f  t h e  two 

b a s i c  s t r u c t u r e s  a s  shown i n  F i g .  9 . 1 .  P r o p e r t i e s  o f  t h e s e  p o l y m e r i c  

l i q u i d  c r y s t a l s  are found t o  depend c r i t i c a l l y  on t h e  l e n g t h  o f  
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t h e  p o l y m e t h y l e n e  s p a c e r .  5 1 6  E s s e n t i a l l y ,  t h r e e  e f f e c t s  c a n  be 

o b s e r v e d  i n  homologous series o f  l i q u i d  c r y s t a l l i n e  p o l y e s t e r s :  

I On t h e  a v e r a g e ,  a r e d u c t i o n  o f  t h e  t r a n s i t i o n  t e m p e r a t u r e s  

( b o t h  m e l t i n g  p o i n t  a n d  c l e a r i n g  t e m p e r a t u r e s )  w i t h  t h e  

i n c r e a s e d  s p a c e r  l e n g t h .  

2 An odd- even a l t e r n a t i o n  o f  t h e  m e s o p h a s e- i s o t r o p i c  t r a n s i t i o n  

t e m p e r a t u r e s  i n  wh ich  polymers  w i t h  a n  e v e n  number o f  a t o m s  

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

t h a n  t h o s e  w i t h  odd number o f  a toms .  

3 I n  some c a s e s ,  a s m e c t i c  mesophase i s  formed by po lymer  

c o n t a i n i n g  v e r y  l o n g  s p a c e r s .  

The s y n t h e s i s  o f  a homologous ser ies  o f  t h e r m o t r o p i c  main  

c h a i n  p o l y e s t e r s ,  b a s e d  on  r e g u l a r l y  a l t e r n a t i n g  2 , 2 ' - d i m e t h y l a z o x y -  

benzene  mesogen a n d  a l k a n e  d i c a r b o x y l i c  a c i d  s p a c e r  was r e p o r t e d  

r e ~ e n t l y . ~  The g e n e r a l  f o r m u l a  f o r  t h e s e  p o l y e s t e r s  is g i v e n  i n  

F i g .  9 .2 .  S e v e r a l  i n t e r e s t i n g  f e a t u r e s  were o b s e r v e d  i n  t h e  thermo-  

dynamic  b e h a v i o u r  o f  t h e s e  p o l y e s t e r s :  

( i )  A l though  t h e  n e m a t i c - i s o t r o p i c  t r a n s i t i o n  t e m p e r a t u r e  (TNI) 

showed on t h e  a v e r a g e  a downward t r e n d  w i t h  i n c r e a s i n g  n ,  

(where  n is  t h e  number o f  m e t h y l e n e  u n i t s  i n  t h e  f l e x i b l e  

s p a c e r ) ,  t h e r e  was a pronounced a l t e r n a t i o n  w i t h  n ,  t h e  

a l t e r n a t i o n  g e t t i n g  less  pronounced w i t h  i n c r e a s i n g  n ( F i g .  

9 . 3 )  





( i i )  The t r a n s i t i o n  e n t h a l p y  (AH) a s s o c i a t e d  w i t h  n e m a t i c - i s o t r o p i c  

t r a n s i t i o n  shows a  v e r y  pronounced a l t e r n a t i o n  w i t h  n ,  t h e  

s t r e n g t h  o f  t h i s  a l t e r n a t i o n  remain ing  unchanged even  up 

t o  n  = 1 4  ( F i g .  9 . 3 ) .  Thus both  AHNI  and TNI showed a  s t r o n g  

a l t e r n a t i o n  w i t h  n .  It may be ment ioned,  a l t h o u g h  a n  a l t e r n a -  

t i o n  o f  TNI and A H N I  h a s  been s e e n  8 9 9  i n  low m o l e c u l a r  mass 

l i q u i d  c r y s t a l s ,  t h e  e x t e n t  of t h i s  a l t e r n a t i o n  i s  far  g r e a t e r  

i n  t h e  t h e r m o t r o p i c  p o l y e s t e r s  d i s c u s s e d  above .  I t  was a l s o  

o b s e r v e d  t h a t  no s u c h  a l t e r n a t i o n  was s e e n  f o r  t h e  thermo- 

dynamic d a t a  o f  t h e  m e l t i n g  o r  c r y s t a l - n e m a t i c  (K-N) t r a n s i -  

t i o n .  Another  i n t e r e s t i n g  f e a t u r e  was o b s e r v e d ,  v i z . ,  t h e  

r a t i o  of AS /ASK was found t o  be  g e n e r a l l y  a b o u t  0 . 2  - 0 . 3  NI - 
which i s  10 t i m e s  l a r g e r  t h a n  what is  u s u a l l y  found i n  low 

m o l e c u l a r  weight  l i q u i d  c r y s t a l s .  ( F o r  i n s t a n c e  i n  4 ,4 ' - a lkoxy  

azoxybenzenes  i t  i s  a b o u t  0.02 t o  0.03.") It was s u g g e s t e d  7 

t h a t  t h i s  i s  i n d i c a t i v e  o f  a c o n s i d e r a b l e  d e g r e e  o f  o r d e r  

i n  t h e  n e m a t i c  phase  o f  t h e s e  p o l y e s t e r s .  

S i n c e  it is known t h a t  i n  low m o l e c u l a r  we igh t  l i q u i d  c r y s t a l s  

t h e  dT/dP a l t e r n a t e s  1 1 ' 1 2  w i t h  r e s p e c t  t o  t h e  c h a i n  l e n g t h  i n  t h e  

same way as TNI, i t  is o f  i n t e r e s t  t o  conduct  a  p r e s s u r e  s t u d y  

o f  t h e  main c h a i n  p o l y e s t e r s  t o  s e e  i f  a  similar b e h a v i o u r  c a n  

be s e e n  h e r e  a l s o .  With t h i s  i n  view a  d e t a i l e d  s t u d y  o f  t h e  n  

= 7 t o  n  = 14 t h e  members o f  t h e  homologous s e r i e s  o f  t h e r m o t r o p i c  

p o l y e s t e r s  based on a l t e r n a t i n g  2,2'-dimethylazoxybenzene mesogen 
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a n d  a l k a n e  d i c a r b o x y l i c  a c i d  s p a c e r  was u n d e r t a k e n .  The r e s u l t s  

o f  t h e s e  s t u d i e s  are d e s c r i b e d  i n  t h i s  c h a p t e r .  

9.2 MATERIALS 

The g e n e r a l  f o r m u l a  f o r  t h e  homologous ser ies  o f  t h e r m o t r o p i c  

main  c h a i n  p o l y e s t e r s  h a s  a l r e a d y  been  g i v e n  i n  F i g .  9 .2 .  T h e i r  

t r a n s i t i o n  t e m p e r a t u r e s  a re  l i s t e d  i n  T a b l e s  I a n d  I1 f o r  K - N  

and  N - I  r e s p e c t i v l e y .  

9.3  EXPERIMENTAL 

The o p t i c a l  h i g h  p r e s s u r e  c e l l  d e s c r i b e d  i n  C h a p t e r  I1 h a s  

been  u s e d  f o r  t h e  e x p e r i m e n t s .  The po lymer  s a m p l e  was sandwiched  

be tween two o p t i c a l l y  p o l i s h e d  s a p p h i r e  c y l i n d e r s  a n d  e n c l o s e d  

i n  a f l u r a n  t u b e  so  t h a t  t h e  sample  i s  i s o l a t e d  f rom t h e  p r e s s u r e -  

t r a n s m i t t i n g  f l u i d  ( P l e x o l )  . The p h a s e  t r a n s i t i o n s  were d e t e c t e d  

by t h e  o p t i c a l  t r a n s m i s s i o n  t e c h n i q u e .  The o n s e t  o f  t h e  t r a n s i t i o n  

was s i g n a l l e d  by a sudden  c h a n g e  i n  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 .  

The e x p e r i m e n t s  were a l w a y s  conduc ted  a l o n g  i s o b a r s  and  i n  t h e  

h e a t i n g  mode, i .  e .  , k e e p i n g  p r e s s u r e  c o n s t a n t  a t  a n y  d e s i r e d  v a l u e ,  

t h e  t e m p e r a t u r e  o f  t h e  s a m p l e  was i n c r e a s e d  a t  a l i n e a r  rate o f  

1°C/min. T y p i c a l  i n t e n s i t y  s c a n s  showing t h e  c h a n g e s  o f  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  n e a r  t h e  d i f f e r e n t  p h a s e  t r a n s i t i o n s  a r e  shown 

i n  F i g .  9 .4 .  





9.4 RESULTS AND DISCUSSION 

We have  c a r r i e d  o u t  h i g h  p r e s s u r e  s t u d i e s  o f  t h e  p o l y e s t e r s  

w i t h  n  = 7 t o  n  = 14.  The p r e s s u r e- t e m p e r a t u r e  d i a g r a m s  a r e  g i v e n  

i n  F i g s .  9 . 5 - 9 . 1 2 .  It  i s  e v i d e n t  from t h e  d i a g r a m s  t h a t  b o t h  t h e  

K-N a n d  N- I  p h a s e  b o u n d a r i e s  are l i n e a r  i n  a l l  t h e  cases. I n  t h e  

c a s e  o f  n = 1 3 ,  t h e  n e m a t i c  p h a s e  was h a r d l y  s t a b l e  a t  a t m o s p h e r i c  

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

i n c r e a s i n g  p r e s s u r e .  A l ea s t  s q u a r e  f i t  o f  t h e  d a t a  t o  a s t r a i g h t  

l i n e  was c a r r i e d  o u t  f o r  b o t h  K- N and  N- I  t r a n s i t i o n s  a n d  t h e  v a l u e  

o f  dP/dT was t h e n  e v a l u a t e d .  F i g .  9 . 1 3  shows t h e  p l o t  o f  dP/dT 

v s .  n .  It i s  s e e n  t h a t  (dP/dT)N-I shows a n  odd- even a l t e r n a t i o n  

w i t h  n  a b e h a v i o u r  which is similar t o  t h a t  e x h i b i t e d  by T  and  
N- I  

 AH^-^ measured  a t  1  b a r  17' l 3  ( s e e  F i g .  9 . 3 ) .  A s  r emarked  ea r l i e r  

similar i n s t a n c e s  o f  odd- even a l t e r n a t i o n  o f  (dP/dT)N-I h a s  

been  o b s e r v e d  e a r l i e r  i n  t h e  c a s e  o f  low m o l e c u l a r  w e i g h t  l i q u i d  

c r y s t a l s .  1 1 1 1 2  On t h e  o t h e r  hand ,  t h e  v a r i a t i o n  i n  (dP/dT)  f o r  

t h e  K-N t r a n s i t i o n  i s  much less  pronounced a n d ,  i n  f a c t ,  r e v e r s e s  

, i t s  t r e n d  f o r  h i g h  v a l u e  o f  n a s  shown i n  F i g .  9 . 1 4 .  A s  m e n t i o n e d  

ea r l i e r ,  B l u m s t e i n  e t  a1. l 4  h a v e  i n v e s t i g a t e d  f o r  t h e  same homolo- 

g o u s  series o f  n e m a t i c  p o l y e s t e r s , t h e  odd- even a l t e r n a t i o n  o f   AH^ - I 
i n  t h e  i n t e r v a l  o f  n =  3  t o  15. They found t h a t  

hkl;lVen = 4 . 7  + 0.16n k J l m r u  

and  
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Fiqulre 9.6 

P - T  diagzam 06 the polyebtelr with n = 8 .  



P-T diaglram 06 the  po!yestelr w i th  n = 9 .  





Figulre 9.9 

P - 1 diagzam 06  the polyestet with n = 7 1 .  



P - T diaglram 06 the  po!ye~te.r wi th  n = 7 2. 
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P - T diagzam 06 the po4yeste~ with n = 73. 



P - 7  diagiam 06 the polyebtei with n =  14. 
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where  mru is a mol o f  t h e  r e p e a t i n g  u n i t .  If we c o n s i d e r  t h e  i n t e r -  

c e p t s  and  s l o p e s  i n  e q u a t i o n s  ( 1 )  and  ( 2 )  a s  t h e  r e s p e c t i v e  c o n t r i -  

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

N- I  t r a n s i t i o n ,  t h e n  i t  is c l e a r  t h a t  t h e  mesogen o r d e r  i s  much 

larger f o r  n  = e v e n  t h a n  n  = odd.  

We s h a l l  now examine  t h e  d a t a  f o r  dP/dT o b t a i n e d  expe r imen-  

t a l l y .  Accord ing  t o  t h e  C l a u s i u s- C l a p e y r o n  e q u a t i o n ,  

where  AV i s  t h e  volume change  a t  t h e  t r a n s i t i o n .  U s i n g  o u r  v a l u e s  

o f  dP/dT and  AH r e p o r t e d  e a r l i e r 1 7  A V  h a s  been  e v a l u a t e d  f o r  b o t h  

K-N a n d  N- I  t r a n s i t i o n .  T h e s e  a re  l i s t e d  i n  T a b l e s  9.1 & 9.2 r e s p e c-  

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

i s  g e n e r a l l y  found  t h a t  t h e  volume change  a s s o c i a t e d  w i t h  t h e  N- I  

t r a n s i t i o n  is  o n l y  a small f r a c t i o n  o f  t h a t  o f  t h e  K-N t r a n s i t i o n .  

F o r  i n s t a n c e ,  f o r  p- a z o x y a n i s o l e  (PAA) t h e  volume c h a n g e  a t  t h e  

N- I  t r a n s i t i o n  i s  o n l y  0.35% w h i l e  t h a t  f o r  t h e  m e l t i n g  t r a n s i t i o n  

is  a b o u t  11%. j 5  I n  c o n t r a s t ,  o u r  r e s u l t s  on  main  c h a i n  p o l y e s t e r s  

( T a b l e s  9 .1  & 9 . 2  ) show t h a t  A V  f o r  t h e  K- N  t r a n s i t i o n  is v e r y  small 

a n d  comparab le  i n  m a g n i t u d e  t o  A V  f o r  t h e  N-I t r a n s i t i o n .  T h i s  

s u g g e s t s  t h a t  t h e  c r y s t a l s  o f  t h e s e  p o l y e s t e r s  have  a h i g h  d e g r e e  

o f  i m p e r f e c t i o n .  It may a l s o  be r e c a l l e d  t h a t  r e c e n t  s t u d i e s  17  

on  t h e  p o l y e s t e r  w i t h  n  = 10 ( a l s o  g e n e r a l l y  r e f e r r e d  t o  as DDA-9) 

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



Table 9.1 

Thermodynamic data for the K - N  transitions 

p-azoxy 
anisole 
(PAA 1 

@ ~ r o m  reference 7. 



Table 9.2 

Thermodynamic data for the N -  I transition 

Pentamer 
p-oxy- 
benzoate 

@I?rom Ref. 7 



greater t h a n  4  k b a r .  

F i n a l l y ,  i t  i s  known from Flory-Ronca theo ry18  t h a t  T*, 

a c h a r a c t e r i s t i c  t e m p e r a t u r e  which is a measu re  o f  o r i e n t a t i o n -  

d e p e n d e n t  i n t e r a c t i o n s  i n  a s y s t e m  o f  r i g i d  r o d- l i k e  m o l e c u l e s ,  

c a n  be e x p r e s s e d  a s  

where  S i s  t h e  o r d e r  p a r a m e t e r ,  A H 0  is t h e  N- I  t r a n s i t i o n  e n t h a l p y  

o f  t h e  homologous,  AHN-I e x t r a p o l a t e d  t o  n  = 0 .  F o r  homologs w i t h  

n  
odd '  

A H 0  = ( 0 . 9 4  kJ /mru)  o r  3 .01  J / g  ( s e e  Ref. 1 4 ) .  AHO was c o r r e c -  

- 
t e d  f o r  t h e  change  i n  s p e c i f i c  volume (AV) a t  t h e  N- I  t r a n s i t i o n .  

The mesogen o r d e r  p a r a m e t e r  S was o b t a i n e d  by PMR s p e c t r a . I 4  The 

v l u e  o f  T* c a l c u l a t e d  f o r  n  = odd p o l y e s t e r s  comes o u t  t o  be  a p p r o x i -  

m a t e l y  300 k ,  similar t o  t h e  v a l u e s  r e p o r t e d  f o r  n o n- c y b o t a c t i c  

n e m a t i c s  ( s e e  T a b l e  11). On t h e  o t h e r  hand ,  f o r  n  = e v e n  s y s t e m s ,  

~ i ( n )  vs. n  i s  n o t  l i n e a r  and  T* c o u l d  n o t  be r e l i a b l y  c a l c u l a t e d .  

T h i s  i s  p resumab ly  b e c a u s e  o f  t h e  s t r o n g  t l c y b o t a c t i c l l  ( o r  smectic- 

l i k e )  o r d e r i n g  i n  t h e  n- even n e m a t i c s . 1 9  F u r t h e r  s t u d i e s  o n  o t h e r  

main  c h a i n  p o l y e s t e r s  would be  o f  c o n s i d e r a b l e  i n t e r e s t .  
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C H A P T E R  X 

A THERMOTROPIC B I A X I A L  NEMATIC L I Q U I D  CRYSTAL 

10.1 INTRODUCTION 

Following the discovery of the biaxial nematic liquid 

crystal by Yu and saupel in an amphiphilic system (potassium laurate 

+ 1-decanol+D20) there have been a number of investigations on 

this phase in similar lyotropic materials. l 4  In these systems, 

the constituent units are micelles whose size and shape are sensi- 

tive to temperature and concentration. Over a range of temperature/ 

concentration the biaxial nemtic (N ) phase intervenes between 
b 

two uniaxial (N ) phases, one composed of rodshaped micelles and 
u 

the other of disk-shaped micelles. Evidence of biaxiality has 

also been found in certain nematic polymers. 15' There are obvious 

advantages in having a thermotropic N phase in a simple low mole- b 

cular weight system in order to be able to carry out detailed 

physical studies. It was suggested by chandrasekhar17 that a con- 

venient method of achieving this would be by 'bridging the gap 

between rod-like and disk-like mesogensl, i.e., by preparing a 

mesogen that combines the two features in the molecular structure. 

Such compounds have been synthesized in our laboratory by Dr. 

B. K. Sadashiva. The structural formula of the complexes with R = CH3, 

C2H5, OCH3, OC2H5 and OC H is shown in Fig. 10.la. These complexes 
3 7 



Stzuctu~al 6otrnulae 06 (a1 the complex A: bib[l-(p-n-decylbiphenyl) 

3-lp-rubbtituted phenyOp~opane-1,3-dianoato]coppe~(ZZl, and 

(61 4fl-n-pentyl-4-cyano-p-tezphen y! l5CTl. 



exhibited nematic phase with paramagnetic properties. la' ' Since 
then careful conoscopic observations have been conducted on the 

complex with R =  OC2H5. These observations clearly revealed the 

occurrence of the N phase in this complex*. Addition of a very b 

small quantity of a uniaxial nematogen, viz., 4"-n-pentyl-4-cyano-p- 

terphenyl (5CT) results in the appearance of an optically positive 

NU phase between I and N b  and thereby resulting in an interesting 

uniaxial to biaxial nematic phase transition. The results of our 

conoscopic studies on the complexes with R = OC H as well as its 
2 5 

mixtures with 5CT constitute the subject matter of this chapter. 

10.2 MATERIAL 

The material studied was bis[1-(p-n-decylbiphenyl) 3-(p- 

ethoxy phenyl) propane-l,3-dionatolcopper(II), hereafter referred 

to as A. 5CT is a very well known material whose structure is 

given in Fig. 10.lb. The transition temperatures of A are melting: 

186.60C, isotropic -nematic: 168.5OC. 5CT has the melting transition 

at 130.3OC and the isotropic-nematic transition at 237.7OC. 

10.3 EXPERIMENTAL 

In order to make reliable conoscopic observations, it is 

extremely important that the alignment of the sample should be 

* 
It should be pointed out that there is another report2' of the 
observation of the thermotropic biaxial nematic phase. In this 
case, the sequence of transitions, viz., I-+Nb-+N was observed, u occurring at a temperature higher than N Nb 

u 



perfect. After trying various techniques it was finally found that 

the best alignment of the copper complex could be achieved by 

.the combined effect of silane (octadecyl tetramethoxy silane) 

coating and a 3 KHz AC electric field. In order to prevent possible 

electrohydrodynamic motion it was decided to ensure that the active 

surface of the electrode was not in direct contact with the material. 

This was done in the following manner. The sample was sandwiched 

between two coverslips (each of thickness 100 pm). The coverslip 

surface which was in contact with the sample was coated with a 

silane solution (which promotes homeotropic alignment) while the 

other surface had electrically conducting tin-oxide coating to 

facilitate application of the electric field. Cooling the sample 

from the isotropic phase in the presence of a 3 KHz AC field yielded 

an excellent alignment of the sample in the nematic phase. The 

"degree of perfectness" of the alignment was checked by visual 

observation as well as by monitoring the intensity of the light 

transmitted by the sample between crossed polaroids under orthoscopic 

conditions. Usually visual observation for a good alignment showed 

no textures in the field of view even at a magnification of 400. 

For the intensity measurements, light from a He-Ne laser was inci- 

dent normally on the sample and the transmitted light intensity 

was measured using a photo-diode. The orientation of the polarizers 

was adjusted for complete extinction in the isotropic phase. In 

the nematic phase, the intensity was measured as a function of 



v o l t a g e .  To b e g i n  w i t h ,  t h e  i n t e n s i t y  was v e r y  h i g h  f o r  low v o l t a g e s .  

But  w i t h  t h e  i n c r e a s e  i n  t h e  v o l t a g e , i n t e n s i t y  d e c r e a s e s  a n d  t h e n  

s a t u r a t e s ,  t h e  s a t u r a t e d  i n t e n s i t y  b e i n g  e q u a l  t o  t h a t  measu red  

i n  t h e  i s o t r o p i c  p h a s e .  T h i s  s a t u r a t i o n  i n  t h e  i n t e n s i t y  i n d i c a t e d  

t h e  p e r f e c t  a l i g n m e n t  o f  t h e  sample .  T y p i c a l l y ,  t h e  s a t u r a t i o n  

v o l t a g e  n e c e s s a r y  f o r  p e r f e c t  a l i g n m e n t  was a b o u t  200 V a c r o s s  

a sample  o f  t h i c k n e s s  125 pm. The re  was e v i d e n c e  o f  c h e m i c a l  decom- 

p o s i t i o n  on r e p e a t e d  h e a t i n g  o f  t h e  m a t e r i a l ,  and  t h e r e f o r e  o n l y  

f r e s h  s a m p l e s  were used  f o r  t h e  e x p e r i m e n t s .  A l l  t h e  c o n o s c o p i c  

o b s e r v a t i o n s  were found  t o  be r e p r o d u c i b l e  w i t h  well a l i g n e d  s a m p l e s  

i n  f r e s h l y  p r e p a r e d  ce l l s .  A l s o ,  t h e  c o n o s c o p i c  p a t t e r n  was i n d e p e n-  

d e n t  o f  t h e  a p p l i e d  v o l t a g e  f o r  v o l t a g e s  greater t h a n  t h e  s a t u r a -  

t i o n  v a l u e .  T h e s e  o b s e r v a t i o n s  were made u s i n g  L e i t z  O r t h o p l a n  

p o l a r i z i n g  m i c r o s c o p e  ( t h e  n u m e r i c a l  a p e r t u r e  o f  t h e  o b j e c t i v e  

u s e d  b e i n g  0 . 4 0 )  e q u i p p e d  w i t h  a  h o t  s t a g e  (Mettler ~ ~ 8 2 )  a n d  

a m i c r o p r o c e s s o r  c o n t r o l l e d  t e m p e r a t u r e  c o n t r o l l e r  ( M e t t l e r  FP800) .  

10.4 RESULTS AND DISCUSSION 

The c o n o s c o p i c  f i g u r e  f o r  t h e  n e m a t i c  p h a s e  o f  complex A 

i s  shown i n '  F i g .  10 .2 .  The b i a x i a l i t y  c a n  be s e e n  q u i t e  c l e a r l y .  

I n  t h i s  case, t h e  t r a n s i t i o n  t a k e s  p l a c e  d i r e c t l y  f rom t h e  i s o t r o -  

p i c  p h a s e  t o  N b .  O c c a s i o n a l l y  ' z ig -zag '  d i s c l i n a t i o n s  w e r e  s e e n  

i n  t h e  Nb p h a s e  b u t  t h e s e  a p p e a r e d  q u i t e  u n p r e d i c t a b l y  a n d  we 

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



Fiquze 70.2 

Conoscopic 6igure showing the biaxiality 06 the nematic phase 06 

complex A.  T N I  - T = 1.5OC. Film thickness - 125 p m, hometlopic 

alignment. Numezica! apeituze 01 the objective ubed = 0.40.  



A d d i t i o n  o f  even  a v e r y  small q u a n t i t y  o f  t h e  u n i a x i a l  

nematogen 5CT r e s u l t s  i n  t h e  a p p e a r a n c e  o f  a n  o p t i c a l l y  p o s i t i v e  

NU p h a s e  be tween I a n d  N b ,  and t h e  s e q u e n c e  o f  t r a n s i t i o n ,  on  

c o o l i n g ,  is  t h e n  I -t N -t N I t  s h o u l d  be remarked h e r e  t h a t  t h e  
u  b '  

o p t i c a l  t e x t u r e s  o f  N and  N b  a r e  v i r t u a l l y  i n d i s t i n g u i s h a b l e .  
u  

I t  was o b s e r v e d  t h a t  f o r  0 .2% 5CT ( b y  w e i g h t )  N e x i s t s  f o r  , 1°C 
u  

a n d  f o r  0 .4% 5CT i t  e x i s t s  f o r  -3OC. F i g .  1 0 . 3  shows t h e  c o n o s c o p i c  

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

0 . 2 5 %  5CT. The N U - N b  t r a n s i t i o n  o c c u r s  r e v e r s i b l y  i n  b o t h  h e a t i n g  

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

o f  t h e  Nb p h a s e  is  l o w e r e d .  T h i s  is i l l u s t r a t e d  i n  t h e  s e q u e n c e  

o f  p h o t o g r a p h s  shown i n  F i g .  10 .3 .  The p h a s e  d i a g r a m  f o r  t h e  b i n a r y  

s y s t e m  f o r  t h e  c o n c e n t r a t i o n  (XI r a n g e  0  - 1 %  o f  5CT is  shown i n  

F i g .  10 .4 .  It  c a n  be s e e n  t h a t  t h e  t e m p e r a t u r e  r a n g e  o f  N i n c r e a s e s  
U 

r a p i d l y  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n  o f  5CT. F o r  X =  I % ,  t h e  meso- 

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

It  s h o u l d  be  emphas i zed  h e r e  t h a t  t h e  method s u g g e s t e d  

a few y e a r s  a g o  by c h a n d r a s e k h a r 1 7  o f  o b t a i n i n g  a low m o l e c u l a r  

w e i g h t  t h e r m o t r o p i c  N b  p h a s e  h a s  been d e m o n s t r a t e d  t o  be  eff ica-  

c i o u s  i n  a p r a c t i c a l  c a s e .  Such a p h a s e  o f f e r s  a v e r y  c o n v e n i e n t  

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

c r y s t a l s  and  f o r  v e r i f y i n g  some i m p o r t a n t  t h e o r e t i c a l  p r e d i c t i o n s  

t h a t  have  been  made c o n c e r n i n g  phase  t r a n s i t i o n s ,  21-32 hydrodyna-  

mics, 33939 t o p o l o g i c a l  d e f e c t s ,  40-45 e t c .  F o r  example ,  S a u p e  
36  



Figure 10.3 

Sequence 06 photographn nhowing the reversibi l i tg 06 t he  Nb-NU 

trannit ion on heating and cooling i n  a binary mix tu re  06 0.25 % (by 

weight )  06 SCT i n  A. Heating mode: la) Nb  at 165.b°C, ( 6 )  Nb at 

161.0°C, lc l  NU at 161.b°C; Cooling mode: (d l  Nb at 161.Z°C, 

lel Nb at 166.3OC. The biaxial i tg 06 Nb  can be seen t o  decreane on 

approaching t he  N b -  NU t tanbit ion a t  161.S°C. F i lm  thicbnens 

- 125 pm, homeotropic a2ignment. 



I SOTROPIC 

UNIAXIAL NEMATIC 

BIAXIAL NEMATIC \ 

X ( wt. 'lo of 5CT in complex A )  

Pazt ia l  phase d iagram 06 the binary mixtuze 06 A and 

5CT i n  t h e  concentzation zange 0 -  1 % 5CT, showing 

t h e  I - N U  and N U -  N b  phase boundaries. T h e  dashed 

poztion 04 t h e  curve zepzesents an  ext iapolat ion.  



a n d  ~ i n i ~ ~  who used d i f f e r e n t  t h e o r e t i c a l  a p p r o a c h e s ,  have bo th  

conc luded  t h a t  t h e  o r thorhombic  N b  h a s  15 c u r v a t u r e  e l a s t i c  and  

15 v i s c o u s  c o n s t a n t s .  Again ,  a remarkable  c o n c l u s i o n  o f  t h e  homotopy 

t h e o r y  is t h a t  t h e  u s u a l  law o f  c o a l e s c e n c e  o f  two d e f e c t s  b r e a k s  

down i n  t h e  N b  phase .  The combinat ion r u l e  i s  now non-Abelian.  

Moreover,  t h e r e  c a n  a r i s e  a n  en tang lement  o f  d i s c l i n a t i o n  l i n e s ,  

which may l e a d  t o  what Toulouse  d e s c r i b e s  as  ' t o p o l o g i c a l  rigi-  

dity':  40-44 
These and o t h e r  i d e a s  a r e  y e t  t o  be i n v e s t i g a t e d  

e x p e r i m e n t a l l y .  The a v a i l a b i l i t y  of  a  s i m p l e  t h e r m o t r o p i c  b i a x i a l  

n e m a t i c  phase  makes i t  p o s s i b l e  t o  c a r r y  o u t  p h y s i c a l  s t u d i e s  and  

t o  t e s t  some o f  t h e s e  p r e d i c t i o n s .  
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