
C H A P T E R  I 

I N T R O D U C T I O N  

L i q u i d  c r y s t a l s  p o s s e s s  a  d e g r e e  o f  m o l e c u l a r  o r d e r  wh ich  

is  i n t e r m e d i a t e  be tween t h a t  o f  a  t h r e e  d i m e n s i o n a l l y  o r d e r e d  s o l i d  

a n d  t h a t  o f  a f u l l y  d i s o r d e r e d  i s o t r o p i c  l i q u i d .  ' 2  L i q u i d  c r y s t a -  

l l i n e  p h a s e s  o r  mesophases  c a n  be o b t a i n e d  e i t h e r  by v a r y i n g  tempe-  

r a t u r e  o r  by t h e  a d d i t i o n  o f  a ~ o l v e n t . ~  The f o r m e r  a re  r e f e r r e d  

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

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

c r y s t a l s .  

1 . 1  CLASSIFICATION OF THERMOTROPIC LIQUID CRYSTALS 

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

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

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

m e n t s  i n  t h e s e  mesophases  i s  shown i n  F i g .  1 . 1 .  

Nematic 

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

r a n g e  o r i e n t a t i o n a l  o r d e r  ( F i g .  l . l a )  i . e . ,  t h e  m o l e c u l e s  a r e ,  

o n  t h e  a v e r a g e ,  o r i e n t e d  p a r a l l e l  t o  a mean d i r e c t i o n  r e f e r r e d  

+ 
t o  a s  t h e  d i r e c t o r  ( i n d i c a t e d  by t h e  u n i t  v e c t o r  n i n  t h e  f i g u r e ) .  

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

t o  p o i n t  i n  t h e  medium b u t  a n  o r i e n t e d  sample  i s  o p t i c a l l y  u n i a x i a l  
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-h 
and s t r o n g l y  b i r e f r i n g e n t .  The d i r e c t o r  A is  a p o l a r ,  i. e .  , n  and 

-+ 
-n a re  e q u i v a l e n t  and  t h e r e f o r e  t h e  mesophase i s  n o n - f e r r o e l e c t r i c .  

Cholesteric 

T h i s  mesophase ,  which is e x h i b i t e d  by materials composed 

o f  o p t i c a l l y  a c t i v e  m o l e c u l e s ,  is e s s e n t i a l l y  o f  t h e  n e m a t i c  t y p e  

e x c e p t  t h a t  t h e  s t r u c t u r e  h a s  a  s c r e w  a x i s  which  is  s u p e r i m p o s e d  

normal  t o  t h e  d i r e c t o r  ( s e e  F i g .  l . l b ) .  Due t o  t h i s  h e l i c a l  s t r u c -  

t u r e  t h e  c h o l e s t e r i c  p h a s e  e x h i b i t s  some u n i q u e  o p t i c a l  p r o p e r t i e s ,  

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

h i g h  o p t i c a l  r o t a t o r y  power,  e t c .  Whereas t h e  n e m a t i c  t r a n s f o r m s  

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

0 

c i e n t l y  low p i t c h  (55000  A )  t r a n s f o r m s  i n t o  t h e  i s o t r o p i c  p h a s e  

v i a  a n  i n t e r m e d i a t e  p h a s e  c a l l e d  t h e  I tb lue  p h a s e t t ,  wh ich  u s u a l l y  

o c c u r s  o v e r  a v e r y  na r row r e g i o n  o f  t e m p e r a t u r e .  A t  l eas t  t h r e e  

k i n d s  o f  b l u e  p h a s e s  a r e  known e x p e r i m e n t a l l y  s o  f a r ,  b u t  t h e  d e t a i -  

l e d  s t r u c t u r a l  a s p e c t s  a re  s t i l l  n o t  y e t  p r e c i s e l y  known. 5 

Smectics 

S m e c t i c  l i q u i d  c r y s t a l s  a r e  c h a r a c t e r i z e d  by a l a y e r e d  s t r u c -  

t u r e ,  and  t h u s  t h e y  have  bo th  p o s i t i o n a l  and  o r i e n t a t i o n a l  o r d e r i n g .  

D i f f e r e n t  t y p e s  o f  smectic l i q u i d  c r y s t a l s  a r e  c l a s s i f i e d  d e p e n d i n g  

on  t h e  o r d e r  w i t h i n  t h e  l a y e r  and t h e  i n t e r l a y e r  c o r r e l a t i o n .  I n  

t h e  s m e c t i c  A phase  t h e  l o n g  a x i s  o f  t h e  m o l e c u l e  i s ,  on  t h e  ave-  

r a g e ,  p e r p e n d i c u l a r  t o  t h e  l a y e r  p l a n e  w h i l e  i n  t h e  C phase  i t  

i s  t i l t e d  ( s e e  F i g .  l . l ( c )  & ( d ) ) .  However, i n  b o t h  cases, t h e  



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

o t h e r  t y p e s  o f  smectic p h a s e s  a r e  a l s o  known ( f o r  a r e c e n t  r e v i e w  

on s m e c t i c  l i q u i d '  c r y s t a l s ,  s e e  re f .  6 ) .  But  s i n c e  t h i s  t h e s i s  

d e a l s  o n l y  w i t h  s m e c t i c  A and s m e c t i c  C ,  t h e  o t h e r  smectic m o d i f i c a-  

t i o n s  w i l l  n o t  be  d i s c u s s e d  h e r e .  

The p i c t u r e  o f  t h e  s m e c t i c  A p h a s e  d e s c r i b e d  a b o v e  i s  some- 

what  s i m p l i s t i c .  A more r e a l i s t i c  d e s c r i p t i o n  o f  t h e  s m e c t i c  A 

p h a s e  is t o  l o o k  upon i t  as  a o n e- d i m e n s i o n a l l y  o r d e r e d  f l u i d  w i t h  

7-9 . a mass d e n s i t y  wave a l o n g  t h e  o p t i c  a x i s  . 

P ( r )  = Po [ I  + ~ e l $ l  exp  i (qoz  + @ ) I  , 

where  q  - 2 n / d  is  t h e  wavevec to r  a t  which  t h e  X-ray d i f f r a c t i o n  
0 - 

peak  c o r r e s p o n d i n g  t o  t h e  l a y e r  s p a c i n g  ( d )  o c c u r s  i n  r e c i p r o c a l .  

s p a c e ,  @ i s  a p h a s e  f a c t o r  which f i x e s  t h e  p o s i t i o n  o f  t h e  l a y e r s ,  

( $ 1  i s  t h e  a m p l i t u d e  o f  t h e  d e n s i t y  wave wh ich  is  a m e a s u r e  o f  

t h e  s t r e n g t h  o f  t h e  s m e c t i c  o r d e r  and  P is  t h e  a v e r a g e  d e n s i t y .  
0 

F o r  a l o n g  time o n l y  o n e  t y p e  o f  s m e c t i c  A p h a s e  was known, v i z . ,  

t h e  mono laye r  A p h a s e  i n  which t h e  l a y e r  t h i c k n e s s  i s  a p p r o x i m a t e l y  

e q u a l  t o  t h e  l e n g t h  o f  t h e  m o l e c u l e  ( a s  measu red  i n  i t s  mos t  e x t e n-  

d e d  c o n f i g u r a t i o n ) .  However, d u e  t o  t h e  p i o n e e r i n g  work c a r r i e d  

o u t  by t h e  Bordeaux group 'o  i t  is now known t h a t  when t h e  c o p s t i -  

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

a t  o n e  end o f  t h e  m o l e c u l e ,  v a r i o u s  t y p e s  o f  s m e c t i c  A p h a s e s  c a n  

be o b s e r v e d .  T h i s  w i l l  be d i s c u s s e d  i n  g r e a t e r  d e t a i l  l a t e r .  



1.2 SEQUENCE OF TRANSITIONS 

It h a s  been  known t h a t  t h e  g e n e r a l  s e q u e n c e  o f  t r a n s i t i o n s  

o c c u r r i n g  i n  a polymesomorphic  s u b s t a n c e  c o o l i n g  f rom t h e  i s o t r o p i c  

p h a s e  i s  : 

I s o t r o p i c  -t Nemat ic  -t S m e c t i c  + S o l i d  

However a d e p a r t u r e  f rom t h i s  s e q u e n c e  was o b s e r v e d  by C l a d i s  11 

when s h e  found i n  t h e  b i n a r y  m i x t u r e  o f  n- p- cyanobenzy l idene- p t-  

o c t y l o x y a n i l i n e  (CBOOA) a n d  p-[(pt-hexyloxybenzylidene)aminolbenzo- 

n i t r i l e  (HBAB) t h e  s e q u e n c e  

I s o t r o p i c  -t Nematic -t S m e c t i c  A -t Nemat ic  -t S o l i d  

The lower  t e m p e r a t u r e  n e m a t i c  h a s  been  d e s i g n a t e d  as t h e  r e e n t r a n t  

n e m a t i c  p h a s e .  S i n c e  t h e n  a v a r i e t y  o f  materials have  been  s y n t h e-  

s i z e d  which  e x h i b i t  r e e n t r a n t  polymorphism. ( F o r  a r e c e n t  r e v i e w  

o f  m a t e r i a l s  e x h i b i t i n g  r e e n t r a n t  n e m a t i c  p h a s e  s e e  Ref .  12.)  

1.3 DISC-LIKE MESOGENS 

F o r  a l o n g  time i t  was b e l i e v e d  t h a t  o n e  o f  t h e  p r e- r e q u i -  

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

t h e  c o n s t i t u e n t  m o l e c u l e s  s h o u l d  be t t r o d - l i k e t l .  However r e c e n t l y  

Chandrasekha r  e t  a1. o b s e r v e d  t h e  o c c u r r e n c e  o f  mesophases  i n  

compounds h a v i n g  d i s c - l i k e  m o l e c u l e s .  The c h e m i c a l  s t r u c t u r e  o f  

, t h e s e  compounds i s  shown i n  F i g .  1 . 2 .  Based on  o p t i c a l  and  X-ray 

s t u d i e s  C h a n d r a s e k h a r  e t  a l .  l 4  p r o p o s e d  a s t r u c t u r e  which  i s  schema-  



Fig. 1.2: The chemical htructure 06 hexa-n-alkanoates 06 benzene. 



t i c a l l y  shown i n  F i g .  1 .3 .  It c o n s i s t s  o f  d i s c s  a r r a n g e d  a p e r i o d i -  

c a l l y  a l o n g  t h e  columnar  a x i s  and  s t a c k e d  s o  as  t o  form columns .  

T h i s  t lco lumnar  s t r u c t u r e n  h a s  been  s u b s e q u e n t l y  c o n f i r m e d  by t h e  

X-ray s t u d i e s  o f  L e v e l u t .  l 5  I t  i s  now known t h a t  d i s c o t i c  s u b s t a n c e s  

e x h i b i t  a r i c h  d e g r e e  o f  mesomorphism, c o m p a r a b l e  t o  t h a t  o f  rod -  

l i k e  s y s t e m s .  ( F o r  a r e c e n t  r e v i e w  o f  d i s c o t i c- m e s o g e n s  see R e f .  

16 a n d  1 7 ) .  

1.4 POLYMERIC LIQUID CRYSTALS 

L i q u i d  c r y s t a l l i n e  p h a s e s  a r e  a l s o  e x h i b i t e d  by t h e r m o t r o p i c  

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

l i q u i d  c r y s t a l s ,  v i z . ,  main- chain  and s i d e - c h a i n  p o l y e s t e r s .  
18 

T h e s e  a re  r e p r e s e n t e d  i n  F i g .  1 . 4 .  Main c h a i n  p o l y e s t e r s  show gene-  

r a l l y  t h e  n e m a t i c  p h a s e  w h i l e  t h e  s i d e  c h a i n  p o l y e s t e r s  a r e  now 

known t o  show n o t  o n l y  n e m a t i c  b u t  a l s o  smectic A and  s m e c t i c  C, 

p h a s e s .  

1.5 EXPERIMENTAL SET UP 

The r e s u l t s  d e s c r i b e d  i n  t h i s  t h e s i s  have  been  o b t a i n e d  

u s i n g  X-ray d i f f r a c t i o n ,  h i g h  p r e s s u r e  and  m i s c i b i l i t y  s t u d i e s .  

The d e t a i l s  o f  t h e  Xray a n d  h i g h  p r e s s u r e  a p p a r a t u s  are g i v e n  i n  

C h a p t e r  11. The m i s c i b i l i t y  t e c h n i q u e  i s  d e s c r i b e d  i n  d e t a i l  i n  

C h a p t e r  V .  
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X-ray d i f f r a c t i o n  

Most o f  t h e  X-ray e x p e r i m e n t s  d e s c r i b e d  i n  t h i s  t h e s i s  ( i . e . ,  

e x c e p t  t h o s e  d e s c r i b e d  i n  C h a p t e r s I V  a n d  V) were c o n d u c t e d  u s i n g  

t h e  p h o t o g r a p h i c  method.  A b e n t  q u a r t z  monochromator  was u s e d  and  

Ka r a d i a t i o n  was f o c u s s e d  on t o  a p h o t o g r a p h i c  f i l m  which  s e r v e d  

as  t h e  d e t e c t o r .  The l i q u i d  c r y s t a l l i n e  s a m p l e ,  t a k e n  i n  a Lindemann 

c a p i l l a r y ,  was a l i g n e d  ' i n  s i t u l  i n  a m a g n e t i c  f i e l d .  The s e t  up 

g a v e  v e r y  s h a r p  X-ray d i f f r a c t i o n  s p o t s .  The c o n s t a n c y  o f  t empera-  

t u r e  d u r i n g  a n y  e x p o s u r e  was found  t o  be + I 0 0  mK a n d  t h e  a c c u r a c y  

0 

i n  t h e  l a y e r  s p a c i n g  measurement  i s  r e c k o n e d  t o  be k0.1 A .  

The X-ray d i f f r a c t i o n  e x p e r i m e n t s  d e s c r i b e d  i n  C h a p t e r s  I V  

and  V were  c o n d u c t e d  u s i n g  a c o m p u t e r- c o n t r o l l e d  G u i n i e r  d i f f r a c t o -  

meter (Huber  6 4 4 ) .  By means o f  a b e n t  q u a r t z  monochromator  u s e d  

i n  t h e  J o h a n s s o n  g e o m e t r y ,  CuKal a n d  K a 2  l i n e s  were s e p a r a t e d  a n d  

o n l y  K a l  was u s e d  f o r  t h e  e x p e r i m s n t .  The l i q u i d  c r y s t a l l i n e  s a m p l e  

i n  a Lindemann c a p i l l a r y  (0 .5  mm d i a m e t e r )  was o r i e n t e d  by s l o w  

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

( 2 . 4 T ) .  The d e t e c t o r  (NaI  S c i n t i l l a t i o n  C o u n t e r ,  B i c r o n )  was mounted 

on a r o t a t a b l e  g r a d u a t e d  b a s e  whose a n g u l a r  s c a n s  c o u l d  be con-  

t r o l l e d  by a  s t e p p e r  mo to r .  A Hewle t t- Packa rd  compute r  (HP-86B) 

was u s e d  f o r  c o n t r o l l i n g  t h e  a n g u l a r  movement o f  t h e  d e t e c t o r ,  

a s  well as f o r  d a t a  a c q u i s i t i o n  and  a n a l y s i s .  T e m p e r a t u r e s  were  

h e l d  c o n s t a n t  t o  +lOmK o r  b e t t e r  d u r i n g  a n y  measurement  o f  t h e  Bragg  

a n g l e  8 . The p r e c i s i o n  i n  t h e  d e t e r m i n a t i o n  o f  t h e  w a v e v e c t o r s  



High  P r e s s u r e  S t u d i e s  

High p r e s s u r e  s t u d i e s  were c o n d u c t e d  u s i n g  a n  o p t i c a l  h i g h  

p r e s s u r e  c e l l  w i t h  s a p p h i r e  windows. The t r a n s i t i o n s  were  d e t e c t e d  

by t h e  l i g h t  t r a n s m i s s i o n  t e c h n i q u e  and  by v a r y i n g  t h e  t e m p e r a t u r e  

s l o w l y  a t  a n y  d e s i r e d  p r e s s u r e .  A t  t h e  t r a n s i t i o n  t h e r e  was a s u d d e n  

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

P r e s s u r e  was measured  t o  a n  a c c u r a c y  of k1.5 b a r  w h i l e  t e m p e r a t u r e  

was d e t e r m i n e d  t o  *25 m K .  

M i s c i b i l i t y  S t u d i e s  

F o r  t h e  o b s e r v a t i o n  o f  h i g h  r e s o l u t i o n  t e m p e r a t u r e- c o n c e n t r a-  

t i o n  (T - X) d i a g r a m  t h e  m a j o r  problem t h a t  was e n c o u n t e r e d  was 

t h a t  t h e  materials were a v a i l a b l e  o n l y  i n  small q u a n t i t i e s  f r o m  

which  a t  l e a s t  25 - 30 m i x t u r e s  o f  d i f f e r e n t  c o m p o s i t i o n s  had  t o  

be p r e p a r e d  s o  a s  t o  map o u t  t h e  p h a s e  b o u n d a r i e s .  However t h i s  

p rob lem was overcome by e v o l v i n g  a t e c h n i q u e  o f  c a r e f u l  w e i g h i n g  

a n d  s a m p l e  p r e p a r a t i o n .  Us ing  t h i s  method a h i g h  r e s o l u t i o n  T-X 

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

as w i l l  be  s e e n  i n  C h a p t e r  V .  

1.6 THE WEAKLY COUPLED INCOMMENSURATE SMECTIC A PHASE 

A s  a l r e a d y  m e n t i o n e d ,  t h e  s m e c t i c  A p h a s e  c a n  be c o n s i d e r e d  

t o  be  a n  o r i e n t a t i o n a l l y  o r d e r e d  f l u i d  w i t h  a o n e- d i m e n s i o n a l  mass- 



d e n s i t y  wave a l o n g  t h e  o p t i c - a x i s .  When t h e  c o n s t i t u e n t  m o l e c u l e s  

c o n s i s t  o f  s t r o n g l y  p o l a r  cyano  o r  n i t r o  end  g r o u p s  t h e n  t h e  a d j a -  

c e n t  m o l e c u l e s  f a v o u r  a n  a n t i p a r a l l e l  n e a r  n e i g h b o u r  a r r a n g e m e n t .  19 

T h i s  a n t i p a r a l l e l  c o r r e l a t i o n  l e a d s  t o  a v a r i e t y  o f  A p h a s e s .  The 

d i f f e r e n t  t y p e s  o f  A p h a s e s  known s o  f a r  a re  t h e  mono laye r  p h a s e  

A ,  t h e  b i l a y e r  p h a s e  (A2) and  t h e  p a r t i a l l y  b i l a y e r  (Ad) p h a s e .  

These  p h a s e s  h a v e  been  c h a r a c t e r i z e d  on  t h e  b a s i s  o f  t h e  X- ray 

d i f f r a c t i o n  p a t t e r n s  e x h i b i t e d  by monodomain s a m p l e s .  I n  t h e  case 

o f  A l ,  t h e  d i f f r a c t i o n  s p o t  i s  s e e n  ' a t  a w a v e v e c t o r  2q which  c o r r e -  
0 

s p o n d s  t o  a l a y e r  s p a c i n g  d  ,-%. The A p h a s e  e x h i b i t s  two d i f f r a c -  
2  

t i o n  s p o t s ,  o n e  a t  w a v e v e c t o r  q  and t h e  o t h e r  a t  2q c o r r e s p o n d i n g  
0 0 ' 

t o  t h e  b i l a y e r  a n d  mono laye r  p e r i o d i c i t i e s  r e s p e c t i v e l y .  On t h e  

o t h e r  hand A g i v e s  a d i f f r a c t i o n  s p o t  a t  a w a v e v e c t o r  q f  - 2rr/kf, 
d  0 - 

where  R < k1 < 211. 

S m e c t i c  A polymorphism h a s  been  e x p l a i n e d  by t h e  phenomeno- 

l o g i c a l  t h e o r y  d e v e l o p e d  by ~ r o s t . ~ '  I n  t h i s  t h e o r y  t h e  free e n e r g y  

i s  e x p r e s s e d  i n  terms o f  two o r d e r  p a r a m e t e r s  - one  a s s o c i a t e d  

w i t h  t h e  mass d e n s i t y  a n d  t h e  o t h e r  w i t h  t h e  d i p o l a r  o r d e r  wh ich  

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

t h e o r y  p r e d i c t s  t h a t  u n d e r  c e r t a i n  c o n d i t i o n s  ( v i z . ,  when t h e  elas-  

t i c  term o f  t h e  f r e e - e n e r g y  is  g r e a t e r  t h a n  t h e  l o c k - i n  t e r m )  t h e r e  

s h o u l d  e x i s t  a n  incommensura t e  A p h a s e  w i t h  two c o l l i n e a r  p e r i o d i -  

c i t i e s  which  a re  incommensura t e  w i t h  r e s p e c t  t o  e a c h  o t h e r .  A l t h o u g h  

t h i s  p r e d i c t i o n  was made some time a g o ,  a n  incommensura t e  p h a s e  

had  n e v e r  been  o b s e r v e d  e x p e r i m e n t a l l y .  S t u d i e s  c o n d u c t e d  h e r e  



on  t h e  b i n a r y  s y s t e m  4-n-heptyloxyphenyl-41-cyanobenzoyloxybenzoate, 

a n d  4-n-o~tyloxy-~~-cyanobiphenyl (DB70CN a n d  80CB) showed t h e  

e x i s t e n c e  o f  s u c h  a n  incommensura t e  p h a s e  (A ) f o r  t h e  first time. 
i c 

The s i g n a t u r e  o f  t h e  incommensura te  p h a s e  i n  t h e  X-ray e x p e r i m e n t  

was t h e  e x i s t e n c e  o f  condensed  r e f l e c t i o n s  a t  q 
0 ' qb a n d  2q0,  t h e  

r e l a t i v e  i n t e n s i t i e s  o f  t h e  p e a k s  a t  qo and  q; v a r y i n g  w i t h  t empera-  

t u r e .  T h i s  incommensura te  p h a s e  which was found  t o  i n t e r v e n e  be tween 

Ad a n d  A2  p h a s e s  was s e e n  o v e r  a na r row r e g i o n  o f  c o n c e n t r a t i o n  

i n  t h e  t e m p e r a t u r e - c o n c e n t r a t i o n  ( T - X )  p l a n e  o f  t h e  b i n a r y  s y s t e m .  

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

t h e  Aic  p h a s e  show c l e a r l y  t h a t  t h e  b e h a v i o u r  o f  t h e  l a y e r  s p a c i n g  

i n  t h e  incommensura te  p h a s e  i s  c o m p l e t e l y  d i f f e r e n t  f rom wha t  is  

e x p e c t e d  i f  i t  were  t o  be a two p h a s e  r e g i o n .  Thus e x i s t e n c e  o f  

t h e  f i r s t  f l u i d  incommensura t e  phase  h a s  been  e s t a b l i s h e d .  T h e s e  

r e s u l t s  a r e  p r e s e n t e d  i n  C h a p t e r  111. 

1.7 THE STRONGLY COUPLED INCOMMENSURATE PHASE 

The phenomeno log ica l  t h e o r y  o f  p r o s t 2 '  r e f e r r e d  t o  i n  t h e  

p r e v i o u s  s e c t i o n  i n  fac t  p r e d i c t s  t h e  p o s s i b i l i t y  o f  two t y p e s  

o f  i ncommensura t e  smectic A p h a s e s ,  v i z . ,  ( i )  t h e  weak ly  c o u p l e d  

t y p e  i n  which  t h e  two c o l l i n e a r  d e n s i t y  waves e x i s t  a l m o s t  i n d e p e n-  

d e n t  o f  e a c h  o t h e r ,  and  ( i i )  t h e  s t r o n g l y  c o u p l e d  t y p e  i n  wh ich  

t h e  p h a s e s  o f  t h e  two d e n s i t y  waves a r e  m o d u l a t e d  i n  one- d imens ion  

( i . e . ,  a l o n g  t h e  d i r e c t o r ) .  The l a t t e r  t y p e  o f  i .ncommensurate p h a s e  

s h o u l d  t h e r e f o r e  e x h i b i t  X-ray r e f l e c t i o n s  c o r r e s p o n d i n g  t o  t h e  



combina t ion  o f  t h e  incommensurate wavevec to r s  o r  s o l i t o n s  whose 

p e r i o d i c i t y  c o r r e s p o n d s  t o  t h e  d i f f e r e n c e  o r  sum o f  t h e  incommensu- 

r a t e  wavevec to r s .  The a b s e n c e  o f  a n y  s u c h  combina t ion  r e f l e c t i o n s  

i n  t h e  incommensurate phase  d e s c r i b e d  i n  S e c t i o n  1 .6  i n d i c a t e s  

t h a t  t h i s  is  p r o b a b l y  o f  weakly coupled t y p e .  F o n t e s  e t  a 1 . 2 2  have 

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

p e r i o d i c i t y  i n  t h e  A ,  p h a s e ,  but  t h e  incommensurate phase  i t s e l f  

was n o t  obse rved  by them. Exper iments  conduc ted  h e r e  on 4- n- octyloxy-  

4 -cyanobenzoyloxybenzoate  (DB80CN and 4-octyloxybenzoyloxy-411- 

cyanoazobenzene (80BCAB) have f i n a l l y  l e d  t o  t h e  ' o b s e r v a t i o n  o f  

a s t r o n g l y  coup led  incommensurate phase .  F o r  a  r a n g e  o f  c o n c e n t r a-  

t i o n s ,  i t  was o b s e r v e d  t h a t  on c o o l i n g  t h e  Ad phase  goes  o v e r  t o  

a weakly coupled incommensurate phase  w i t h  c o e x i s t i n g  q  and  q1  
0  0  

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

c o u p l e d  incommensurate phase  w i t h  t h e  2q and q1  m o d u l a t i o n s .  On 0  0  

f u r t h e r  c o o l i n g  t h e  s t r o n g l y  coupled incomrnensurte A phase  (Ais) 

w i t h  t h e  X-ray d i f f r a c t i o n  s p o t s  a t  q" ( f q;) , 2q0 and q  = 2q0 - q; 0  S 

i s  o b s e r v e d .  The o c c u r r e n c e  o f  t h e  combina t ion  r e f l e c t i o n  q  shows 
S 

t h e  e x i s t e n c e  of l s o l i t o n s t  i n  one- dimension ( i . e . ,  a l o n g  t h e  o p t i c  

a x i s  o f  t h e  medium) formed due t o  a c o u p l i n g  o f  t h e  p h a s e s  o f  t h e  

incommensurate d e n s i t y  m o d u l a t i o n s  (q" and 240). F i n a l l y  a  l o c k- i n  
0  

t r a n s i t i o n  t o  t h e  A2 p h a s e  was obse rved  where in  qI1 and q  converge  
0  s 

t o  a  v a l u e  90 ' 
These  r e s u l t s  a r e  d e s c r i b e d  i n  C h a p t e r  I V .  



1 . 8  A NEW ALTERNATIVE FOR THE A, - N r e - A d  BICRITICAL POINT 

T r a n s i t i o n s  i n v o l v i n g  t h e  d i f f e r e n t  t y p e s  o f  smectic A p h a s e s  

h a v e  been t h e  s u b j e c t  o f  s e v e r a l  e x p e r i m e n t a l  as  well  as t h e o r e t i c a l  

i n v e s t i g a t i o n s .  From symmetry arguments23 b o t h  Ad - A 1  and  Ad - A 2  

t r a n s i t i o n s  c a n  be o n l y  first o r d e r  w h i l e  A 
1 - A2 

c a n  be e i t h e r  

first o r  s e c o n d  o r d e r  b e c a u s e  o f  t h e  d o u b l i n g  o f  t h e  l a y e r  p e r i o d i -  

c i t y .  The phenomeno log ica l  t h e o r y  d i s c u s s e d  ear l ier  h a s  been  e x t e n-  

ded  by B a r o i s ,  P r o s t  a n d  ~ u b e n s k y ~ ~  t o  c a l c u l a t e  t h e  d i f f e r e n t  

p h a s e  d i a g r a m s  t h a t  a r e  p o s s i b l e  i n v o l v i n g  v a r i o u s  fo rms  o f  t h e  

A p h a s e .  The t h e o r y  p r e d i c t s  t h e  e x i s t e n c e  o f  d i f f e r e n t  t y p e s  o f  

c r i t i c a l  p o i n t s :  ( 1 )  A 1  - A2 and  N - A t r i c r i t i c a l  p o i n t s ,  ( 2 )  Ad - A 2  
2  

c r i t i c a l  p o i n t ,  and  (3 )  A ,  - N r e  - A b i c r i t i c a l  p o i n t ( N r e  r e f e r r i n g  t o  
d  

t h e r e e n t r a n t  n e m a t i c  p h a s e ) .  

The A 1  - A2 t r i c r i t i c a l  p o i n t  a s  well as  A - A c r i t i c a l  p o i n t  
d  2  

have  been  e x p e r i m e n t a l l y  o b s e r v e d ,  24925  w h i l e  t h e  N - A2 t r i c r i t i c a l  

p o i n t  h a s  n o t  been  s e e n  s o  f a r .  The s i t u a t i o n  c o n c e r n i n g  t h e  A I - Nre 

- A  b i c r i t i c a l  p o i n t  is  v e r y  i n t e r e s t i n g .  P h a s e  d i a g r a m s  h a v e  been  
d  

r e p o r t e d  w i t h  s u c h  a A1 - N r e  - Ad a n d  i t  h a s  been  p o i n t e d  

o u t
Z 7  

t h a t  t h e  t o p o l o g y  of t h e  p h a s e  d i a g r a m  r e s e m b l e s  t h e  t y p i c a l  

t o p o l o g y  o f  t h e  m a g n e t i c  b i c r i t i c a l  p o i n t . 2 8  However h i g h  r e s o l u t i o n  

s t u d i e s  o f  t h e  p h a s e  d i a g r a m  i n  t h e  immedia t e  v i c i n i t y  o f  t h e  A - N  1 re 

- A  p o i n t  have  n o t  been  c o n d u c t e d  s o  f a r .  A l s o  t h e r e  i s  a d i f f i -  
d  

c u l t y  r e g a r d i n g  t h e  t h e o r e t i c a l  p r e d i c t i o n .  A l though  t h e  mean f i e l d  

t h e o r y  d o e s  p r e d i c t  t h e  e x i s t e n c e  o f  a A 1  - N r e  - A b i c r i t i c a l  p o i n t ,  
d 



t h e  e x i s t e n c e  o f  s u c h  a b i c r i t i c a l  p o i n t  becomes q u e s t i o n a b l e  when 

t h e  e f f e c t  o f  f l u c t u a t i o n s  a r e  c o n s i d e r e d .  It h a s  been a r g u e d  23 

t h a t  s i n c e  bo th  A1 a n d  Ad p h a s e s  have t h e  same symmetry ,  t h e  N r e  - A1 

a n d  Nre - A t r a n s i t i o n s  s h o u l d  bo th  b e l o n g  t o  t h e  same u n i v e r s a l i t y  d  

c lass  namely ,  t h e  i n v e r t e d  XY u n i v e r s a l i t y  c lass .  29 R e n o r m a l i z a t i o n  

g r o u p   calculation^^^ show t h a t  unde r  s u c h  a c i r c u m s t a n c e  t h e  r e s u l -  

t i n g  m u l t i c r i t i c a l  p o i n t  c a n n o t  be a b i c r i t i c a l  p o i n t  b u t  a tetra-  

c r i t i c a l  p o i n t .  An o f f - s h o o t  o f  t h i s  is  t h e  p r e d i c t i o n  t h a t  a n  

incommensura t e  p h a s e  s h o u l d  e x i s t  be tween Ad and  A1 p h a s e s  c l o s e  

t o  t h e  e x p e c t e d  A 1 - N r e  - A d  p o i n t .  

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

s t u d i e s  have  been p e r f o r m e d  on t h e  4-n-o~tyloxyphenyl-4'-(4~~-nitro- 

benzoy1oxy)benzoa te  D B 8 . 0 . ~ 0  ) and 4-n-de~yloxyphenyl-4~-(4~'-nitro- 
2 

benzoy1oxy)benzoa te  (DB10.0.N02) b i n a r y  s y s t e m .  These  s t u d i e s  

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

v i c i n i t y  o f  t h e  A 1  - Nre - Ad 
p o i n t  d o e s  n o t  r e s e m b l e  t h e  t y p i c a l  

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

p r o v e  t h a t  t h e  h e a t  a s s o c i a t e d  w i t h  t h e  A 1  - A d  t r a n s i t i o n  d o e s  

n o t  g o  t o  z e r o  a t  t h e  A 1  - Nre  - Ad p o i n t  as i t  s h o u l d  i f  i t  was 

a b i c r i t i c a l  p o i n t . 2 1  T h e s e  s t u d i e s  s u g g e s t  a new a l t e r n a t i v e  f o r  

t h e  A , - N r e  - A  p o i n t ,  v i z . ,  t h a t  t h e  b i c r i t i c a l  p o i n t  h a s  i n  fact  

s p l i t  up i n t o  a c r i t i c a l  end  p o i n t  ( f o r  t h e  A - N  bounda ry )  and  
d  r e  

t r i c r i t i c a l  p o i n t  ( f o r  A1 - N  b o u n d a r y ) .  Such  a s i t u a t i o n  h a s  r e '  

n o t  been  e n v i s a g e d  by a n y  o f  t h e  e x i s t i n g  t h e o r i e s  s o  f a r .  T h e s e  

i n v e s t i g a t i o n s  are  p r e s e n t e d  i n  C h a p t e r  V .  



1 . 9  P R E S S U R E  INDUCED T R I P L Y  REENTRANT BEHAVIOUR I N  

A S I N G L E  COMPONENT SYSTEM 

A f t e r  t h e  d i s c o v e r y  by c l a d i s ' '  o f  r e e n t r a n t  b e h a v i o u r  i n  

a b i n a r y  m i x t u r e  a t  a t m o s p h e r i c  p r e s s u r e ,  C l a d i s  e t  a ~ . ~ '  r e p o r t e d  

t h e  o b s e r v a t i o n  o f  t h e  r e e n t r a n t  n e m a t i c  p h a s e  i n  a s i n g l e  component  

s y s t e m  a t  h i g h  p r e s s u r e s .  Soon s i n g l e  component  s y s t e m s  w i t h  a 

r e e n t r a n t  n e m a t i c  p h a s e  a t  a t m o s p h e r i c  p r e s s u r e  were s y n t h e s i z e d .  3 2 , 3 3  

I n  f a c t ,  e v e n  t h e  f i rs t  few compounds i n  which  r e e n t r a n t  b e h a v i o u r  

was o b s e r v e d  a t  a t m o s p h e r i c  p r e s s u r e ,  e x h i b i t e d  n o t  o n l y  t h e  re- 

e n t r a n t  n e m a t i c  p h a s e  b u t  a l s o  t h e  r e e n t r a n t  s m e c t i c  A p h a s e .  The 

s e q u e n c e  o f  t r a n s i t i o n s  s e e n  i n  t h e s e  c a s e s  i s  

S i n c e  t h e n  a large v a r i e t y  o f  m a t e r i a l s  h a v e  been  s y n t h e s i z e d  wh ich  

e x h i b i t  r e e n t r a n t  po lymorph i sm. l2  It c a n  be g e n e r a l i z e d  t h a t  t h e  

m o l e c u l a r  s t r u c t u r e  f a v o u r i n g  t h e  N p h a s e  i s  as f o l l o w s .  r e  

where  R s t a n d s  f o r  t h e  a l k y l  o r  a l k o x y  g r o u p ,  X a n d  Y a r e  t h e  b r i d g-  

i n g  d i p o l e s  a n d  Z is  t h e  s t r o n g l y  p o l a r  end  g r o u p ,  v i z . ,  c y a n o  

o r  n i t r o  end  g r o u p .  I t  is  o b s e r v e d  t h a t  when Z = CN r e e n t r a n t  beha- 

v i o u r  i s  s e e n  when t h e  l o n g i t u d i n a l  component  o f  t h e  d i p o l e  X i s  

a d d i t i v e  w i t h  r e s p e c t  t o  t h e  cyano  end  g r o u p  r e g a r d l e s s  o f  t h e  



d i s p o s i t i o n  o f  t h e  d i p o l a r  g r o u p  Y .  On t h e  o t h e r  hand,  when t h e  

t e r m i n a l  g r o u p  i s  NO2, r e e n t r a n t  b e h a v i o u r  i s  s e e n  o n l y  when t h e  

l o n g i t u d i n a l  component o f  b o t h  X and  Y oppose  t h a t  o f  t h e  NO g r o u p .  
2 

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

i s  less  f r e q u e n t  t h a n  i n  t e r m i n a l l y  cyano  compounds,  and  i n  a d d i -  

t i o n ,  i t  i s  e x t r e m e l y  s e n s i t i v e  t o  c h a n g e s  i n  m o l e c u l a r  l e n g t h .  

T h i s  i s ,  i n  f a c t ,  most  d r a m a t i c a l l y  d e m o n s t r a t e d  i n  t h e  4- n- alkoxy-  

p h e n y l - 4  ' - ( 4 1 1 - n i t r o b e n z o y l o x y )  b e n z o a t e  (DBn..O. NO' ) s e r i e s .  The 
2 

n = 7 ,  8 and  10 compounds show o n l y  o n e  t y p e  o f  smectic A- n e m a t i c  

t r a n s i t i o n  (A - N  o r  Ad - N) w h i l e  n = 9 e x h i b i t s  p e r h a p s  t h e  r i c h e s t  
1 

v a r i e t y  of  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 s  s e e n  i n  a s i n g l e  component  

s y s t e m  s o  fa r .  When i n i t i a l l y  s y n t h e s i z e d , 3 4  t h e  material was f o u n d  

t o  e x h i b i t  t h e  f o l l o w i n g  s e q u e n c e  o f  t r a n s i t i o n s :  

X-ray a s  well a s  h i g h  p r e s s u r e  s t u d i e s  have  been  c o n d u c t e d  on a 

p u r e r  fo rm o f  DB9.O.NO s y n t h e s i z e d  i n  t h e  l a b o r a t o r y .  T h e s e  s t u d i e s  
2 .  

h a v e  r e v e a l e d  t h e  e x i s t e n c e  o f  a n  a d d i t i o n a l  p h a s e  namely t h e  A2 

p h a s e  be tween " C a d  C2 p h a s e s .  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  o f  

DB9.0. NO2 is found  t o  be  e x t r e m e l y  i n t e r e s t i n g  w i t h  b o t h  A a n d  d 

Ad ( r e )  
p h a s e s  g e t t i n g  bounded by t h e  n e m a t i c  p h a s e  a t  h i g h  p r e-  

s s u r e s .  I n  c o n t r a s t  p r e s s u r e  d o e s  n o t  show s u c h  e f f ec t s  i n  DB8,0.N02 

a n d  DB7.0.NO .On t h e  o t h e r  hand p r e s s u r e  i n d u c e s  a v a r i e t y  o f  p h a s e s  2 

i n  DB10.0.N02 - f i r s t  t h e  A2 and  t h e n  t h e  A ,  p h a s e s .  I n  a d d i t i o n  

a r e e n t r a n t  n e m t i c  p h a s e  i s  a l s o  i n d u c e d .  P e r h a p s  t h e  most  d r a m a t i c  



o b s e r v a t i o n  i s  t h a t  A
d
- N  boundary bends t w i c e  towards  t h e  p re -  r e  

s s u r e  a x i s  and t h e r e b y  i n  t h e  p r e s s u r e  r a n g e  o f  1 . 2 6  t o  1 .38 k b a r ,  

t h e  sequence  o f  t r a n s i t i o n  on d e c r e a s i n g  t h e  t e m p e r a t u r e  i s  found 

t o  be  n o t h i n g  b u t  t h a t  o b s e r v e d  i n  DB9.O.NO a t  a t m o s p h e r i c  p r e s s u r e .  
2 

T h i s  i s  t h e  f i r s t  o b s e r v a t i o n  of  t h e  p r e s s u r e- i n d u c e d  t r i p l y  r e-  

e n t r a n t  behav iour .  These  r e s u l t s  a r e  d e s c r i b e d  i n  C h a p t e r  V I .  

1.10 STUDIES ON TERMINALLY NON-POLAR MATERIALS 

It h a s  a l r e a d y  been p o i n t e d  o u t  t h a t  r e e n t r a n t  n e m a t i c  beha- 

v i o u r  is  g e n e r a l l y  e x h i b i t e d  by compounds p o s s e s s i n g  a  s t r o n g l y  

p o l a r  end group.  However v e r y  r e c e n t l y ,  P e l z l  e t  a1.35 have r e p o r t e d  

t h e  o b s e r v a t i o n  o f  a r e e n t r a n t  nemat ic  phase  i n  a  b i n a r y  s y s t e m  

whose c o n s t i t u e n t  compounds do n o t  p o s s e s s  a s t r o n g l y  p o l a r  end 

g r o u p .  X-ray and h i g h  p r e s s u r e  s t u d i e s  have been t a k e n  up on one  

s u c h  b i n a r y  sys tem.  It i s  obse rved  t h a t  t h e  d/R v a l u e  i s  a b o u t  

1 .02 showing t h e r e b y  t h a t  t h e  A phase  is  p r o b a b l y  o f  t h e  p a r t i a l l y  

b i l a y e r  t y p e .  The p r e s s u r e- t e m p e r a t u r e  d iagram o f  t h e  m i x t u r e  i s  

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

sys tems .36  These r e s u l t s  a r e  p r e s e n t e d  i n  C h a p t e r  Y I I .  Dowel1 3 7 

h a s  shown on t h e  b a s i s  of t h e  molecu la r  l a t t i c e  t h e o r y  t h a t  t h e  

p a r t i a l l y  b i l a y e r  s m e c t i c  A phase  as w e l l  as t h e  r e e n t r a n t  n e m a t i c  

phase  can be e x h i b i t e d  by t e r m i n a l l y  non- pola r  m a t e r i a l s .  X-ray 

s t u d i e s  conducted on 12EBAMC, a  t e r m i n a l l y  non- pola r  smec togen ic  

m a t e r i a l ,  have shown t h a t  t h e  A phase  o f  t h i s  s u b s t a n c e  i s  o f  t h e  

p a r t i a l l y  b i l a y e r  (Ad) t y p e  w i t h  t h e  r e l a t i v e l y  l a r g e  d/R v a l u e  



o f  -1.13. I n t e r e s t i n g l y  t h i s  v a l u e  is  v e r y  s i m i l a r  t o  t h a t  s e e n  

f o r  s t r o n g l y  p o l a r  r e e n t r a n t  sys tems.38 Also ,  t h i s  is  t h e  first 

o b s e r v a t i o n  o f  t h e  p a r t i a l l y  b i l a y e r  phase  i n  a t e r m i n a l l y  non- pola r  

m a t e r i a l .  These r e s u l t s  a r e  d e s c r i b e d  i n  t h e  second  p a r t  of 

Chap te r  V I I .  

1 . 1 1  PRESSURE STUDIES ON COMPOUNDS POSSESSING DISC-LIKE MOLECULES 

E a r l y  p r e s s u r e  exper iments3 '  c a r r i e d  on benzene-hexa-n-alka- 

n o a t e s ,  t h e  m a t e r i a l s  i n  which t h e  d i s c o t i c  mesophase was 

d i s c o v e r e d ,  l 4  showed t h a t  t h e  dT/dP f o r  t h e  mesophase - i s o t r o p i c  

t r a n s i t i o n  is e x t r e m e l y  low compared t o  t h a t  s e e n  f o r  r o d- l i k e  

t h e r m o t r o p i c  m a t e r i a l s .  P r e s s u r e  s t u d i e s  have been conduc ted  o n  

two  o t h e r  d i s c o t i c  m a t e r i a l s  hexa- n- octyloxytr iphenylene (HOT) 

and hexa- n-decanoyloxy- triphenylene (HDOOT). I t  is  found t h a t  t h e  

c o l u m n a r - i s o t r o p i c  phase  boundary is  v e r t i c a l  i n  t h e  P-T p l a n e  

r i g h t  up t o  t h e  h i g h e s t  p r e s s u r e ,  namely 2 k b a r  s t u d i e d ,  i . e . ,  

dT/dP c~ 0 ,  a v e r y  unusua l  r e s u l t .  C o n s i d e r i n g  t h a t  t h e  h e a t  a s s o c i a -  

t e d  w i t h  t h e  c o l u m n a r - i s o t r o p i c  t r a n s i t i o n  i s  l a r g e ,  t h e  above  

r e s u l t  i m p l i e s  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  phase  

t r a n s i t i o n 1  s h o u l d  be e x t r e m e l y  s m a l l .  These r e s u l t s  are d i s c u s s e d  

i n  Chap te r  VIII. 

1.12 PRESSURE STUDIES ON THERMOTROPIC MAIN CHAIN POLYESTERS 

It h a s  been r e c e n t l y  shown4' t h a t  t h e  n e m a t i c  - i s o t r o p i c  

(N-I)  t r a n s i t i o n  t e m p e r a t u r e  (T ) a s  w e l l  as t h e  t r a n s i t i o n  e n t h a l p y  
N I 



a s s o c i a t e d  w i t h  t h i s  t r a n s i t i o n  ( A H  i n  a homologous s e r i e s  
N - I  

o f  a 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  shows a v e r y  p ronounced  

a l t e r n a t i o n  w i t h  n ,  where  n  i s  t h e  number o f  m e t h y l e n e  g r o u p s  i n  

t h e  s p a c e r .  S i n c e  i t  is  well known f rom t h e  e a r l y  s t u d i e s  4 1 , 4 2  

on  r o d- l i k e  l i q u i d  c r y s t a l s  t h a t  s u c h  a n  a l t e r n a t i o n  i n  T  a n d  
N - I  

AHN-I are a l s o  r e f l e c t e d  i n  t h e  p r e s s u r e  b e h a v i o u r  o f  t h e  N- I  t r a n s i -  

t i o n ,  h i g h  p r e s s u r e  s t u d i e s  have  been c o n d u c t e d  on 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  a l t e r n a t i n g  2,2'-dimethylazoxybenzene 

mesogen and  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 .  I t  is  f o u n d  t h a t  dT/dP 

f o r  t h e  N- I  t r a n s i t i o n  d o e s  i n d e e d  show a n  a l t e r n a t i o n  similar 

t o  t h a t  o f  A H N  - I and  TN I . These  r e s u l t s  are  d e s c r i b e d  i n  C h a p t e r  - 
IX. 

1.13 BIAXIAL NEMATIC PHASE IN THERMOTROPIC LIQUID CRYSTALS 

The o c c u r r e n c e  o f  a b i a x i a l  n e m a t i c  p h a s e  i n '  a n  a m p h i p h i l i c  

s y s t e m  was first o b s e r v e d  by Yu and ~ a u ~ e ~ ~  i n  t h e  t e r n a r y  s y s t e m  

o f  p o t a s s i u m  l a u r a t e / l - d e c a n o l / D 2 0 .  S u b s e q u e n t l y ,  e v i d e n c e  o f  

b i a x i a l i t y  h a s  been  p r e s e n t e d  i n  c e r t a i n  n e m a t i c  p o l y m e r s .  4 4 , 4 5  

The p o s s i b i l i t y  o f  o b s e r v i n g  t h e  n e m a t i c  b i a x i a l  p h a s e  i n  a thermo-  

t r o p i c  l i q u i d  c r y s t a l  was  s u g g e s t e d  a few y e a r s  a g o  by Chandra-  

se l tha rQ6  who p o i n t e d  o u t  t h a t  t h i s  c o u l d  be a c h i e v e d  by b r i d g i n g  t h e  

g a p  be tween r o d- l i k e  and d i s c - l i k e  m o l e c u l e s ,  i . e. , by p r e p a r i n g  

a mesogen which  cambines  t h e  f e a t u r e s  o f  b o t h .  S u c h  materials h a v e  

been  s y n t h e s i z e d  r e c e n t l y .  4 7 9 4 8  C a r e f u l  c o n o s c o p i c  o b s e r v a t i o n s  

c o n d u c t e d  h e r e  have  r e v e a l e d  t h e  o c c u r r e n c e  o f  t h e  b i a x i a l  n e m a t i c  



phase in bis[l-(p-n-decylbipheny1)3-(p-ethoxy pheny1)propane-l,3- 

dionatolcopper(I1). Addition of a very small quantity of a pure 

rod-like (uniaxial) nematogen results in a uniaxial nematic to 

biaxial nematic transition with decreasing temperature, the latter 

phase getting suppressed for slightly larger concentrations (N1%) 

of the uniaxial component. This also yields interesting phase dia- 

grams. All these results are presented in Chapter X. 

Most of the results presented in the thesis have been publi- 

shed in the following papers. 

1 Smectic A phase with two collinear incommensurate density 

modulations. (in collaboration with B.R.Ratna and R.Shashidhar) - 
Physical Review Letters, 55, 1476 (1985); ibid, 56, 269 (1986). 

2 An incommensurate smectic A phase. (in collaboration with 

B. R. Ratna and R. Shashidhar) - in "~ncommensurate Crystals, 

Liquid Crystals and Quasi Crystals", Eds. J.F.Scott and N.A. 

Clark (Plenum, New York, 19871, p. 259. 

3 A new alternative for the smectic A1 -reentrant nematic - 
smectic A bicritical point. (in collaboration with R.Shashi- d 
dhar, B.R.Ratna, G.Heppke and Ch. Bahr) - Physical Review A 
(Rapid Communications), 37, 303 (1988) 

4 Experimental studies on a triply reentrant mesogen. (in colla- 

boration with R.Shashidhar, B.R.Ratna, V.Surendranath, S.Krishna 

Prasad and C.Nagabhushan) - Journal de Physique Lettres, 

46, L-445 (1986) 

5 Denisty, dielectric and X-ray studies of smectic A - smectic A 

transitions. (in collaboration with B. R. Ratna, C.Nagabhushan, 



R.Shashidhar, S.Chandrasekhar and G.Heppke) - Molecular Crystals 
and Liquid Crystals, 138, 245 (1986) 

6 Pressure studies on two discotic liquid crystals. (in collabo- 

ration with R.Shashidhar, S-Chandrasekhar, R.E.Boehm and D.E. 

Martire) - Pramana, J. Phys., 25, L-119 (1985) 

7 Phase transitions of nematic main-chain polyesters under high 

pressure. (in collaboration with R.Shashidhar, S.Chandrasekhar, 

A.Blumstein, R.B.Blumstein and S.Kumar) - presented at the 

International Conference on Liquid Crystal Polymers, Bordeaux, 

July 1987 - Molecular Crystals and Liquid Crystals, 155, 521 
( 1988) 

8 Experimental studies on a terminally non-polar reentrant nemato- 

genic mixture. (in collaboration with B.R.Ratna, R.Shashidhar, 

C. Nagabhushan, S. Chandrasekhar, G. Pelzl, S.Diele, 1.Latif 

and D.Demus) - Molecular Crystals and Liquid Crystals 
(submitted). 

9 Partially bilayer smectic A phase in a terminally non-polar 

compound. (in collaboration with B.R.Ratna, R.Shashidhar, 

C. Nagabhushan, S. Chandrasekhar, G.Pelz1, S.Diele, I .Latif - 
and D.Demus) - Molecular Crystals and Liquid Crystals Letters 
(submitted) 

10 Pressure studies on phase transitions in 4-alkoxyphenyl-4'- 

nitrobenzoyloxy benzoate (DBn.0.N02). (in collaboration with 

B.R.Ratna, R.Shashidhar, G.Heppke and Ch. Bahr) - to be presented 
at the Twelfth International Liquid Crystal Conference, to 

be held at Freiburg, August 1988. 

1 1  A strongly coupled incommensurate smectic A phase. (in collabo- 

ration with B.R.Ratna, R.Shashidhar, G-Heppke and Nguyen Huu 

Tinh) - Physical Review Letters (submitted). 



12 A biaxial nematic liquid crystal. (in collaboration with 

S.Chandrasekhar, B.K.Sadashiva and B.R.Ratna) - Pramana, J. 

Phys., 30, L491 (1988). 

13 A thermotropic biaxial nematic liquid crystal. (in collaboration 

with S.Chandrasekhar, B.R.Ratna and B.K.Sadashiva) - Molecular 

Crystals and Liquid Crystals, Special issue for the Centenary 

of the Liquid Crystal Research (submitted). 
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