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HIGH PRESSURE STUDIES ON DISCOTIC L I Q U I D  CRYSTALS 

8.1 INTRODUCTION 

S i n c e  R e i n i t z e r  I s  f i r s t  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 i t y  

i n  1888,  t h e  g e n e r a l l y  a c c e p t e d  r u l e  h a s  been  t h a t  t h e  m o l e c u l e  

h a s  t o  be l o n g  a n d  ' r o d - l i k e '  f o r  mesomorphism t o  o c c u r  i n  thermo- 

t r o p i c  systems. I n  1977,  mesophases  b u i l t  up o f  r e l a t i v e l y  s i m p l e  

d i s c- s h a p e d  m o l e c u l e s  were d i s c o v e r e d  by C h a n d r a s e k h a r  e t  a l .  2 

T h i s  d i s c o v e r y  h a s  opened up  a  new f i e l d  o f  a c t i v i t y .  The compounds 

i n  which  t h i s  new t y p e  o f  mesomorphism was o b s e r v e d  were h e x a - s u b s t i -  

t u t e d  esters  o f  benzene .  From thermodynamic ,  o p t i c a l  a n d  X-ray 

, s t u d i e s  i t  was c o n c l u d e d  t h a t  t h e s e  compounds form a new t y p e  o f  

l i q u i d  c r y s t a l ,  q u i t e  u n l i k e  t h e  c lass ica l  n e m a t i c  o r  smectic t y p e s .  

The model  t h a t  was p roposed  i s  i l l u s t r a t e d  s c h e m a t i c a l l y  i n  F i g .  

8 . 1 .  The d i s c s  are s t a c k e d  a p e r i o d i c a l y  o n e  on  t o p  o f  t h e  o t h e r  

t o  form l i q u i d  l i k e  co lumns ,  t h e  d i f f e r e n t  co lumns  f o r m i n g  a hexa-  

g o n a l  a r r a y .  2-5 T h i s  co lumnar  s t r u c t u r e  h a s  been  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 .  Thus  t h e  s t r u c t u r e  h a s  t r a n s l a t i o n a l  

o r d e r  i n  two d i m e n s i o n s  b u t  n o t  i n  t h e  t h i r d ,  a n d  i s  t h e  first 

example  t o  be d i s c o v e r e d  o f  a s y s t e m  " mel ted"  i n  o n e  d i m e n s i o n .  

T h i s  new t y p e  o f  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  h a s  been  v a r i o u s l y  

9 d e s i g n a t e d  as  c a n o n i c ,  , co lumnar  1 0 ' 1 1  a n d  d i s c o t i c 1 *  ( t h e  l a s t  
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o f t e n  b e i n g  used t o  d e s c r i b e  t h e  molecu les  a s  w e l l  as t h e  mesophases  

formed by them).  

S i n c e  t h e  d i s c o v e r y  by Chandrasekhar  e t  a1 .*  a  number o f  

o t h e r  d i s c o t i c  s y s t e m s  e x h i b i t i n g  t h e  columnar  phase  were r e p o r-  

t e d .  12-25 It i s  now known t h a t  d i s c o t i c  mesophases  e x h i b i t  a r i c h  

p ~ l ~ m o r p h i s m , ~  comparable  t o  t h a t  obse rved  i n  l i q u i d  c r y s t a l s  o f  

r o d- l i k e  molecu les .  I n  f a c t ,  a  number o f  v a r i a n t s  o f  t h i s  columnar  

s t r u c t u r e  have been found - u p r i g h t  columns w i t h  a  hexagona l  o r  

r e c t a n g u l a r  l a t t i c e ,  798 a  t i l t e d  columnar a r r a ng e m e n t
t 8  

( F i g .  

8 . 2 ) .  Some d i f f e r e n c e s  have been found i n  th'e d e g r e e  o f  o r d e r  w i t h i n  

t h e  co lumns-This  complex columnar polymorphism t h e n  r a i s e s  f u r t h e r  

problems ,of nomenc la tu re .  Two a l t e r n a t e  schemes have been p r o p o s e d ,  

o n e  by t h e  P a r i s  group
2

'  and  t h e  o t h e r  by t h e  Bordeaux g r o u p .  
18 

The fo rmer  one is s i m i l a r  t o  t h e  s m e c t i c  c l a s s i f i c a t i o n s  based  

on m i s c i b i l i t y  c r i t e r i a :  i t  c o n s i s t s  o f  t h e  l e t te r  D w i t h  o t h e r  

l e t t e r s  s u b s c r i p t e d  f o l l o w i n g  g e n e r a l l y  i n  a l p h a b e t i c a l  o r d e r  (D 
A ' 

DB, DC .. . , e t c .  1. 21 '8925  The o t h e r  scheme proposed by D e s t r a d e  

e t  a l .  8 9 2 6  i s  based on t h e  c r y s t a l l o g r a p h i c  c o n s i d e r a t i o n s ;  two 

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

r i z a t i o n  o f  columnar a r r a n g e m e n t s ,  

( i )  t h e  two d imens iona l  l a t t i c e  symmetry. It can  be h e x a g o n a l ,  

r e p r e s e n t e d  a s  D o r  r e c t a n g u l a r  r e p r e s e n t e d  a s  D o r  o b l i q u e ,  h  r 

' 
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( i i )  t h e  o r d e r  o r  d i s o r d e r  o f  t h e  m o l e c u l a r  s t a c k i n g  i n  t h e  columns .  

T h e r e f o r e ,  a h e x a g o n a l  l a t t i c e  o f  columns w i t h  o r d e r e d  d i s c - l i k e  

m o l e c u l e s  is t h e n  r e p r e s e n t e d  as  Dho,  t h e n  t h e  n o t a t i o n s  D h d ,  
D r d  

o r  D a re  t h e n  c lear .  obd 

I t . i s  o f  i n t e r e s t  t o  s t u d y  t h e  effect  o f  p r e s s u r e  o n  t h e s e  

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

s y s t e m s  was c o n d u c t e d  3 , 2 7  on  benzene-hexa-n-alkanoates - t h e  effect 

o f  p r e s s u r e  on t h e  p h a s e  t r a n s i t i o n s  i n  t h e  s i x t h  t o  t h e  n i n t h  

homologs  was s t u d i e d .  The f o l l o w i n g  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 )  The dT/dP f o r  t h e  s o l i d  - i s o t r o p i c  ( o r  s o l i d  - mesophase )  

was found  t o  be r o u g h l y  t h e  same f o r  a l l  t h e  compounds a b o u t  

( i i )  F o r  compounds which  e x h i b i t  mesophases  e v e n  a t  a t m o s p h e r i c  

p r e s s u r e ,  t h e  dT/dP f o r  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  

i s  a l s o  t h e  same, a r o u n d  6 - T ° C / k b a r .  T h i s  v a l u e  i s  r a t h e r  

small compared t o  t h e  dT/dP v a l u e s  t h a t  are n o r m a l l y  o b s e r v e d  

f o r  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 s  i n  r o d - l i k e  s y s t e m s  

(where  u s u a l l y  t h e  v a l u e s  r ange  be tween 35- 45  OC/kbar) .  
4 

( i i i )  However, when t h e  mesophase  i s  induced  by p r e s s u r e ,  t h e  dT/dP 

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

i n c r e r a s e s  c o n s i d e r a b l y .  



S i n c e  t h i s  e a r l y  work ,  t h e r e  have  , been  s e v e r a l  p r e s s u r e  

s t u d i e s  on d i s c o t i c  s u b s t a n c e s .  28-31 I n  t h i s  c h a p t e r  we s h a l l  

p r e s e n t  t h e  p r e s s u r e - t e m p e r a t u r e  d i ag rams  f o r  two d i s c o t i c  com- 

pounds ,  hexa- n- oc ty loxy t r ipheny lene  and  hexa- n- decanoyloxytr ipheny-  

l e n e ,  b o t h  of  which e x h i b i t  t h e  co lumnar  (D) 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 .  The r e s u l t s  of  t h e s e  s t u d i e s  w i l l  be p r e s e n t e d  i n  t h i s  

c h a p t e r .  One of t h e  materials,  namely,  HOT, h a s  i n  f a c t  been  s t u d i e d  

e a r l i e r  by Gasparoux e t  though  we were n o t  aware o f  it when 

we u n d e r t o o k  t h i s  s t u d y .  We s h a l l  be compar ing  o u r  r e s u l t s  w i t h  

t h e i r s .  

8.2 MATERIALS 

We s t u d i e d  t h e  e i g h t h  member o f  t h e  hexa- a lkoxy  t r i p h e n y l e n e  

ser ies  ( h e r e a f t e r  a b b r e v i a t e d  a s  HOT) and  t h e  n i n t h  member o f  t h e  

h e x a a l c a n y o l o x y  t r i p h e n y l e n e  series ( h e r e a f t e r  a b b r e v i a t e d  a s  

HDOOT). The c h e m i c a l .  s t r u c t u r e  o f  HOT and HDOOT are  shown i n  F i g .  

P 
8.3. Both  t h e s e  compounds show o n l y  o n e  mesophase  on h e a t i n g  f r o m  

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

e x h i b i t s  a co lumnar  p h a s e  d e n o t e d  by D 
h o  

15926  a n d  HDOOT shows a 

co lumnar  phase  d e s i g n a t e d  by D r d '  15'  l 6  The t r a n s i t i o n  t e m p e r a t u r e s  

w e r e  d e t e r m i n e d  o p t i c a l l y  u s i n g  a p o l a r i z i n g  m i c r o s c o p e  ( L e i t z - O r t h o -  

p l a n )  and  are l i s t e d  i n  T a b l e  8 .1 .  

8.3 EXPERIMENTAL 

The 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 h i g h  p r e s s u r e  
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Table 8.1 

T r a n s i t i o n  t e m p e r a t u r e  o f  d i f f e r e n t  t r a n s i t i o n s  

e x h i b i t e d  by two d i s c o t i c  compounds 

Compound K - D  
("C) 

D - I  
("C) 

hexa- n- octyloxy 

t r i p h e n y l e n e  

( HOT 

hexa-n-decanoyloxy 

t r i p h e n y l e n e  67.0 122.0 

( HDOOT ) 

K : c r y s t a l  D : mesophase I : i s o t r o p i c  



o p t i c a l  c e l l  d i s c u s s e d  i n  Chap te r  11. 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 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 ,  i . e . ,  p r e s s u r e  was k e p t  c o n s t a n t  and  

t h e  t e m p e r a t u r e  of t h e  sample  v a r i e d  a t  a  c o n t r o l l e d  r a t e  o f  a b o u t  

1°C/min. The a b r u p t  change i n  t h e  i n t e n s i t y  was t a k e n  a s  t h e  s i g n a-  

t u r e  o f  t h e  phase  t r a n s i t i o n .  P r e s s u r e  was measured ( u s i n g  a H e i s e  

gauge)  t o  a n  a c c u r a c y  o f  * 1.5  kbar  and t h e  t e m p e r a t u r e  t o  k0.1 O C .  

8.4 RESULTS AND DISCUSSION 

HOT 

The p r e s s u r e- t e m p e r a t u r e  d iagram f o r  t h e  hexa- n- oc ty loxy t r i-  

phenylene is  shown i n  F i g .  8 . 4 .  It i s  s e e n  t h a t  a s  t h e  p r e s s u r e  

i s  i n c r e a s e d  from a t m o s p h e r i c  p r e s s u r e ,  t h e  s o l i d- c o l u m n a r  (K-D), 

t r a n s i t i o n  t e m p e r a t u r e  v a r i e s  a t  a r a t e  o f  23.75 OC/kbar w h i l e  t h e  

c o l u m n a r - i s o t r o p i c  (D-  I )  t r a n s i t i o n  t e m p e r a t u r e  d o e s  n o t  have 

a n y  p r e s s u r e  dependence - t h e  D- I  boundary i s  s e e n  a s  a v e r t i c a l  

l i n e .  Due t o  t h e  wide d i s p a r i t y  i n  t h e  dT/dP v a l u e s  o f  t h e  K-D 

and D- I  phase  b o u n d a r i e s ,  t h e  range  o f  t h e  D phase  ( a s  measured 

on h e a t i n g  t h e  s o l i d )  d e c r e a s e s  w i t h  i n c r e a s i n g  p r e s s u r e .  T h i s  

l e a d s  t o  bounding o f  t h e  D-phase and a consequen t  so l id- co lumnar-  

i s o t r o p i c  (K - D -  I )  t r i p l e  p o i n t  a t  0 . 6 4 k b a r ,  8 4 . 5  O C .  It s h o u l d  

be ment ioned t h a t  t h e  D phase  is  bounded a t  t h i s  p r e s s u r e  o n l y  

w i t h  r e s p e c t  t o  t h e  h e a t i n g  mode - beyond 0.64 k b a r  t h e  s o l i d  melts 

d i r e c t l y  i n t o  t h e  i s o t r o p i c  phase  ( s e e  F i g .  8 . 4 ) ,  b u t  on c o o l i n g  

t h e  i s o t r o p i c - c o l u m n a r  t r a n s i t i o n  i s  s e e n  as a monot rop ic  t r a n s i -  
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t i o n .  Thus a t  0.64 k b a r  t h e  D- I  t r a n s i t i o n  changes  i t s  c h a r a c t e r  

from e n a n t r i o t r o p i c  t o  monot rop ic .  S i m i l a r  i n s t a n c e s  o f  p r e s s u r e  

chang ing  t h e  c h a r a c t e r  o f  t h e  t r a n s i t i o n  h a s  been s e e n  e a r l i e r  

i n  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  o f  r o d- l i k e  sys tems .  32933 F i n a l l y ,  

i t  is  c l e a r  from t h e  F i g .  8.4 t h a t  t h i s  monot rop ic  I - D  boundary 

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

( a s  a  f u n c t i o n  of t e m p e r a t u r e )  r e c o r d e d  a t  two d i f f e r e n t  p r e s s u r e s  

on e i t h e r  s i d e  o f  t h e  t r i p l e  p o i n t  a r e  p r e s e n t e d  i n  F i g s .  8 . 5  and  

8 . 6 .  

A f t e r  comple t ion  o f  t h i s  work, i t  was found t h a t  Gasparoux 

e t  a1.28 had i n  f a c t  s t u d i e d  HOT e a r l i e r  up t o  a p r e s s u r e  o f  a b o u t  

2.7 k b a r .  The s l o p e s  o f  K - D and D - I phase  b o u n d a r i e s  o b t a i n e d  

by them a r e  similar t o  t h o s e  shown by o u r  d a t a  up t o  a p r e s s u r e  

o f  a b o u t  0 .6  .kbar .  However, t h e y  f i n d  t h a t  t h e  D -  I p h a s e  boundary,  

which i s  n e a r l y  v e r t i c a l  up t o  0 . 6  k b a r  changes  c u r v a t u r e  s u d d e n l y  

and c u r l s  towards  t e m p e r a t u r e  a x i s  beyond 0 .6  k b a r .  Consequen t ly ,  

t h e i r  K - D - I t r i p l e  p o i n t  o c c u r s  a t  a  p r e s s u r e  of 1 .7  k b a r  which i s  

much h i g h e r  t h a n  t h e  v a l u e  o b t a i n e d  by u s ,  v i z . ,  0 . 6 4 k b a r . T h e  r e a s o n  

f o r  t h e  d i s c r e p a n c y  is n o t  c l e a r  t o  u s .  It s h o u l d  be ment ioned 

t h a t  we d i d  n o t  o b s e r v e  any  q u a l i t a t i v e  change i n  t h e  s i g n a l  asso- 

c i a t e d  w i t h  t h e  D - I  phase  t r a n s i t i o n  i n  t h e  e n t i r e  p r e s s u r e  r a n g e  

o f  0 .1  k b a r  t o  1.8 k b a r .  T h i s  i n d i c a t e s  t h a t  we were i n  f a c t  fo l low-  

i n g  t h e  D - I  t r a n s i t i o n  as a  f u n c t i o n  o f  p r e s s u r e  t h r o u g h o u t .  
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HDOOT 

The P-T d i a g r a m  o f  t h i s  compound e x h i b i t s  e s s e n t i a l l y  s imilar  

f e a t u r e s  as HOT and  i s  shown i n  F i g .  8 . 7 .  The o n l y  d i f f e r e n c e  is  

t h a t  t h e  co lumnar  p h a s e  i s  s t a b l e  o v e r  a  w i d e r  r a n g e  o f  p r e s s u r e  

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

mode) is now a t  1 .25  k b a r ,  t h e  D- I  t r a n s i t i o n  b e i n g  m o n o t r o p i c  

beyond t h i s  p r e s s u r e .  The D- I  boundary  i s ,  a s  i n  HOT, a v e r t i c a l  

l i n e  i n  t h e  P-T p l a n e .  T a b l e  8.2 g i v e s  t h e  dT/dP v a l u e s  f o r  t h e  

d i f f e r e n t  t r a n s i t i o n s  f o r  t h e  two compounds. 

A s  men t ioned  ea r l i e r  a n o t e w o r t h y  f e a t u r e  o f  b o t h  compounds 

is  t h a t  t h e  dT/dP f o r  t h e  D- I  t r a n s i t i o n  is  n e a r l y  e q u a l  t o  z e r o  

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

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

t h e  smectic A - n e m a t i c  p h a s e  boundary  is z e r o  ( b u t  o n l y  o v e r  a 

v e r y  small p r e s s u r e  r a n g e )  b e f o r e  becoming n e g a t i v e 3 2 1 3 3  l e a d i n g  

t o  a r e e n t r a n t  n e m a t i c  b e h a v i o u r .  However, as  f a r  as ,  we are aware, 

t h e s e  a p p e a r s  t o  be t h e  o n l y  i n s t a n c e s  o f  t h e  s l o p e  o f  t h e  mesophase- 

i s o t r o p i c  t r a n s i t i o n  b e i n g  z e r o  and  t h a t  t o o  o v e r  s u c h  a n  e x t e n d e d  

p r e s s u r e  r a n g e .  C o n s i d e r i n g  t h a t  t h e  h e a t  o f  t h e  D- I  t r a n s i t i o n  

is q u i t e  large i n  bo th  materials 1 5 1 2 6  - 1 . 0 4  k c a l / m o l  f o r  HOT a n d  

0 .69 k c a l / m o l  f o r  HDOOT, t h e  t h e  p r e s s u r e  i n d e p e n d e n c e  o f  t h e  D- I  

p h a s e  t r a n s i t i o n  t e m p e r a t u r e  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 i s  t r a n s i t i o n  s h o u l d  be n e g l i g i b l y  small.  A c c u r a t e  

d e n s i t y  measu remen t s  a r e  needed  t o  a s c e r t a i n  t h i s  p o i n t .  



P - T diaglrarn 601 hexa-n-decanoyloxytlripheny4eMe. T h e  dabhed !ine 

indicate4 t h a t  t h e  D - 1  tlran6ition i b  monotxopic. 



Table 8.2 

dT/dP ( i n  OC/kbar) v a l u e s  f o r  d i f f e r e n t  t r a n s i t i o n s  

Compound K - D  D - I  

hexa- n- octy loxy 

t r i p h e n y l e n e  

( HOT 

hexa- n- decanoyloxy 

t r i p h e n y l e n e  33.75 

( HDOOT ) 

K : c r y s t a l  D : mesophase I : i s o t r o p i c  
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