
C H A P T E R  I V  

STRONGLY COUPLED INCOMMENSURATE S M E C T I C  A P H A S E  

4.1 INTRODUCTION 

I n  t h e  p r e v i o u s  c h a p t e r  we d i s c u s s e d  t h e  e x p e r i m e n t a l  

r e s u l t s  which  have  l e d  t o  t h e  f i r s t  o b s e r v a t i o n  o f  a n  incommensu- 

r a t e  s m e c t i c  A phase  ( A  ). ' 1 2  These  s t u d i e s ,  which  were  c o n d u c t e d  
i c  

on  a b i n a r y  s y s t e m  o f  4-n-heptyloxyphenyl-41-cyanobenzoyloxy ben-  

z o a t e  (DB70CN) and  4 -n -oc ty loxy  cyano b i p h e n y l  (80CB),  showed 

t h a t  t h e  Aic  p h a s e  e x i s t s  o v e r  a  r a n g e  o f  c o n c e n t r a t i o n  be tween  

t h e  Ad and  A2  p h a s e s .  The X-ray d i f f r a c t i o n  p a t t e r n  o f  t h i s  p h a s e  

c o n s i s t s  o f  condensed  r e f l e c t i o n s a t  w a v e v e c t o r s  q  and  q l .  ( q o =  , 
0 0 

Zn/2!2 , q; = 2 n  / R  ' , where k  i s  t h e  l e n g t h  o f  t h e  m o l e c u l e  and  k  < k1  < 
- 

2R) c o r r e s p o n d i n g  t o  r e s p e c t i v e l y  A and  A d  p e r i . o d i c i t i e s .  
2 

The Landau phenomeno log ica l  t h e o r y  3-5 d i s c u s s e d  i n  t h e  

p r e v i o u s  c h a p t e r  p r e d i c t s  i n  f a c t  two t y p e s  o f  i ncommensura t e  

p h a s e s ,  v i z .  , ( 1 ) t h e  weak ly  c o u p l e d  incommensura t e  p h a s e  i n  wh ich  

t h e  two incommensura t e  d e n s i t y  waves e x i s t  p r a c t i c a l l y  i n d e p e n d e n t  

o f  e a c h  o t h e r  and  ( 2 )  t h e  s t r o n g l y  c o u p l e d  incommensura t e  p h a s e  

i n  which  t h e  p h a s e s  o f  t h e  two d e n s i t y  waves are m o d u l a t e d  i n  

one- d imens ion  a c c o r d i n g  t o  t h e  Sine-Gordon e q u a t i o n .  

A s  men t ioned  e a r l i e r ,  t h e  X-ray d i f f r a c t i o n  p a t t e r n  o f  

t h e  A i c  p h a s e  c o n s i s t e d  o f  o n l y  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  qo 



and q l .  Even v e r y  l o n g  e x p o s u r e s  f a i l e d  t o  r e v e a l  t h e  e x i s t e n c e  
0 

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

o f  t h e  w a v e v e c t o r s .  I t  c a n  t h e r e f o r e  be s u r m i s e d  t h a t  A i s  o f  
i c  

t h e  weakly  c o u p l e d  t y p e .  

R e c e n t l y  F o n t e s  e t  a1.6 have  o b s e r v e d  i n  a m o n o l a y e r  (A ) 
1 

p h a s e  ( w i t h  a condensed  d i f f r a c t i o n  peak  a t  2q0) t h e  e x i s t e n c e  

o f  two d i f f u s e  s c a t t e r i n g  peaks :  o n e  c e n t r e d  a t  q t  a n  incommensu- 
0 ' 

ra te  w a v e v e c t o r ,  a n d  t h e  o t h e r  a t  qs = 2qo - q;. These  r e s u l t s  i n d i -  

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

A p h a s e .  But  on c o o l i n g  t h e  A p h a s e ,  t h e  d i f f u s e  s c t t e r i n g  pro-  
1 1 

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

p h a s e  and t h u s  t h e  s t r o n g l y  c o u p l e d  incommensura t e  A p h a s e  r e m a i n e d  

e l u s i v e .  

We have  u n d e r t a k e n  s t u d i e s  on a b i n a r y  s y s t e m  o f  4- n- octy-  

loxyphenyl-41-cyanobenzoyloxy b e n z o a t e  (DB80CN) and  4- n- octy loxy-  

benzoyloxy-411-cyanoazobenzene (80BCAB). T h e s e  s t u d i e s  w h i c h  h a v e  

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

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

4.2 MATERIALS 

The m o l e c u l a r  s t r u c t u r e s  o f  t h e  compounds 4- n- oc ty loxypheny l-  

41-cyanobenzoy loxy  b e n z o a t e  (DB80CN) a n d  4-n-octyloxy-4t1-benzoyloxy- 

cyanoazobenzene  (80BCAB) a re  shown i n  F i g .  4 . 1 .  The t r a n s i t i o n  



4-n-octy loxy p h e n y ~  -4'- cyanobenzoy Loxy benzoate ( DB80.CN) 

4-n - octyioxy benzoyloxy - 4'- cyanoazo benzene ( 80 BCAB) 

Fiquze 4.1 

The mo4ecu4a.r 6ozmu4ae 06 DBsOCN and bORCAB along with 

theiz phabe tzanbition tempezatuzeb. 



t e m p e r a t u r e s  o f  t h e s e  two compounds a r e  a l s o  g i v e n  i n  t h e  same 

f i g u r e  . 

4.3 EXPERIMENTAL 

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  were c a r r i e d  o u t  u s i n g  

a computer  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 m e t e r  (Huber  6 4 4 ) .  The  

s a m p l e  was t a k e n  i n  a 0 . 5  mm d i a m e t e r  Lindemann glass c a p i l l a r y  

whose e n d s  were t h e n  s e a l e d .  To o b t a i n  a monodomain s a m p l e ,  

t h e  sample  was c o o l e d  v e r y  s l o w l y  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 2 .4  T  m a g n e t i c  f i e l d .  A d e t a i l e d  d e s c r i p t i o n  o f  t h e  

e x p e r i m e n t a l  s e t  up h a s  a l r e a d y  been  g i v e n  i n  C h a p t e r  11. 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  a t  a n y  t e m p e r a t u r e  

-4 ;-1 was 2 x  10 w h i l e  t h e  t e m p e r a t u r e  was m a i n t a i n e d  c o n s t a n t  

t o  k lOmK d u r i n g  a n y  measurement .  A l l  t h e  s c a n s  were  t a k e n  a l o n g  

t h e  e q u a t o r i a l  ( q  = 0 )  d i r e c t i o n .  The l o n g i t u d i n a l  r e s o l u t i o n  

(Aq ) was a b o u t  I X I O - ~  I I 

4 -4 RESULTS AND DISCUSSION 

The p a r t i a l  p h a s e  d i ag ram o f  t h e  DB80CN-80BCAB b i n a r y  

s y s t e m  is  shown i n  F i g .  4 . 2 .  I n t e r e s t i n g l y  t h e  compounds h a v e  n e a r l y  

0 

t h e  same m o l e c u l a r  l e n g t h  ( - 3 2  A).  T h i s  p h a s e  d i a g r a m ,  which  

h a s  been  o b t a i n e d  on  t h e  b a s i s  o f  o p t i c a l  m i c r o s c o p i c ,  X-ray a n d  

d i f f e r e n t i a l  s c a n n i n g  c a l o r i m e t r y  s t u d i e s ,  i s  e x t r e m e l y  r i c h  - 
t h e r e  are  t h r e e  t y p e s  o f  incommensura te  A p h a s e s  i n  a d d i t i o n  t o  

t h e  r e e n t r a n t  n e m a t i c  (Nre ) ,  A d ,  A 1  a n d  A p h a s e s .  We s h a l l  f i rst  2  
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summarize  t h e  main f e a t u r e s  o f  t h i s  d i a g r a m  a n d  t h e n  p r e s e n t  t h e  

r e s u l t s  o f  o u r  X-ray s t u d i e s  which i d e n t i f y  t h e  d i f f e r e n t  A p h a s e s :  

( 1 )  S t a r t i n g  f rom t h e  DB80CN s i d e ,  f o r  X> 9 5  ( w h e r e  X i s  t h e  mol 

p e r  c e n t  o f  DB80CN i n  t h e  m i x t u r e )  t h e r e  i s  a c o n t i n u o u s  e v o l u t i o n  

o f  A 2  f rom A d ,  s imilar  t o  t h e  b e h a v i o u r  o f  DB7OCN s e e n  ea r l i e r .  7  

( i i )  F o r  7 2  < X <  9 5  t h e  weak ly  c o u p l e d  incommensura t e  p h a s e  e x i s t s .  

Over  a m a j o r  p o r t i o n  o f  t h e  phase  d i a g r a m ,  i t  e x i s t s  be tween A d  

a n d  A2 p h a s e s  w h i l e  o v e r  a s m a l l e r  r e g i o n  ( o n  t h e  l o w e r  X s i d e )  

i t  i n t e r v e n e s  be tween A a n d  A 1  p h a s e s .  They h a v e  been  d e s i g n a t e d  d  

as  Ai2 and  A i l  r e s p e c t i v e l y .  

( i i i )  F o r  6 9 <  X < 7 2 ,  a d i r e c t  Ad - A 1  t r a n s i t i o n  i s  o b s e r v e d  which  

e n d s  a t  t h e  A 1 - N r e - A  p o i n t  on t h e  l o w e r  X s i d e .  
d  

i v )  Over a v e r y  na r row r e g i o n  o f  X ,  v i z . ,  7 6 . 9  < X . < 7 7 . 6 ,  t h e  

s t r o n g l y  c o u p l e d  incommensura t e  phase  ( d e s i g n a t e d  a s  A i s )  o c c u r s .  

The r e g i o n  o f  t h e  p h a s e  d i a g r a m  s u r r o u n d i n g  Ais i s  shown o n  t h e  

e n l a r g e d  s c a l e  i n  t h e  i n s e t  o f  F i g .  4 .2 .  

We s h a l l  now d i s c u s s  t h e  r e s u l t s  o f  o u r  X-ray d i f f r a c t i o n  

e x p e r i m e n t s  which  have  h e l p e d  u s  t o  unambiguous ly  c h a r a c t e r i z e  

t h e  d i f f e r e n t  p h a s e s  marked i n  t h e  p h a s e  d i a g r a m .  We h a v e  s t u d i e d  

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

p h a s e  d i ag ram shown i n  F i g .  4 . 2 ,  b u t  d a t a  f o r  o n l y  a few r e p r e s e n t a -  

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

p h a s e  d i ag ram a r e  p r e s e n t e d  h e r e .  I n  t h e  c a s e  o f  X = 9 5 . 5  m i x t u r e ,  



t h e  w a v e v e c t o r  v a r i a t i o n  w i t h  t e m p e r a t u r e  i s  shown i n  F i g .  4 .3 .  

It i s  s e e n  t h a t  t h e  w a v e v e c t o r  q 1  c o n t i n u o u s l y  e v o l v e s  i n t o  qo, 
0 

i . e . ,  t h e  A p h a s e  g o e s  o v e r  t o  t h e  A p h a s e  w i t h o u t  a p h a s e  t r a n s i -  d 2 

t i o n .  T h i s  is  v e r y  similar t o  t h e  r e s u l t s  on  D B ~ O C N . ~  F o r  X = 8 1  - 8  

m i x t u r e  t h e  w a v e v e c t o r  v a r i a t i o n  w i t h  t e m p e r a t u r e  is shown i n  

F i g .  4 . 4 .  It i s  s e e n  t h a t  i n  t h e  A p h a s e  q 1  shows a d e c r e a s e  
d 0 

w i t h  d e c r e a s e  i n  t e m p e r a t u r e .  The o n s e t  o f  t h e  A p h a s e  is  s i g n a-  
i 2  

l l e d  by t h e  a p p e a r a n c e  o f  condensed  p e a k s  a t  q and  a t  t h e  s e c o n d  
0 

ha rmon ic  2q0. A t  t h e  same t e m p e r a t u r e ,  q; r e v e r s e s  i t s  t r e n d .  

The v a r i a t i o n  o f  q 1  w i t h  t e m p e r a t u r e  i n  t h e  A p h a s e  i s  o p p o s i t e  
o i 2 

t o  t h a t  i n  t h e  Ad p h a s e .  On t r a n s f o r m i n g  t o  t h e  A2 p h a s e ,  q; d i s -  

a p p e a r s .  The w a v e v e c t o r  v a r i a t i o n s  (q; a n d  qo )  w i t h  t e m p e r a t u r e  

a r e  similar t o  t h a t  o b s e r v e d  e a r l i e r  i n  t h e  DB70CN/80CB b i n a r y  

s y s t e m  d e s c r i b e d  i n  C h a p t e r  111. (We h a v e  e a r l i e r  r e f e r r e d  t o  

t h e  Ai2 p h a s e  as A i c ) .  F o r  t h e  X =  7 4 . 8  m i x t u r e  t h e  w a v e v e c t o r  

v a r i a t i o n  i s  shown i n  F i g . 4 . 5 .  F o r  t h i s  m i x t u r e  t h e  s e q u e n c e  o f  

t r a n s i t i o n s  on c o o l i n g  is Ad -, A i l  + A . The w a v e v e c t o r  v a r i a t i o n  

i n  t h e  Ad p h a s e  i s  v e r y  similar t o  t h a t  o b s e r v e d  f o r  t h e  X = 8 1 . 8  

m i x t u r e ,  i . e . , q V o  shows a s t e e p  d e c r e a s e  w i t h  d e c r e a s e  i n  t e m p e r a-  

t u r e .  I n  t h e  c a s e  of  t h e  incommensura te  (A. ) p h a s e  t h e  w a v e v e c t o r  
1 1  

c h a r a c t e r i z i n g  t h i s  p h a s e  a r e  q 1  and 2q0. I n t e r e s t i n g l y ,  t h e  v a r i a -  
0 

t i o n  o f  q 1  i n  t h e  A i l  p h a s e  is  s i m i l a r  t o  t h e  v a r i a t i o n  o f  q 1  
0 0 

i n  t h e  A i 2  case. An a d d i t i o n a l  f e a t u r e  o f  t h e  r e s u l t s  f o r  t h e  

X = 7 4 . 8  m i x t u r e  ( F i g .  4 . 5 )  is t h e  o b s e r v t i o n  o f  a d i f f u s e  s c a t t e -  



Tempeiatulte valtiation 06  the wavevectoltb dot X = 95.5 mol % 

mix tu~e .  Ad phase continuously evolves into A2 phabe. 



Tempezature variat ion 06 the  wavevectozo in  t h e  Ad, A i~  
and A 2  phatea dot X = 81.8 mixture.  A N  t h e  d a t a  cozzeopond 

t o  condenoed peaht. 



Figure 4.5 

Temperature variation 06 the wavevectorb in the Ad, Ail and 

A1 phateb 6or X = 14.6 mixture. Circhb indicate that the 
diddraction peahb are condenbed while triang4eb indicate di66ube 

maxima. 



r i n g  peak c e n t r e d  a r o u n d  a n o t h e r  i ncommensura t e  w a v e v e c t o r  q; 

( f  q;). With d e c r e a s e  o f  t e m p e r a t u r e  t h e  qf l  v a l u e  was f o u n d  t o  
0 

be  d e c r e a s i n g  and  f i n a l l y  a t  t h e  t r a n s i t i o n  t o  t h e  A p h a s e  ( n o t  
2 

shown i n  t h e  f i g u r e )  t h e  d i f f u s e  m o d u l a t i o n  c o n d e n s e s  a t  a wave- 

v e c t o r  
0 

c o r r e s p o n d i n g  t o  t h e  A 2  p h a s e .  A p a r t i c u l a r  f e a t u r e  

o f  t h e  A2 p h a s e  is  t h a t  t h e  i n t e n s i t y  o f  t h e  peak  a t  2qo i s  found  

t o  be t h r e e  times larger t h a n  t h a t  a t  qo.  A l though  t h i s  i s  i n  

a g r e e m e n t  w i t h  t h e  r e l a t i v e  i n t e n s i t i e s  p r e d i c t e d  t h e o r e t i c a l l y ,  8 

i t  i s  o p p o s i t e  t o  what  h a s  been  g e n e r a l l y  s e e n  i n  t h e  A p h a s e  
2 

( s e e  e . g . ,  Ref. 9 ) .  It s h o u l d  a l s o  be m e n t i o n e d  t h a t  n o  c o m b i n a t i o n  

r e f l e c t i o n s  were o b s e r v e d  i n  e i t h e r  Ai2  o r  A i l  p h a s e s  s h o w i n g  

t h e r e b y  t h a t  b o t h  t h e s e  are weakly  c o u p l e d  incommensura t e  p h a s e s .  

The d a t a  f o r  t h e  X = 77.3 m i x t u r e  is  shown i n  F i g .  4 . 6 .  T h i s  

f i g u r e  shows many i m p o r t a n t  f e t u r e s .  On c o o l i n g  from t h e  A p h a s e  
d 

q; d e c r e a s e s  w i t h  d e c r e a s e  i n  t e m p e r a t u r e .  On f u r t h e r  c o o l i n g  

t h e  Ad p h a s e  g o e s  o v e r  t o  t h e  Ai2 p h a s e  ( w i t h  m o d u l a t i o n s  a t  q;, 

q o  
a n d  2q ) a n d  t h e n  t o  t h e  A i l  p h a s e  wh ich  h a s ,  i n  a d d i t i o n  t o  

0 

t h e  p e a k s  a t  q; a n d  2q0, a d i f f u s e  m o d u l a t i o n  a t  q:. The X- ray 

d i f f r a c t i o n  p a t t e r n  i n  t h i s  phase  i s  s imilar  t o  t h a t  o b s e r v e d  

i n  t h e  same p h a s e  o f  t h e  X=74.8 m i x t u r e .  A s  t h e  t e m p e r a t u r e  is  

d e c r e a s e d  f u r t h e r ,  d i f f u s e  q; c o n d e n s e s  a t  a t e m p e r a t u r e  o f  138.6OC 

a n d ,  s i m u l t a n e o u s l y ,  a n o t h e r  peak  a p p e a r s  a t  q w h i l e  t h e  t h i r d  s ' 
peak  a t  2qo c o n t i n u e s  u n a f f e c t e d .  T h i s  s i g n i f i e s  t h e  o n s e t  o f  

t h e  Ais p h a s e  w i t h  t h r e e  condensed  d i f f r a c t i o n  p e a k s .  The s c h e m a t i c  



Figure 4.6 

Tempelratulre valriation 06 the wavevectors in the dibdelrent phaseb 

602 X = 77.3 mixtuie. Filled circle4 bignidy that the di66zaction 

peaks ate condenbed while the open tlriangleb denote di66ube 

maxima. In the rtrongly coupled incommeburate Aib phabe 
a batellite zedlection i b  bCen at qb = 2qo-q;, bhowing the 

exibtence 06 bolitonb. The inbet showb the divezgence 06 the 
boliton peziodicity (Z)  ah the commenbulrate A2 phabe i s  appzoached. 



r e p r e s e n t a t i o n  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  i n  t h e  d i f f e r e n t  

A p h a s e s  f o r  t h e  X = 77.3  m i x t u r e  is shown i n  F i g .  4 .7 .  T y p i c a l  

d i f f r a c t o m e t e r  s c a n s  showing t h e  t h r e e  p e a k s  a t  2q qIto and  q  
0 ' S 

a r e  reproduced  i n  F i g . 4 . 8 .  It i s  c l e a r l y  s e e n  t h a t  a l l  o f  them 

are  condensed peaks ,  t h e  i n t e n s i t y  o f  q  b e i n g  comparable  t o  t h a t  
S 

o f  q:. We a l s o  a s c e r t a i n e d  by t a k i n g  X-ray ~ h o t o g r a p h s  t h a t  t h e  

t h r e e  modula t ions  a r e  i n d e e d  c o l l i n e a r  and t h a t  t h e  i n- p l a n e  o r d e r  

i s  l i q u i d - l i k e .  The v a l u e  of q  was found t o  b e ,  w i t h i n  t h e  e x p e r i -  
S 

m e n t a l  u n c e r t a i n t i e s ,  e x a c t l y  e q u a l  t o  2qo - q;. The a c t u a l  d a t a  

( a t  d i f f e r e n t  t e m p e r a t u r e s )  of  2q and q; and  q  a r e  g i v e n  i n  
0 s 

t h e  Tab le  4.1 a l o n g  w i t h  t h e  qs v a l u e  o b t a i n e d  by t h e  a r i t h m e t i c  

c a l c u l a t i o n  o f  2qo-q:. It i s  c l e a r  from t h e  t a b l e  t h a t  a t  a l l  

t e m p e r a t u r e s  i n  t h e  Ais  p h a s e ,  9 s  is i n d e e d  e q u a l  t o  2qo - q: show- 

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

t h a t  t h e  incommensurate modula t ions  a r e  s t r o n g l y  coup led .  Thus 

we have obse rved  a s t r o n g l y  coup led  incommensurte A phase .  

We s h a l l  now c o n s i d e r  t h e  t e m p e r a t u r e  v a r i a t i o n  o f  q  a n d  
S 

q: i n  t h e  Ais phase  ( s e e  F i g .  4 . 6 ) .  A s  t h e  t e m p e r a t u r e  i s  d e c r e a s e d ,  

t h e s e  wavevec to r s  converge  towards  t h e i r  mean v a l u e  u n t i l  f i n a l l y  

t h e y  ' l o c k - i n 1  a t  t h e  commensurate wavevec to r  q  . Thus t h e  A i s - A 2  
0 

t r a n s i t i o n  i s  a  t y p i c a l  incommensurate - commensurate t r a n s i t i o n .  

The e x i s t e n c e  o f  t h e  s a t e l l i t e  r e f l e c t i o n  a t  a wavevec to r  q  which 
S 

i s  c o l l i n e a r  w i t h  qtt and 2qo c l e r l y  i n d i c a t e s  t h a t  t h e  incommensu- 
0 

r a t e  d e n s i t y  waves a r e  modulated i n  1- dimension.  The s t r u c t u r e  



Schematic iepzesentation 06 the chaiactezibtic Xzay 

diddiaction pat tein~ in the didieient A phabe~ 06 X=77.3 " 

mixtuie. Heie X btandb 602 the diiect beam, 0 denoteb 

a condenbed peak and re6eib to a didlube maximum. 
The coirebponding wavevectoia ate mazhed on the pZ 

line. Note that al! the diddiaction h p t s  ate along the 

4, dilrection, i.e., they aie collineaz. The tempe~atute 
iange 06 the phabe i b  given within biackets in each cube. 



Figure 4.8 

Typicd di66ractometez acana taken along the equato.zia.4 ( q  = 0 )  1 
direction in the Aia phaae 601 X = 77.3 mixture ahowing the X-ray 

acattezed intenaity I (counta pe t  aecondl ah a dunction 06 the 

acattering angle (81. The wavevectoza cozzeaponding theae conden- 

aed peakc have been marked. The intenaitiea 06 pa and q; haue 

been multipled by a dactoz 06 2. 



Table 4.1  

E x p e r i m e n t a l l y  de te rmined  v a l u e s  o f  t h e  wavevec to r s  2q q; and 0 ' 

q a t  d i f f e r e n t  t e m p e r a t u r e s  i n  t h e  A phase  ( t h e  v a l u e  o f  q 
s is  s 

o b t a i n e d  c a l c u l a t i o n  i s  a l s o  g i v e n ) .  

Temperature  
2 q ~  q 6 s qs ( c a l c .  

( e x n t l .  ) = 2q O -  q" 

136.90 0.2110 0.1121 0.0982 0.0989 

137.27 0.2112 0.1109 0.1002 0.1002 

136.97 0.2110 0.1103 0.1006 0.1007 



of Ais can  t h e r e f o r e  be c o n s i d e r e d  a s  a  p e r i o d i c  a r r a y  o f  s o l i t o n s  

o r  a n  a r r a y  o f  domain w a l l s  i n  one- dimension e . ,  a l o n g  t h e  

d i r e c t o r ) .  A s  t h e  t e m p e r a t u r e  is d e c r e a s e d  towards  t h e  A p  p h a s e ,  

t h e  p e r i o d i c i t y  o f  t h e  s o l i t o n s ,  which i s  g i v e n  by Z = 21~/(q: - q s ) ,  

d i v e r g e s  ( s e e  i n s e t  o f  F i g .  4 . 6 )  a s  p r e d i c t e d  by t h e o r y .  10 

F i n a l l y ,  i t  is  r e l e v a n t  t o  comment on a t h e o r e t i c a l  phase  

d iagram which h a s  been e v a l u a t e d  on t h e  b a s i s  o f  t h e  phenomeno- 

l o g i c a l  model. The t h e o r y  p r e d i c t s  a t e t r a c r i t i c a l  p o i n t  a t  which 

t h e  incommensurate A phase  j o i n s  t h e  i n t e r s e c t i o n  o f  t h e  A ,  - N 

and N - A
d  

b o u n d a r i e s .  The t h e o r y  a l s o  e n v i s a g e s  t h e  a l t e r n a t i v e  

p o s s i b i l i t y  t h a t  t h e  domain o f  t h e  incommensurate  phase  may be  

d i s c o n n e c t e d  from t h e  n e m a t i c  phase  by a n  A d - A ,  p h a s e  boundary.  

The l a t t e r  p i c t u r e  is  i n  q u a l i t a t i v e  agreement  w i t h  t h e  experimen-  

t a l  phase  d iagram shown i n  F i g .  4 .2 .  However, w h i l e  no d i s t i n c t i o n  

is  made between t h e  s t r o n g l y  and weakly coup led  incommensurate  

p h a s e s  i n  t h e  t h e o r e t i c a l  phase  diagram,  t h e  e x p e r i m e n t a l  r e s u l t s  

show t h a t  t h e  domain o f  s t a b i l i t y  of t h e  fo rmer  is much s m a l l e r  

t h a n  t h a t  o f  t h e  l a t t e r .  It i s  a l s o  remarkab le  t h a t  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 have n e a r l y  t h e  same m o l e c u l a r  l e n g t h  

p r o d u c e s  s u c h  a  r i c h  v a r i e t y  o f  A p h a s e s .  T h i s  shows t h a t  t h e  

polymorphism o f  s m e c t i c  A s h o u l d  be v e r y  d e l i c a t e l y  dependen t  

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