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DETERMINATION OF THE ORIENTATIONAL ORDER PARAMETERS OF 

ONE OF THE COMPONENTS IN BINARY MIXTURES USING 

THE INFRARED DICHROISM METHOD 

3.1 INTRODUCTION 

' U n i a x i a l  nemat ic  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 s e d  by a n  

o r i e n t a t i o n a l  o r d e r  pa ramete r  S = < 3cos2 0 - 1 > when t h e  m o l e c u l e s  
2 

a r e  c o n s i d e r e d  t o  be c y l i n d r i c a l l y  symmetr ic .  As ment ioned i n  Chap- 

t e r  I ,  t h e  Maier-Saupe t h e o r y  a c c o u n t s  f o r  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  and y i e l d s  a  u n i v e r s a l  v a l u e  o f  S = 0 . 4 2 9  a t  t h e  N - I  

t r a n s i t i o n  p o i n t .  T h i s  t h e o r y  h a s  been ex tended  t o  mul t icomponent  

s y s t e m s  c o n t a i n i n g  a x i a l l y  symmetr ic  molecu les  by Humphries e t  

a l .  (1971 ,  1973) and  t h e  t h e o r y  h a s  been used t o  p r e d i c t  phase  

d i a g r a m s  o f  b i n a r y  m i x t u r e s  o f  nematogens.  M a r t i r e  e t  a l .  (1976)  

have a l s o  proposed t h e o r i e s  f o r  b i n a r y  s y s t e m s  based on a  l a t t i c e  

model as  w e l l  a s  t h e  Maier-Saupe t y p e  o f  t r e a t m e n t  f o r  a x i a l l y  

symmet r i c  molecu les  and s t u d i e d  t h e  n a t u r e  o f  t h e  phase  d i a g r a m s .  

Palffy-Muhoray e t  a l .  (1984)  have g i v e n  a  more r i g o r o u s  e x t e n s i o n  

o f  t h e  Maier-Saupe t h e o r y  by c a l c u l a t i n g  t h e  chemica l  p o t e n t i a l s .  

The above t h e o r y ,  i n  a d d i t i o n  t o  p r e d i c t i n g  a two phase  r e g i o n  c l o s e  

t o  t h e  N- I  t r a n s i t i o n ,  l e a d s  t o  t h e  r e s u l t  t h a t  t h e  o r d e r  p a r a m e t e r s  

o f  t h e  components i n  t h e  m i x t u r e  u s u a l l y  d i f f e r .  These r e s u l t s  

w i l l  be d i s c u s s e d  l a t e r .  

A l l  t h e  above t h e o r e t i c a l  t r e a t m e n t s  a r e  f o r  c y l i n d r i c a l l y  



symmet r i c  m o l e c u l e s .  But i n  r e a l i t y  most  m o l e c u l e s  do n o t  p o s s e s s  

t h i s  symmetry. Alben e t  a l .  (1972)  have shown t h a t  two o r d e r  pa ra-  

m e t e r s  a r e  t h e n  r e q u i r e d  t o  d e s c r i b e  t h e  u n i a x i a l  n e m a t i c  phase .  

3.2 ORIENTATIONAL ORDER PARAMETERS OF A UNIAXIAL NEMATIC 

WITH BIAXIAL MOLECULES 

I n  g e n e r a l  f o r  a molecu le  o f  a r b i t r a r y  shape  t h e  nemat ic  

phase  c a n  be c h a r a c t e r i s e d  by t h e  t e n s o r  o r d e r  p a r a m e t e r  (Saupe 

1964 

where a ,B = x , y , z  r e f e r  t o  a l a b o r a t o r y  f i x e d  c o o r d i n a t e  sys tem 

and i ,  j = 6 ,  q , 5 r e f e r  t o  t h e  f rame  l i n k e d  t o  t h e  m o l e c u l e .  ia , 

j B  d e n o t e  t h e  p r o j e c t i o n  o f  t h e  u n i t  v e c t o r s  i and j a l o n g  a and 

B r e s p e c t i v e l y  and 6 i j  and 6,@ a r e  t h e  Kronecker  d e l t a s .  The o r i e n t a -  

t i o n a l  s t a t e  o f  t h e  m o l e c u l e s  i s  c o m p l e t e l y  de te rmined  by t h e  t h r e e  

E u l e r  a n g l e s  8 ,  $ and @ ( F i g .  3.1 ) , where 8  is  t h e  a n g l e  between 

t h e  z- a x i s  and  S - a x i s ,  9 i s  t h e  a n g l e  between t h e  6 - a x i s  and t h e  

normal  t o  t h e  z- 5 p l a n e ,  d e s c r i b i n g  a  r o t a t i o n  o f  t h e  molecu le  

a r o u n d  i t s  l o n g  a x i s .  @ i s  t h e  a n g l e  between t h e  x- ax i s  and t h e  

normal  t o  t h e  z -<  p l a n e ,  d e s c r i b i n g  a r o t a t i o n  o f  t h e  whole molecu le  

a r o u n d  t h e  d i r e c t o r .  I n  t h e  u n i a x i a l  phase  @ can  t a k e  a l l  v a l u e s  

w i t h  e q u a l  p r o b a b i l i t y ,  S?; i s  a  symmetr ic  t e n s o r  i n -  i , j  and a ,  

B and  h a s  z e r o  t r a c e .  

The d i r e c t o r  i s  assumed t o  be a l o n g  t h e  z- a x i s  and t h e  mole- 



Figure 3.1 

Illustration of the Eulerian angles 8 ,  Q and 0 . 

Figure 3.2 I 

Angles specifying the orientation of the transi- 

tion moment M with respect to the ' molecular 

axes 5 ,  q and C (m is the projection of M 

on the 6 - q plane). 



c u l a r  l o n g  a x i s  i s  a l o n g  t h e  5 a x i s .  5 ,  11 and 5 a r e  t h e  p r i n c i p a l  

a x e s  o f  t h e  r o t a t i o n a l  d i f f u s i o n  t e n s o r  o f  t h e  m o l e c u l e .  To d e s c r i b e  

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

o r ,  we have t o  c o n s i d e r  t h e  components < Z ,  q Z  a n d  c Z .  Now 5 = 
Z 

C O S  e ,  q z  = s i n e  c o s  $ and 5 = s i n  8  s i n $  . 
Z 

From e q n .  ( 3 . 1 )  

O m i t t i n g  t h e  s u p e r s c r i p t s  z z  i n  s u b s e q u e n t  e x p r e s s i o n s  we have 

From which t h e  two o r d e r  p a r a m e t e r s  S and D f o r  a  u n i a x i a l  nemat ic  

medium made up o f  b i a x i a l  p a r t i c l e s  a r e  o b t a i n e d  a s  

3 2 = - < s i n  8  c o s  2$ > 2  ( 3 . 4 )  

A f i n i t e  D i n d i c a t e s  t h a t  t h e r e  is  a d i f f e r e n c e  i n  t e n d e n c y  o f  

t h e  two t r a n s v e r s e  m o l e c u l a r  a x e s  t o  p r o j e c t  on t h e  z- ax i s .  

A c o n v e n i e n t  method o f  m e a s u r i n g  t h e  o r i e n t a t i o n a l  o r d e r  



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

I s o l a t e d  and pronounced bands a v a i l a b l e  i n  t h e  I n f r a r e d  s p e c t r a  

o f  t h e  compounds can  be used f o r  t h i s  p u r p o s e ,  i f  t h e  o r i e n t a t i o n  

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

geometry  i s  known. 

Saupe and  Maier  (1961)  assumed t h e  m o l e c u l e s  c o n s t i t u t i n g  

t h e  n e m a t i c  phase  t o  be c y l i n d r i c a l l y  symmetr ic  and d e r i v e d  t h e  

r e l a t i o n  between t h e  d i c h r o i c  r a t i o  and t h e  o r d e r  p a r a m e t e r  S. 

K o r t e  (1983)  h a s  l a t e r  d i s c u s s e d  t h e  c o n t r i b u t i o n  o f  D t o  t h e  d i -  

c h r o i c  r a t i o .  

There  a r e  two g e o m e t r i e s  i n  which t h e  o r d e r  p a r a m e t e r s  can  

be measured by t h e  I n f r a r e d  t e c h n i q u e .  One method makes u s e  o f  

p o l a r i s e d  r a d i a t i o n  and  a  p l a n a r  a l i g n e d  sample  ( F o r  e . g . ,  Saupe 

and Maie r  1961 , Maier  and E n g l e r t  1960) .  The o r d e r  p a r a m e t e r s  

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

A and A where t h e  s u b s c r i p t s  11 and 1 i n d i c a t e  t h a t  t h e  i n c i d e n t  I I L 
r a d i a t i o n  i s  p o l a r i s e d  p a r a l l e l  o r  p e r p e n d i c u l a r  t o  t h e  d i r e c t i o n  

of  a l i g n m e n t .  However a s i m p l e r  t e c h n i q u e  is  t o  make u s e  o f  a homeo- 

t r o p i c a l l y  a l i g n e d  sample  ( K e l k e r  e t  a l .  1973,  Fe rnandes  and Venu- 

g o p a l a n  1976) .  The u s e  o f  p o l a r i s e d  r a d i a t i o n  c a n  t h u s  be a v o i d e d .  

3.3 RELATION BETWEEN THE DICHROIC RATIO AND THE ORDER PARAMETERS 

C o n s i d e r  a sample  a l i g n e d  h o m e o t r o p i c a l l y  a l o n g  t h e  z d i r e c-  

t i o n  o f  a s p a c e  f i x e d  c o o r d i n a t e  s y s t e m  ( x , y , z ) .  L e t  5 , q  and  < 



be t h e  p r i n c i p a l  a x e s  o f  t h e  r o t a t i o n a l  d i f f u s i o n  t e n s o r  o f  t h e  

m o l e c u l e  (Saunders  e t  a1 1984, K e i f e r  and Baur 1984) .  A s  ment ioned 

b e f o r e  t h e  l o n g  a x i s  of  t h e  molecu le  is  a l o n g  t h e  5 a x i s  and t h e  

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

a x e s  a r e  d e s c r i b e d  by t h e  E u l e r  a n g l e s  8 ,  $ and $ as d e f i n e d  b e f o r e .  

The t r a n s i t i o n  moment forms a n  a n g l e  'a ' w i t h  t h e  5 a x i s  

and i t s  p r o j e c t i o n  on t h e  Crl p l a n e  forms a n  a n g l e  B w i t h  t h e  5 

a x i s  o f  t h e  molecu le  ( F i g .  3 . 2 ) .  The components o f  t h e  o s c i l l a t o r  

s t r e n g t h  f which i s  p r o p o r t i o n a l  t o  t h e  s q u a r e  o f  t h e  t r a n s i t i o n  

moment a r e  

2  f  = f s i n  a  c o s 2  B 5 
2  f  = f s i n  a  s i n 2  B 

rl 

2  f = f C O S  a  
5 

The components p a r a l l e l  t o  t h e  x , y , z  a x e s  r e s p e c t i v e l y  c a n  

be o b t a i n e d  by u s i n g  t h e  E u l e r  t r a n s f o r m a t i o n s  ( f o r  e . g . ,  G o l d s t e i n  

1 9 5 0 ) .  Thus we have 

2 2  
f = f [ ( c o s  $ c o s  $ - c o s  8  s i n $  s i n $ ) 2  s i n  a  c o s  B 
X 

2  2 2  + ( c o s  $ s i n  $ + c o s  8  s i n  @ c o s  $1 s i n  a  s i n  B 

2  2  + s i n  8  s i n  $ c o d  a] 

2  2  2  
f = f C ( s i n  $ c o s $ +  c o s  8  c o s  $ s i n $ )  s i n  a  c o s  B 

Y 

2  2  + ( s i n  $ s i n  $ - c o s  9 c o s  $ cos$) s i n 2  a  s i n  

2  2 + s i n 2  9 c o s  + c o s  a ]  



2  2  2  2  2  2  
f Z  

f [ s i n 2  6  s i n  IJJ s i n 2  a c o s  f j  + s i n  9  c o s  I) s i n  a s i n  B 

By i n t r o d u c t i o n  o f  ensemble a v e r a g e s  

1  2  1  2  2  
f[- s i n  a + ? ( I  -3 s i n  a )(< s i n  9, - < t>)  < f X >  = 2  

1 2  2  + q s i n  a c o s  2 $ ( < s i n  9  c o s  2I)>+ < v > ) ]  

1 2  1 2 2 .  < f  > = f[? s i n  ~ + ~ ( l - ~ s i n  a )  ( < s i n  9 > + < t > )  
Y 2  

1 2  2  + - s i n  a c o s  2 B ( < s i n  9  c o s  2I)>- < V > )  1 4 

2  3  2  2  < f Z  > = f [ i  - s i n  a - ( 1  - - s i n  a ) < s i n  6 >  
2  

1 2  2  - - < s i n  9  c o s  2 + >  s i n  a c o s  2Bl 
2  ( 3 . 7 )  

2  where t = s i n  6 c a s 2 +  and  

V = ( 1  + cos2  6  ) c o s  2 +  c o s  2$ - 2cos  9  s i n  20 s i n  274 

For  a u n i a x i a l  phase ,  < fx  > and  < f > have t o  be e q u a l ,  i . e .  , terms 
Y 

3  i n v o l v i n g  t and V i n  ( 3 . 7 )  v a n i s h .  D = - < s i n 2  6  c o s  214 > is  t h e  2  

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

n e m a t i c  phase  made o f  b i a x i a l  molecu les .  S u b s t i t u t i n g  t h e  o r d e r  

p a r a m e t e r s  S  and  D i n  e q n .  ( 3 . 7 )  

1 2  1  2  < f x >  = < f  > = - f  [ I  - S ( 1  - 3 s i n  a )  + - D s i n  a c o s  2$! 
Y 3 2  2  

and  

1  3 2  2  
C f Z >  = -f [ I  + 2 S ( 1  - ? s i n  a )  - D s i n  a c o s  281 3 



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

a l o n g  t h e  z  d i r e c t i o n  (which i s  a l s o  t h e  d i r e c t i o n  o f  a l i g n m e n t  

of t h e  m o l e c u l e s )  t h e  a b s o r p t i o n  d u e  t o  t h e  molecu le  is  g i v e n  by - 

2 1  2  = $ f  [ l - S ( I  - l s i n  a ) + - D s i n  a c o s  281 2  2  

i . e .  , t h e  a b s o r p t i o n  i n  t h e  l i q u i d  c r y s t a l l i n e  phase .  

I n  t h e  i s o t r o p i c  phase  S and D a r e  z e r o .  T h e r e f o r e  

t h e  d i c h r o i c  r a t i o  R = A / A  LC is0 ' S u b s t i t u t i n g  f o r  
A~~ and A i s o  

from e q n s .  ( 3 . 9 )  and ( 3 . 1 0 )  

2 2 R = [ l  - S ( 1  - j  s i n  a )  + $ D  s i n  a c o s  281 
2 

o r  

3 2 1  2 1 - R  = S ( 1 - - s i n  a ) - - D s i n  a c o s  28 
2 2  ( 3 . 1 1 )  

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

and n o t  j u s t  t h e  peak a b s o r p t i o n  c o e f f i c i e n t s .  Also  t h e  e x p e r i m e n t a l  

a b s o r p t i o n  p r o f i l e  h a s  t o  be c o r r e c t e d  f o r  t h e  e f f e c t s  o f  f i n i t e  

" s p e c t r a l  s l i t  wid th  (Ramsay 1952) .  F o l l o w i n g  Ramsay's p r o c e d u r e  

t h e  t r u e  a b s o r p t i o n  p r o f i l e  can  be r e p r e s e n t e d  by a L o r e n t z i a n  

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

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



t h e  w i d t h  o f  t h e  a b s o r p t i o n  p r o f i l e  a t  h a l f  peak h e i g h t  AV 
1/2 and  

t h e  s p e c t r a l  s l i t  w i d t h  S o f  t h e  i n s t r u m e n t .  If I. i s  t h e  i n t e n s i t y  

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

c o r r e s p o n d i n g  t o  t h e  a b s o r p t i o n  peak ,  A V1/2 i s  t h e  wid th  cor respond-  

i n g  t o  t h e  i n t e n s i t y  ( 1 1 ~ ) " ~ .  The i n t e g r a t e d  a b s o r p t i o n  o f  t h e  

band i s  e q u a l  t o  

Ramsay (1952)  h a s  c o n s t r u c t e d  a t a b l e  t o  o b t a i n  t h e  v a l u e s  o f  K 

f o r  s p e c i f i c  v a l u e s  o f  l n ( I o / I )  and SlAv,, Me found t h a t  t h e  

v a l u e s  o f  AV 
1/2 

o b t a i n e d  f o r  t h e  C f N bond i n  t h e  i s o t r o p i c  and 

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  t h e  same. The same sli t  w i d t h  h a s  

been chosen  when r e c o r d i n g  t h e  s p e c t r a  i n  t h e  i s o t r o p i c  and l i q u i d  

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

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

t h e  terms K and AVlI2 i n  e i n .  ( 3 . 1 2 )  a s  t h e s e  t e r m s  c a n c e l  o u t ,  

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

i s o t r o p i c  and 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  t a k e n  t o  o b t a i n  t h e  

d i c h r o i c  r a t i o  R .  The e x p e r i m e n t a l  v a l u e  o f  R would i n  g e n e r a l  

be d i f f e r e n t  from t h e  t r u e  v a l u e  because  t h e  r e f r a c t i v e  i n d i c e s  

o f  t h e  mesophase a r e  d i f f e r e n t  from t h o s e  o f  t h e  i s o t r o p i c  l i q u i d .  

Also  t h e  l o c a l  f i e l d  i n  t h e  mesophase i s  a n i s o t r o p i c  i n  n a t u r e .  

The e r r o r  i n v o l v e d  i n  t h e s e  f a c t o r s  h a s  been e s t i m a t e d  t o  be -2% 

( F e r n a n d e s  and Venugopalan 1976) and  h a s  t h u s  been n e g l e c t e d  as 

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



measurements  which i s  - 5%. 

If t h e  t r a n s i t i o n  moment chosen  f o r  t h e  exper iment  i s  n o t  

a l o n g  t h e  l o n g  a x i s ,  i . e . ,  i f  a f 0 i n  eqn .  ( 3 . 1 1 )  t h e  measured 

i n t e n s i t y  v a l u e s  have c o n t r i b u t i o n s  from b o t h  S  and D .  I n  o r d e r  

t o  d e t e r m i n e  S  and D s e p a r a t e l y  i t  i s  e s s e n t i a l  t o  have two bonds 

i n  t h e  same molecu le  whose t r a n s i t i o n  moments a c t i v e  i n  t h e  I n f r a r e d  

r e g i o n  make d i f f e r e n t  a n g l e s  w i t h  t h e  l o n g  a x i s .  The e q u a t i o n s  

3  2 1  2  1 - R  = S ( l  - - s i n  a l l  - - D ( s i n  al c o s  2B1) 1  2 2 ( 3 . 1 3 )  

3  2 1  2 1 - R  = S ( 1 - - s i n  a ) - - D ( s i n  a2 c o s  2B2) 2  2  2  2 

can  be s o l v e d  t o  o b t a i n  bo th  S  and  D .  

Our main aim was t o  s t u d y  t h e  o r d e r  p a r a m e t e r s  o f  t h e  compo- 

n e n t s  i n  b i n a r y  m i x t u r e s .  T h i s  r e q u i r e s  a t o t a l  o f  f o u r  bonds,  

two from e a c h  o f  t h e  components ,  w i t h o u t  any  o v e r l a p  o f  t h e  a b s o r p-  

t i o n  bands  due  t o  t h e  t r a n s i t i o n  moments. It i s  d i f f i c u l t  t o  o b t a i n  

f o u r  s u c h  i s o l a t e d  bands .  Even i f  i t  is  p o s s i b l e  t o  o b t a i n  f o u r  

s u c h  bonds ,  a s  t h e  5 and rl a x e s  c a n n o t  be u n i q u e l y  f i x e d  t h e  d e t e r -  

m i n a t i o n  o f  t h e  a b s o l u t e  v a l u e s  o f  D i s  d i f f i c u l t .  However i f  a  

s i n g l e  bond from one  o f  t h e -c o m p o n e n t s  which h a s  a t r a n s i t i o n  moment 

a l o n g  t h e  l o n g  a x i s  i s  c h o s e n ,  a is  e q u a l  t o  z e r o  i n  Eqn. ( 3 . 1 1 ) .  

T h e r e f o r e  t h e r e  is no  c o n t r i b u t i o n  from D and t h e  o r d e r  p a r a m e t e r  

S  o f  t h a t  p a r t i c u l a r  component c a n  be u n i q u e l y  d e t e r m i n e d .  

A s  o u r  e x p e r i m e n t a l  s t u d i e s  do n o t  t a k e  i n t o  c o n s i d e r a t i o n  



t h e  c o n t r i b u t i o n s  from D ,  we now p r e s e n t  t h e  r e s u l t s  o f  P a l f f y -  

Muhoray e t  a l .  (1984)  f o r  o r d e r  p a r a m e t e r s  o f  t h e  components,  pe r-  

t a i n i n g  t o  o n l y  c y l i n d r i c a l l y  symmetr ic  m o l e c u l e s .  

3 . 4  COMPONENT ORDER PARAMETERS IN BINARY MIXTURES 

A s  ment ioned i n  C h a p t e r  11, t h e  s i n g l e  p a r t i c l e  pseudo poten-  

t i a l  g e n e r a l i s e d  t o  a two component m i x t u r e  c o n s i s t i n g  o f  N1 mole- 

c u l e s  o f  s p e c i e s  1 and N 2  m o l e c u l e s  o f  s p e c i e s  2 i s  g i v e n  by , . 

where fi i s  t h e  u n i t  v e c t o r  w i t h  components n(cll) s p e c i f y i n g  t h e  
1 

o r i e n t a t i o n  o f  a m o l e c u l e  o f  s p e c i e s  1 ,  P 1  and P 2  a r e  t h e  number 

d e n s i t i e s  o f  t h e  two s p e c i e s ,  
Y i j  

and u a r e  i s o t r o p i c  and a n i s o t r o -  
i j  

p i c  i n t e r a c t i o n  s t r e n g t h s  between m o l e c u l e s  o f  s p e c i e s  i and j ,  

1 ( i )  ( i )  
0 = ( 3 n a  n - GaB), s$) =<  0%) > and < > d e n o t e s  a n  ensemble  

a v e r a g e .  The s i n g l e  p a r t i c l e  pseudo p o t e n t i a l  f o r  m o l e c u l e s  o f  

s p e c i e s  2 i s  o b t a i n e d  by i n t e r c h a n g i n g  t h e  i n d i c e s  1 and 2 i n  eqn.  

( 3 . 1 5 ) .  The f r e e  e n e r g y  d e n s i t y  o f  t h e  sys tem i s  g i v e n  by 

where  d fi i s  a n  e l e m e n t  o f  s o l i d  a n g l e .  M i n i m i s a t i o n  o f  t h i s  f r e e  

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



g i v e n  by 

where i = , , , 2  r e f e r s  t o  t h e  two components o r  s p e c i e s .  

Palffy-Muhoray e t  a l .  have made c a l c u l a t i o n s  i l l u s t r a t i n g  

t h e  t y p i c a l  b e h a v i o r  ' o f  t h e  o r d e r  p a r a m e t e r s  o f  t h e  components 

i n  a  b i n a r y  m i x t u r e  o f  two nematogens .  The r a t i o  o f  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 s  o f  t h e  two components 1 and 2 ,  

i . e .  , TNI ITNI2 is  assumed t o  be 1 . 5  and t h e  r a t i o  o f  t h e  mola r  

volumes V and V2 i s  a l s o  assumed t o  be e q u a l  t o  1 . 5  f o r  t h i s  c a s e .  
1 

The o r d e r  p a r a m e t e r s  o f  t h e  components S 1 ,  S and t h e  volume a v e r a -  
2 

ged o r d e r  p a r a m e t e r  < S > p l o t t e d  a g a i n s t  x  e v a l u a t e d  a l o n g  t h e  1  

N- I  c o e x i s t e n c e  c u r v e  a r e  shown i n  F i g . 3 . 3 a .  It i s  s e e n  t h a t  t h e  

o r d e r  p a r a m e t e r s  S1 and  S2 i n  t h e  m i x t u r e s  a r e  s i g n i f i c a n t l y  d i f f e -  

r e n t  from t h e  Maier-Saupe v a l u e  o f  S  = 0.429.  The t e m p e r a t u r e  
m- s  

b e h a v i o r  o f  t h e  o r d e r  p a r a m e t e r s  o f  t h e  components (S1 and S 2 )  

and t h e  volume a v e r a g e d  o r d e r  p a r a m e t e r  ( < S > ) a r e  shown i n  F i g .  

3 .3b.  The Maier-Saupe v a l u e  ( S  ) h a s  been i n d i c a t e d  f o r  compari-  m- s  

s o n .  The c u r v e  r e p r e s e n t i n g  < S  > is  s e e n  t o  be c l o s e  t o  t h e  Maier-  

Saupe c u r v e  whereas  t h e  c u r v e s  f o r  S a n d  S2 d i f f e r  from t h e  Maier-  1 

Saupe c u r v e .  I n  t h e  two phase  r e g i o n  T < T < T I ,  though t h e  n e m a t i c  
2 

c o m p o s i t i o n  changes ,  t h e  o r d e r  p a r a m e t e r s  remain n e a r l y  c o n s t a n t .  

They have a l s o  made some e x p e r i m e n t a l  measurements o f  r e f r a c -  



Figure 3-3a 

Volume a v e r a g e d  o r d e r  p a r a m e t e r :  < S >  and o r d e r  

p a r a m e t e r s  o f  t h e  components:  s and s e v a l u a t e d  
1 2 

a l o n g  t h e  N - I  c o e x i s t e n c e  c u r v e  (From P a l f f y -  

Muhoray e t  a l .  1984) .  



Figure 3.3b 

Order  p a r a m e t e r s  s s and < S > as f u n c t i o n s  o f  r e d u c e d  1 '  2 
t e m p e r a t u r e  (From Palffy-Muhoray e t  a l .  1984) .  



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

o r d e r  p a r a m e t e r s  o f  t h e  m i x t u r e  can  be o b t a i n e d  f rom t h e  b i r e f r i n -  

g e n c e  measurements and  hence  a d e t a i l e d  compar ison w i t h  t h e o r y  

i s  n o t  p o s s i b l e .  

I n  a sys tem e x h i b i t i n g  t h e  i n d u c e d  s m e c t i c  p h a s e ,  a s i g n i f i -  

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

m i x t u r e  r e l a t i v e  t o  t h o s e  o f  t h e  p u r e  component was found by t h e  

same a u t h o r s .  

I n  summary t h i s  t h e o r y  y i e l d s  t h e  s e p a r a t e  o r d e r  p a r a m e t e r s  

o f  t h e  components i n  a m i x t u r e .  The o r d e r  p a r a m e t e r  o f  one  o f  t h e  

components i s  g r e a t e r  and t h a t  o f  t h e  o t h e r  l e s s  t h a n  t h e  Maier-  

Saupe v a l u e  f o r  pure  components.  The volume a v e r a g e d  m i x t u r e  o r d e r  

p a r a m e t e r s  is  a p p r o x i m a t e l y  e q u a l  t o  t h e  Maier-Saupe v a l u e .  

We have e x p e r i m e n t a l l y  measured 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  t h e  o r d e r  pa ramete r  o f  one o f  t h e  components f o r  two b i n a r y  

s y s t e m s .  The two sys tems  c o n s i s t  o f  m i x t u r e s  o f  two non-cyano com- 

pounds w i t h  two cyano b i p h e n y l s .  I n  b o t h  c a s e s  t h e  C r N s t r e t c h i n g  

mode o f  t h e  n i t r i l e  g r o u p  s i t u a t e d  a t  one  end o f  t h e  cyano b i p h e n y l  

m o l e c u l e  h a s  been s t u d i e d .  It g i v e s  r i s e  t o  a s t r o n g  v i b r a t i o n a l  

band which is  d i s t i n c t  and  f r e e  f rom o v e r l a p  o f  o t h e r  bands .  The 

t r a n s i t i o n  moment o f  t h i s  band i s  p a r a l l e l  t o  t h e  l o n g  a x i s  o f  

t h e  m o l e c u l e .  T h i s  e n a b l e s  u s  t o  examine t h e  b e h a v i o r  o f  t h e  o r d e r  

p a r a m e t e r  S o f  t h e  cyanob ipheny l  component i n  t h e  b i n a r y  m i x t u r e s .  

S i n c e  o n e  o f  t h e  s y s t e m s  s t u d i e d  by u s  e x h i b i t s  a n  i n d u c e d  s m e c t i c  



A p h a s e ,  we now make a few remarks  o n  t h e  induced  s m e c t i c  A p h a s e .  

3.5 THE INDUCED SMECTIC A PHASE 

The induced  s m e c t i c  A p h a s e  i s  u s u a l l y  e x h i b i t e d  by m i x t u r e s  

which c o n s i s t  o f  t e r m i n a l  p o l a r  and t e r m i n a l  non-polar  compounds, 

b o t h  o f  which e x h i b i t  o n l y  a  n e m a t i c  phase  i n  t h e  p u r e  s t a t e  (Dave 

e t  a l .  1966,  S c h r o e d e r  and S c h r o e d e r  1968,  Bock e t  a l .  1976, Heppke 

and R i c h t e r  1978) ( s e e  f o r  e . g . ,  F i g . l . 7 ) .  P a r k  e t  a l .  ( 1 9 7 5 )  have 

s u g g e s t e d  t h a t  t h e  induced  A phase  i s  due t o  a  c h a r g e  t r a n s f e r  

i n t e r a c t i o n  between t h e  components. A c h a r g e  t r a n s f e r  complex forma-  

t i o n  t a k e s  p l a c e  between t h e  two k i n d s  o f  m o l e c u l e s .  The h i g h l y  

p o l a r  component a c t i n g  a s  t h e  a c c e p t o r  and t h e  o t h e r  component 

a s  t h e  donor .  Ev idence  f o r  t h e  i n t e r a c t i o n  h a s  been d e t e c t e d  by 

a n  a d d i t i o n a l  a b s o r p t i o n  band w i t h  n e g a t i v e  d i c h r o i s m  i n  t h e  v i s i b l e /  

UV s p e c t r u m  o f  some m i x t u r e s  e x h i b i t i n g  t h e  induced  s m e c t i c  A p h a s e  

(Sharma e t  a l .  1 9 8 0 ) .  The i n t e r a c t i o n  g i v e s  r i s e  t o  a s t r o n g  l a te ra l  

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

a r r a n g e m e n t ,  which is  c h a r a c t e r i s t i c  o f  s m e c t i c  p h a s e s .  The i n d u c e d  

s m e c t i c  A phase  i s  known t o  have a monolayer  s t r u c t u r e .  

The s m e c t i c  A phase  e x h i b i t e d  by h i g h l y  p o l a r  compounds is  

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

g r e a t e r  t h a n  t h e  m o l e c u l a r  l e n g t h  ( L e a d b e t t e r  1979) .  T h i s  s t r u c t u r e  

a r i s e s  due  t o  a s t r o n g  a n t i p a r a l l e l  c o r r e l a t i o n  between t h e  ne igh-  

b o u r i n g  m o l e c u l e s  o f  t e r m i n a l  p o l a r  compounds (Madhusudana and 

Chandrasekhar  1973) .  The s t r o n g e s t  i n t e r m o l e c u l a r  a t t r a c t i o n s  a r e  



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

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

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

symmetr ic  t h a n  t h e  i n d i v i d u a l  m o l e c u l e s  which a r e  h i g h l y  a s y m m e t r i c  

due t o  t h e  p r e s e n c e  o f  t h e  a l k y l  c h a i n  a t  one end of t h e  a r o m a t i c  

c o r e .  Many compounds w i t h  s t r o n g  p o l a r  end g roups  e x h i b i t  t h e  smec- 

t i c  A phase  ( d e  J e u  1982) .  If t h e  c h a i n  l e n g t h  is  t o o  s h o r t  t o  

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

found i n  t h e  n e m a t i c  phase .  For e . g . ,  Leadb 'e t ter  e t  a l .  (1975)  

have made X-ray d i f f r a c t i o n  s t u d i e s  on t h e  p e n t y l  and h e p t y l  cyano- 

b i p h e n y l s  bo th  o f  which e x h i b i t  o n l y  t h e  nemat ic  phase .  These s t u d i e s  

i n d i c a t e  t h a t  bo th  t h e s e  m a t e r i a l s  ( p a r t i c u l a r l y  h e p t y l  cyanob ipheny l )  

have a q u a s i  s m e c t i c  A o r d e r i n g  on a l o c a l  s c a l e .  F i g .  3 . 4  shows 

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

cyanob ipheny l  ( L e a d b e t t e r  e t  a l .  1 9 7 5 ) .  

With t h i s  background we now d i s c u s s  o u r  e x p e r i m e n t a l  s t u d i e s .  

We s ta r t  w i t h  t h e  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  t e c h n i q u e  u s e d  

by u s .  

3.6 EXPERIMENTAL METHOD 

Phase Diagrams 

S p e c i f i c  m i x t u r e s  f o r  s t u d y i n g  t h e  phase  d iagrams  were p r e p a r e d  

by t h e  p r o c e d u r e  d e s c r i b e d  i n  C h a p t e r  11. The t r a n s i t i o n  t e m p e r a t u r e s  

were  n o t e d  under  a L e i t z  p o l a r i s i n g  microscope (Model O r t h o l u x  

I1 P o l  BK) i n  c o n j u n c t i o n  w i t h  a M e t t l e r  h o t  s t a g e  (Model FP-52). 



# 

Figure 3 .4  

Schematic diagram of antiparallel local structure in 

pentyl cyan0 biphenyl (From Leadbetter et al. 1975). 



The comple te  phase  d iagram i n v o l v i n g  t h e  d e t e r m i n a t i o n  o f  t h e  e u t e c -  

t i c  p o i n t ,  e t c . ,  was n o t  i n v e s t i g a t e d  as o u r  main i n t e r e s t  was 

i n  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  above t h e  ambien t  t e m p e r a t u r e .  

The s a m p l e s  were n o t  s t u d i e d  below room t e m p e r a t u r e  a s  t h e  h e a t e r  

used  f o r  t h e  I n f r a r e d  measurements c o u l d  n o t  be t a k e n  t o  subambien t  

t e m p e r a t u r e s .  

The Infrared Cell 

Our s t u d i e s  a r e  concerned  w i t h  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  t h e  o r d e r  p a r a m e t e r s .  Hence i t  was e s s e n t i a l  t o  c o n f i n e  t h e  

l i q u i d  c r y s t a l  samples  i n  s u i t a b l e  c e l l s  whose t e m p e r a t u r e  c o u l d  

be v a r i e d .  NaCl p l a t e s  were used a s  c e l l  windows. These  p o s s e s s  

good t r a n s m i s s i o n  i n  t h e  r e q u i r e d  f r e q u e n c y  r a n g e .  They a l s o  p o s s e s s  

good mechan ica l  and t h e r m a l  r u g g e d n e s s .  F l a t ,  s c r a t c h  f r e e  windows 

were  o b t a i n e d  by t h e  f o l l o w i n g  p r o c e d u r e .  A f t e r  i n i t i a l  g r i n d i n g  

u s i n g  a s a t u r a t e d  s o l u t i o n  o f  N a C l  i n  d i s t i l l e d  w a t e r ,  t h e  windows 

were  p o l i s h e d  on chamois l e a t h e r  which was h e l d  t i g h t l y  on a g l a s s  

p l a t e .  Red rouge was used  as a p o l i s h i n g  a g e n t  and b r i n e  s o l u t i o n  

s e r v e d  as  a l u b r i c a n t .  A f t e r  t h e  p o l i s h i n g ,  t h e  s u r f a c e  smoothness  

was checked by o b s e r v i n g  t h e  q u a l i t y  o f  t h e  r e f l e c t e d  image - a 

s h a r p  image o v e r  t h e  e n t i r e  a r e a  o f  t h e  window i n d i c a t e d  a well 

p o l i s h e d  s u r f a c e .  

Heating Sys tern 

The c e l l s  were mounted i n  a s u i t a b l e  h e a t e r .  The h e a t e r  con- 

sists o f  a r e c t a n g u l a r  copper  f r ame  A ( F i g .  3 .5)  which i s  i n s u l a t e d  



Figure 3.5 

Schemat ic  d iagram of t h e  h e a t e r  used i n  t h e  I n f r a r e d  

s t u d i e s .  



w i t h  mica on t h e  s i d e s .  Nichrome w i r e  i s  wound a l l  a round  i t .  T h i s  

i s  c o v e r e d  w i t h  l a y e r s  of p l a s t e r  o f  P a r i s  o v e r  which a s b e s t o s  

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

f r ame  B is  f i x e d  on o n e  s i d e  o f  t h e  f rame A .  Frame C i s  i d e n t i c a l  

to f rame  B and can be screwed on t o  f rame A a f t e r  mounting t h e  

c e l l .  The w i d t h s  o f  t h e  f r a m e s  B and  C a r e  s m a l l e r  t h a n  t h a t  o f  

A and  t h e  c e l l  can be h e l d  f i r m l y  w i t h i n  t h e  f rame  A .  

The t e m p e r a t u r e  o f  t h e  h e a t e r  c a n  be changed by v a r y i n g  t h e  

v o l t a g e  s u p p l i e d  t o  i t .  A r e g u l a t e d  DC power s u p p l y ( D i g i r e g - 2 3 3 )  

was u s e d  f o r  t h i s  p u r p o s e .  

The t e m p e r a t u r e  c l o s e  t o  t h e  sample  was measured u s i n g  a  

c o p p e r- c o n s t a n t a n  the rmocouple  i n  c o n j u n c t i o n  w i t h  a v o l t m e t e r  

( K e i t h l e y  181 N a n o v o l t m e t e r ) .  The h o t  j u n c t i o n  o f  t h e  thermocouple  

was i n s e r t e d  t h r o u g h  a g roove  c u t  i n  one o f  t h e  s i d e s  i n  frame 

A ,  s u c h  t h a t  i t  was i n  c o n t a c t  w i t h  t h e  c e l l .  T h e r e  was a  v a r i a t i o n  

o f  %0.2OC w i t h i n  t h e  t i m e  r e q u i r e d  t o  r e c o r d  t h e  spec t rum.  

Alignment of the Sample 

Good homeotropic  a l i g n m e n t  c o u l d  be o b t a i n e d  f o r  most samples  

by r u b b i n g  t h e  NaCl p l a t e s  on chamois  l e a t h e r  i n  a random manner. 

I n  c a s e s  where t h e  r u b b i n g  d i d  n o t  g i v e  a  good a l i g n m e n t  a t h i n  

f i l m  o f  l e c i t h i n  was c o a t e d  on t h e  p l a t e s .  

A 23 u m  t h i c k  myla r  s p a c e r  was used i n  t h e  ce l ls .  The tempera-  

t u r e  o f  t h e  c e l l  was m a i n t a i n e d  a b o u t  1 5 O  h i g h e r  t h a n  t h e  nemat ic -  



i s o t r o p i c  t e m p e r a t u r e  o f  t h e  l i q u i d  c r y s t a l  and t h e  sample  was 

a l l o w e d  t o  f low i n t o  t h e  c e l l s  i n  t h e  i s o t r o p i c  phase .  B e f o r e  p l a-  

c i n g  t h e  h e a t e r  w i t h  t h e  c e l l  i n  t h e  beam o f  t h e  s p e c t r o p h o t o m e t e r ,  

t h e  a l i g n m e n t  i n  t h e  n e m a t i c  phase  was checked under  a p o l a r i s i n g  

m i c r o s c o p e .  

The s p e c t r a  were  r e c o r d e d  i n  t h e  i s o t r o p i c  phase  ( a b o u t  1 5 O  

above T ) and a t  v a r i o u s  t e m p e r a t u r e s  i n  t h e  l i q u i d  c r y s t a l l i n e  
N I  

p h a s e s  u s i n g  t h e  I n f r a r e d  s p e c t r o p h o t o m e t e r  (Shimadzu IR- 435).  

The s l i t  wid th  was chosen  s u c h  t h a t  a good i n t e n s i t y  o f  t h e  band 

c o u l d  be o b t a i n e d .  The o r d e r  p a r a m e t e r s  o f  t h e  d i f f e r e n t  m i x t u r e s  

have been p l o t t e d  a s  f u n c t i o n s  o f  t h e  r e l a t i v e  t e m p e r a t u r e s  ( T N I - T ) .  

A s  t h e r e  i s  a s m a l l  r a n g e  o f  c o e x i s t e n c e  o f  t h e  i s o t r o p i c  and nema- 

t i c  p h a s e s ,  T~~ i n  o u r  s t u d i e s  i s  t a k e n  t o  be t h e  t e m p e r a t u r e  a t  

which t h e  nemat ic  phase  j u s t  b e g i n s  a s  t h e  t e m p e r a t u r e  is  lowered  

from t h e  i s o t r o p i c  p h a s e .  

3.7 EXPERIMENTAL RESULTS 

System I s t u d i e d  by u s  c o n s i s t s  o f  m i x t u r e s  o f  methoxyphenyl-  

t r a n s- p e n t y l  c y c l o h e x y l  c a r b o x y l a t e  (MPPC) and 4f-n-octyloxy-4-cyano- 

b i p h e n y l  (80CB). The s t r u c t u r a l  f o r m u l a e  and  t r a n s i t i o n  t e m p e r a t u r e s  

o f  t h e s e  compounds a r e  shown i n  F i g .  3.6. A s  ment ioned b e f o r e  t h e  

comple te  phase  diagram h a s  n o t  been s t u d i e d  as o n l y  t h e  t h e r m a l  

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

sample  a r e  o f  i n t e r e s t .  F i g .  3.7 shows t h e  phase  d iagram which 

g i v e s  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  d e t e r m i n e d  on c o o l i n g  t h e  sample .  



Me thoxy phenyl t r a n s  pentyl cyclo hexyl carboxylate ( MPPC) 

I 
4 -n - Octyloxy - 4 - cyanobiphenyl ( 80 CB) 

K 5 4 . 5 ' ~  SA 6 7 ' ~  N 8 0 ' ~  I 

Figure 3-6  

Structural formulae and transition temperatures of, the 

compounds MPPC and 80CB (System I). 





There  i s  a v e r y  narrow c o e x i s t e n c e  r a n g e  o f  I and N phases  of a b o u t  

0.5O. The p a r t i a l  b i l a y e r  s m e c t i c  A phase  o f  t h e  p u r e  80CB i s  s e e n  

t o  be s u p p r e s s e d  beyond -13 mol % of MPPC. The d o t t e d  l i n e  i n d i c a t e s  

t h e  t e m p e r a t u r e s  a t  which t h e  s m e c t i c  phase  s tar ts  c r y s t a l l i s i n g .  

A s  we d i s c u s s e d  e a r l i e r  u s u a l l y  when t e r m i n a l  p o l a r  compounds 

a r e  mixed w i t h  non- polar  o r  weakly p o l a r  compounds a n  induced  smec- 

t i c  A phase  c a n  be e x p e c t e d  t o  o c c u r .  However i n  t h e  t e m p e r a t u r e  

r a n g e  i n  which we have s t u d i e d  t h e  phase  diagram s u c h  a n  induced  

phase  is  n o t  found i n  t h e  p r e s e n t  s y s t e m .  The MPPC molecu le  c o n s i s t s  

o f  one c y c l o h e x y l  r i n g  and o n l y  one phenyl  r i n g .  Compared t o  com- 

pounds w i t h  2 pheny l  r i n g s  t h e r e  i s  a d e c r e a s e  i n  t h e  d i p o l e- i n d u c e d  

d i p o l e  i n t e r a c t i o n s  and c h a r g e  t r a n s f e r  complexing.  Indeed i n  o t h e r  

b i n a r y  s y s t e m s ,  a r e d u c t i o n  i n  t h e  n e m a t i c - s m e c t i c  A t r a n s i t i o n  

t e m p e r a t u r e  is  found when one o f  t h e  benzene r i n g s  i n  t h e  p o l a r  

component i s  s u b s t i t u t e d  by a c y c l o h e x y l  r i n g  (Moodithaya 1981). 

Thus o n e  c a n n o t  r u l e  o u t  t h e  p o s s i b i l i t y  t h a t  t h e  System I s t u d i e d  

by u s  a l s o  e x h i b i t s  a n  i n d u c e d  A phase  below room t e m p e r a t u r e .  

We have s t u d i e d  t h e  I n f r a r e d  d i c h r o i s m  o f  t h e  m i x t u r e s  w i t h  

2 0 ,  50 a n d  70  mol % o f  MPPC. These  m i x t u r e s  e x h i b i t  o n l y  t h e  n e m a t i c  

phase  down t o  room t e m p e r a t u r e .  

T h e r e  is  a c l e a r  r e d u c t i o n  i n  t h e  i n t e n s i t y  o f  t h e  C 5 N band 

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

i n g  sets i n .  T y p i c a l  I n f r a r e d  s p e c t r a  w i l l  be i l l u s t r a t e d  f o r  t h e  

System 11. I n  o r d e r  t o  d e c r e a s e  e r r o r s  i n  t h e  measurement o f  t h e  



i n t e n s i t i e s ,  t h e  wave number c o r r e s p o n d i n g  t o  t h e  peak a n d  t h e  

w i d t h  o f  t h e  a b s o r p t i o n  p r o f i l e  a t  h a l f  peak h e i g h t ,  t h e  wave number 

s c a l e  was expanded.  A s l i t  w i d t h  o f  0 .15  mm was found t o  g i v e  a 

good a b s o r p t i o n  peak f o r  t h e  C 5 N s t r e t c h i n g  band and t h e  peak 

was found t o  c o r r e s p o n d  t o  a v a l u e  o f  2228 cm-I. 

The o r d e r  p a r a m e t e r  S o f  80CB as  a f u n c t i o n  o f  t e m p e r a t u r e  

i n  t h e  t h r e e  m i x t u r e s  and  t h a t  o f  p u r e  80CB a s  measured by P r a s a d  

and Venugopalan (1981)  by t h e  same t e c h n i q u e ,  .have been shown i n  

F i g .  3 . 8 .  P u r e  80CB is s e e n  t o  have t h e  h i g h e s t  o r d e r  p a r a m e t e r s .  

An a d d i t i o n  o f  20 mol % o f  MPPC d e c r e a s e s  t h e  o r i e n t a t i o n a l  o r d e r  

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

i n c r e a s e  t h e  v a l u e  o f  S. I n  F i g .  3 . 9  we have p l o t t e d  t h e  v a r i a t i o n  

o f  S w i t h  c o n c e n t r a t i o n  o f  MPPC a t  t h r e e  r e l a t i v e  t e m p e r a t u r e s .  

The r e s u l t s  can  be i n t e r p r e t e d  a s  f o l l o w s .  

I n  t h e  t h e o r y  o f  Palffy-Muhoray e t  a l .  t h e  o r d e r  p a r a m e t e r s  

o f  t h e  components a t  a n y  t e m p e r a t u r e  i n  t h e  n e m a t i c  r ange  o f  t h e  

m i x t u r e  a r e  found t o  be d i f f e r e n t  as  shown by t h e  c u r v e s  drawn 

f o r  S1 and S2 i n  F i g .  3 . 3 a .  Indeed  t h e  component o r d e r  p a r a m e t e r  

o f  t h e  l o n g e r  molecu le  can be e x p e c t e d  t o  be h i g h e r  t h a n  t h a t  o f  

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

f o r  t h e  s h o r t e r  m o l e c u l e s  t o  have o r i e n t a t ' i o n a l  f l u c t u a t i o n s  and  

hence  a lower  o r d e r  p a r a m e t e r .  T h i s  is  known from e x p e r i m e n t a l  

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

ved i n  v a r i o u s  n e m a t i c  h o s t s  ( S a u n d e r s  e t  a l .  1984) .  



Figure 3.8 

Variation of the order parameter s of 80CB as a function of the 

relative temperature. 

@ : pure 80CB 

x : Mixture with 20 mol $ of MPPC 

0 : Mixture with 50 mol $ of MPPC 

A : Mixture with 70 mol $ of MPPC. 
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Mole '10 of M PP C--., 

Figure 3.9  

Variation of the order parameter s as a function of the concentra- 

tion of MPPC, at three relative temperatures. 



We have c a l c u l a t e d  t h e  m o l e c u l a r  l e n g t h s  ' k o f  80CB and 

0 

MPPC u s i n g  t h e  D r e i d i n g  models .  !& = 20.9 A f o r  80CB and is e q u a l  

t o  1 9 . 5  1 f o r  MPPC. T h e r e f o r e  t h e  component o r d e r  p a r a m e t e r  o f  

80CB c a n  be e x p e c t e d  t o  be somewhat h i g h e r  t h a n  t h a t  o f  MPPC. Follow-  

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  ( F i g .  3 . 3 a )  i t s  v a l u e  s h o u l d  i n c r e a s e  

as t h e  c o n c e n t r a t i o n  o f  80CB i n  t h e  m i x t u r e  d e c r e a s e s .  A t  a n y  g i v e n  

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

>20 mol % o f  MPPC shows a  v a r i a t i o n  a l m o s t  s i m i l a r  t o  t h e  t h e o r e t i -  

c a l  r e s u l t  g i v e n  by Palffy-Muhoray e t  a l .  ( F i g .  3 . 3 a )  i n c r e a s i n g  

p r a c t i c a l l y  l i n e a r l y  w i t h  t h e  c o n c e n t r a t i o n  o f  MPPC. However p u r e  

80CB e x h i b i t s  a  r e l a t i v e l y  h i g h  v a l u e  o f  S compared ' t o  t h e  v a l u e  

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

>20  mol % o f  MPPC. The v a l u e s  o f  t h e  o r d e r  p a r a m e t e r  i n  t h e  m i x t u r e s  

c o r r e s p o n d  t o  t h e  component o r d e r  p a r a m e t e r s  o f  80CB which o c c u r s  

as i n d i v i d u a l  m o l e c u l e s ,  o r ,  i f  t h e r e  i s  a weak c h a r g e  t r a n s f e r  

i n t e r a c t i o n  w i t h  MPPC, h a s  a n  e s s e n t i a l l y  monolayer t y p e  o f  c y b o t a c -  

t i c  s t r u c t u r e .  I f  t h e s e  c u r v e s  a r e  e x t r a p o l a t e d  t o  0  mol % o f  MPPC 

i . . ,  p u r e  80CB) a s  i n d i c a t e d  by dashed  l i n e s  t h e  v a l u e s  o b t a i n e d  
a 

a r e  much lower  t h a n  t h a t  o b t a i n e d  by exper iments .  According t o  

t h e  Maier-Saupe t h e o r y  which d o e s  n o t  t a k e  i n t o  a c c o u n t  t h e  geo-  

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

p u r e  components have a u n i v e r s a l  v a l u e  a t  T  NI ' The t h e o r e t i c a l  

c u r v e s  ( F i g .  3.3a) o f  t h e  component o r d e r  p a r a m e t e r s  have been 

d e r i v e d  by a g e n e r a l i s a t i o n  o f  t h e  Maier-Saupe t h e o r y .  



Due t o  a n t i p a r a l l e l  c o r r e l a t i o n s ,  80CB m o l e c u l e s  a r e  u s u a l l y  

assumed t o  form d i m e r s  which e x h i b i t  a p a r t i a l  b i l a y e r  s t r u c t u r e .  

The l e n g t h  of t h e  d imer  is a b o u t  i . 4  t i m e s  t h e  m o l e c u l a r  l e n g t h  

( L e a d b e t t e r  1 9 7 5 ) .  T h e o r i e s  which t a k e  i n t o  a c c o u n t  t h e  g e o m e t r i c a l  

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

i n c r e a s e s  weakly a s  t h e  l e n g t h  t o  b r e a d t h  r a t i o  i s  i n c r e a s e d  ( S a v i -  

thramma and Madhusudana 1980) .  Even though t h e  ~ O C B  dimer  h a s  a 

l e n g t h  - 1 . 4  t i m e s  t h e  m o l e c u l a r  l e n g t h ,  t h e  a v e r a g e  b r e a d t h  o f  

t h e  d imer  h a s  a l s o  i n c r e a s e d  by a s i m i l a r  amount and t h e  l e n g t h  

t o  b r e a d t h  r a t i o  o f  a dimer  is  n o t  v e r y  d i f f e r e n t  from t h a t  o f  

a monomer. Thus t h e  o r i g i n  o f  t h e  i n c r e a s e  i n  t h e  o r d e r  p a r a m e t e r  

o f  p u r e  80CB i s  n o t  due  t o  a n  i n c r e a s e  i n  l e n g t h  due t o  t h e  forma- 

t i o n  o f  d i m e r s .  We n o t e  t h a t  80CB e x h i b i t s  bo th  nemat ic  and s m e c t i c  

A p h a s e s .  McMillan (1971)  e x t e n d e d  t h e  Maier-Saupe t h e o r y  o f  t h e  

n e m a t i c  phase  t o  s m e c t i c  l i q u i d  c r y s t a l s  t a k i n g  i n t o  c o n s i d e r a t i o n  

t h e  t r a n s l a t i o n a l  o r d e r  o f  t h e  l a t t e r .  Assuming t h a t  i n  t h e  s m e c t i c  

phase  t h e  o r i e n t a t i o n a l  and t r a n s l a t i o n a l  o r d e r s  a r e  coup led  he  

showed t h a t  t h e  o r i e n t a t i o n a l  o r d e r  pa ramete r  is  enhanced i n  t h e  

s m e c t i c  A phase  compared t o  t h e  Maier-Saupe v a l u e .  

I n  t h e  Landau t y p e  phenomenological  t h e o r y  l a t e r  deve loped  

by d e  Gennes (1973)  a similar a s s u m p t i o n  i s  made a b o u t  t h e  enhance-  

ment o f  S i n  t h e  s m e c t i c  A phase .  If t h e  o r i e n t a t i o n a l  o r d e r  i n  

t h e  n e m a t i c  phase  i s  g i v e n  by S o ( T ) ,  i n  t h e  s m e c t i c  phase  t h e r e  

i s  a c o u p l i n g  between 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  d e n o t e d  



by Y and S. I f  t h e  a l i g n m e n t  measured by S  i n c r e a s e s ,  t h e  a v e r a g e  

a t t r a c t i o n s  between n e i g h b o u r i n g  m o l e c u l e s  i n  a s m e c t i c  l a y e r  a l s o  

i n c r e a s e s .  T h i s  enhancement o f  S i n  t h e  s m e c t i c  phase  h a s  been 

conf i rmed  e x p e r i m e n t a l l y  (Doane e t  a l .  1972 and Fernandes  and Venu- 

g o p a l a n  1979) .  But t h e  above mean f i e l d  t h e o r i e s  do n o t  p r e d i c t  

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

phase  e x h i b i t e d  by t h e  smec togen ic  compounds compared t o  t h e  Maier- 

Saupe v a l u e .  None o f  t h e  m i x t u r e s  o f  80CB and MPPC s t u d i e d  by u s  

e x h i b i t s  a  s m e c t i c  A phase  a t  l e a s t  down t o  room t e m p e r a t u r e .  Hence 

t h e  v a l u e  o f  S o f  p u r e  80CB e x t r a p o l a t e d  from t h o s e  o f  t h e  m i x t u r e s ,  

a s  shown by t h e  dashed  l i n e  ( F i g .  3 . 9 )  c o r r e s p o n d s  t o  t h e  o r i e n t a t i o -  

n a l  o r d e r  p a r a m e t e r  o f  a  h y p o t h e t i c a l  80CB which e x h i b i t s  o n l y  

a n e m a t i c  p h a s e ,  b u t  n o t  a  s m e c t i c  A phase .  On t h e  o t h e r  hand,  

t h e  e x p e r i m e n t a l  v a l u e  i s  f o r  r e a l  80CB which e x h i b i t s  bo th  t h e  

n e m a t i c  and s m e c t i c  p h a s e s .  The obv ious  c o n c l u s i o n  i s  t h a t  t h e  

s m e c t i c  A l i k e  s h o r t  r a n g e  o r d e r  l e a d s  t o  a c o n s i d e r a b l e  enhancement 

o f  t h e  o r i e n t a t i o n a l  o r d e r .  I n  f a c t  as t h e  t e m p e r a t u r e  i s  lowered 

t h e  d i f f e r e n c e  between t h e  measured and e x t r a p o l a t e d  v a l u e s  i s  

s e e n  t o  i n c r e a s e  as t h e  s m e c t i c  l i k e  s h o r t  r ange  o r d e r  becomes 

s t r o n g e r .  Also i n  F i g .  3 . 8  i t  i s  c l e a r l y  s e e n  t h a t  t h e  o r d e r  p a r a-  

m e t e r  c u r v e  i n  t h e  n e m a t i c  phase  o f  pure  80CB, which e x h i b i t s  a 

s m e c t i c  A phase  a t  a  lower  t e m p e r a t u r e  ~ i s e s  more s t e e p l y  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  t h a n  t h e  c u r v e s  f o r  t h e  t h r e e  m i x t u r e s  

which do  n o t  have a n y  s m e c t i c  phase  down t o  room t e m p e r a t u r e .  

System 11 s t u d i e d  by u s  c o n s i s t s  of  m i x t u r e s  of 4- (4 ' -  e thoxy-  



pheny1azo)phenyl  u n d e c y l e n a t e  (EPPD) and h e p t y l  cyano b i p h e n y l  

(7CB). Both t h e  compounds e x h i b i t  o n l y  t h e  n e m a t i c  phase  i n  t h e  

p u r e  s t a t e .  The s t r u c t u r a l  fo rmulae  and t r a n s i t i o n  t e m p e r a t u r e s  

o f  t h e  compounds a r e  g i v e n  i n  F i g .  3 .10.  The b i n a r y  sys tem e x h i b i t s  

a n  i n d u c e d  s m e c t i c  A phase .  F i g . 3 . 1 1  shows t h e  phase  d iagram which 

g i v e s  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  de te rmined  on c o o l i n g  t h e  sample .  

A s  i n  sys tem I t h e  comple te  phase  diagram h a s  n o t  been s t u d i e d  

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

i n  t h e  I n f r a r e d  s t u d i e s  have been i n d i c a t e d .  A s  t h e  sample  was 

c o o l e d  from t h e  I p h a s e  a  small c o e x i s t e n c e  of t h e  I and N p h a s e s  

e x t e n d i n g  o v e r  2-3O was obse rved  b e f o r e  t h e  e n t i r e  sample  was t r a n s -  

formed t o  t h e  n e m a t i c  phase .  A s l i g h t  maximum i s  p r e s e n t  i n  t h e  

I - N  c o e x i s t e n c e  c u r v e .  I n  c o m p o s i t i o n s  e x h i b i t i n g  t h e  i n d u c e d  

s m e c t i c  A phase  a wide range  of c o e x i s t e n c e  o f  n e m a t i c  and s m e c t i c  A 

p h a s e s  i s  s e e n .  The maximum r a n g e  o f  t h i s  c o e x i s t e n c e  is a b o u t  

8-90, f o r  a  c o n c e n t r a t i o n  w i t h  - 50 mol % o f  EPPD. The s m e c t i c  phase  

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

o f  15-18O below t h a t  a t  which t h e  whole sample  g o e s  o v e r  t o  t h e  

s m e c t i c  A phase .  The d o t t e d  l i n e s  i n  F i g .  3.11 i n d i c a t e  t h e  tempera-  

' t u r e s  a t  which t h e  c r y s t a l l i s a t i o n  b e g i n s .  I n  p a r t i c u l a r  we have 

made measurements of I n f r a r e d  d i c h r o i s m  on m i x t u r e s  w i t h  20, 50 

and 70  mol % o f  EPPD. 

T y p i c a l  s p e c t r a  r e c o r d e d  i n  t h e  i s o t r o p i c ,  nemat ic  and s m e c t i c  

p h a s e s  f o r  t h e  m i x t u r e  7CB :EPPD (30 : 7 0  rnol 9 )  are shown i n  F i g .  
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Figure 3.10 

Structural formulae and transition temperatures of the compounds 

EPPD and 7CB (System 11). 
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3.12.  The v a r i a t i o n  of t h e  i n t e n s i t y  o f  t h e  C 2N band i n  t h e  t h r e e  

p h a s e s  can  be c l e a r l y  s e e n .  A s  ment ioned b e f o r e  t h e  wave number 

s c a l e  h a s  been expanded f o r  r e d u c i n g  t h e  e r r o r s  i n  measurement 

( F i g .  3 . 1 3 ) .  The v a r i a t i o n  w i t h  t e m p e r a t u r e  o f  t h e  o r d e r  p a r a m e t e r  

S o f  7 C B  i n  t h e  t h r e e  m i x t u r e s  ment ioned b e f o r e ,  a l o n g  w i t h  t h e  

v a l u e s  of S o b t a i n e d  by t h e  same t e c h n i q u e  f o r  p u r e  7 C B  by P r a s a d  

and  Venugopalan (1981 )  have been shown i n  F i g .  3 . 1 4 .  A c o n s i d e r a b l e  

i n c r e a s e  i n  t h e  v a l u e s  o f  S i n  t h e  s m e c t i c  A phase  is o b s e r v e d  

f o r  m i x t u r e s  w i t h  50 a n d  70 mol % of  EPPD. When o n l y  20 mol % o f  

EPPD i s  added t o  7CB t h e  o r d e r  p a r a m e t e r  a t  any  r e l a t i v e  t e m p e r a t u r e  

i s  s e e n  t o  d rop  t o  v a l u e s  lower  t h a n  t h a t  o f  p u r e  7 C B .  On t h e  o t h e r  

hand a d d i t i o n  o f  50 mol % o f  EPPD g i v e s  r i s e  t o  a  l a r g e  i n c r e a s e  

i n  t h e  v a l u e  o f  t h e  o r d e r  p a r a m e t e r .  F u r t h e r  a d d i t i o n  o f  EPPD a g a i n  

l o w e r s  t h e  v a l u e s  o f  S. The o r d e r  p a r a m e t e r s  o f  7 C B ,  a t  s p e c i f i c  

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

a r e  shown i n  F i g .  3 .15.  

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

l e t  u s  f i r s t  compare t h e  m o l e c u l a r  l e n g t h s  ' 2 '  o f  t h e  two t y p e s  
0 0 

o f  m o l e c u l e s .  7 C B  h a s  a n  J?, r 19.2  A and EPPD r 28 .2  A a s  measured 

u s i n g  D r e i d i n g  models .  T h e r e f o r e  t h e  o r d e r  p a r a m e t e r  o f  7 C B  which 

is  composed o f  s h o r t e r  m o l e c u l e s  can  be e x p e c t e d  t o  be lower  t h a n  

t h a t  o f  EPPD i n  t h e  m i x t u r e .  Indeed  when a  s m a l l  amount o f  EPPD 

( - 20 mol % )  i s  added t o  t h e  p u r e  7 C B  t h e  v a l u e  of S d o e s  d e c r e a s e  

i n  agreement  w i t h  t h e  t h e o r e t i c a l  p r e d i c t i o n  ( s e e  F i g .  3.3a). The 
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Figure 3.12 

Typical s p e c t r a .  i n  the  i s ~ t r o p i c ~ n e m a t i c  and smectic A phases f o r  

the mixture with 70 mol % o f  EPPD. 
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Figure 3.13 

Spectra of the cyano band in the isotropic, nematic and smectic A 

phases. The wave number scale has been expanded (x 4 ) .  



Figure 3.14 

Variation of the order parameter S of 7CB as a function of the 

relative temperature. 

0 : pure 7CB 

x : Mixture with 20 mol $ of EPPD 

0 : Mixture with 50 mol $ of EPPD 

A : Mixture with 70 mol $ of EPPD. 
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Figure 3.15 

Variation of the order parameter s as a function of the 

concentration of EPPD at three relative temperatures. 



o r d e r  p a r a m e t e r  of  p u r e  7CB c a n  however be enhanced f o r  y e t  a n o t h e r  

r e a s o n  d i s c u s s e d  below. 

L i k e  80CB, 7CB is a  h i g h l y  p o l a r  compound w i t h  a c e n t r a l  

a r o m a t i c  c o r e  which i s  q u i t e  r i g i d .  A s  ment ioned e a r l i e r  a n  a n t i p a r a -  

l l e l  a r rangement  o f  m o l e c u l e s  i s  favoured  i n  t h i s  compound a l s o ,  

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

more symmetr ic  t h a n  t h e  i n d i v i d u a l  molecu les  which a r e  h i g h l y  a s s y -  

mmetr ic  because  o f  t h e  p r e s e n c e  o f  t h e  a l k y l  c h a i n .  From X-ray 

s c a t t e r i n g  s t u d i e s  C e a d b e t t e r  e t  a l .  (1975)  found t h a t  - 150 7CB 

m o l e c u l e s  form s m e c t i c - l i k e  c y b o t a c t i c  g r o u p s .  A s  we have d i s c u s s e d  

f o r  System I ,  t h e  s m e c t i c - l i k e  s h o r t  r ange  o r d e r  can  i n c r e a s e  t h e  

o r i e n t a t i o n a l  o r d e r  p a r a m e t e r  o f  7CB i n  t h e  nemat ic  p h a s e .  

When a b o u t  20 molk o f  EPPD is added t o  7CB a n  induced  s m e c t i c  

A phase  w i t h  a monolayer  s t r u c t u r e  i s  o b t a i n e d  below room tempera-  

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

o r d e r  o f  7CB i s  c o m p l e t e l y  l o s t  i n  t h i s  m i x t u r e .  The induced  s m e c t i c-  

l i k e  s h o r t  r a n g e  o r d e r  d o e s  n o t  a p p e a r  t o  be s t r o n g  enough t o  en-  

hance  t h e  S  v a l u e  o f  7CB f o r  t h i s  compos i t ion .  A s  t h e  c o n c e n t r a t i o n  

o f  EPPD i s  i n c r e a s e d  from 20 t o  70 mol % t h e r e  i s  a n  o v e r a l l  i n -  

c r e a s e  i n  t h e  v a l u e  o f  S  ( F i g .  3 . 1 4 ) .  From t h e  phase  diagram ( F i g .  

u  3 . 1 1 )  we s e e  t h a t  TAN ( t h e  u p p e r  t e m p e r a t u r e  l i m i t  o f  t h e  c o e x i s-  

t e n c e  of t h e  n e m a t i c  and i n d u c e d  s m e c t i c  p h a s e s )  peaks  a round  50 

mol % of  EPPD and i s  e q u a l  t o  65.5OC. Though (=62 .5OC)  f o r  

t h e  m i x t u r e  w i t h  70 mol % o f  EPPD i s  lower  t h a n  t h a t  o f  t h e  50 

mol % m i x t u r e ,  i t  is  s t i l l  h i g h e r  t h a n  t h a t  o f  t h e  20 mol % m i x t u r e  

%? 
'\ 
\ 



u 
( f o r  which TAN i s  below room t e m p e r a t u r e  -30°C). I n d e e d  t h e  S o f  

7CB f o r  a r e l a t i v e  t e m p e r a t u r e  T - T = 15O shows a n  e x a c t l y  similar 
N I 

t r e n d  ( s e e  F i g .  3.151, i . e . ,  '50 ' '70 ' '207 where t h e  s u b s c r i p t  

d e n o t e s  t h e  c o n c e n t r a t i o n  o f  EPPD i n  t h e  m i x t u r e .  

A s  t h e  t e m p e r a t u r e  i s  i n c r e a s e d  t h e  enhancement i n  t h e  v a l u e  

o f  S f o r  t h e  m i x t u r e  w i t h  50 mol % o f  EPPD d e c r e a s e s .  The dependence 

o f  S 7CB on compos i t ion  i s  a l m o s t  l i n e a r  f o r  a r e l a t i v e  t e m p e r a t u r e  

of  TNI - T = 5O ( F i g .  3 .15) .  I n  f a c t  t h i s  can a l s o  be s e e n  i n  System 

I ( F i g .  3 . 8 ) .  80CB which e x h i b i t s  a s m e c t i c  A phase  h a s  t h e  s t r o n g e s t  

v a r i a t i o n  o f  t h e  o r i e n t a t i o n a l  o r d e r  pa ramete r  i n  t h e  n e m a t i c  phase .  

We cou ld  e x p e c t  a r a p i d  d e c r e a s e  i n  t h e  s m e c t i c - l i k e  s h o r t  

u r ange  o r d e r  above TAN i n  t h e  50 % m i x t u r e  ( o r  T i n  80CB). The 
A N  

enhancement o f  t h e  o r i e n t a t i o n a l  o r d e r  S due t o  t h e  s m e c t i c - l i k e  

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

t e m p e r a t u r e ,  as s e e n  i n  t h e  e x p e r i m e n t .  Indeed  measurements  o f .  

i n t e g r a t e d  i n t e k s i t i e s  o f  d i f f u s e  X-ray s c a t t e r i n g  p r o f i l e s  above 

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

r a n g e  o r d e r  above T (Chan e t  a l .  1985). While t h i s  r e d u c t i o n  
A N  

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

t o  t h e  r a p i d  r e d u c t i o n  o f  S50, we f e e l  t h a t  a n o t h e r  p o s s i b l e  c o n t r i -  

b u t o r y  mechanism can  a l s o  be n o t e d .  The e l a s t i c  c o n s t a n t  r a t i o  

K 3 3 / K l  above T' o f  a n o t h e r  b i n a r y  m i x t u r e  e x h i b i t i n g  t h e  i n d u c e d  
A N  

s m e c t i c  A phase  shows a v e r y  remarkab le  t r e n d  (Madhusudana and 

Moodithaya 1983). A t  t e m p e r a t u r e s
e  

j u s t  above T' 
A N  ' K33/K11  a t t a i n s  



l a r g e  v a l u e s  a s  t h e  bend e l a s t i c  c o n s t a n t  i s  enhanced due t o  s m e c t i c-  

l . ike  s h o r t  r a n g e  o r d e r .  The r a t i o  d e c r e a s e s  w i t h  t h e  s t r e n g t h  

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

v a l u e s  < 1  a t  h i g h e r  t e m p e r a t u r e s .  T h i s  h a s  been a t t r i b u t e d  by t h e  

a u t h o r s  t o  a r e d u c t i o n  o f  5 /c t h e  r a t i o  o f  t h e  c o r r e l a t i o n  l e n g t h s  I I  1' 
( 1  and 1 t o  t h e  d i r e c t o r  o f  r e g i o n s  w i t h  s m e c t i c l i k e  s h o r t  r a n g e  

o r d e r  a t  h i g h e r  t e m p e r a t u r e s .  Again ,  X-ray s t u d i e s  on a monolayer 

compound,  v i z . ,  N-[4-(n-butyloxy)benzylidene]-~-(n-heptyl)aniline 

( G a r l a n d  e t  a l .  1983) have shown t h a t  5 1 1 / 5  d e c r e a s e s  from 22 

t o  1 1  i n  j u s t  3 O  above T 
A N  ' w h i l e  t h e  m o l e c u l a r  l e n g t h  t o  b r e a d t h  

r a t i o  2 7 .  The r e d u c t i o n  o f  K / K  t o  v a l u e s  t l  i n  t h e  m i x t u r e s  
3 3  1 1  

e x h i b i t i n g  induced  s m e c t i c  A phase  shows t h a t  i n  t h e s e ,  511/51 must 

be q u i t e  low. The s m e c t i c - l i k e  c y b o t a c t i c  g roups  can  t h u s  have 

lower  s h a p e  a n i s o t r o p y  which a l l o w  them t o  have o r i e n t a t i o n a l  f l u c -  

t u a t i o n s  r e l a t i v e l y  e a s i l y .  T h i s  c o u l d  of c o u r s e  reduce  t h e  measured 

o r i e n t a t i o n a l  o r d e r  p a r a m e t e r .  We c a n  t h u s  e x p e c t  t h a t  b o t h  t h e  

d e c r e a s e  o f  s m e c t i c- l i k e  s h o r t  r a n g e  o r d e r  and t h a t  o f  5 / c  a t  I I  1 
h i g h e r  t e m p e r a t u r e s  r e d u c e  t h e  S c o n s i d e r a b l y  a t  h i g h e r  tempera-  5 0 

t u r e s  and  l e a d  t o  t h e  t r e n d s  shown i n  F i g .  3.15. 

3.8 CONCLUSION 

The o r d e r  p a r a m e t e r s  o f  two . . cyanob ipheny l s  i n  s e v e r a l  m i x t u r e s  

b e l o n g i n g  t o  two b i n a r y  s y s t e m s  were measured u s i n g  t h e  I n f r a r e d  

d i c h r o i s m  method. I n  Sys tem I ,  a l l  t h e  m i x t u r e s  f o r  which t h e  o r d e r  

p a r a m e t e r s  have been measured e x h i b i t  o n l y  t h e  nemat ic  phase  down 



t o  room t e m p e r a t u r e .  The v a r i a t i o n  of t h e  o r d e r  p a r a m e t e r  o f  80CB 

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

P a l f  fy-Muhoray e t  a l .  However, t h e  e x p e r i m e n t a l l y  measured v a l u e s  

o f  S i n  t h e  nemat ic  r a n g e  o f  p u r e  80CB which e x h i b i t s  a s m e c t i c  

A phase  a r e  much h i g h e r  t h a n  t h a t  g o t  by e x t r a p o l a t i o n  o f  t h e  v a l u e s  

o b t a i n e d  i n  t h e  m i x t u r e s .  T h i s  enhancement i n  t h e  o r i e n t a t i o n a l  

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

i n  80CB which h a s  a  p a r t i a l  b i l a y e r  s t r u c t u r e .  M i x t u r e s  o f  t h e .  

second  sys tem show a n  induced  s m e c t i c  A phase  even though t h e  p u r e  

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

o f  t h e  induced s m e c t i c  A phase  t h e r e  i s  a n  i n c r e a s e  i n  t h e  s m e c t i c-  

l i k e  s h o r t  r ange  o r d e r  a t  lower  t e m p e r a t u r e s  i n  t h e  n e m a t i c  r a n g e  

o f  s u c h  s y s t e m s .  T h i s  enhances  t h e  v a l u e  o f  t h e  o r i e n t a t i o n a l  o r d e r  

p a r a m e t e r  S. But a t  t e m p e r a t u r e s  c l o s e  t o  TM, t h e  s m e c t i c - l i k e  

s h o r t  r a n g e  o r d e r  d e c r e a s e s  a s  a l s o  ev idenced  by X-ray s c a t t e r i n g  

measurements on o t h e r  s y s t e m s .  T h i s  l e a d s  t o  a  r e d u c t i o n  i n  t h e  

enhancement o f  t h e  v a l u e  o f  S a t  h i g h e r  t e m p e r a t u r e s .  Another  c o n t r i -  

b u t o r y  f a c t o r  f o r  t h i s  r e d u c t i o n  c o u l d  be due t o  a d e c r e a s e  i n  

t h e  v a l u e  o f  t h e  r a t i o  6 / 5 t h u s  r e d u c i n g  t h e  g e o m e t r i c a l  a n i s o-  I I  1' 
t r o p y  o f  t h e  c y b o t a c t i c  g r o u p s .  We have quo ted  e v i d e n c e s  o f  s u c h  

a d e c r e a s e  by bo th  X-ray s t u d i e s  on a monolayer  compound e x h i b i t i n g  

t h e  s m e c t i c  phase  and a l s o  by a s t r o n g  r e d u c t i o n  i n  t h e  r a t i o  of 

K33/Kll i n  a n o t h e r  s y s t e m  e x h i b i t i n g  t h e  i n d u c e d ' s m e c t i c  A p h a s e .  
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