
C H A P T E R  V I I  

EXPERIMENTAL STUDIES ON TERMINALLY NON-POLAR MATERIALS 

7.1 INTRODUCTION 

A s  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  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  

i s  e x h i b i t e d  g e n e r a l l y  by m a t e r i a l s  whose c o n s t i t u e n t  m o l e c u l e s  

p o s s e s s  a s t r o n g l y  p o l a r  cyano  o r  n i t r o  end  g r o u p .  However, r e c e n t l y  

P e l z l  e t  a1.2 r e p o r t e d  t h e  o b s e r v a t i o n  o f  a r e e n t r a n t  n e m a t i c  p h a s e  

i n  b i n a r y  s y s t e m s  whose c o n s t i t u e n t  compounds do  n o t  p o s s e s s  a 

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

n o n- p o l a r  materials have  been  p r e s e n t e d  3-4 which  show a r e e n t r a n t  

n e m a t i c  p h a s e .  X-ray s t u d i e s  3 , 4  on  two b i n a r y  s y s t e m s  a p p e a r e d  

t o  show t h a t  t h e  A p h a s e  below which r e e n t r a n t  n e m a t i c  p h a s e  a p p e a r s  

i s  of t h e  mono laye r  t y p e .  On t h e  o t h e r  hand,  i n  s t r o n g l y  p o l a r  

s y s t e m s  Nre i n v a r i a b l y  o c c u r s  o n l y  below a p a r t i a l l y  b i l a y e r  (Ad) 

p h a s e .  We t h e r e f o r e  u n d e r t o o k  a c c u r a t e  h i g h  p r e s s u r e  as w e l l  as 

X-ray s t u d i e s  on  t h i s  b i n a r y  s y s t e m  w i t h  a v iew t o  compare t h e  

b e h a v i o u r  o f  t e r m i n a l l y  n o n- p o l a r  r e e n t r a n t  materials w i t h  t h o s e  

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

t e d  i n  S e c t i o n  7 . 2 .  

S o  f a r  t h e  p a r t i a l l y  b i l a y e r  ( A  ) p h a s e  h a s  been  o b s e r v e d  
d  

o n l y  i n  compounds w i t h  a t e r m i n a l l y  p o l a r  cyano  o r  n i t r o  end  g roup .  

However b e c a u s e  o f  t h e  r e e n t r a n t  b e h a v i o u r  o f  t h e  t e r m i n a l l y  non- 



p o l a r  m i x t u r e s ,  i t  seemed r e a s o n a b l e  t o  e x p e c t  t h a t  t h i s  s y s t e m  

may a l s o  e x h i b i t  t h e  A p h a s e .  With t h i s  i n  v i ew X-ray a n d  h i g h  
d 

p r e s s u r e  s t u d i e s  have  a l s o  been  c o n d u c t e d  o n  p u r e  12EBAMC ( o n e  

o f  t h e  components  o f  t h e  t e r m i n a l l y  n o n- p o l a r  r e e n t r a n t  n e m a t i c  

m i x t u r e  r e f e r r e d  t o  e a r l i e r ) .  These  s t u d i e s  have  l e d  t o  t h e  first 

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

and  are d i s c u s s e d  i n  S e c t i o n  7 .3 .  

7.2 STUDIES ON A BINARY REENTRANT NEMATOGENIC 

MIXTURE OF TERMINALLY NON-POLAR MATERIALS 

A .  Materials 

The compounds c o n s t i t u t i n g  t h e  b i n a r y  m i x t u r e  are n-dodecyl-4-  

(4-ethoxybenzy1ideneamino)-a-methyl c innamate  o r  12EBAMC a n d  4- n-hepty-  

l o x y p h e n y l - 4 - ( 4 - e t h y l  c y c l o h e x a n o y l o x y )  b e n z o a t e  o r  70PECB. T h e i r  

c h e m i c a l  f o r m u l a  as well as t r a n s i t i o n  t e m p e r a t u r e  are g i v e n  i n  

F i g .  7 . 1 .  It is s e e n  t h a t  b o t h  compounds a r e  t e r m i n a l l y  n o n- p o l a r .  

12EBAMC shows o n l y  a s m e c t i c  A p h a s e  w h i l e  70PECB e x h i b i t s  n e m a t i c  

p h a s e  as well as  smectic C p h a s e s .  

The b i n a r y  p h a s e  d i a g r a m  o f  t h e  12EBAMC a n d  70PECB s y s t e m  

as r e p o r t e d  by P e l z l  e t  a l . '  i s  g i v e n  i n  F i g .  7 . 2 .  It is  s e e n  t h a t  

o v e r  a n a r r o w  r e g i o n  o f  70PECB c o n c e n t r a t i o n  ( b e t w e e n  4 0 - 4 5 s )  

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

somewhat m e t a s t a b l e  owing t o  t h e  A - N r e  t r a n s i t i o n  o c c u r r i n g  a b o u t  

20°C below t h e  m e l t i h g  t e m p e r a t u r e .  We have  s e l e c t e d  f o r  o u r  s t u d y  
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a  44 mol % m i x t u r e .  The 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  m i x t u r e  

a r e  i s o t r o p i c -  nemat ic :  132.5OC, n e m a t i c-  smectic A : 68OC and 

s m e c t i c  A - r e e n t r a n t  nemat ic :  42OC. 

B  Results and Discussion 

X-ray S t u d i e s  

The t h e r m a l  v a r i a t i o n  o f  t h e  l a y e r  s p a c i n g  i n  t h e  A p h a s e  

o f  t h e  r e e n t r a n t  nemat ic  m i x t u r e  ( X  = 44 mol%) is  g i v e n  i n  F i g .  

7 . 3 .  The l a y e r  s p a c i n g  ( d l  e x h i b i t s  a  s m a l l  bu t  c o n t i n u o u s  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  th roughout  t h e  A p h a s e .  The d/R v a l u e ,  

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

comes o u t  t o  be 1 .03 a t  65OC and r e d u c e s  t o  1 .02  a t  42OC. Thus 

i t  a p p e a r s  t h a t  t h e  A p h a s e  o f  t h e  m i x t u r e  i s  p r o b a b l y  o f  t h e  A 
d  

k i n d  a l t h o u g h  owing t o  t h e  u n c e r t a i n t y  i n  t h e  d e t e r m i n a t i o n  o f  

, t h e  p o s s i b i l i t y  o f  i t s  b e i n g  a  monolayer  A p h a s e  c a n n o t  be 

c o m p l e t e l y  r u l e d  o u t .  I t  s h o u l d  a l s o  be remarked h e r e  t h a t  a pronoun- 

ced  c y b o t a c t i c  A- l ike  o r d e r i n g  was obse rved  i n  t h e  N r e  p h a s e  a l s o ,  

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

DB9.0.NO 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 .  
2 

High Pressure Studies 

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  m i x t u r e  i s  g i v e n  

i n  F i g .  7 . 4 .  The digram shows t h e  f o l l o w i n g  f e a t u r e s :  

i )  t h e  A-N boundary h a s  a n  e l l i p t i c a l  s h a p e .  T h i s  h a s  been con- 

f i rmed  by a  c o m p u t e r- f i t  o f  t h e  d a t a  t o  a n  e l l i p s e  ; 







i i )  t h e  maximum p r e s s u r e  o f  s m e c t i c  A s t a b i l i t y  (Pm)  is 0.14 

k b a r .  C o n s i d e r i n g  t h a t  monolayer  A- n e m a t i c  p h a s e  bounda ry  

i s  g e n e r a l l y  found  t o  be l i n e a r ,  5 '6  t h e  fact  t h a t  t h e  A p h a s e  

o f  t h i s  m i x t u r e  g e t s  bounded u n d e r  p r e q s u r e  s u p p o r t s  o u r  

X-ray r e s u l t s  t h a t  t h e  A p h a s e  i s  p r o b a b l y  a p a r t i a l l y  b i l a y e r  

(Ad) p h a s e .  Ano the r  n o t a b l e  f e a t u r e  o f  t h e  P-T d i a g r a m  is  

t h a t  t h e  a x i s  o f  t h e  e l l i p t i c a l  A - N c u r v e  h a s  t h e  same 

tilt (-85O) a s  t h e  n e m a t i c - i s o t r o p i c  (N-I) p h a s e  bounda ry  

i n d i c a t i n g  a s t r o n g  c o u p l i n g  be tween smectic and  n e m a t i c  

o r d e r s .  E v i d e n c e  o f  s u c h  a c o u p l i n g  h a s  a l r e a d y  been  demons t r a-  

t e d  i n  r e e n t r a n t  s y s t e m s  composed o f  t e r m i n a l l y  p o l a r  mate- 

r i a l ~ . ~  Thus  t h e  r e s u l t s  o f  t h e  h i g h  p r e s s u r e  s t u d i e s  on  

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

n o n- p o l a r  compounds a r e  v e r y  similar t o  t h o s e  o b s e r v e d  f o r  

s t r o n g l y  p o l a r  r e e n t r a n t  s y s t e m s .  8 

R e c e n t l y ,    ow ell' h a s  shown on t h e  b a s i s  o f  a m o l e c u l a r  

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

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

d i f f e r e n c e  i n  t h e  s t e r i c  ( h a r d- r e p u l s i v e )  p a c k i n g  o f  t h e  r i g i d  

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

smectic A a n d  r e e n t r a n t  n e m a t i c  p h a s e s  i n  n o n- p o l a r  s y s t e m s  as 

w e l l .  The p a c k i n g  d i f f e r e n c e  between t h e  c o r e s  a n d  t h e  c h a i n s  is 

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

r a n g e s  o f  t e m p e r a t u r e  a n d  p r e s s u r e .  A l so  i t  is  e x p e c t e d  t h a t  as 



t h e  t e m p e r a t u r e  d e c r e a s e s  t a i l s  become more  r i g i d  ( i . e . ,  r o d - l i k e )  

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

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

i n  a r e e n t r a n t  n e m a t i c  p h a s e .  Based on t h i s  model Dowel1 h a s  a l s o  

p r e d i c t e d  t h a t  non- po la r  compounds c a n  a l s o  e x h i b i t  p a r t i a l l y  

b i l a y e r  t y p e  o f  s m e c t i c  A p h a s e .  The r e s u l t s  o f  o u r  s t u d i e s  on 

12EBAMC, p r e s e n t e d  below d o  i n  f a c t  c o n f i r m  t h e  e x i s t e n c e  o f  t h e  

A p h a s e  i n  a t e r m i n a l l y  n o n- p o l a r  compound. 
d  

7.3 STUDIES ON N-DODECYL-J+(ETHOXYBENZYLIDENEAMINOO)-a -METHYL 

CINNAMATE (12EBAMC) 

The s t r u c t u r a l  f o r m u l a  o f  12EBAMC, a t e r m i n a l l y  n o n- p o l a r  

material h a s  a l r e a d y  been  g i v e n  i n  F i g .  7 . 1  . It e x h i b i t s  a s m e c t i c  

A p h a s e ,  b u t  no  n e m a t i c  p h a s e .  We h a v e  c o n d u c t e d  X-ray a n d  h i g h  

p r e s s u r e  s t u d i e s  on  t h i s  material. The r e s u l t s  o f  t h e s e  i n v e s t i -  

g a t i o n s  w i l l  be p r e s e n t e d  h e r e .  F i g .  7 . 5  shows t h e  v a r i a t i o n  o f  

t h e  l a y e r  s p a c i n g  ( d )  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  o f  12EBAMC. 

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

0 

f rom 40.5 A a t  75OC t o  39.9 a t  50°C. T h i s  c o r r e s p o n d s  t o  a de- 

crease i n  d/R f rom 1 .13  t o  1 .1  1 ,  where  R i s  t h e  l e n g t h  o f  t h e  f u l l y  

s t r e t c h e d  m o l e c u l e  measured  u s i n g  a D r e i d i n g  model .  Thus  t h e  A 

p h a s e  i n  t h i s  material c a n  be c l a s s i f i e d  as  t h e  p a r t i a l l y  b i l a y e r  

(A ) p h a s e .  It is i n t e r e s t i n g  t h a t  t h e  d / R  r a t i o  o f  12EBAMC is 
-d 

c o m p a r a b l e  w i t h  t h a t  s e e n  f o r  many compounds w i t h  a c y a n o  end  

g r o u p .  10 '11  I n  t h e  c a s e  o f  t e r m i n a l l y  p o l a r  compounds t h e  r a t i o  
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> 1 i s  known t o  a r ise  f rom m o l e c u l a r  a s s o c i a t i o n ,  wh ich  h a s  been  
R 
i n t e r p r e t e d  d u e  t o  a monomer-dimer e q u i l i b r i u m .  ' 2' l 3  The r e s u l t s  

o f  o u r  X-ray i n v e s t i g a t i o n s  show t h a t  similar a s s o c i a t i o n  effects, 

s h o u l d  p l a y  a n  i m p o r t a n t  r o l e  i n  t h e  c a s e  o f  12EBAMC a l s o .  A s  f a r  

as we are  aware, t h i s  is t h e  f i r s t  o b s e r v a t i o n  o f  t h e  A d  p h a s e  

i n  a t e r m i n a l l y  non- po la r  compound. 

High Pressure Studies 

S i n c e  a l a r g e  number o f  t e r m i n a l l y  p o l a r  materials e x h i b i t i n g  

14 t h e  Ad p h a s e  show r e e n t r a n t  b e h a v i o u r  a t  h i g h  p r e s s u r e  w e  unde r-  

t o o k  t h e  s t u d y  o f  t h e  p r e s s u r e- t e m p e r a t u r e  (P-T) d i a g r a m  o f  12EBAMC 

a n d  i s  shown i n  Fig. 7.6. A t  low p r e s s u r e s  t h e  P-T d i a g r a m  shows 

o n l y  t h e  smectic A - i s o t r o p i c  t r a n s i t i o n .  A n e m a t i c  p h a s e  gets 

i n d u c e d  a t  h i g h  p r e s s u r e s  l e a d i n g  t o  a smectic A - n e m a t i c - i s o t r o p i c  

t r i p l e  p o i n t  a t  0.45 k b a r ,  87.2OC. We have  i d e n t i f i e d  t h e  i n d u c e d  

p h a s e  as  t h e  n e m a t i c  p h a s e  by o p t i c a l  m i c r o s c o p i c  o b s e r v a t i o n s  

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

p h a s e  a p p e a r i n g  i n  s m e c t o g e n i c  materials have  been  r e p o r t e d  ear- 

l i e r .  15'16 It is clear  f rom t h e  d i ag ram t h a t  t h e  r a n g e  o f  t h e  p r e -  

s s u r e- i n d u c e d  n e m a t i c  p h a s e  i n 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  

a n d  t h e  A-N p h a s e  boundary  i s  a  s t r a i g h t  l i n e  r i g h t  up  t o  t h e  maxi-  

mum p r e s s u r e  s t u d i e d  a n d  h e n c e  t h e r e  was no  e v i d e n c e  o f  a n y  re- 

e n t r a n t  n e m a t i c  b e h a v i o u r  a t  low t e m p e r a t u r e s .  

Thus ,  o u r  s t u d i e s  h a v e  shown t h a t  a t e r m i n a l l y  n o n- p o l a r  
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compounds c a n  e x h i b i t  a p a r t i a l l y  b i l a y e r  p h a s e  A w i t h  a d/R r a t i o  
d  

comparab le  w i t h  t h o s e  o b s e r v e d  i n  s t r o n g l y  p o l a r  s y s t e m s .  The  s t a b i -  

l i t y  o f  t h i s  Ad p h a s e  i s  found  t o  be u n a l t e r e d  a t  h i g h  p r e s s u r e s .  

F u r t h e r  s t u d i e s  on  o t h e r  t e r m i n a l l y  n o n- p o l a r  s u b s t a n c e s  w i l l  be 

o f  i n t e r e s t .  
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