
C H A P T E R  V 

A NEW ALTERNATIVE FOR THE SMECTIC A,  -REENTRANT NEMATIC - 

SMECTIC Ad BICRITICAL POINT 

5.1 INTRODUCTION 

A s  d i s c u s s e d  p r e v i o u s l y  i n  Chap te r  111,. materials w i t h  a 

s t r o n g l y  p o l a r  end g r o u p  e x h i b i t  a  v a r i e t y  o f  A p h a s e s , '  namely,  

t h e  monolayer (A1) p h a s e ,  t h e  p a r t i a l l y  b i l a y e r  (Ad) p h a s e ,  t h e  

b i l a y e r  (A ) phase  and t h e  incommensurate (A. ) phase .L  T r a n s i t i o n s  2 1 C 

i n v o l v i n g  v a r i o u s  forms o f  A p h a o e ~ ~ - ~  a r e  a l s o  known. From symmetry 

6 
arguments  bo th  Ad - A1 and Ad - A2 t r a n s i t i o n s  can o n l y  be f i r s t  

o r d e r  w h i l e  t h e  A 1 - A 2  t r a n s i t i o n  c a n  be e i t h e r  f i r s t  o r  second  

o r d e r 5  owing t o  t h e  d o u b l i n g  of t h e  l a t t i c e  p e r i o d i c i t y .  7 

The phenomenological  t h e o r y  deve loped  by P r o s t  8 9 9  and l a te r  

improved upon by P r o s t  and ~ a r o i s "  h a s  been s u c c e s s f u l  i n  e x p l a i n-  

i n g  t h e  s m e c t i c  A polymorphism. Two o r d e r  p a r a m e t e r s  p ( r ) ,  t h e  

c e n t r e  of mass d e n s i t y  and $ ( r ) , t h e  d i p o l a r  o r d e r  p a r a m e t e r  a s s o c i a -  

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

c o n s i d e r e d  i n  e x p r e s s i n g  t h e  Landau f r e e  e n e r g y  i n  t h i s  t h e o r y .  

T h i s  t h e o r y  which c o n s i d e r s  c o n t r i b u t i o n s  up t o  t h i r d  o r d e r  a l s o  

p r e d i c t s  t h e  e x i s t e n c e  o f  Aic  phase  whose o c c u r r e n c e  h a s  been 

e s t a b l i s h e d  e x p e r i m e n t a l l y .  B a r o i s ,  P r o s t  and ~ u b e n s k ~ ~  have 

r e c e n t l y  f u r t h e r  ex tended  t h e  phenomenological  t h e o r y  by c o n s i d e r -  



i n g  t h e  f o u r t h  o r d e r  t e r m s  i n  t h e  Landau expans ion  o f  t h e  f r e e  e n e r g y .  

With t h i s  m o d i f i c a t i o n  o f  t h e  f r e e  e n e r g y  B a r o i s  e t  a1.6 have 

i n v e s t i g a t e d  t h e  v a r i o u s  p o s s i b l e  phase  d iagrams  t h a t  c a n  be dedu- 

ced w i t h i n  t h e  framework o f  mean f i e l d  t h e o r y .  I n  t h e  f o l l o w i n g  

s e c t i o n  we s h a l l  b r i e f l y  summarise t h e  i m p o r t a n t  t h e o r e t i c a l  a s p e c t s  

c o n c e r n i n g  t h e  s m e c t i c  A - r e e n t r a n t  n e m a t i c - s m e c t i c  A 1 (A , -Nre -Ad)  

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

t h i s  p o i n t .  F i n a l l y  i n  s e c t i o n  5.3 we s h a l l  d e s c r i b e  t h e  r e s u l t s  

o f  o u r  e x p e r i m e n t s  n e a r  a n  e x p e c t e d  A1 - N r e - A d  b i c r i t i c a l  p o i n t .  
\ 

5.2 THE PHENOMENOLOGICAL THEORY 

The fundamental  a s p e c t s  o f  t h i s  t h e o r y  have been  s t a t e d  

i n  Chap te r  111. A good d e s c r i p t i o n  o f  t h e  s m e c t i c  A phase  ( o f  

s t r o n g l y  p o l a r  m a t e r i a l s )  w i t h  two compet ing l e n g t h s  e s s e n t i a l l y  

i n v o l v e s  two o r d e r  p a r a m e t e r s  

where ( r )  and $ ( r )  a r e  complex f i e l d s .  
2 

I n  t e r m s  o f  t h e s e  f i e l d s ,  t h e  Landau-Ginzba~rg f r e e  e n e r g y  o f  t h e  



P r o s t  model i n  d- dimensions i s  

where r = a l ( T  - T ) and  r2 = a2(T  - T ) measure  t h e  t e m p e r a t u r e  
1  1  c  2c  

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

and TZc o f  t h e  f i e l d s  and  $ 2  . is a  d e r i v a t i v e  i n  t h e  p l a n e  

+ 
p e r p e n d i c u l a r  t o  t h e  Z- ax i s ,  p a r a l l e l  t o  n .  The e l a s t i c  t e r m s  

2  
1 ( v 2  + K:) l 2  and 1 ( v 2  + ~ ~ ) $ ~ 1 ~  i n  e q u a t i o n  1  f a v o u r  q  2 2  

P 
= K 1  

and q 
2  = K: . The terms Re $ : $ ?j f a v o u r s  l o c k- i n  a t  q  
P P = 2qP 

To s t u d y  t h e  mean f i e l d  phase  diagram o f  l i n e a r l y  modula ted 

6 + 
p h a s e s ,  B a r o i s  e t  a l .  c h o o s e  q  and q  p a r a l l e l  t o  n  = 2 and 

P  P z 

s e e k  s p a t i a l l y  independen t  f i e l d s  

which minimize  A f s  It is  c l e a r  t h e n  t h a t  one  c a n  e x p e c t  t h e  

f o l l o w i n g  p h a s e s  : 

1 ) t h e  nemat ic  phase  (N) w i t h  1 = 1 $ 2 1  = 0  , 

2 )  t h e  monolayer s m e c t i c  phase  (SA1 ) w i t h  1 $, 1 = 0 ,  

a n d  



3)  t h e  b i l a y e r  a n t i f e r r o e l e c t r i c  s m e c t i c  phase  (SA 2 ) w i t h  

1  I + 0 ,  I + 0  and qp  = 7 q p  = qo . 

It  s h o u l d  be remarked h e r e  t h a t  a n  a n t i f e r r a e l e c t r i c  s m e c t i c  

A phase  w i t h  no l o n g  range  mass d e n s i t y  modula t ion  ( I + 0 ,  

1 $ 2 1  = 0 )  i s  n e v e r  s t a b l e  because  a  non- zero I $ 1  I a l w a y s  g e n e r a t e s  

a nsn- zero ) $ 2 1  v i a  t h e  t h i r d  o r d e r  t e r m ' i n  Af s . 

The mean f i e l d  f r e e  e n e r g y  d e n s i t y  o f  t h e  N phase  is z e r o ,  i . e . ,  

The f r e e  e n e r g y  d e n s i t y  o f  t h e  SA1 phase  i s  o b t a i n e d  by min imiz ing  

w i t h  r e s p e c t  t o  1 $ 2 1  t o  y i e l d  

The free e n e r g y  d e n s i t y  o f  t h e  b i l a y e r  SA 2 phase  i s  o b t a i n e d  by 

min imiz ing  



w i t h  r e s p e c t  t o  1 $ 1 , 1 q2 I and  q M i n i m i z a t i o n  w i t h  r e s p e c t  t o  
0 '  

q r e s u l t s  i n  
0 

To proceed  w i t h  t h e  a l g e b r a i c a l l y  com2lex m i n i m i z a t i o n  w i t h  r e s p e c t  

t o  IJI1 I and  , B a r o i s ,  P r o s t  and Lubensky i n t r o d u c e d  

D12 
0, = 2-  (C2/CI 'I2 x c o s  6  

B12 

x s i n  e 2  = -- B f 2  

- 2 2  2  2  
s o  t h a t  qo = K 1  c o s  0 + .1 K2 s i n  8  , 4 2  

where x  measures  t h e  d e g r e e  o f  o r d e r  and 8  t h e  r e l a t i v e  a m p l i t u d e s  

o f  JI1 and  J12. I n  t e r m s  o f  t h e s e  v a r i a b l e s  t h e  f r e e  e n e r g y  d e n s i t y  

becomes 

2  2  2 
f ( x ,  8) = x ( y l  cos2  8  + y2 s i n  6  + z c o s 2  6  s i n 2  8 )  

3 2 4 4 4 - 2x c o s  0 s i n e + x  ( I +  6 B 1 c o s  e + 6 B 2 s i n  8 ) ,  ( 3 )  



L Here y  a n d  y  are t h e  t e m p e r a t u r e  v a r i a b l e s  and  Z i s  t h e  incommen- 
1  2  

s u r a b i l i t y  p a r a m e t e r  m e a s u r i n g  t h e  d e g r e e  o f  p h a s e  misma tch  be tween 

K 1  a n d  K 2 / 2 .  The u s u a l  s t a b i l i t y  c o n d i t i o n s  demand 6 B 1  a n d  

6B2 t o  be g r e a t e r  t h a n  - 1 .  Numer ica l  c a l c u l a t i o n s  pe r fo rmed  by 

B a r o i s ,  P r o s t  and  Lubensky t o  minimize  t h e  f ree e n e r g y  h a v e  l e d  

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

a few which  a re  most  r e l e v a n t  t o  o u r  e x p e r i m e n t s .  

Case 1 

A small i n c o m m e n s u r a b i l i t y  p a r a m e t e r  w i t h  symmet r i c  e l as t i c  

a n d  f o u r t h  o r d e r  terms ( 6 B1 = 6  B2 1 r e s u l t s  i n  a p h a s e  d i a g r a m  

( s e e  F i g .  5 .1 )  which  r e s e m b l e s  t h e  mean f i e l d  N - SA1 - SA d i a g r a m  2  



Fiaure 5.1 

Phaoe diagram in the Y , - Y 2  plane 60% a omall incommenou- 
2 zability pazameter IZ 1 with oymmetric elaotic and bouzth 

ozdez tezmo li.e., 6u,  = 6 u 2  = 0. The oolid line denoteo 
a birot-ozdez phaoe boundary, while the daohed line denotes 
a oecond order boundary. (From 'Red. 6). 



o f  p r o s t  .8 T h i s  d iagram shows t h e  f o l l o w i n g  f e a t u r e s  : 

1  t h e  N-A1 l i n e  i s  t h r o u g h o u t  second o r d e r  and t e r m i n a t e s  

a t  a  c r i t i c a l  end p o i n t  Q ,  

2  t h e r e  a r e  t w o  t r i c r i t i c a l  p o i n t s ,  v i z . ,  R on t h e  A1 - A 2  

boundary and P  on t h e  N - A 2  boundary. 

Case 2 

I f  t h e  e l a s t i c  c o n s t a n t s  C and C2  a r e  d i f f e r e n t  and  f a v o u r  
1 

a n  e a s y  compress ion o f  $ ( i  . e . ,  6 B  i n c r e a s e s  and 6 B d e c r e a s e s ) ,  
1 1 2  

2  t h e n  a t  s m a l l  v a l u e s  o f  Z , a  new f i r s t  o r d e r  phase  boundary sepa-  

r a t i n g  two A p h a s e s ,  v i z . ,  A2  and A; (which are d i s t i n g u i s h e d  

by d i f f e r e n t  v a l u e s  o f  8 and  hence qo)  a p p e a r s  ( s e e  F i g .  5 .2 ) .  

F o r  s m a l l  v a l u e s  o f  8 , qo is o f  t h e  o r d e r  K 1  and $ i s  much l a r g e r  
1 

t h a n  q 2 .  The A; phase  can  be i d e n t i f i e d  w i t h  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  Ad phase  even though q 2  is  s t r i c t l y  s p e a k i n g  non- zero.  

( F o r  t h e  purpose  o f  t h e o r e t i c a l  d i s c u s s i o n  we s h a l l  be r e f e r r i n g  

t o  i t  as A t  i n  t h i s  s e c t i o n . )  
2  

TI For  0  < 8 < - , t h e  a m p l i t u d e s  o f  JI and $2 a r e  comparable ,  
2  1 

l e a d i n g  t o  t h e  A p  phase .  Across  t h e  phase  boundary between 
A; 

- 2  and A 2 ,  
2  

90 
and s i n  8 e x h i b i t  d i s c o n t i n u i t i e s  which c a n  be e v a l u a t e d  

u s i n g  



P habe diagzam 601 bmall incommenbu.rability p a ~ a m e t e r  
with abymmetzic elahtic and douzth ordered te.rmb. The 

bolid line denoteb a 6izbt o ~ d e ~  phabe bounda~y  while 
the dashed line denoteb a ~ e c o n d  0lrde.r boundalry.(fzom Red.6).  



v i a  

- 2  2  n2 K:) A ( s i n  0 1. A q o  = (-7j-- 

The A; - A boundary is  a  c o n t i n u a t i o n  o f  t h e  f i r s t  o r d e r  
2 

N - A 2  l i n e  beyond P ( s e e  F i g .  5 . 2 )  and t e r m i n a t e s  a t  a c r i t i c a l  

-2 p o i n t  C where t h e  v a l u e  o f  A q o  g o e s  t o  z e r o .  I n  t h e  framework 

o f  mean f i e l d  t h e o r y  c r i t i c a l  f l u c t u a t i o n s  i n  t h e  v i c i n i t y  o f  

C a r e  e x p e c t e d  t o  be similar t o  t h o s e  e n c o u n t e r e d  a t  t h e  l i q u i d- g a s  

c r i t i c a l  p o i n t .  The p r e s e n c e  o f  t h e  c r i t i c a l  p o i n t  C i n d i c a t e s  

t h a t  t h e r e  i s  no d i f f e r e n c e  i n  symmetry between t h e  A 2  and A; 

. w i t h  d i f f e r e n t  r e l t i v e  a m p l i t u d e s  o f  and $ 2 .  T h e r e  i s  a l s o  

a  t r i c r i t i c a l  p o i n t  R on t h e  A 1  - A phase  boundary.  
2 

Case 3 

When e i t h e r  t h e  i n c o m m e n s u r a b i l i t y  p a r a m e t e r  z2 i s  f u r t h e r  

i n c r e a s e d  o r  6B1 i n c r e a s e d  and  68 d e c r e a s e d  a n o h h e r  boundary 
2 

i n  t h e  form o f  a  f i r s t  o r d e r  A ,  - A t  l i n e  a p p e a r s  ( F i g .  5 . 3 )  t e r m i -  2  

n a t i n g  a t  one  end i n  a  mean f i e l d  b i c r i t i c a l  p o i n t  B where  t h e  

N ,  A and  A; p h a s e s  meet.  The o t h e r  end o f  t h i s  A1 - A ;  l i n e  ends  1  

a t  a t r i p l e  p o i n t  T  where t h e  A , ,  A and A; p h a s e s  c o e x i s t .  The 2  

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



Phase diaglram 6 0 2  Pa~gelr incommensu~abi l i t y  pazametez 
wi th  a s y m m e t ~ i c  elahtic and 6 o u ~ t h  ozdezed tezm6.  The 

solid line denote4 a 6 i ~ s t  0lrde.r phase boundazy, while 
the  dashed line denote4 a second ozdet  boundazy. (Fzom 

Ueb. 6 ) .  



A2 and A; p h a s e s  c o n t i n u e s  t o  e x i s t .  The t r i c r i t i c a l  p o i n t  R on 

t h e  A , - A  p h a s e  boundary is  a l s o  r e t a i n e d .  2 

On t h e  e x p e r i m e n t a l  s i d e ,  h igh r e s o l u t i o n  X-ray s t u d i e s  

o f  Chan e t  ' a l . 5  have shown t h e  e x i s t e n c e  o f  t h e  A - A t r i c r i t i c a l  1 2  

p o i n t  f o r  t h e  hexy lpheny l  cyanobenzoyloxy benzoa te  (DB6) a n d  t e r e p h-  

t h a l - b i s - b u t y l a n i l i n e  (TBBA) sys tem.  However a t r i c r i t i c a l  p o i n t  

f o r  t h e  N - A 2  t r a n s i t i o n  h a s  n o t  been obse rved  s o  f a r .  Very r e c e n t l y  

S h a s h i d h a r  e t  a1.3 r e p o r t e d  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; - 

A2 ( o r  A
d
- A  c r i t i c a l  p o i n t  i n  t h e  t e m p e r a t u r e- c o n c e n t r a t i o n  2 

d i a g r a m  o f  4 - n - u n d e c y l o x y p h e n y l - 4  - (  411-cyanobenzyloxy) b e n z o a t e  

( o r  IIOPCBOB) and 4-n-nonylo~ybiphenyl-4~-cyanobenzoate ( o r  90BCB) 

b i n a r y  sys tem.  T h e i r  r e s u l t s  showed t h a t  t h e  f i r s t  o r d e r  A; - 
A 2 

boundary,  c h a r a c t e r i s e d  by a narrow two-phase r e g i o n  ( i n  which 

t h e  d e n s i t y  m o d u l a t i o n s  o f  bo th  A; and  A2  c o e x i s t )  t e r m i n a t e s  

a t  a c r i t i c a l  p o i n t .  The d i f f e r e n c e  i n  t h e  wavevec to r  q and q 1  
0 0 

a t  t h e  A; - A t r a n s i t i o n  was found t o  d e c r e a s e  w i t h  a n  accompany- 2 

i n g  d e c r e a s e  i n  t h e  wid th  o f  t h e  two-phase r e g i o n  as  t h e  c r i t i c a l  

p o i n t  was approached .  

Earlier Studies  on the A 
1 

- A Point - Nre d 

We s h a l l  now summarize t h e  s i t u a t i o n  c o n c e r n i n g  t h e  A 1 - N r e  
- 

Ad b i c r i t i c a l  p o i n t .  S e v e r a l  e x p e r i m e n t a l  b i n a r y  phase  d i a g r a m s  

e x h i b i t i n g  t h e  - Ad p o i n t  have been r e p o r t e d  1 , 1 1  
A~ - Nre ( s e e  

F i g .  5 . 4 ) .  I t  h a s  a l s o  been p o i n t e d  out'12 t h a t  t h e  g l o b a l  t o p o l o g y  



Binary phaie diagram ohowing A ,  - Nre - A oint.  d P  
(From Red. l l .  



o f  t h e s e  phase  d iagrams  n e a r  t h e  A ,  - Nre - Ad p o i n t  i s  s i m i l a r  

t o  t h e  t y p i c a l  t o p o l o g y  o f  a magnet ic  b i c r i t i c a l  p o i n t  1 3 , 1 4  ( s e e  

F i g .  5 . 5 ) .  However, i t  i s  w e l l  known from t h e  s t u d i e s  on t h e  nema- 

t i c -  s m e c t i c  A - s m e c t i c  C (NAC) m u l t i c r i t i c a l  p o i n t  15-17 t h a t  t h e  

t r u e  t o p o l o g y  o f  t h e  phase  diagram can  be obse rved  o n l y  i n  t h e  

immediate  v i c i n i t y  o f  t h e  NAC p o i n t .  No s u c h  h i g h  r e s o l u t i o n  e x p e r i -  

m e n t a l  s t u d i e s  have been c a r r i e d  o u t  n e a r  t h e  e x p e c t e d  A 1  - N r e  - Ad 

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

d i s c u s s e d  above p r e d i c t s  a  b i c r i t i c a l  p o i n t ,  when t h e  e f f e c t  o f  

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

p o i n t  becomes q u e s t i o n a b l e .  It h a s  been a r g u e d  t h a t  s i n c e  bo th  

A and A 1  p h a s e s  have t h e  same symmetry, t h e  N - A
d  

and N - A 1  t r a n s i -  d  

t i o n s  s h o u l d  bo th  be long  t o  t h e  same u n i v e r s a l i t y  c l a s s ,  i . e . ,  

t h e  i n v e r t e d  xy u n i v e r s a l i t y  c l a s s .  l 8  Renormal iza  t i o n  g r o u p  c a l c u -  

l a t i o n s  1 3 9 1 9  show t h a t  under  s u c h  a  c i r c u m s t a n c e  t h e  r e s u l t i n g  

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

n o t  a b i c r i t i c a l  p o i n t .  I t  h a s  a l s o  been p r e d i c t e d 2 0  t h a t  a n  o f f -  

s h o o t  o f  t h i s  s i t u a t i o n  would be an  incommensurate A phase  w i t h  

b o t h  Ad- and A l - l i k e  m o d u l a t i o n s .  I n  v iew o f  t h e s e  a  h i g h  r e s o l u-  

t i o n  s t u d y  o f  t h e  phase  diagram n e a r  t h e  A ,  - N r e  - Ad 
p o i n t  h a s  

been t a k e n  up a l o n g  w i t h  t h e  d e t a i l e d  c a l o r i m e t r i c  ( D S C )  i n v e s t i -  

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

f o l l o w i n g  have l e d  u s  t o  p o s t u l a t e  a  new a l t e r n a t i v e  f o r  t h e  A 1 - N  r e  

- A  b i c r i t i c a l  p o i n t .  d  



Tiue bic~itical topology been in magnetic bybtemb. 
(Fiom ied. 741. 



5.3 A NEW ALTERNATIVE FOR THE A, - Nre - Ad BICRITICAL POINT 

5 . 3 . 1  Experimental 

A s  remarked b e f o r e ,  a  c a r e f u l  e v a l u a t i o n  o f  t o p o l o g y  

o f  t h e  phase  diagram n e a r  t h e  A 1  - Nre - A  p o i n t  i n v o l v e s  c o l l e c t i o n  

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

as  p o s s i b l e .  The major  d i f f i c u l t y  t h a t  was e n c o u n t e r e d  i n  a c h i e v i n g  

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

m a t e r i a l s  i n  s u f f i c i e n t  q u a n t i t i e s .  I t  is  e v i d e n t l y  n o t  d i f f i c u l t  

t o  a c h i e v e  a  p r e c i s i o n  o f  0 .01% o r  even b e t t e r  when l a r g e  q u a n t i -  

t i e s  o f  t h e  sample  are a v a i l a b l e .  I n  o u r  c a s e ,  however,  t h e  quan- 

t i t y  o f  t h e  s u b s t a n c e s  a v a i l a b l e  was o n l y  a b o u t  2 0 0- 2 5 0  mg. o f  

e a c h  m a t e r i a l .  With t h i s  l i m i t e d  q u a n t i t y  i t  was i m p e r a t i v e  t o  

make a t  l e a s t  25-30 i n d i v i d u a l  m i x t u r e s ,  e a c h  m i x t u r e  w i t h  as 

h i g h  a n  a c c u r a c y  a s  p o s s i b l e ,  t o  o b t a i n  enough d a t a  t o  map a h i g h  

r e s o l u t i o n  diagram.  T h i s  was a c h i e v e d  i n  t h e  f o l l o w i n g  manner. 

A )  Weighing 

A Perkin- Elmer  AD2 mic roba lance  w i t h  a we igh ing  a c c u r a c y  

o f  1  microgram was used .  Care  was t a k e n  t o  mount t h e  b a l a n c e  on 

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

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

o f  t h e  b a l a n c e  f o r  a n y  g i v e n  weighing depends  on a  number o f  pa ra-  

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

a tmosphere  and t h e  t i m e  f o r  which t h e  b a l a n c e  i s  a l l o w e d  t o  e q u i -  



l i b r i a t e .  The e f f e c t  o f  t h e s e  f a c t o r s  were  minimised by a c c u r a-  

t e l y  c o n t r o l l i n g  t h e  ambien t  t e m p e r a t u r e  and humid i ty  and  w a i t i n g  

f o r  l o n g  p e r i o d s  (2-3 h r . )  b e f o r e  any r e a d i n g  o f  t h e  b a l a n c e  was 

t a k e n  f o r  each  weighing.  D e s p i t e  t h e s e  p r e c a u t i o n s  i t  was o b s e r v e d  

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

small but  p e r c e p t i b l e  d r i f t .  T h i s  problem was overcome by a n a l y s i n g  

t h e  amount o f  d r i f t  w i t h  t i m e .  T y p i c a l l y ,  f o r  i n s t a n c e ,  a f t e r  

w a i t i n g  f o r  a p e r i o d  o f  a b o u t  2 h o u r s  o r  more,  a  d r i f t  o f  1 micro-  

gram p e r  hour  was o b s e r v e d .  The e x t e n t  o f  t h i s  d r i f t  became even  

less a f te r  w a i t i n g  f o r  s t i l l  l o n g e r  i n t e r v a l s .  An e v a l u a t i o n  o f  

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

t h e  c o r r e c t  w e i g h t  when e x t r a p o l a t e d  t o  z e r o  d r i f t .  I n  t h i s  manner 

i t  was p o s s i b l e  t o  o b t a i n  a weighing a c c u r a c y  o f  * 1 microgram 

and hence a c o n c e n t r a t i o n  a c c u r a c y  o f  a b o u t  k0.04 mol % f o r  e a c h  

m i x t u r e .  

B) Sample p r e p a r a t i o n s  

R e q u i s i t e  amounts o f  t h e  sample  were t a k e n  on a glass cover-  

s l i p .  Samples were added v e r y  s l o w l y  and i n  v e r y  small amounts  

s o  as t o  min imise  mechan ica l  d i s t u r b a n c e s .  Care  was t a k e n  t o  s e e  

t h a t  t h e s e  s a m p l e s  a r e  lumped t o g e t h e r  a t  t h e  c e n t r e  o f  t h e  cover-  

s l i p .  Even i f  a s m a l l  s p e c k  s t a y s  o u t  from t h e  b u l k  i t  l e a d s  t o  

u n c e r t a i n t i e s  i n  t h e  c o n c e n t r a t i o n  d e t e r m i n a t i o n .  To e n s u r e  good 

t h e r m a l  d i f f u s i o n ,  t h e  s u b s t a n c e  w i t h  a  lower  m e l t i n g  p o i n t  was 



first weighed on t o  t h e  c o v e r s l i p  on t h e  t o p  o f  which t h e  second 

sample  ( w i t h  a  h i g h e r  m e l t i n g  p o i n t )  was added.  The c o v e r s l i p  

w i t h  t h e  sample  was t h e n  t r a n s f e r r e d  c a r e f u l l y  o n t o  a h o t  s t a g e  

and t h e  s u b s t a n c e s  were mixed thorough ly .  The h o t  s t a g e  h a s  been 

p r e v i o u s l y  m a i n t a i n e d  a t  a s u i t a b l e  t e m p e r a t u r e  s o  t h a t  t h e  sub-  

s t a n c e  melts as  soon as t h e  c o v e r s l i p  i s  t r a n s f e r r e d  on t o  it  

- t h i s  e n s u r e s  a homogeneous mixing.  The m i x t u r e  p r e p a r e d  i n  t h i s  

way was t h e n  u s e d  f o r  o p t i c a l  m i c r o s c o p i c  s t u d i e s .  F o r  t h i s  pur-  

p o s e ,  t h e  sample  was t a k e n  i n  a mol ten  s t a t e  from t h e  m i x t u r e  

and was t r a n s f e r r e d  on t o  a s l i d e .  The t r a n s i t i o n  t e m p e r a t u r e s  

were  de te rmined  u s i n g  a L e i t z - O r t h o p l a n  microscope 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  FP82 h o t  stage. The s h a r p n e s s  o f  t h e  t r a n s i t i o n  

was used as a measure t o  t e s t  t h e  homogeneity o f  t h e  m i x t u r e .  

Whenever t h e  t r a n s i t i o n  was found t o  be r a t h e r  b road ,  t h a t  m i x t u r e  

was d i s c a r d e d .  Also  a t  l e a s t  3 o r  more s l i d e s  were p r e p a r e d  from 

t h e  same 'mother  m i x t u r e 1  and  t h e i r  t r a n s i t i o n  t e m p e r a t u r e s  were 

examined. I f  t h e  s l i d e s  showed d i f f e r e n c e s  i n  t h e  t r a n s i t i o n  tempe- 

r a t u r e s  t h i s  was a t t r i b u t e d  t o  a c o n c e n t r a t i o n  g r a d i e n t  i n  t h e  

m i x t u r e  and t h e  mother  m i x t u r e  was n o t  used f o r  t h e  e x p e r i m e n t .  

Only t h o s e  m i x t u r e s  which showed r e p e a t e d l y  r e p r o d u c i b l e  t r a n s i t i o n  

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

s t u d i e s .  P r e l i m i n a r y  o b s e r v a t i o n s  were c a r r i e d  o u t  u s i n g  a h e a t i n g /  

c o o l i n g  r a t e  o f  1°C/min. To d e t e r m i n e  t h e  e x a c t  t r a n s i t i o n  tempe- 

r a t u r e  we used a r a t e  o f  0. l°C/min,  t h e  l o w e s t  rate p o s s i b l e  w i t h  

t h e  Met tLer  (FP82) c o n t r o l l e r .  Although t h e  d i s p l a y e d  read-  



i n g  on t h e  M e t t l e r  h o t  s t a g e  was 100 m K ,  we c o u l d ,  by u s i n g  

a d i g i t a l  t i m e r  s y n c h r o n o u s l y  i n  c o n j u n c t i o n  w i t h  t h e  h o t  s t a g e ,  

o b t a i n  (by i n t e r p o l a t i o n )  a  t e m p e r a t u r e  r e a d i n g  a c c u r a c y  o f  * 2 0  

mK . 

C) M a t e r i a l s  

The c o n s t i t u e n t  compounds o f  t h e  b i n a r y  sys tem s t u d i e d  

a r e  4-n-octyloxyphenyl-41-(411-nitrobenzoyloxy)benzoate (DB8.0.N02) 

and 4-n-decyloxyphenyl-41-(411-nitrobenzoyloxy)benzoate (DB1O.O.NO ) .  2  

The chemica l  s t r u c t u r e s  o f  t h e  compounds and t h e  t r a n s i t i o n  tempe- 

r a t u r e s  a r e  g i v e n  i n  F i g .  5.6. DB8.0.N02 shows N ,  A1 and " C h a s e s  

- 
w h i l e  DB1O.O.NO shows N ,  A d ,  C and C2 p h a s e s .  

2  

D) DSC S t u d i e s  

The c a l o r i m e t r i c  s t u d i e s  were performed u s i n g  a 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 e r ,  DSC-4 (Perk in- Elmer ) .  I t  was used i n  conjunc-  

t i o n  w i t h  a f u l l y  c o m p u t e r i s e d  Thermal A n a l y s i s  Da ta  S t a t i o n  (TADS) 

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

u s i n g  s t a n d a r d  s o f t w a r e  programs.  The i n s t r u m e n t  was c a l i b r a t e d  

u s i n g  p u r e  Indium b e f o r e  and a f t e r  any  s e t  o f  e x p e r i m e n t s .  

E) X-ray S t u d i e s  

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  which 



I II 
4- n - octyloxyphenyl-4- ( 4  - nitrobenzoyloxy) benzoate 

I1 
4-n - decyloxyphenyl - 4'-(4 - nit robenzoyloxy) benzoate 

220 OC 210-8 OC 119 OC -. 107.4OC 89 O C  I - N -  Ad----+C-C2-K 

Chemical doimulae doi n-alhoxyphenyl-41-~411-nitiobenzoy40xyJbenzoate 

( n  = 8 and 70). Theii tianbition tempeiatuies aie albo given. 



h a s  a l r e a d y  been d e s c r i b e d  i n  Chap te r  11. We s h a l l  o n l y  be g i v i n g  

h e r e  a few r e l e v a n t  f a c t s .  The sample was t a k e n  i n  a  0 . 5  mm d i a-  

meter 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 .  A 

monodomain sample  was o b t a i n e d  by c o o l i n g  i n  t h e  p r e s e n c e  o f  a 

2.4T magnet. The a c c u r a c y  i n  t h e  d e t e r m i n a t i o n  o f  t h e  wavevec to r  

-4 ;-1 a t  a n y  t e m p e r a t u r e  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  i 10 mK d u r i n g  a n y  measurement.  

5 . 3 . 2  Results and Discussion 

The comple te  t e m p e r a t u r e- c o n c e n t r a t i o n  (T - X )  d iagram 

i s  shown i n  F i g . 5 . 7  which shows a A - N  - A d  p o i n t  f o r  X = 55 1  re 

mol % o f  DB10.0.N02. It must be remarked t h a t  t h i s  d iagram h a s  

been o b t a i n e d  by o p t i c a l  o b s e r v a t i o n  o f  t h e  t e x t u r e s  u n d e r  a 

p o l a r i s i n g  mic roscope  ( L e i t z - O r t h o p l a n ) .  The A1  - A d  t r a n s i t i o n  

was o b s e r v a b l e  as  a sudden a d j u s t m e n t  o f  t h e  e d g e s  o f  t h e  f o c a l  

c o n i c s .  It  i s  s e e n  t h a t  t h e  g l o b a l  t o p o l o g y  o f  o u r  phase  d iagram 

( F i g . 5 . 7 )  n e a r  t h e  A 1 - N r e - A d  p o i n t  r e s e m b l e s ,  a s  i n  t h e  c a s e  

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

b i c r i t i c a l  p o i n t .  However, we s h a l l  show i n  t h e  f o l l o w i n g  t h a t  

a c o m p l e t e l y  d i f f e r e n t  p i c t u r e  emerges when we examine t h e  h i g h  

r e s o l u t i o n  diagram.  

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

k0.04 mol% i n  X and  i 2 0  mK i n  T) i n  t h e  immediate  v i c i n i t y  o f  

t h e  A1 - N r e  - Ad p o i n t  a r e  p r e s e n t e d  i n  F i g .  5 . 8 .  By d e f i n i t i o n ,  



C omptete temperature-concentration diagram 60% binary mixtures 

06 D138.0.N02 and D B I 0 . 0 . N 0 2 .  X i s  the mot % 06 D810.0.N02 in the 

mixture. The sotid tineb are guides to the eye. The A,-Nre-Ad point 

which occurs at X = 55.0 i s  denoted by a closed circle. The size 06 

the circle constitute4 approximatetq the entire region 06 T over which 

the high zesolution data aqe shown in F i g .  5.8. (For explanation 06 
the various phases, see Red. I.) .  



High ~eaolution. T - X  diag~am in the vicinity 06 the A ,  - N T e  - Ad point. 

The ~ol id  line6 aTe guide t o  the eye. 



a t  t h e  b i c r i t i c a l  p o i n t ,  t h e  two second- order  b o u n d a r i e s  s h o u l d  

come i n  t a n g e n t i a l l y  t o  t h e  f i r s t - o r d e r  phase  boundary.  1 0 , 1 2  

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

g o  t o  z e r o  a t  t h e  b i c r i t i c a l  p o i n t .  The h i g h  r e s o l u t i o n  phase  

d iagram (T - X)  ( F i g .  5 . 8 )  shows t h a t  t h e  first o f  t h e  above r e q u i r e -  

ments  is  n o t  s a t i s f i e d  - t h e  second o r d e r  A - N  boundary d o e s  
d re 

n o t  a p p e a r  t o  be t a n g e n t i a l  t o  t h e  f i r s t  o r d e r  A d - A 1  boundary.  

To v e r i f y  i f  t h e  h e a t  a s s o c i a t e d  w i t h  t h e  A d - A 1  t r a n s i t i o n  g o e s  

t o  z e r o  a t  t h e  A ,  - Nre - A p o i n t  we have t a k e n  up d e t a i l e d  d i f f e -  
d 

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 .  The r e s u l t s  o f  t h e s e  s t u d i e s  

are d e s c r i b e d  below. 

I n i t i a l  DSC s t u d i e s  conduc ted  f o r  c o n c e n t r a t i o n s  on e i t h e r  

s i d e  o f  t h e  A l - N r e  - Ad p o i n t  showed t h a t  b o t h  Nre  - A1 and A ,  - Ad 

t r a n s i t i o n s  show c l e a r  s i g n a t u r e s  i n  t h e i r  DSC r u n s  w h i l e  t h e  

A
d
- N  t r a n s i t i o n  was u n d e t e c t a b l e .  T h i s  r e s u l t  i s  i n  c o n f o r m i t y  r e  

w i t h  t h e  r e c e n t  h i g h  r e s o l u t i o n  AC c a l o r i m e t r i c  s t u d y 2  where in  

i t  was obse rved  t h a t  t h e  anomalous s p e c i f i c  h e a t  s i g n a l  f o r  t h e  

- A  t r a n s i t i o n  was v e r y  much g r e a t e r  t h a n  t h a t  f o r  t h e  A - N  Nre 1 d r e  

t r a n s i t i o n .  

I n  a l l  8 m i x t u r e s  (X = 55 .13 ,  55 .37 ,  5 5 . 7 2 ,  56.02,  56.97,  

57.83,  58.91 and 60 .79)  e x h i b i t i n g  t h e  A ,  - A d  t r a n s i t i o n  and 7 

m i x t u r e s  ( X = 4 9 . 9 9 ,  51 .95 ,  5 3 . 5 2 ,  53.92,  54 .39 ,  5 4 . 7 3  and 54.92)  

showing t h e  A1 - Nre t r a n s i t i o n  were s t u d i e d .  F o r  e a c h  c o n c e n t r a t i o n  



DSC r u n s  were t a k e n  a t  10 d i f f e r e n t  r a t e s ,  r a n g i n g  f rom l.O°C/min 

t o  O.l°C/min,  t h e  l o w e s t  r a t e  p o s s i b l e  w i t h  t h e  DSC se t  up .  The 

t o t a l  area u n d e r  t h e  e n d o t h e r m i c  peak was c a l c u l a t e d  u s i n g  t h e  

c o m p u t e r i s e d  TADS s y s t e m  a n d  t h e  c o r r e s p o n d i n g  e n t h a l p y  (AH) was 

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

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

v a l u e  o f  AH o b t a i n e d  i n  t h i s  manner is shown i n  F i g .  5 . 9  a s  a f u n c-  

t i o n  o f  h e a t i n g  r a t e  f o r  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 .  

T h e s e  d a t a  i n  f a c t  c o n s t i t u t e  t h e  a v e r a g e  o f  a t  leas t  2 d i f f e r e n t  

h e a t i n g  r u n s  t a k e n  f o r  e a c h  h e a t i n g  r a t e .  A l e a s t - s q u a r e s - f i t  

o f  t h e  A H  d a t a  t o  a s t r a i g h t  l i n e  was c a r r i e d  o u t  wh ich  g a v e  

( A H l 0 , t h e  e n t h a l p y  e x t r a p o l a t e d  t o  z e r o  h e a t i n g  ra te .  A l t h o u g h  

i n  p r i n c i p l e ,  DSC c a n n o t  d i f f e r e n t i a t e  be tween r a p i d l y  v a r y i n g  

e n t r o p y  and  t h e  t r u e  l a t e n t  h e a t  o f  t r a n s i t i o n ,  we b e l i e v e  t h a t  

t h e  v a l u e  o f  (AH)0 e v a l u a t e d  i n  t h i s  manner s h o u l d  be v e r y  c l o s e  

t o  t h e  l a t e n t  h e a t  o f  t r a n s i t i o n .  I t  may be r e c a l l e d  t h a t  v e r y  

r e c e n t l y  Ra tna  and c h a n d r a s e k h a r P 2  have  a s c e r t a i n e d  t h e  e f f i c a c y  

o f  t h i s  t e c h n i q u e  by s t u d y i n g  t h e  A-N a n d  n e m a t i c - i s o t r o p i c  (N-I) 

t r a n s i t i o n s  o f  4-n-o~tyloxy-4~-cyanobiphenyl (80CB) f o r  wh ich  

a d i a b a t i c  c a l o r i m e t r y  d a t a  are a v a i l a b l e .  

We s h a l l  now examine  t h e  p l o t s  o f  A H  v s .  h e a t i n g  r a t e  f o r  

d i f f e r e n t  c o n c e n t r a t i o n s .  F o r  t h e  A 1 - A d  t r a n s i t i o n  ( s e e  F i g s .  

5 . 9 a  a n d  b )  t h e  v a l u e  o f  A H  i s  s e e n  t o  be i n d e p e n d e n t  o f  t h e  h e a t -  

i n g  r a t e ,  a s  is  g e n e r a l l y  e x p e c t e d  f o r  f i r s t  o r d e r  t r a n s i t i o n s  



HEATING RATE (OClmin) 

Figure 5.9. Plotb 06 enthalphy lAHl v4. heating late do? the A ,  -Ad (a ,  bl, and 

A,-Nze tranaitionb lc-dl a4 obtained by VSC run4 dot didberent concentrations. 
The valueb 06 X are (a1 56.02, IbJ 55.13, lc) 54.92, Id) 54.73, (ej  51.95, and 

( 6 )  49.99. Each data point i s  bhown ab a vettical line whobe height reprebent6 

the e1ro.r bar in the determination 06 A H .  The boPid line ia a leabt-6qua.re-6it 06 

the data t o  a atraight line. The aame ( i t  atao giver [Wig, the enthalpy extrapolated 

t o  zezo heating rate, which can be equated t o  the Patent heat 04 ttandtion. 



w i t h  l i t t l e  o r  no  p r e t r a n s i t i o n a l  e f f e c t s . 2 3  I n  t h e  c a s e  o f  A ,  - N r e  

t r a n s i t i o n ,  A H  i s  s t r o n g l y  dependent  on t h e  h e a t i n g  rate.  F o r  

some c o n c e n t r a t i o n s  ( s e e  F i g s .  5 . 9 ~  & d l ,  (AH)0 is  s e e n  t o  be  

non- zero i m p l y i n g  t h a t  t h e  t r a n s i t i o n  is  weakly  first o r d e r  w i t h  

l a r g e  p r e t r a n s i t i o n a l  e f f e c t s .  On t h e  o t h e r  hand,  f o r  some o t h e r  

m i x t u r e s  ( F i g s .  5 .9e  & f )  (AH)0 = 0 s i g n i f y i n g  t h a t  t h e  A1 - N r e  

t r a n s i t i o n  f o r  t h e s e  c o n c e n t r a t i o n s  is  p r o b a b l y  second  o r d e r .  

The complete  d a t a  on f o r  a l l  t h e  c o n c e n t r a t i o n s  are p l o t t e d  

a g a i n s t  t h e  c o n c e n t r a t i o n  (X) i n  F i g .  5 .10.  The f o l l o w i n g  i m p o r t a n t  

f e a t u r e s  a r e  c l e a r  from t h e  diagram : 

i Although (AH)0 f o r  t h e  A1  - A t r a n s i t i o n  d e c r e a s e s  i n i t i a l l y  d  

w i t h  d e c r e a s i n g  X ,  i t  d o e s  n o t  g o  t o  z e r o  a t  X = 55 .0 ,  

, t h e  c o n c e n t r a t i o n  a t  which t h e  A 1  - Nre  - Ad p o i n t  o c c u r s .  

We can  t h e r e f o r e  i n f e r  t h a t  t h e  A 1  - N  r e  - p o i n t  is  n o t  

a  b i c r i t i c a l  p o i n t .  

i i )  The A 1 - N  boundary is s e e n  t o  be o f  second o r d e r  a t  low r e  

c o n c e n t r a t i o n s  b u t  becomes first o r d e r  on a p p r o a c h i n g  t h e  

A~ - N r e  - Ad p o i n t .  Hence, t h e r e  s h o u l d  be a  t r i c r i t i c a l  

p o i n t  on t h e  A - N  l i n e .  +r- 

X-ray S t u d i e s  

Our DSC r e s u l t s  have shown t h a t  t h e  A
d
- A ,  t r a n s i t i o n  is  

of  f irst  o r d e r  i n  n a t u r e .  The s i g n a t u r e  o f  t h i s  t r a n s i t i o n  i n  



Figure 5.1 0 

Plot  06 la tent  heat ( A aabockted w i t h  t h e  A ,  - A d  ( * I  
and A - Nre  (o J t zana i t ion~  in  the neighboudood 06, the  

A ,  -N , , -Ad  point. 



X-ray s t u d i e s  s h o u l d  be a jump i n  t h e  l a y e r  s p a c i n g  whose magni tude  

s h o u l d  go t o  z e r o  a t  t h e  b i c r i t i c a l  p o i n t .  It i s  o f  i n t e r e s t  t o  

s e e  i f  s u c h  a behav iour  can  be s e e n  on a p p r o a c h i n g  t h e  A - N  1 re - *d 

p o i n t .  With t h i s  i n  view w e  have conducted X-ray s t u d i e s  ( u s i n g  

t h e  d i f f r a c t o m e t e r  set up d e s c r i b e d  i n  C h a p t e r  1 1 )  o f  t h e  A 1 - A d  

t r a n s i t i o n  f o r  s e v e r a l  c o n c e n t r a t i o n s  n e a r  t h e  A 
1 - N r e  - Ad p o i n t .  

Da ta  f o r  two 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 ,  v i z . ,  X = 55.37 a n d  

56.01 are shown i n  F i g s .  5 .11  and 5.12 r e s p e c t i v e l y .  It is s e e n  

t h a t  e s s e n t i a l l y  a  similar behav iour  o f  t h e  l a y e r  s p a c i n g  ( d )  i s  

s e e n  f o r  bo th  t h e  c o n c e n t r a t i o n s .  S t a r t i n g  f rom t h e  Ad phase ,  

d  i n c r e a s e s  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  and a t  t h e  A - A 1  t r a n s i -  d  

t i o n  a c l e a r  jump i n  d i s  o b s e r v e d .  ( I t  may be r e c a l l e d  t h a t  a 

s i m i l a r  jump i n  d  h a s  been s e e n  e a r l i e r  f o r  o t h e r  s y s t e m s  e x h i b i t -  

i n g  t h e  A 1 - A  t r a n s i t i o n .  d  4 9 1  T h i s  jump is  a b o u t  15.5 f o r  
0 

X = 55.37 and 16 A f o r  X = 56.01 - t h e r e  i s  no pronounced d e c r e a s e  

i n  t h e  magni tude o f  t h e  jump i n  d a s  t h e  A1  - N r e  - Ad p o i n t  is 

approached .  Hence o u r  X-ray d a t a  a l s o  s u p p o r t  t h e  d e d u c t i o n  o f  

t h e  DSC r e s u l t s  and t h e  h i g h  r e s o l u t i o n  T-X d iagram,  v i z . ,  t h e  

- A  p o i n t  is  n o t  a  b i c r i t i c a l  p o i n t .  A ~ - N r e  d  

Also ,  a s  ment ioned i n  S e c t i o n  5 . 1 ,  t h e  r e n o r m a l i s a t i o n  

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

n e a r  t h e  A 1 - N r e -  Ad p o i n t .  However ,ne i the r  o p t i c a l  n o r  X-ray 

r e s u l t s  showed any  i n d i c a t i o n  o f  such a  phase  even  f o r  c o n c e n t r a-  

t i o n s  w i t h i n  0 .1  mol % o f  t h e  c o n c e n t r a t i o n  a t  which  t h e  A 1  - N r e - A d  



Theimd vaiiation 06 the !ayei &pacing hot X = 55.37 mo! % 



Layer bpacing va~iation with temperatute been dot 
X = 56.01 mo! % 06 D B I 0 . 0 . N 0 2 .  



p o i n t  e x i s t s .  Thus a t e t r a c r i t i c a l  p o i n t  c a n  be r u l e d  o u t .  The 

q u e s t i o n  t h e r e f o r e  ar ises as t o  t h e  n a t u r e  o f  t h e  A1  - N r e  - A d  

p o i n t .  The r e s u l t s  o f  o u r  DSC s t u d i e s  d e s c r i b e d  ea r l i e r  show t h a t  

t h e  Ad - N p h a s e  boundary  i s  second o r d e r  t h r o u g h o u t  w h i l e  t h e  re 

A 1 - N  bounda ry  is  s e c o n d  o r d e r  away from t h e  A - N  - A  p o i n t ,  r e  1 re d  

b u t  becomes f i r s t  o r d e r  c l o s e  t o  i t .  

Thus  we c a n  i n f e r  t h a t  t h e  A 1  - N r e -  Ad b i c r i t i c a l  p o i n t  

h a s  s p l i t  i n t o  a c r i t i c a l  end  p o i n t  ( f o r  t h e  Ad - N bounda ry )  re  

a n d  a t r i c r i t i c a l  p o i n t  ( o n  t h e  A 1 - N r e  b o u n d a r y ) .  Such  a s i t u a t i o n  

h a s  i n d e e d  been  p o s t u l a t e d  t h e o r e t i c a l l y  i n  m a g n e t i c  s y s t e m s ,  2 5 , 2 6  

b u t  h a s  n o t  y e t  been  e n v i s a g e d  i n  t h e  t h e o r y  o f  f r u s t r a t e d  smectics. 

It mus t  be men t ioned  t h a t  t h e  a c c u r a c y  i n  t h e  d e t e r m i n a t i o n  o f  

( A H ) 0  which  is  k0.05 J/gm, i s  n o t  s u f f i c i e n t  f o r  u s  t o  e x a c t l y  

l o c a t e  t h e  c o n c e n t r a t i o n  a t  which  t h e  t r i c r i t i c a l  p o i n t  o c c u r s  

o n  t h e  A ,  - N r e  l i n e .  The p o s s i b i l i t y  t h a t  t h e  t r i c r i t i c a l  p o i n t  

may l i e  v e r y  c l o s e  t o  o r  a t  t h l  c r i t i c a l  end  p o i n t  i t s e l f  c a n n o t  

b e  c o m p l e t e l y  r u l e d  o u t  e i t h e r .  I n  t h e  case o f  t h e  l a t t e r ,  t h e  

A1 - N - A  p o i n t  would be a new k ind  o f  m u l t i c r i t i c a l  p o i n t  wh ich  re d  

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

Very  r e c e n t l y  P r o s t  a n d  Tone r ,  27 u s i n g  d i s l o c a t i o n  l o o p  

t h e o r y  o f  t h e  A-N t r a n s i t i o n ,  have  p r e d i c t e d  t h a t  a f irst  o r d e r  

Ad - A1 p h a s e  boundary  c a n  t e r m i n a t e  e i t h e r  a t  a c r i t i c a l  p o i n t  

o r  a s  a n e m a t i c  i s l a n d  which  e x i s t s  i n  a sea o f  smectic A s e p a r a t e d  



f rom a n o t h e r  n e m a t i c ,  r e f e r r e d  t o  a s  'main  domain 1 n e m a t i c .  Under 

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

c a n  j o i n  t h e  main  domain n e m a t i c  and  t h e r e b y  l e a d  t o  a n  unusua l  

p h a s e  d i ag ram a s  shown i n  F i g .  5.13. It i s  i n t e r e s t i n g  t o  n o t e  

';hat some o f  t h e  t o p o l o g i c a l  f e a t u r e s  o f  t h e  t h e o r e t i c a l  d i a g r a m  

a p p e a r  t o  be q i ~ a l i t a t i v e l y  similar t o  o i l r  p h a s e  d i a g r a m  ( s e e  F i g -  

5 . 8 ) .  C l e a r l y  f u ' r t h e r  s t u d i e s ,  e x p e r i m e n t a l  as  well as t h e o r e t i c a l ,  

a r e  needed  b e f o r e  we c a n  g e n e r a l i s e  t h e  s i t u a t i o n  c o n c e r n i n g  t h e  

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



Figure 5.13 

Theoretical phabe diagram rhowing the Nd-  N ,  crit ical 

point C and two crit ical end pointr, A (dot the A , N ,  line) 

and 8 1601 the AdNd line). (From Red. 211. 
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