
C H A P T E R  V I  

PHASE DIAGRAMS INVOLVING Ad AND Al PHASES 

6.1 INTRODUCTION 

As descr ibed  in c h a p t e r  IV,  t h e  origin of polymorphism of 

s m e c t i c  A phase  i s  d u e  t o  a compet i t ion  b e t w e e n  o rde r ing  at t w o  

d i f f e ren t  length scales.  When t h e  compet ing  l eng ths  a r e  molecu la r  

length  & and t h e  length  II' of a pair  of mo lecu le s  (R < R' < 2R) o n e  

encoun te r s  a s i t ua t ion  leading t o  a n  A - A l  t rans i t ion .  On t h e  o t h e r  d 

hand, compe t i t i on  be tween  R' and 2 2  leads  to a n  A - A  t r ans i t i on .  d 2 

As shown in c h a p t e r  I V ,  under c e r t a i n  c i r cums tances ,  t h e  f i r s t  o r d e r  

A - A t rans i t ion  e n d s  a s  a gas-liquid type  of c r i t i c a l  poin t  beyond d 2 

which A evo lves  continuously into A phase. It h a s  a l s o  b e e n  shown d 2 
1 expe r imen ta l ly  t h a t  under ce r t a in  o t h e r  c i r c u m s t a n c e s  a n  i n c o m m e n-  

s u r a t e  phase  (A. ) c a n  in t e rvene  be tween t h e  A a n d  A2 phases.  
I c d 

T h e  s i t ua t ion  concerning  A
d
- A t r ans i t i ons  h a s  b e e n  d e a l t  1 

wi th  theo re t i ca l ly  by P r o s t  and ~ o n e r ~  using t h e  d i s loca t ion  loop 

approach.  This  t h e o r y  p red ic t s  s o m e  novel f e a t u r e s  conce rn ing  t h e  

t e r m i n u s  of t h e  A
d
- A t r ans i t i on  boundary, only  s o m e  of t h e s e  I 

having been  obse rved  exper imenta l ly  s o  far .  We sha l l  br ie f ly  d iscuss  

t h e  i m p o r t a n t  a s p e c t s  of t h e  theo ry  in 56.2 of t h i s  c h a p t e r .  The  

previously r e p o r t e d  expe r imen ta l  work concerning  t h e  A - A  t r ans i -  d 1 



t ions  is summar i sed  in 56.3.  Final ly in 56.4 w e  sha l l  p r e s e n t  t h e  

e x p e r i m e n t a l  phase  d i ag rams  obta ined  by us which r e p r o d u c e  qual i ta-  

t ive ly  s o m e  of t h e  topological  f e a t u r e s  p r e d i c t e d  by t h e  theory .  

6.2 DISLOCATION LOOP THEORY OF THE NEMATIC ISLAND 

IN A SMECTIC SEA 

Recen t ly ,  P r o s t  and  ~ o n e r '  have  developed a d is loca t ion  loop 

t h e o r y  of t h e  n e m a t i c - s m e c t i c  A transition. I t  p r e d i c t s  t h e  e x i s t e n c e  

of t w o  in t e re s t ing  possible s i t ua t ions  near  an  e x p e c t e d  A - A 1  c r i t i c a l  d 

point.  This t h e o r y  essent ia l ly  consists  of t w o  p a r t s ,  in t h e  f i r s t  

p a r t  P r o s t  and  Tone r  use  t h e  Landau theory  s imi l a r  t o  t h a t  proposed 

by Barois, P r o s t  and  ~ u b e n s k ~ )  t o  show t h a t  a n  A - A l  c r i t i c a l  d 

point  c a n  ex i s t  in a way s imi lar  t o  t h e  A - A  c r i t i c a l  point  d iscussed  d 2 

ear l ie r .  T h e  second p a r t  of t h e  theo ry  explains t h rough  a f luc tua t ion-  

c o r r e c t e d  mean- field t h e o r y  t h e  possibility of t h e  e x i s t e n c e  of 

a smal! n e m a t i c  island at t h e  te rminat ion  of t h e  A d - A I  boundary.  

The  physics of t h e  mechan i sm c a n  be  explained in t e r m s  of unbinding 

of dislocat ion loops. This unbinding occurs  when t h e  e n t r o p y  ga ined  

by pro l i fe ra t ing  t h e s e  loops through t h e  s m e c t i c  r e d u c e s  t h e  t o t a l  

f r e e  ene rgy  m o r e  t h a n  t h e  increase4  caused  by t h e  ene rgy  of t h e  

1oop.Since t h e  s m e c t i c  l aye r  compression e l a s t i c  c o n s t a n t  6 is expec-  

t e d  t o  vanish at t h e  A d - A I  c r i t i ca l  point (in c l o s e  ana logy  wi th  

t h e  d ive rgence  of compress ib i l i ty  of liquid at t h e  liquid-gas c r i t i c a l  



point),  t h e  e l a s t i c  ene rgy  of t h e  dislocat ion loops should  h a v e  a 

minimum nea r  t h e  c r i t i ca l  point. If th is  minimum of t h e  e l a s t i c  

ene rgy  is below t h e  threshold ene rgy  requi red  f o r  loop unbinding ,  ' 

in t h a t  case t h e  loops will unbind a n d  consequently a n e m a t i c  i s land  

will appear .  However ,  P r o s t  and Toner point o u t  c l ea r ly  t h a t  t h i s  

p i c tu re  i s  c e r t a i n l y  not  t h e  universal  one. Although,  t h e  e n e r g y  

of dislocat ion loop shows a local  minimum n e a r  t h e  c r i t i c a l  poin t ,  

i t s  va lue  a t  t h a t  minimum need no t  essent ia l ly  be  zero .  In t h a t  

case t h e  Ad-Al  f i r s t  order  boundary can,  in f a c t ,  e n d  as a c r i t i c a l  

point wi thout  t h e  o c c u r r e n c e  of a n e m a t i c  island. In o t h e r  words ,  

P ros t  and  Toner  predic t  t h a t  in s o m e  m a t e r i a l s  t h e  t e r m i n a t i o n  

of A
d
- A f i r s t  o r d e r  boundary c a n  be a n e m a t i c  is land wh i l e  in 1 

o t h e r  m a t e r i a l s  i t  could just be  a c r i t i c a l  point. 

Using t h e  m e a n  f ie ld  approach,  Pros t  a n d  Tone r  h a v e  predic-  

t e d  a va r i e ty  of phase d i ag rams  involving Ad-A1  phase  boundary .  

This  was  done  by expanding t h e  f r e e  energy  dens i ty  f in p o w e r s  

of t h e  t w o  spa t ia l ly  varying o rde r  p a r a m e t e r s  $ l  ( i)  and  $d ( i )  t h a t  

r ep resen t  r e spec t ive ly  t h e  monolayer  and pa r t i a l  b i layer  o rde r .  

S ince  t h e y  w e r e  i n t e r e s t e d  in t rans i t ions  i n t o  and  b e t w e e n  A and  1 

A states, t h e y  cons idered  t h e  case in which both  $ l  a n d  Od o r d e r  d 
A 

at  t h e  s a m e  wavevec to r  q=$,  where  z poin ts  a long  t h e  d i r e c t o r .  

in t h e  ' nema t i c  phase; i . . ,  $ ( = I $ 1 e ( qd(;) = e i(qz+Od) 

As usual only t h o s e  t e r m s  in f up t o  f o u r t h  o r d e r  in a n d  



qd have  been  re ta ined .  T h e  r e su l t an t  f r e e  ene rgy  dens i ty ,  upon mini-  

mizing over  t h e  phases  Q a n d  @ reads: 1 

. * 

w h e r e  t h e  wavevec to r s  q a n d  qd correspond to t h e  o p t i m a l  l e n g t h s  1 

!?, a n d  9,' (q l  =2n/!L; q d = 2 0 /  P; typical ly !I.'= 1.39,), a n d  t h e  t e r m s  s u c h  

2 2 
as W1 $ $2 /ad ( and  W 2  IJ IJ i 1 have been  ignored  f o r  t h e  s a k e  

of s implici ty.  P ros t  and  Toner  have  verif ied t h a t  t h e i r  r e s u l t s  f o r  

t h e  possible topologies of t h e  phase  d iagram a r e  s t a b l e  a g a i n s t  

sma l l  non- zero va lues  of Wl and W2. They, t h e n  sough t  t o  d e t e r m i n e  

t h e  phase  d iagram in t h e  r l - r d  plane,  which presumably  m a p s  con t i -  

nuously onto ,  say,  t h e  t empera tu re- concen t r a t ion  p l a n e  of a r e a l  

expe r imen t .  This phase d i ag ram follows f r o m  minimiz ing  f ove r  

a l l  possible va lues  of q, and  q4. Dif fe ren t  l o c a l  m i n i m a  of f 

t h e n  correspond t o  d i f f e r e n t  phases  - t h e  p l aces  w h e r e  t h e s e  m i n i m a  

c ros s  a r e  t h e  phase  boundaries. 

A s t r a igh t fo rward  minimiza t ion  wi th  r e s p e c t  t o  q yields ( a f t e r  

t h e  var iab le  change:  = S cos 0 //c qd = Ssine /JCd)  



a n d  

I 2 U(9) s4  
f = 7r(9)S +- 4 

2 wi th  r ( 9 )  ! ? -  p s in(29)+ c o s ( 2 9 ) 6  r - K c o s  2 9  a n d  U ( 9 ) = U  + 2 6 ~  cos  29 

+ U' c o s 2  2 9 ,  where  w e  h a v e  def ined  

- 1 ' 1  'd r E - ( - + - ) + K , ~ s  X 
2 C ~  Cd ( c  led) 

Ud 
2 u  

-- ),  U E  - +-  Id  14 
CICd 

2U 
Ud 6U E( - - - )/4, 

c; ct, 

T h e  n e m a t i c - s m e c t i c  t rans i t ion  occu r s  when t h e  s m a l l e s t  value 

of r(9) vanishes,  t h a t  is 

On t h e  s m e c t i c  side, t h e  minimiza t ion  of t h e  f r e e  e n e r g y  ove r  

$ g i v e s  

T h e  f i r s t  o rde r  SA-SA t r ans i t i ons  occu r  a t  t h o s e  va lues  of r and  



br  for  which min ima  of f a t  two d i f f e ren t  va lues  of 0 b e c o m e  equal.  

The  d i f f e ren t  possible topologies a r e  given in Figs. 6.1 -6.5. 

In a l l  cases t h e  n e m a t i c - s m e c t i c  A transi t ion l ine  ob ta ined  by  solving 

equa t ion  (2) i s  given in a p a r a m e t r i c  form r e p r e s e n t e d  by : 

- 
r = 

2 - K c o s  8 
sin 2 0  

r = -p c o t  20 + 2 K  c o s  28 ( 4 )  

F o r  p > 2K t h e  N-SA boundary and  i t s  de r iva t ive  a r e  continuous.  

T h e  f i r s t  o rde r  SA-SA line, if i t  ex is t s ,  does  not  i n t e r s e c t  t h e  N-SA 

one ,  which impl ies  t h e  e x i s t e n c e  of ( a t  l ea s t )  o n e  i so l a t ed  c r i t i c a l  

point.  T h e  phase d i ag ram is par t icu lar ly  s imp le  t o  c a l c u l a t e  if 

6U=O, fo r  t h e n  i t  m u s t  b e  s y m m e t r i c  in 6r. The  f i v e  possible topo-  

logies t h a t  e m e r g e  a f t e r  ca lcula t ion  fa l l  into t w o  c l a s s e s  : 

1 Forp > 2 K , t h e r e  is no S A - n e m a t i c  b icr i t ica l  point.  

(a) If U 1 >  0 t h e r e  is just  an  A-N boundary, bu t  no  A-A t r ans i t i on  

line. The  A phase  g o e s  continuously t o  A p h a s e  wi thout  t rans i -  
1 d 

t ion,  i.e., t h e  a r e a  surrounding t h e  A-N boundary  i s  noth ing  

but  c r i t i ca l  region (Fig. 6.1); 

(b) If U1 < 0, t h e  s i t ua t ion  leads t o  a phase  d i ag ram shown in 

Fig.6.2, i.e., t h e  A-N boundary is s e p a r a t e d  f r o m  t h e  A1 -Ad 

l ine  by a region  where in  A goes  continuously t o  A ( c r i t i c a l  d 1 

region). Also, t h e  A I - A d  boundary t e r m i n a t e s  at t h e  c r i t i c a l  



Figure 6.1 

Mean-field phase diagram for the parameters p, K, U and U1 in 

the range 11>2K, U 1 > O .  Dashed line denotes second order phase 

transition. N = nematic, SA = smectic A (Ref. 2).  



F i g u r e  6 . 2  

Mean- field phase  diagram f o r  t h e  p a r a m e t e r s  p ,  K ,  U a n d  U f  i n  

t h e  range  p  > 2K, U' < 0 .  Dashed and f u l l  l i n e s  r e p r e s e n t  

second o r  f i rs t  o r d e r  phase  boundar ies  ( R e f .  2 ) .  



point  C in o n e  d i r ec t ion  while  i t  cont inues  t o  in t h e  o t h e r  

d i rec t ion .  

2 For p < 2K, t h e  A-N boundary now m e e t s  t h e  f i r s t  o r d e r  A d - A I  

l i ne  leading t o  a N - A d - A I  b icr i t ica l  point (B). Under  t h i s  condi-  

t ion  t h e r e  a r e  t h r e e  possibilities: - 

a)  If U' > 0, and (U/U') > ( 2 ~ - p ) / p ,  t h e r e  i s  only o n e  c r i t i c a l  

point  C in addi t ion  t o  t h e  b icr i t ica l  point.  T h e r e  i s  a c r i t i c a l  

point f o r  A - A l  l ine  C (Fig.6.3). 
d 

b) If U' > 0 and (U/U') < ( 2 K - p  ) /p,  t h e r e  a r e  t w o  such  c r i t i c a l  

poin ts  (Fig.6.4) in addi t ion  t o  a t r ip le  point T. 

C) If U' < 0, p < ZK, t h e  f i r s t  order  A I  - A  boundary  e x t e n d s  d 

a l l  t h e  way f rom t h e  b icr i t ica l  point  t o  inf in i ty  (Fig.6.5). 

Thus t h e  mean- field theo ry  p red ic t s  t h e  e x i s t e n c e  of a v a r i e t y  

of expe r imen ta l  s y s t e m s  displaying f i r s t  o rde r  s m e c t i c  A l  - s m e c t i c  

A l ines  t h a t  d o  not  i n t e r s e c t  t h e  SA-N phase  boundary.  But  t h e  d 

mean- f ie ld  theo ry  does  no t  predic t  t h e  ex i s t ence  of n e m a t i c i s l a n d s  

in phase  diagrams.  P r o s t  and  Toner a rgue  t h a t  t h i s  phenomenon  

(of observing n e m a t i c  is land) i s  caused  d u e  t o  f l u c t u a t i o n  effect. 

Using f luc tua t ion  c o r r e c t e d  mean- field theo ry  t h e y  p r e d i c t  a phase  

. d iag ram of t h e  type  (Fig.6.6). T h e r e  a r e  s eve ra l  i m p o r t a n t  f e a t u r e s  

of  t h i s  phase  d iagram.  



Figure 6.3 

Mean-field phase diagram for parameters p ,  K, U and 
U 2K U 1  in the range p<2K, U 1  > 0, c1 - - 1. (See also Figure 

P 
legend of 6.2) (Ref. 2 ) .  



Figure 6.4 

Mean-field phase diagram for parameters p , K, U and U' 
U 2K in the range, p <2K, U' > 0, - < - 
U' 1-I 

- 1. (See also Figure 

Legend of 6.2) (Ref. 2 ) .  



F i g u r e  6 .5  

Mean- f i e ld  p h a s e  d i a g r a m  f o r  p a r a m e t e r s  p, K ,  U a n d  U 1  i n  

t h e  r a n g e ,  u < 2 K ,  U' < 0 .  (See a l s o  F i g u r e  l e g e n  6 . 2 )  

( R e f .  2 ) .  



F i g u r e  6 . 6  

E x p e r i m e n t a l l y  o b s e r v e d  phase  diagram i n  S  
A .  - S ~ .  

m i x t u r e s .  
I d 

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

t o  d i s t i n g u i s h  between t h e  c r i t i c a l  end p o i n t s  A and  B ,  

which a r e  p r e d i c t e d  by t h e  t h e o r y .  ( R e f .  2 ) .  



1) A - A l  boundary ends  as a n e m a t i c  island wh ich  i s  s e p a r a t e d  d 

f r o m  a 'main  domain '  of nemat ic .  

2) There  i s  no  N- A  - A l  b icr i t ica l  point, bu t  i n s t ead  t h e r e  a r e  d 

t w o  c r i t i ca l  end  points  A and  B (shown in Fig.6.6). 

3) Perhaps  t h e  mos t  i n t e re s t ing  predict ion of t h i s  phase  d i a g r a m  

is  t h e  o c c u r r e n c e  of t w o  types  of n e m a t i c  phases ,  Nd a n d  N1 

ove r  a c e r t a i n  range in t h e  phase  diagram. T h e  N d - N l  p h a s e  

boundary which exis t s  ends  a s  a n e m a t i c - n e m a t i c  c r i t i c a l  poin t  

C. The  absence  of long r ange  layer  f l u c t u a t i o n s  imp l i e s  t h a t  

th is  Nd-N c r i t i c a l  point  should fall  i n to  t h e  universa l i ty  c l a s s  1 

of a liquid-gas c r i t i ca l  point.  

P r o s t  and Toner  also point  o u t  t h a t  by vary ing  d i f f e r e n t  pa ra-  

m e t e r s  in the i r  t h e o r y  i t  i s  possible t o  predic t  a l a rge  n u m b e r  of 

topological ly d is t inc t  phase  diagrams,  t h e  possibi l i ty of n e m a t i c  

island merging  wi th  t h e  ma in  domain n e m a t i c  leading  to a phase  

d i ag ram of t ype  shown in Fig.6.7 i s  also cons idered .  We sha l l  in 

t h e  n e x t  s ec t ion  briefly s u m m a r i z e  t h e  ea r l i e r  work  on  e x p e r i m e n t a l  

phase  d i ag rams  exhibi t ing Ad - A phases. 1 

6.3 EARLIER ATTEMPTS TO OBSERVE Ad-AI CRITICAL POINT 

T h e  f i r s t  observa t ion  of n e m a t i c  island in a s m e c t i c  sea w a s  

by Cladis  and   rand,^ who  repor t ed  t h a t  in t h e  t e m p e r a t u r e- c o n-  



Figure 6.7 

Topology when the nematic island merges with the main domain 

(Ref. 2). 



c e n t r a t i o n  d iagram of 4-n-nonyloxybiphenyl-4'-cyanobenzoate (9OBCB) 

a n d  1 -4-di(4-  m e t h y l h e x  y loxybenzoate)  2-chlorophenyl (4M6Cl), a 

cho le s t e r i c  phase appea r s  as a n  island surrounded by s m e c t i c  phases  

(Fig.6.8). More recent ly ,  Hardouin  et have  g iven  a s e r i e s  of 

phase  d i ag rams  which r evea l  t h a t  a c lose  loop of n e m a t i c  i s land  

and  a b icr i t ica l  point ( N - A  - A l  point) a r e  t w o  topologies  c o n n e c t e d  
d 

in a given T-X plane. These  phase  d iagrams a r e  r ep roduced  in Fig. 
.. 

6.9(a-d). In par t icu lar ,  ment ion  may be made  of t h e i r  b inary  phase  

d i ag ram of compounds A and  B which resul t s  in a n e m a t i c  bubble 

(Fig.6.9d). F r o m  t h e  Xray e x p e r i m e n t s  conducted  on  s e v e r a l  b ina ry  

m i x t u r e s  (of A and  B), Hardouin et al. showed t h a t ,  beyond t h e  

region of ex i s t ence  of n e m a t i c  bubble, Al  phase  cont inuous ly  goes  

5 
t o  A p h a s e  wi thout  a transi t ion.  Cladis  and Brand had  a l s o  r e p o r t e d  d 

e x a c t l y  s imi lar  Xray  resul t s  fo r  binary mix tu re s  of 90BCB/4M6Cl .  

However  i t  should be poin ted  ou t  t h a t  n e i t h e r  t h e  e x p e r i m e n t s  

of C lad i s  and  Brand nor t h a t  of Hardouin e t  al.  showed t h e  e x i s t e n c e  

of a phase  t rans i t ion  be tween  t h e  two  t y p e s  of n e m a t i c  phases  

(Nd and  N1). T h e  topological  f e a t u r e s  a s soc ia t ed  wi th  t h e o r e t i c a l  

p red ic t ions  (Fig.6.6), namely,  t h e  ex i s t ence  of t w o  d i s t i n c t  c r i t i c a l  

end  poin ts  was  a l so  not  observed.  I t  is t h e r e f o r e  of i n t e r e s t  t o  m a k e  

a qua l i t a t i ve  s tudy of phase  d i ag rams  involving A a n d  A l  phases  d 

t o  s e e  if s o m e  of t h e  topological  f e a t u r e s  p r e d i c t e d  by t h e o r y  c a n  

b e  reproduced by exper iments .  The  resul t s  of e x p e r i m e n t a l  inves t iga-  

t ions  under taken  by us a r e  p re sen ted  in t h e  n e x t  sec t ion .  



Figure 6.8 

Partial phase diagram for mixtures of 90BCB and 4M6C1 showing 

the cholesteric island which emerges in the vicinity of the 

smectic A -srnectic A critical point. The transition from 
d 1 

the solid to the liquid-crystal phase called W is the 
. - 

melting transition. Z is a biaxial liquid-crystal phase. 

The abcissa is weight per cent of 4M6C1 (Ref. 4). 



Figure 6.9 

Phase diagram of binary systems showing Ad -Nre - A 1  point and a 

nematic island as the possible topologies connected with A d - A 1  
phase boundary (Ref. 6). 



DBn0NO2 ( on the left ) 

a n d  

I .  

6 ( on the r i g h t )  

C N 

Figure 6.9(d) 

Temperature-concentration diagram (at 1 bar) of DB ON0 and B 
10 2 

exhibiting a nematic island (Ref. 6). 



6.4 RESULTS OF STUDIES ON PHASE DIAGRAMS 

INVOLVING Ad AND A l  PHASES 

In gene ra l  A - A  t r ans i t i ons  have been  s e e n  only w h e n  t h e  d 1 

cons t i t uen t  compounds  of a b inary  sys t em a r e  such  t h a t  t h e  bridging 

dipoles in a molecu le  a r e  oppos i te  t o  t h e  d i r ec t ion  of t h e  s t rong ly  

polar end  group. We under took s t u d y  of t e m p e r a t u r e- c o n c e n t r a t i o n  

d iagrams of binary and t e r n a r y  s y s t e m s  compris ing  of t h i r d  a n d  

fou r th  m e m b e r s  of t h e  homologous series  4-alkyloxybenzoyloxy-4'- 

n i t roazobenzene  (nOBNAB) and  4-nonyloxybenzoyloxy-4'-cyanoazo- 

benzene  ( SOBCAB), wherein t h e  molecules have  bridging d ipoles  

addi t ive  with r e spec t  t o  t h a t  of t h e  polar e n d  group. The  c h e m i c a l  

fo rmulae  of 30BNAB,  40BNAB and SOBCAB a r e  shown in  Fig.6.10 

while t h e  t rans i t ion  t e m p e r a t u r e s  of these  m a t e r i a l s  a r e  l i s t ed  in 

Table  6.1. The  compounds 30BNAB and 40BNAB exh ib i t  n e m a t i c  

and  s m e c t i c  A1 phases,while  SOBCAB exhibi ts  n e m a t i c ,  s m e c t i c  Ad, 

r e e n t r a n t  n e m a t i c  and  s m e c t i c  A phases.  I 

T h e  t empera tu re- concen t r a t ion  d iagram ob ta ined  by mixing 

SOBCAB with 40BNAB is shown in Fig.6.11. As  s e e n  f r o m  th i s  

f igure ,  t h e  A 1  phase  of 4 0 B C A B  s e e m s  t o  b e  misc ib le  w i t h  both  

t h e  A l  a n d  Ad phases  of SOBNAB. The r e e n t r a n t  n e m a t i c  phase  

g e t s  bounded. An impor t an t  f e a t u r e  of t h e  phase  d i a g r a m  is t h e  

s t e e p  fa l l  of t h e  N - A d  boundary s e e n  fo r  mix tu re s  c l o s e  to SOBCAB. 

This leads  t o  a broad dip in t h e  concen t r a t ion  r ange ,  70-85%. I t  



I 
4 - propyloxybenzoyloxy - 4 - nit roazobenzene 

2. 4OBNAB 

I 

4 - Butyloxybehzoyloxy - 4 - nitrozobenzene 

4 -nonyloxybenzoyloxy - 4'- cyanoazobenzene 

Figure 6.10 

Chemical formulae of the materials used. 



TABLE 6.1 

Transi t ion t e m p e r a t u r e s  ( a t  1  bar) of 3 0 B N A 6 ,  

40BNAB and  90BCAB 

Compound Transi t ion T e m p e r a t u r e  ("C) 

30BNAB Solid - N e m a t i c  (K-N) 152.3 

Nemat i c- I so t rop ic  (N-1) (1 24.2) 

S m e c t i c  A l  - N e m a t i c  (Al-N) 29 1  

40BNAB Sol id- Smect ic  A l  ( K - A l )  149 

S m e c t i c  A l  - N e m a t i c  (Al  -N)  160.5 

N e m a t i c  - Isotropic (N-1) 284 

9OBCAB So l id- Reen t ran t  n e m a t i c  (K-RN) 91 .O 

R e e n t r a n t  n e m a t i c -  Smec t i c  A  d  116.1 
(RN-AJ 

S m e c t i c  Ad-  N e m a t i c  (Ad- N) 212.4 

N e m a t i c  - Iso t ropic  (N-I) 249.5 

S m e c t i c  A l  - R e e n t r a n t  n e m a t i c  ( 72.4) 
(Al  - RN) 



4 O B N A B  X ( M o ~  O/o)  g O B C A B  

F i g u r e  6 . 1 1  

T-X diagram o f  40BNAB and  90BCAB. X i s  t h e  mol % o f  90BCAB 

i n  t h e  m i x t u r e .  



a l s o  a p p e a r s  f r o m  t h e  f igu re  t h a t  t h e  axis  of s y m m e t r y  of t h e  e l l i p t i c  

(or  parabolic)  r e e n t r a n t  n e m a t i c- s m e c t i c  A boundary  i s  d i r e c t e d  

t o w a r d s  th i s  dip on t h e  N-A boundary. These  f e a t u r e s  i n d i c a t e  t h e  

possibility of a n  A -A boundary in t h e  s m e c t i c  r eg ion  c o n n e c t i n g  
d 1 

t h e  n e m a t i c  and r e e n t r a n t  n e m a t i c  phases. T h e  o p t i c a l  obse rva t ions  

o n  t h e  mix tu re s  in th is  region (when viewed under  a polar i s ing  mic ro-  

scope)  did no t  however  i nd ica t e  t h e  ex i s t ence  of a n  A d- A  t r ans i t i on ,  
1 

possibly because  i t  i s  s o m e t i m e s  d i f f icu l t  t o  d e t e c t  t h e  A-A t r ans i-  

t ions  by observa t ion  of t e x t u r a l  changes. I t  m a y  b e  r eca l l ed  t h a t  

Bahr et al.' in f a c t  conduc ted  pressure  s tudies  on t h e  b inary  m i x t u r e  

wi th  X=80% (mole  %), t h e  concen t r a t ion  corresponding  t o  t h e  r eg ion  

of broad dip on N-A boundary,  wi th  a view t o  loca t ing  A - A  t r ans i -  
d 1 

t ion. However,  t h e s e  s tud ie s  did not  yield a n y  pos i t ive  r e su l t  b u t  

s e e m e d  t o  sugges t  t h a t  A phase  evolves  continuously i n t o  A l  phase.  d 

I t  is m o r e  likely t h a t  a n  A
d
- A boundary c a n  b e  induced in t h e  1 

s m e c t i c  region be tween  t h e  dip on  N-A boundary  a n d  t h e  t i p  of 

t h e  A- R N  phase boundary if t h e  dip is made  m o r e  pronounced a n d  

brought  c lose r  t o  t h e  t i p  of t h e  R N- A  boundary o n  c o n c e n t r a t i o n  

sca le .  In o rde r  t o  ach ieve  th i s  w e  studied t h r e e  T-X d i a g r a m s  w i t h  

HK9 as o n e  componen t  (B) and  binary mix tu re s  of 3 0 B N A B  a n d  

4 0 B N A B  as a n o t h e r  componen t  (A). The c o n c e n t r a t i o n s  of 3 0 B N A B /  

4 0 B N A B  sys t em used a s  a cons t i t uen t  in making t h e  d i f f e r e n t  t e r n a r y  

s y s t e m s  a long with t h e  t rans i t ion  t e m p e r a t u r e s  a r e  l i s t ed  in T a b l e  

6.2. F igu res  6.12 - 6.14 r ep resen t  t h e  t h r e e  t e r n a r y  p h a s e  d i a g r a m s  



TABLE 6.2 

Concentra t ions  and transit ion t empera tu res  (in " C )  of t h e  

3 0 B N A B / 4 0 B N A B  binary systems used a s  o n e  of t h e  

consti tuents in t h e  t e rna ry  systems. The o t h e r  cons t i tuen t  

is 9 0 B C A B  in e v e r y  c a s e  (see text) .  

System Transition t e m p e r a t u r e s  

A - N  N - I  

(i) 79% 30BNAB/21% 4 0 B N A B  135.7 290  
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Figure 6.12 

Temperature-concentration diagram of A and B .  X is the 

mol % of B  in the mixture. 



Figure 6.13 

Temperature-concentration diagram of A and B. X is the 

mol % of B in the mixture. The vertical lines indicate the two 

ternary mixtures, X = 75.8% and 85% of B, for which high reso- 

lution Xray diffraction studies are conducted. 
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Figure 6.14 

Temperature-concentration diagram of A and B. X is the 

mol % of B in the mixture. 



ob ta ined  in th is  manner.  As  expec ted ,  increasing 3 0 B N A B  c o m p o n e n t  

in  A m a k e s  t h e  N-A boundary  much s t e e p e r  which  makes  t h e  dip 

o r  cusp  on  t h e  N-A boundary more  pronounced, when c o m p a r e d  

t o  t h e  f e a t u r e s  in t h e  b inary  T-X diagram of 4 0 B N A B  and  SOBCAB. 

Also, with t h e  increas ing  3 0 B N A B  concen t r a t ion  t h e  t i p  of t h e  

"bubble-like" r e e n t r a n t  n e m a t i c  region is pulled t o w a r d s  t h e  c u s p  

of t h e  N-A boundary and we  see a " cons t r ic ted  s m e c t i c  region" 

sepa ra t ing  t h e  n e m a t i c  and  r e e n t r a n t  regions. Final ly,  when SOBCAB 

i s  mixed wi th  30BNAB,  t h e  T-X diagram o b t a i n e d  (Fig.6.15) i s  

d rama t i ca l ly  d i f f e r e n t  f r o m  t h e  o n e s  discussed so f a r .  The  Ad p h a s e  

of SOBCAB is now :completely s e p a r a t e d  f rom t h e  A l  p h a s e  of 3 0 B N A B  

w ~ t h  a sma l l  channel  of n e m a t i c  phase connect ing  t h e  n e m a t i c  a n d  

r e e n t r a n t  n e m a t i c  phases. T h e  Al  phases of 3 0 B N A B  a n d  SOBCAB 

a r e  however  s t i l l  miscible. 

As pointed a l ready,  t h e  s t e e p  cu rva tu re  of t h e  N-A boundary  

wi th  a pronounced cusp, and  t h e  c lose  proximity of t h e  cusp  w i t h  

t h e  t ip of t h e  r e e n t r a n t  nema t i c- smec t i c  A boundary  (seen  in Fig.  

6.14) d o  s t rongly  sugges t  t h e  e x i s t e n c e  of a A - A l  phase  bounda ry  d 

in  t h e  nar row s m e c t i c  region b e t w e e n  nemat i c  and  r e e n t r a n t  n e m a t i c  

phases. This A - A  boundary  m a y  e i t h e r  c o n n e c t  t h e  n e m a t i c  a n d  d 1 

r e e n t r a n t  n e m a t i c  boundar ies  o r  may ,  by connec t ing  e i t h e r  of t h e m ,  

t e r m i n a t e  as a c r i t i c a l  point  at t h e  o the r  end. T o  l o c a t e  t h e  A d-*I 

boundary and  a lso  a possible c r i t i c a l  point t e r m i n a t i n g  i t ,  w e  conduc-  



F i g u r e  6 . 1 5  

B i n a r y  T-X d i a g r a m  o f  30BNAB and 90BCAB. X is t h e  mol % of 

90BCAB i n  t h e  m i x t u r e  



t e d  high resolution Xray diffraction experiments on two  t e r n a r y  

sys tems  marked in Fig.6.13: (i) X = 75.8% and  (ii) X = 85% of B 

in t h e  system (where  A = 85% 30BNAB - 15% 40BNAB binary sys tem 

and B is SOBCAB). The 85% ternary mixture shows n e m a t i c  and  

smec t ic  phases on cooling f rom t h e  isotropic phase when viewed 

under polarising microscope. W e  could not d e t e c t  any Ad-A transi-  1 

tion. The sample was sealed in a Lindemann capil lary of 0.5 m m  

d iamete r  and 17-18 mm in length. The sample alignment and  d a t a  

collection using a computer  controlled Xray d i f f rac tomete r  was  

done as explained in detail  in chapter  11. These d a t a  a r e  represen ted  

by Fig.6.16a. As is observed from this  figure, t h e  layer spacing 
0 

of t h e  Ad phase at 145OC is 34.75 A and  on decreasing t h e  t empera-  

tu re ,  the  layer spacing is found t o  decrease  gradually right up  t o  

115°C which is well within t h e  low tempera tu re  s m e c t i c  A l  phase. 

The d/p ra t io  which is 1.044 at 145" decreases  t o  1.014 at 115OC. 

The absence of a discontinuity in layer spacing variat ion shows 

t h a t  t h e  expected Ad-A t ransi t ion does no t  exis t  and suggests  I 

on t h e  o ther  hand a continuous evolutlon of Ad phase in to  t h e  A 1 

phase. The Xray diffraction d a t a  on t h e  mixture  of concen t ra t ion  

X=75.8%, which exhibits only n e m a t i c  and s m e c t i c  A phases  a r e  I 

represented in t h e  Fig.6.16b. The layer  spacing of t h e  monolayer 
0 

smec t ic  A (Al )  phase which is about 31.25 A a t  t =  138°C d e c r e a s e s  

gradually on decreasing t h e  temperature ,  t h e  d/R ra t io  which is 



Figure 6.16 

Variation of layer spacing with temperature for (a) 85% and ( b )  75.8 % 

of 9OBCAB in the ternary mixtures. 



0.975 a t  138°C decreas ing  t o  0.945 at 105°C. 

T h e  non-observation of A - A  boundary a n d  h e n c e  a c r i t i c a l  d 1 

po in t  t e rmina t ing  i t  in t h e  t empera tu re- concen t r a t ion  p l a n e  of 

t e r n a r y  s y s t e m s  described above  m a y  suggest  t h a t  t h e  s m e t i c  reg ion  

in  t h e  vicini ty of t h e  t i p  of t h e  RN-A phase boundary  (Fig.6.12) 

m a y  correspond t o  t h e  c r i t i c a l  region around t h e  n e m a t i c  is land 

shown in t h e  theo re t i ca ly  p red ic t ed  phase d i ag ram (Fig.6.1). T h e  

"main domain"  n e m a t i c  region s e e n  in the  e x p e r i m e n t a l  p h a s e  dia-  

g r a m  (Fig.6.11) is expec ted  t o  b e  f a r  away f r o m  t h e  n e m a t i c  island 

and  h e n c e  is not  seen  in t h e  the roe t i ca l  d i ag ram (Fig.6.1). The  

va r i a t ion  of t h e  concen t r a t ion  of 30BNAB in t h e  c o m p o n e n t  A h a s  

r e su l t ed  only in bringing t h e  'ma in  nema t i c  domain '  c l o s e r  t o  t h e  

' n e m a t i c  is land'  wi th  t h e  in tervening  s m e c t i c  region be ing  t h e  c r i t i c a l  

region (where  t h e  Ad phase  evolves  continuously i n t o  A phase)  1 

(Fig.6.12-6.14), a s i tua t ion  t h a t  s t i l l  f i t s  t h e  t h e o r e t i c a l  predic t ion .  

T h e  T-X d iag ram (Fig. 6.15) f o r  t h e  binary s y s t e m  30BNAB/SOBCAB 

wi th  t h e  t w o  s m e c t i c  regions (A region and A l  region) s e p a r a t e d  
d 

b y  a c o n s t r i c t e d  nema t i c  g a p  connect ing  t h e  n e m a t i c  p h a s e  a n d  

t h e  r e e n t r a n t  n e m a t i c  phase, b e a r s  r e semblance  in p a r t  to t h e  theo re-  

t i ca l  phase  d i ag ram (Fig. 6.7) where in  t h e  n e m a t i c  i s land  m e r g e s  

wi th  t h e  ma in  domain  ( n e m a t i c  regions)  s epa ra t ing  t h e  t w o  s m e c t i c  

phases. The  topological  f e a t u r e s  of A - R N  and  R N - A l  bounda r i e s  d 

beyond 9 0 B C A B  being inaccess ib le ,  w e  a r e  unable to rep roduce  



t h a t  p a r t  of t h e  phase  d i ag ram (Fig.6.7) which shows t h e  Ad-Al  

boundary  connec ted  t o  n e m a t i c  island with two  n e m a t i c  phases,  

Nd a n d  Nl ,  leading t o  t w o  c r i t i c a l  end  points  (A,B) and  a c r i t i c a l  

poin t  (C) for  N d - N l  boundary.  

Thus, f rom our e x p e r i m e n t a l  resu l t s  on  t e r n a r y  and  b inary  

s y s t e m s  involving 30BNAB,  40BNAB and SOBCAB, we h a v e  been  

success fu l  in reproducing,  a l though quali tat ively,  s o m e  of t h e  t h e o r e-  

t i c a l  phase  d i ag rams  p red ic t ed  theore t ica l ly  by P r o s t  a n d  Toner.  

T h e  Ad - A I boundary and  t h e  c r i t i c a l  point t e r m i n a t i n g  i t  h a v e  

been  inaccessible in our  sys tems.  Clear ly ,  a c a r e f u l  s tudy  of a v a r i e t y  

of phase  d iagrams compris ing  of components  exhib i t ing  Ad - A boun- 1 

d a r y  and  a lso  t h e  cont inuous  evolut ion of A t o  A l  ( c r i t i ca l  region) d 

phases,  suppor ted  by very  high resolution Xray a n d  c a l o r i m e t r i c  

d a t a ,  is required t o  e s t ab l i sh  exper imenta l ly  t h e  t h e o r e t i c a l  predic-  

t ions  concerning  t h e  e x i s t e n c e  of a n  A - A  o r  n e m a t i c - n e m a t i c  
d 1 

c r i t i c a l  point. 
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