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C H A P T E R  I 

INTRODUCTION 

Liquid c rys t a l s
1  

c o n s t i t u t e  s t a t e s  of m a t t e r  in which t h e  d e g r e e  

of molecular  order ing  is i n t e r m e d i a t e  be tween t h a t  of a three-dimensio-  

nally o rde red  c r y s t a l  and  t h a t  of a comple t e ly  d isordered  i so t ropic  

liquid. Liquid c rys t a l s  (a l so  r e f e r r e d  t o  a s  mesophases)  exh ib i t  aniso-  

t rop ic  behaviour in the i r  opt ica l ,  magne t i c  a n d  e l e c t r i c a l  p rope r t i e s  

while  t h e y  a l so  possess s o m e  of t h e  mechanica l  p r o p e r t i e s  of a f luid,  

l ike,  inabil i ty t o  support  shear. Liquid c rys t a l l i n i ty  c a n  be  brought  

abou t  e i t h e r  by varying t e m p e r a t u r e  o r  by t h e  add i t i on  of a solvent .  

In t h e  f o r m e r  case ,  t h e  subs t ances  a r e  r e f e r r e d  t o  as t h e r m o t r o p i c  

liquid c rys t a l s ,  while in t h e  l a t t e r  t hey  a r e  c a l l e d  lyot ropic  liquid 

crystals .Since a l l  t h e  work descr ibed  in th is  t hes i s  dea l s  wi th  the rmo-  

t rop ic  liquid c rys t a l s  only, we  shal l  give in t h e  fo l lowing a very  brief 

descr ip t ion  cf the rmot rop ic  liquid crys ta ls  and  t h e i r  broad  s t r u c t u r a l  

cha rac t e r i s t i c s .  

1.1 CLASSIFICATION OF THERMOTROPIC LIQUID CRYSTALS 

Following t h e  s c h e m e  of c lass i f ica t ion  of ~ r i e d e l , '  t h e  the rmo-  

t rop ic  liquid c rys t a l s  composed of rod-like molecu le s  c a n  be cate- 

gorised briefIy in to  t h r e e  types: nema t i c ,  c h o l e s t e r i c  a n d  smec t i c .  



Nematic 

A s impl i f ied  p ic ture  of t h e  a r r a n g e m e n t  of t h e  molecu le s  in t h e  

n e m a t i c  phase  is shown in Fig. l . la .  This phase is c h a r a c t e r i s e d  by 

a long r a n g e  o r i en ta t iona l  o r d e r  of t h e  molecules wi thout  a n y  long 

r ange  posi t ional  order .  The  molecu le s  a r e  spontaneously o r i e n t e d  wi th  

the i r  long a x e s  para l le l  t o  s o m e  p re fe r r ed  d i rec t ion  r e f e r r e d  t o  as 

t h e  director d e n o t e d  by a unit  vec to r  n. The  p r e f e r r e d  d i r ec t ion  usually 

var ies  f r o m  point t o  point in t h e  medium,  but a homogeneous ly  a l igned 

sample  is opt ica l ly  uniaxial (posi t ive)  a n d  strongly b i ref r ingent .  ( R e c e n t l y  

3 biaxial  n e m a t i c s  have  been d iscovered  in lyotropic sys tems.  ) T h e  direc-  

t o r  n is apolar ,  i.e., n and -n a r e  indistinguishable a n d  t h u s  t h e  meso- 

phase  is non- fer roe lec t r ic .  

Cholesteric 

This phase  which is exhib i ted  by ma te r i a l s  composed  of op t i ca l ly  

a c t i v e  molecules  is essential ly a n e m a t i c  phase e x c e p t  t h a t  i t s  s t r u c t u r e  

has  a s c r e w  axis  superimposed normal  t o  t h e  d i r ec to r  (Fig.  1.1 b). T h e  

spiral  s t r u c t u r e  i m p a r t s  c e r t a i n  unique opt ica l  p rope r t i e s  t o  t h e  phase,  

l ike se l ec t ive  r e f l ec t ion  of c i rcu lar ly  polarized light,  very  high op t i ca l  

r o t a t o r y  power ,  etc. Unlike t h e  n e m a t i c ,  t h e  cho le s t e r i c  phase  in c e r t a i n  

compounds  goes  t o  t h e  isotropic phase  through a n o t h e r  mesophase  ca l l ed  

t h e  Blue phase. In r ecen t  yea r s  th is  mesophase has  a t t r a c t e d  t h e  a t t e n -  

t ion of both  t h e o r e t i c a l  and expe r imen ta l i s t s  for  s o m e  of i t s  unique 



Nematic 

(a > 

Smectic A 

( c >  

Figure 1.1 

c holesteric 

Smectic C 

Schematic representation of' the molecular arrangement in 

(a) nematic, ( b )  cholesteric, ( c )  smectic A and ( d )  srnectic C 

phases. n denotes the director. 



proper t ies .  

Smectic 

It  i s  c h a r a c t e r i s e d  by a l a y e r e d  s t ruc tu re  in addi t ion  t o  t h e  o r i en ta -  

t ional  o rde r  of t h e  n e m a t i c  phase. Depending on  t h e  o r d e r  within a 

l aye r  and  t h e  in ter- layer  cor re la t ions ,  t h e  s m e c t i c s  h a v e  been  c lass i f ied  

in to  seve ra l  types.  W e  shal l  ment ion  here ,  in br ie f ,  t h e  s t r u c t u r e  of 

t w o  s m e c t i c  phases,  viz., s m e c t i c  A and s m e c t i c  C, as w e  will be  mainly 

i n t e r e s t e d  in t h e s e  s m e c t i c s  in t h i s  thesis.  (Fo r  a r e c e n t  rev iew on  

d i f f e r e n t  t y p e s  of s m e c t i c  phases  and  their  s t r u c t u r a l  c h a r a c t e r i s t i c s ,  

see Ref .  4.) 

In t h e  s m e c t i c  A phase  t h e  molecules  a r e  on t h e  a v e r a g e  upr ight  

wi th  r e spec t  t o  t h e  layer  planes,  t h e  c e n t r e s  of t h e  molecu le s  within 

a layer  being irregularly spaced  in a liquid-like fashion  ( s e e  Fig. 1 . 1 ~ ) .  

T h e  s m e c t i c  A phase  c a n  t h e r e f o r e  be looked upon as a n  o r i en ta t iona l ly  

o rde red  fluid wi th  a one-dimensional  mass dens i ty  ~ a v e ~ - ~  para l le l  

t o  t h e  d i rec tor .  T h e  p i c tu re  of t h e  n e m a t i c  o r  s m e c t i c  A phase  shown 

in Fig. l . l a  o r  l . l c  is in f a c t  a n  ideal ized p i c tu re  and  a m o r e  r ea l i s t i c  
8 

way of represent ing  t h e s e  phases  is as shown in Fig. 1.2. 

T h e  s m e c t i c  C phase c a n  be regarded  as a t i l t e d  fo rm of s m e c t i c  

A. The  molecules  in e a c h  l aye r  a r e  t i l t ed  with r e s p e c t  t o  t h e  l aye r  

no rma l  (Fig. l . ld) .  



Figure 1.2 

A realistic distribution of the molecules in the 

nematic (top) and the smectic A (bottom) phases. 

The arrows in the lower figure denote the 

crests of the density wave. (from Ref. 8 1 .  



Unt i l  r ecen t ly  i t  was  be l i eved  t h a t  fo r  t h e r m o t r o p i c  mesomor -  

phism t o  occu r ,  t h e  molecules  m u s t  be  rod-like, b u t  r e c e n t l y  Chandra -  

s ekha r  et a ~ . ~  have  es tabl i shed  f o r  t h e  f i r s t  t i m e  t h a t  o rde r ing  of  

t h e  s y m m e t r y  a x e s  of disc-shaped molecules c a n  a l so  g i v e  r i s e  t o  

s t a b l e  mesophases.  It  is now known t h a t  t hese  d i s c o t i c  o r  c o l u m n a r  

mesophases  exhib i t  a r ich  d e g r e e  of polymorphism, c o m p a r a b l e  t o  

t h a t  obse rved  in rod-like sys tems.  (For  a r e c e n t  r ev iew on  liquid 

c r y s t a l s  of  disc- like molecules,  see ~ h a n d r a s e k h a r .  lo)  We sha l l  n o t  

b e  r e fe r r ing  t o  d iscot ic  phases a n y  fu r the r  in th is  thesis .  

1.2 SEQUENCE OF TRANSITION 

S o m e  typica l  examples  of mesogenic  m a t e r i a l s  exhib i t ing  o n e  

o r  m o r e  types  of mesophases  a r e  l is ted in Tab le  1.1 a long  w i t h  t h e  

c h e m i c a l  f o r m u l a e  and t h e  phase  t rans i t ions  exhib i ted  by them.  

If t h e  t rans i t ion  t o  t h e  liquid c rys t a l  phase o c c u r s  both  on h e a t -  

ing t h e  solid phase  and on  cooling f rom a m o r e  d i so rde red  phase ,  

t h e n  such  a t rans i t ion  is r e f e r r e d  t o  as enan t io t rop ic .  However ,  in 

s eve ra l  cases a liquid c rys t a l  phase  is a m e t a s t a b l e  phase,  i.e., t h e  

solid phase  on hea t ing  d i r ec t ly  t r ans fo rms  t o  t h e  i so t rop ic  phase ,  

but  on cooling,  t h e  i so t ropic  phase  goes  through a liquid c r y s t a l  phase  

be fo re  becoming a solid. In such  c a s e s  t h e  t r ans i t i on  i s  r e f e r r e d  t o  

as monotropic .  



TABLE 1.1 

So l i d  +Nematic-Isotrop~c 

2 4 - ni t  rophenyl- i - n  - cctyloxy benzoate ( NPOOB ) 

Sol id- -+  Smectic A -+ Nematic --+isotropic 
49.8 'C 6 1 . 2 ' ~  67.5 OC 

3 4 - n-nonyloxyphenyl -4'-cyanobenzoate ( 9 0  P C B )  

Solid - Smectic A d l s o t  ropic 
67 C I . 9 5  C 

4 55.90C 
Smectic C 

4 N - ( 4 -n -  non yloxybeny~idene)-4Ln- methylamine 

S o l ~ d  - ~mectic AdNematic---+Isotropic 
72 OC 73' C 77. 5'C 

16. OC 

Smectic B 



Since  t h e  discovery of liquid crys ta l l ine  behaviour  i t  i s  well 

known t h a t  t h e  gene ra l  s equence  of phase t r ans i t i ons  t h a t  a r e  obser-  

ved in a typica l  mesogen on cooling f rom t h e  i so t rop ic  phase  is : 

Isotropic - N e m a t i c  - S m e c t i c  - C r y s t a l  . 

c l a d i s ' '  observed  a n  in t e re s t ing  depa r tu re  f rom th i s  sequence .  S h e  

d iscovered  t h a t  in a b inary  liquid crys ta l  sys t em t h e  n e m a t i c - s m e c t i c  

A t r ans i t i on  becomes  mul t iva lued ,  i.e., a n e m a t i c  phase  a p p e a r s  at 

a t e m p e r a t u r e  higher a s  well  a s  lower than  t h e  t e m p e r a t u r e  r ange  

of e x i s t e n c e  of t h e  s m e c t i c  A phase. The  lower t e m p e r a t u r e  n e m a t i c  

phase  has  been  des igna ted  a s  reentrant nematic phase  (RN)  in ana logy 

wi th  t h e  s imilar  r e e n t r a n t  behaviour observed in condensed  m a t t e r  

physics. 12'13 This discovery has  led t o  a va r i e ty  of t h e o r e t i c a l  as 

well  as expe r imen ta l  s tud ie s  to understand t h e  n a t u r e  of t h e  r e e n t r a n t  

n e m a t i c  phase. A f e a t u r e  which was  common t o  m o s t  of t h e  r e e n t r a n t  

mesogenic  compounds was  t h a t  t h e  cons t i tuent  mo lecu le s  possessed 

s t rongly  polar cyano  (CN) o r  n i t ro  (NO2) end  group. Excep t ions  14 

t o  th is  have  been  obse rved  recent ly ,  but such  i n s t a n c e s  a r e  very  

few.  

Ano the r  new and  to t a l ly  unexpected  d iscovery  was  m a d e  in 

1979 when s tudies  c o n d u c t e d  by t h e  Bordeaux group15 l ed  t o  t h e  

f i r s t  observa t ion  of a t rans i t ion  be tween t w o  polymorphic  f o r m s  

of t h e  s m e c t i c  A phase.  This  observat ion in a t e m p e r a t u r e- c o n c e n t r a-  



t ion  d i ag ram was  es tabl i shed  by Xray expe r imen t s .  l6  a SO f a r  fou r  

t y p e s  of s m e c t i c  A phases, namely ,  monolayer  s m e c t i c  A (A ), bi layer  1 

s m e c t i c  A (A ), par t ia l ly  bi layer  s m e c t i c  A (Ad), a n d  i n c o m m e n s u r a t e  2 

s m e c t i c  A (Aic) a r e  known t o  be  exhib i ted  e i t h e r  by a s ingle  compo-  

nen t  s y s t e m  o r  by binary s y s t e m s  of polar liquid crys ta ls .  Two  o t h e r  

t ypes  of A phases,  viz., an t iphase  (A") and  c r e n e l a t e d  phase  (Acre) 

a r e  a l so  known. However  t h e s e  a r e  known t o  b e  b i a x i a ~ l ~ ~  a n d  h e n c e  

c a n n o t  b e  c lass i f ied  a s  an  A phase  in t h e  sense  de f ined  ea r l i e r .  

1.3 EXPERIMENTAL SET U P  

T h e  resul t s  descr ibed  in th is  thesis  have  been  o b t a i n e d  using 

d i f f e r e n t  expe r imen ta l  techniques,  viz., misc ib i l i ty  me thods ,  X r a y  

d i f f r ac t ion  and high pressure. 

Miscibility 

F o r  obta in ing  high resolut ion t e m p e r a t u r e- c o n c e n t r a t i o n  phase  

d i ag rams  t h e  ma jo r  problem t h a t  was  e n c o u n t e r e d  w a s  t h e  avai lab i l i ty  

of ma te r i a l s  in re la t ive ly  small  quan t i t i e s  (-300 mg)  f r o m  which a 

l a rge  number  of mix tu re s  (about  25- 30 concen t r a t ions )  had  t o  b e  

m a d e  wi th  a reproducib le  a c c u r a c y  of +0.01% in c o n c e n t r a t i o n  in  

o rde r  t o  c a r r y  o u t  a c o m p l e t e  mapping of t h e  high resolu t ion  phase  

boundary.  This  w a s  achieved by evolving a t e c h n i q u e  of c a r e f u l  weigh-  

ing and sample  preparat ion.  The  de t a i l s  of t h i s  p rocedure  a r e  expla ined  



in C h a p t e r  111. Using this  me thod  high resolution t empera tu re -concen-  

t r a t i o n  d i ag rams  of s y s t e m s  exhib i t ing  mul t ic r i t ica l  poin ts  h a v e  been  

obtained.  The  s a m e  technique  has  a l so  been used t o  ob ta in  T-X dia-  

g r a m s  involving r e e n t r a n t  n e m a t i c  sys t ems  which a r e  discussed in 

C h a p t e r  V and  phase  d i ag rams  involving A and  A1 phases  which  
d 

a r e  discussed in C h a p t e r  VI. 

Xray diffraction set up 

Two t y p e s  of Xray  d i f f r ac t ion  s e t  ups have  been  used. All high 

resolut ion s tud ie s  w e r e  conduc ted  using a c o m p u t e r  con t ro l l ed  Guinier  

Xray d i f f r a c t o m e t e r .  Employing a bent  q u a r t z  monochromato r  in 

Johansson focussing g e o m e t r y  K a and Ka l ines w e r e  s e p a r a t e d  and  
1 2 

only Ka w a s  used for  t h e  exper iment .  The  d a t a  acquis i t ion  a s  well 
I 

as analysis  w a s  fully computer i sed .  The  t e m p e r a t u r e  c o n s t a n c y  dur ing  

a n y  d a t a  co l lec t ion  was  1 0  mK. The  accu racy  in t h e  d e t e r m i n a t i o n  

- 4 
of wavevec to r  corresponding t o  t h e  Xray  d i f f rac t ion  peak  w a s  2 x 1 0  

A1. This s e t  up has  been  used t o  s tudy t h e  s m e c t i c  A - s m e c t i c  
d 

A t rans i t ion .  These  s tud ie s  have  led t o  t h e  f i r s t  obse rva t ion  of t h e  
2 

A - A  c r i t i c a l  point  discussed in C h a p t e r  IV. 
d 2 

F o r  low resolut ion expe r imen t s ,  and in pa r t i cu l a r  when a c o m-  

p le t e  p i c tu re  in rec iproca l  space  was  necessary  t o  i den t i fy  a phase ,  

photographic  t echn ique  was  used. In part icular ,  t h i s  s e t  up h a s  been  

useful  in ident i fy ing  t h e  and phases  whose Xray  p i c t u r e s  cons is t  

of spo t s  (corresponding t o  t h e  t r ansve r se  modulat ion wi th in  t h e  l aye r )  



which l ie  o u t  of t h e  Z-axis. I t  m a y  be  mentioned t h a t  a l l  t h e  scanning  

conduc ted  using t h e  compute r  cont ro l led  Xray d i f f r a c t o m e t e r  mentio-  

ned ea r l i e r  was  along t h e  Z-direct ion,  i.e., t h e  e q u a t o r i a l  d i rec t ion .  

High pressure set up 

T h e  high pressure  s tud ie s  w e r e  conducted  using a n  o p t i c a l  high 

pressure  cel l .  The  phase t r ans i t i ons  were  d e t e c t e d  by o p t i c a l  t ransmi-  

ssion technique.  Using this  set up t h e  t ransi t ion t e m p e r a t u r e  at  a n y  

pressure  could be de t e rmined  t o  a high deg ree  of a c c u r a c y .  T h e  P-T 

d iag rams  of r e e n t r a n t  n e m a t i c  s y s t e m s  described in C h a p t e r  V and  

t h e  pressure  behaviour of N-I t rans i t ions  of c y c l o h e x a n e  m a t e r i a l s  

discussed in C h a p t e r  V I I  w e r e  s tudied  using th is  high p r e s s u r e  cell.  

All t h e  above  expe r imen ta l  set- up a r e  desc r ibed  in d e t a i l  in 

C h a p t e r  11. 

1.4 UNIVERSALITY OF REENTRANT NEMATIC-SMECTIC C -  

SMECTIC A AND NEMATIC-SMECTIC A-SMECTIC C 

MULTICRITICAL POINTS 

T h e  nemat i c- smec t i c  A- smec t i c  C mul t ic r i t ica l  point  ( o r  NAC 

point  fo r  shor t )  has  been of cons iderable  c u r r e n t  i n t e re s t .  It  was  

f i r s t  t heo re t i ca l ly  predicted17'  ' a n d  l a t e r  found expe r imen ta l ly  
19  

in t h e  t empera tu re- concen t r a t ion  (T-X) plane of a b ina ry  liquid c rys t a l  

sys t em.  T h e  expe r imen ta l  obse rva t ion  of t h e  NAC poin t  w a s  fol lowed 

by high resolut ion Xray ,  2C)'21 c a l o r i m e t r i c  22923 a n d  l ight  s c a r t e r i n g  
2 4 



e x p e r i m e n t s  which in i t i a t ed  expl ic i t  compar isons  wi th  t h e o r e t i c a l  

predict ions.  Brisbin et a ~ . * ~  o b t a i n e d  high resolu t ion  T-X d iag rams  

of binary s y s t e m s  exhibi t ing t h e  NAC point. On t h e  basis  of t h e s e  

d i ag rams  they  showed t h a t  t h e  topology of t h e  t e m p e r a t u r e- c o n c e n t r a-  

t ion  d i ag rams  in t h e  vicini ty of t h e  NAC point  is universal.  R e c e n t l y  

t h e  NAC poin t  in a single componen t  liquid c r y s t a l  s y s t e m  w a s  obta i-  

2 6  . ned  by Shashidhar et al. In a P-T plane. Using express ions  s imi lar  

t o  t hose  used by Brisbin et al .  i t  w a s  shown t h a t  t h e  exponen t s  der ived  

f r o m  t h e  P-T d a t a  fo r  a s ingle  component  s y s t e m  a g r e e d  e x a c t l y  

wi th  those  ob ta ined  f rom t h e  T-X d a t a  of four  b inary  sys tems.  Thus  

i t  was  es tab l i shed  t h a t  t h e  N A C  point exhibits universal behaviour. 

A no tewor thy  f e a t u r e  of t h i s  resu l t  was  t h a t  t h e  sca l ing  a x e s  w e r e  

found t o  b e  s a m e  a s  expe r imen ta l  a x e s  (P,  T in t h e  case of Shashidhar 

e t  a ~ . ' ~  and X , T  in t h e  case of Brisbin e t  a ~ . ~ ~ )  r a t h e r  t h a n  l inear  

combina t ion  of t hese .  

Ear l ie r ,  Shashidhar et al.  27728 in their e f f o r t s  t o  look for  a n  

NAC point in a single componen t  sys tem obse rved  a n o t h e r  kind of 

mu l t i c r i t i ca l  point ,  namely ,  r e e n t r a n t  n e m a t i c - s m e c t i c  C- s m e c t i c  

A point  (or  RN-C-A point). The str iking f e a t u r e s  of t h e  P-T d iag ram 

exhib i t ing  t h e  RN-C-A point w e r e  :- 

1 T h e  sequence  of phase  t rans i t ions  on cool ing  w e r e  d i f f e r e n t  ' 

f r o m  t h a t  of NAC c a s e ,  t h e  lowest  t e m p e r a t u r e  phase  in t h e  

RN-C-A case was t h e  r e e n t r a n t  n e m a t i c  phase  whi le  in t h e  



case of t h e  N A C  point  t h e  nema t i c  phase w a s  t h e  h ighes t  t e m p e-  

r a t u r e  phase. 

2 The  s ingular i t ies  of t h e  phase  boundaries of t h e  t y p e  seen  nea r  

t h e  NAC poin t  w e r e  conspicuously absen t  n e a r  t h e  RN-C-A 

point. The  l a t t e r  r e s u l t  was  surprising. T h e  s y m m e t r i e s  of t h e  

d i f f e ren t  phases  which exhibi t  t h e  RN-C-A and  NAC poin ts  

being t h e  s a m e ,  i t  is expec ted29  t h a t  both of t h e m  should belong 

t o  t h e  s a m e  universa l i ty  c lass  and t h e r e f o r e  should exhib i t  t h e  

s a m e  unusual f e a t u r e s  wi th  regard  t o  t h e  topology of t h e  phase  

boundaries. To resolve  th is  problem, high r e so lu t ion  e x p e r i m e n t s  

have  been unde r t aken  t o  m a p  accu ra t e ly  T-X d iag rams  nea r  

t h e  RN-C-A point.  These  s tudies  have shown t h a t  by bringing 

t h e  t e m p e r a t u r e  at which t h e  RN-C-A poin t  o c c u r s  c loser  to 

N-I t r ans i t i on  in t h e  T-X plane, t h e  c r i t i c a l  region could b e  

enhanced  s o  much so, t h e  s ingulari t ies  of t h e  phase  boundar ies  

in t h e  vicini ty of t h e  RN-C-A point b e c o m e  m o r e  conspicuous. 

Deta i led  analys is  of t h e  boundaries  yield e x p o n e n t s  which a r e ,  

within s t a t i s t i c a l  unce r t a in t i e s ,  exac t ly  s a m e  as t h e  exponen t s  

eva lua t ed  f o r  NAC poin t  in T-X as well as P- T planes. I t  i s  

t h e r e f o r e  es tab l i shed  t h a t  t h e  RN-C-A and  NAC mul t i c r i t i ca l  

points  exhib i t  t h e  s a m e  universal behavior. T h e s e  r e su l t s  a r e  

discussed in C h a p t e r  111. 



1.5. SMECTIC Ad - SMECTIC A* - CRITICAL POINT 

As men t ioned  ear l ie r ,  m a t e r i a l s  with a s t rongly  po la r  c y a n o  

(CN) o r  n i t ro  ( N O  ) end  group exhib i t  s m e c t i c  A polymorphism.  The  2 

d i f f e ren t  f o r m s  of s m e c t i c  A known s o  f a r  a r e  A l ,  A2, Ad and  Aic 

phases. Most of t h e  above  men t ioned  s m e c t i c  polymorphisms have  

been  successful ly explained in t e r m s  of phenomenologica l  model  

in t roduced by P r o s t  30'31732 a n d  l a t e r  developed by P r o s t  and  Barois. 3 3 

T h e  n a t u r e  of t h e  A phase  and i t s  re la t ion  t o  A2 phase  w a s  addres sed  d 

t o  theore t ica l ly  by Barois et ale3' They used t h e  phenomenologica l  

model  in t h e  f r amework  of mean- field theory t o  s tudy  phase  d i a g r a m s  

exhib i ted  by d i f f e r e n t  sys tems.  One  of t h e  i m p o r t a n t  p red ic t ions  

of t h e  t h e o r e t i c a l  phase d i a g r a m s  is t h e  e x i s t e n c e  of a gas- liquid 

t y p e  of c r i t i ca l  point ,  namely ,  t h e  A - A  c r i t i c a l  point.  I t  h a s  been  d 2 

a rgued  t h a t  s ince  Ad and A phases  have  the  s a m e  macroscop ic  s y m m e -  
2 

t r y  t h e r e  c a n n o t  b e  a second o r d e r  phase t r ans i t i on  b e t w e e n  them.  

T h e  theo ry  p red ic t s  t h a t  under c e r t a i n  condit ions,  t h e  f i r s t  o r d e r  

A - A  boundary should t e r m i n a t e  at a c r i t i ca l  point  s imi lar  t o  t h e  
d 2 

gas-liquid c r i t i c a l  point. Although t h e r e  have been  s o m e  a t t e m p t s  35-37 

t o  l o c a t e  such  a c r i t i ca l  point ,  t h e y  were  unsuccessful .  R e s u l t s  of 

ou r  high resolut ion Xray  d i f f r ac t ion  expe r imen t s  which h a v e  led  t o  

t h e  f i r s t  observa t ion  of t h e  A d- A  c r i t i ca l  point  a r e  d e s c r i b e d  in 
2 

C h a p t e r  IV. 



1.6 COUPLING BETWEEN NEMATIC AND SMECTIC 

ORDERING IN REENTRANT NEMATIC SYSTEMS 

T h e  r e e n t r a n t  n e m a t i c  phase,  as ment ioned a l r eady ,  w a s  discove-  

red  by Cladis .  Though ini t ial ly observed  in b inary  mix tu re s  at a t m o s-  

pher ic  pressure  o r  in s ingle componen t  s y s t e m s  at e l e v a t e d  pressu  

res ,  38739 l a t e r  i t  was  shown t h a t  a r e e n t r a n t  phase  indeed e x i s t s  

a t  a tmosphe r i c  pressure  40741  in s ingle componen t  sys tems.  This  h a s  

l ed  t o  a va r i e ty  of expe r imen t s ,  in par t icu lar  a l a r g e  n u m b e r  of p h a s e  

d ig rams  of r e e n t r a n t  nema togens  (in t h e  P-,T as well as T-X planes)  

have  been  obta ined .  As observed  e v e n  in t h e  e a r l i e r  e x p e r i m e n t s  4 2 

t h e  P-T d iag rams  of r e e n t r a n t  nema togen ic  s y s t e m s  showed s o m e  

in t e re s t ing  fea tures :  ( I )  The  nemat i c- smec t i c  A boundary is e l l i p t i c  

o r  parabol ic  in shape ,  (2) The re  is a max imum pressure  ( P  ) up t o  m 

which only t h e  s m e c t i c  A phase  exis t s ,  and (3)  P m  is  uniquely r e l a t e d  

t o  r ange  of t h e  n e m a t i c  phase  a t  a tmosphe r i c  pressure .  

Ano the r  i m p o r t a n t  f e a t u r e  which appea r s  t o  e m e r g e  f r o m  t h e  

c a r e f u l  s tudy  of t h e  P-T d iag rams  of r e e n t r a n t  n e m a t i c  s y s t e m s  

r e p o r t e d  by Kalkura  et a ~ . ~ *  was  t h a t  t h e  major  ax i s  of t h e  e l l ip t ica l ly  

shaped  A-N phase  boundary appea red  t o  h a v e  t h e  s a m e  t i l t  as t h e  

l inear  N-I boundary. This point w a s  however n o t  i nves t iga t ed  quant i-  

t a t ive ly .  .In o rde r  t o  a sce r t a in  if th is  is t h e  case, e x p e r i m e n t s  h a v e  

been  unde r t aken  t o  map  o u t  a c c u r a t e l y  both T-X and P-T d i a g r a m s  

of a number  of s ingle componen t  a s  well a s  b inary  s y s t e m s  exhib i t ing  



r e e n t r a n t  behaviour. The  resul t s  of t hese  s tud ie s  wh ich  a r e  presented  

in C h a p t e r  V show d rama t i ca l ly  t h a t  t h e  coupl ing  b e t w e e n  n e m a t i c  

and  s m e c t i c  order ing  man i fe s t s  in t h e  phase d i a g r a m s  exhib i ted  by 

t h e  r e e n t r a n t  n e m a t i c  sys tems.  

1.7 PHASE DIAGRAMS INVOLVING Ad AND A1 PHASES 

T h e  expe r imen ta l  s tud ie s  discussed in C h a p t e r  I V  show t h a t  

t h e  f i r s t  o rde r  Ad-A2 t r ans i t i on  c a n  t e r m i n a t e  at a c r i t i c a l  point 

which is probably of gas-liquid kind. I t  ha s  a l so  b e e n  shown by R a t n a  

et t h a t  under  c e r t a i n  o t h e r  c i r cums tances  a n  i n c o m m e n s u r a t e  

s m e c t i c  A phase  (A. ) c a n  in t e rvene  be tween Ad a n d  A 2  phases. 
I C 

T h e  s i t ua t ion  concerning  A -A t rans i t ion  has a l s o  a t t r a c t e d  conside-  d I 

r a b l e  t h e o r e t i c a l  and expe r imen ta l  in teres t .  R e c e n t l y  P r o s t  and 

Toner  4 4  have  used a dislocat ion loop theo ry  t o  p r e d i c t  s o m e  novel  

f e a t u r e s  concerning  t h e  t e rminus  of t h e  A - A  boundary .  Only s o m e  d 1 

of t h e  phase  d i ag rams  p red ic t ed  by theo ry  h a v e  been  obse rved  exper i -  

m m t a l l y  s o  far .  The theo ry  of P r o s t  and Toner p r e d i c t s  in t h e  mean-  

f i e ld  l imi t  a n  A - 4 c r i t i c a l  point which in pr inc ip le  should b e  s imi lar  
d ' 1  

t o  A
d
-A, c r i t i c a l  point discussed ear l ie r .  However ,  t h e  theo ry  a l so  - 

pred ic t s  t h a t  in t h e  p re sence  of f luc tua t ions  A d - A  f i r s t  o r d e r  boun- 1 

d a r y  c a n  t e r m i n a t e  in a n e m a t i c  island. They a l s o  p red ic t  t h a t  t h i s  

n e m a t i c  island should a lways  be sepa ra t ed  f r o m  a n o t h e r  n e m a t i c  

(main domain nemat ic) .  SO f a r ,  A
d
- A c r i t i ca l  poin t  has  n o t  been 

1 

obse rved  exper imenta l ly .  However  a n  island of c h o l e s t e r i c  o r  n e m a t i c  



exis t ing  at t h e  t e rminus  of Ad-Al  boundary has  been  observed .  45,46 

Although no  de t a i l ed  s tudy  of phase  d i ag rams  involving such  a n  

is land h a s  been  c a r r i e d  out ,  C h a p t e r  V I  descr ibes  t h e  phase  d i a g r a m s  

ob ta ined  by s tudying  binary a n d  t e r n a r y  s y s t e m s  involving A - A l  
d 

phases. The  topological  f e a t u r e s  of s o m e  of t h e s e  s y s t e m s  a r e  s t r i -  

kingly s imi lar  t o  s o m e  of t h e  phase  d i ag rams  p r e d i c t e d  t h e o r e t i c a l l y  

by P r o s t  and Toner.  

1.8 PRESSURE STUDIES ON THE NEMATIC - ISOTROPIC TRANSITION 

IN CYAN0 CYCLOHEXYL CYCLOHEXANE MATERIALS 

An impor t an t  consequence  of t h e  pa r t  p l ayed  by t h e  e n d  cha ins  

of  a molecule  in t h e  s tab i l i ty  of t h e  mesophases exh ib i t ed  by the rmo-  

t rop ic  liquid c r y s t a l s  is t h e  o c c u r r e n c e  of t h e  a l t e r n a t i o n s  in N-I 

t ransi t ionsl i7 and  a number  of o t h e r  p rope r t i e s  such  as o r d e r  para-  

m e t e r ,  
5 0  48*49 e n t r o p y  of  transition^,^' excess  s p e c i f i c  h e a t ,  sp lay  e l a s-  

t i c  cons t an t ,51  dT/dP ( r a t e  of var ia t ion  of t e m p e r a t u r e  of N-I t r ans i-  

t ion  with pressure) ,  etc. a s  t h e  homologous s e r i e s  i s  a s c e n d e d  (i.e., 

increas ing  t h e  n u m b e r  of carbon a t o m s  in t h e  e n d  chain) .  This  beha-  

viour r e f e r r e d  t o  a s  t h e  odd-even e f f ec t , '  which  a r i s e s  d u e  t o  en-  

h a n c e m e n t  o r  d e c r e a s e  in t h e  molecular  an i so t ropy  a n d  molecu la r  

o r d e r  accompany ing  increasing n, is found t o  be  exh ib i t ed  by the rmo-  

t rop ic  liquid c r y s t a l s  of low 52953 as well as l a r g e  molecu la r  mass.  
5 4 

In C h a p t e r  VII w e  descr ibe  t h e  pressure s tud ie s  on  N-I t r a n s i t i o n s  

of four success ive  members  of a l i c  yclic cyc lohexy l c yc lohexane  (n = 2 



t o  5) homologous se r i e s  (CCHn). 55956 I t  m a y  b e  no ted  t h a t  t h e s e  

cyc lohexane  ma te r i a l s  possess negat ive  d i a m a g n e t i c  an iso t ropy and  

exhib i t  unusual phase  behaviour in t h a t  t hey  show increased  s m e c t i c  

s tab i l i ty  for  t h e  sho r t e s t  t a i l  m e m b e r  whereas  t h e  n e m a t i c  s t ab i l i t y  

i s  g r e a t e r  for  t h e  m e m b e r s  n = 7  onwards. T h e s e  pressure  s t u d i e s  

c lear ly  show t h e  odd-even a l t e rna t ion  of (dT/dP)N-I cons i s t en t  w i th  

a s imi lar  behaviour observed  ea r l i e r  fo r  s eve ra l  liquid c rys t a l  s y s t e m s  

of low molecular  mass  as well  as main-chain polyes ters .  

T h e  resul t s  discussed in this  thes is  have  been  published (or  submi-  

t t e d  for  publicat ion) in t h e  following papers  : 

1 Universal i ty of t h e  r e e n t r a n t  n e m a t i c  - s m e c t i c  C - s m e c t i c  A 

a n d  n e m a t i c  - s m e c t i c  A - s m e c t i c  C mu1 t i c r i t i ca l  points.  (in 

co l labora t ion  with RShash idha r  and  B.R.Ratna) - Phys. Rev. 

A, Rapid  Commn., 34, 2561 (1986) 

2 S m e c t i c  A - s m e c t i c  A c r i t i c a l  point.  ( in co l labora t ion  wi th  d 2 

R. Shashidhar,  B.R.Ratna, S.Krishna P r a s a d  and C. Heppke) 

- Phys. Rev. Lett . ,  59, 1209 (1987) 

3 Coupling be tween  n e m a t i c  and  s m e c t i c  order ing  in r e e n t r a n t  

n e m a t i c  sys tems.  (in co l labora t ion  wi th  R. Shashidhar and  B.R. 

R a t n a )  - Mol. Cryst .  Liq. Cryst., 133, 19  (1986) 

4 No r e e n t r a n t  n e m a t i c  below s m e c t i c  A 1 ' ( i n  c o l l a b o r a t i o n  



wi th  R.Shashidhar and  P.E.Cladis) - Mol. Crys t .  Liq. Crys t .  

Let t . ,  1, 177  (1955). 

5 Phase  d i ag rams  involving A and A l  phases.  (in co l l abora t ion  d 

wi th  R. Shashidhar,  B.R.Ratna, Ch. Bahr a n d  G. Heppke)  ( t o  

b e  submi t t ed )  

6 P r e s s u r e  s tudies  on t h e  N-I t rans i t ions  in cyc lohexanes .  (in col la-  

bora t ion  with R. Shashidhar)  ( t o  b e  submit ted) .  

7 A n e m a t i c ,  s m e c t i c  Ad a n d  s m e c t i c  A c r i t i c a l  e n d  point in 2 

a binary  sys tem.  (in co l labora t ion  with R. Shashidhar  and  B.R. 

R a t n a )  ( t o  be  submit ted)  
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