
C H A P T E R  I 

INTRODUCTION 

A la rge  number  of o rgan ic  compounds a r e  known t o  exh ib i t  

liquid crys ta l l in i ty  or  mesomorphism.'  The  d e g r e e  of o r d e r  in liquid 

c rys t a l s  is i n t e r m e d i a t e  be tween  t h a t  of a t h r e e  dimensionally o r d e r e d  

c rys t a l  and  a comple t e ly  d isordered  i so t ropic  liquid. 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 h e  t e m p e r a t u r e  o r  by adding  

a solvent .  In t h e  c a s e  of t h e  fo rmer ,  t h e  ma te r i a l s  a r e  r e f e r r e d  t o  

as the rmot rop ic  while in t h e  c a s e  of l a t t e r ,  t h e y  a r e  lyotropic.  F o r  

a long t i m e  i t  w a s  bel ieved t h a t  a c h a r a c t e r i s t i c  f e a t u r e  of t h e  m a t e -  

rials  exhibi t ing mesomorphism should be t h e  rod-like shape  of t h e  

molecules.  However  r ecen t ly  the rmot rop ic  mesomorphism h a s  b e e n  

d iscovered  e v e n  in disc-like r n o ~ e c u l e s . ~  In th is  thes is ,  we  shal l  be  

conce rned  only wi th  the rmot rop ic  liquid c rys t a l s  composed of rod- like 

molecules.  

1.1 CLASSIFICATION OF THERMOTROPIC LIQUID CRYSTALS 

Following t h e  c lass i f ica t ion  of ~ r i e d e l , ~  t h e  t h e r m o t r o p i c  liquid 

c rys t a l s  composed of rod-like molecules c a n  be broadly c a t e g o r i s e d  

i n t o  nema t i c ,  c h o l e s t e r i c  and  smec t i c .  

T h e  n e m a t i c  phase i s  t h e  s implest  of t h e  mesophases  - i t  h a s  

only long range  o r i en ta t iona l  o rde r  but no long r ange  posi t ional  order .  



T h e  molecules  in t h i s  phase (-Fig .l. 1 a )  a r e  on t h e  a v e r a g e  o r i e n t e d  a b o u t  

a m e a n  d i r ec t ion  r e fe r r ed  t o  as t h e  "director"  d e n o t e d  by  a uni t  v e c t o r  

A 
n. The d e g r e e  of o r i en ta t ion  is def ined  in t e r m s  of t h e  o r d e r  p a r a m e t e r  

A 
where  8 is t h e  ang le  m a d e  by t h e  long molecu la r  ax i s  w i th  n. F o r  

a pe r f ec t ly  para l le l  a l ignment  (c rys ta l )  s = 1 whi le  f o r  a to t a l ly  r andom 

or i en ta t ion  ( i so t ropic  liquid) s = 0. In t h e  n e m a t i c  phase  S h a s  a va lue  

i n t e r m e d i a t e  be tween  0 and I a n d  is s trongly t e m p e r a t u r e  dependen t .  

The  c h o l e s t e r i c  liquid c rys t a l  is essent ia l ly  of t h e  n e m a t i c  t y p e  

wi th  t h e  d i f f e r e n c e  t h a t  i t s  s t r u c t u r e  h a s  a s c r e w  a x i s  no rma l  t o  

t h e  d i r ec to r  (Fig. 1.lb). This he l ic i ty  in t h e  s t r u c t u r e  i m p a r t s  . c e r t a i n  

ex t r ao rd ina ry  p rope r t i e s  t o  t h e  choles ter ic ,  l ike  t h e  excep t iona l ly  

high op t i ca l  r o t a t o r y  power,  s e l ec t ive  r e f l ec t ion ,  etc. T h e  p i t c h  of 

a cho le s t e r i c ,  par t icu lar ly  near  a s m e c t i c  A - c h o l e s t e r i c  t r ans i t i on ,  

i s  highly sens i t i ve  t o  t empera tu re .  

S m e c t i c  liquid crys ta ls  a r e  cha rac t e r i s ed  by a l a y e r e d  s t r u c-  

t u r e ,  s e v e r a l  t y p e s  of molecular  a r r a n g e m e n t s  being possible within 

a layer. In s m e c t i c  A, t h e  molecules  a r e  perpendicular  t o  t h e  l aye r  

plane whi le  in s m e c t i c  C they  a r e  t i l ted(Fig . l . lc&d)+ In bo th  t h e s e  

c a s e s  t h e  c e n t r e s  of t h e  molecules  within e a c h  l aye r  a r e  a r r a n g e d  

in a liquid-like manner.  S o m e  of t h e  s m e c t i c  mod i f i ca t ions  h a v e  o rde r-  

ing within a l aye r  also, e.g., s m e c t i c  B, s rnec t i c  H, etc. H e r e  we  



Figure 1.1 

Molecular arrangement in (a) nematic, 
( b )  cholesteric, (c) smectic A, and 
(d) smectic C mesophases. 8 denotes 
the director of the nematic medium. 



shal l  main ly  dea l  with t h e  n e m a t i c ,  s m e c t i c  A and s m e c t i c  B phases. 

T h e  above  p ic ture  of t h e  s m e c t i c  A phase  i s  s o m e w h a t  s implis t ic .  

A m o r e  r ea l i s t i c  descr ip t ion  of t h e  A phase  i s  t o  look upon i t  as 

a one-dimensionally o rde red  fluid with a m a s s  dens i ty4  
w a v e  a long  

t h e  d i r e c t o r  (Fig.l .2).  T h e  per iodic i ty  of t h i s  dens i ty  w a v e  is g iven  

by t h e  s m e c t i c  layer  spacing.  If t h e  molecule i s  s y m m e t r i c  t h e  l aye r  

th ickness  (d) is found t o  be  approximate ly  equa l  t o  t h e  molecu la r  

length  R . However  when t h e  molecule  i s  highly a s y m m e t r i c ,  a n d  

h a s  a s t rong  polar group a t  o n e  end,  (as ,  for  e x a m p l e ,  8 C B ,  whose  

molecular  s t r u c t u r e  is given in Fig. l.3), t h e  s i t ua t ion  is q u i t e  d i f f e ren t .  

It  was  proposed by Madhusudana and ~ h a n d r a s e k h a r " ~  t h a t  in such  

cases, t h e r e  should b e  an t ipa ra l l e l  nea r-  neighbour co r re l a t ions .  They 

showed theo re t i ca l ly  t h a t  a s  a consequence  t h e  m e a n  d i e l e c t r i c  con-  

s t a n t  in t h e  n e m a t i c  phase  should be less t h a n  t h e  va lue  in t h e  iso- 

t rop ic  phase  owing t o  a discontinuous d e c r e a s e  in t h e  an t ipa ra l l e l  

sho r t  r a n g e  o rde r  a t  t h e  t ransi t ion.  A consequence  of t h i s  an t ipa ra l l e l  

order ing  is t h a t  t h e  s m e c t i c  A c a n  have a "bilayer"  s t r u c t u r e ,  s o  

t h a t  t h e  layer  th ickness  c a n  be g r e a t e r  than R. Pr imar i ly  d u e  t o  exper i-  

m e n t s  conduc ted  by t h e  Bordeaux group,7'8 i t  i s  now recognised  

t h a t  m a t e r i a l s  wi th  a s t rongly  polar cyano (CN) o r  n i t r o  (NO2) end  

group exhib i t  d i f f e ren t  kinds of s m e c t i c  A phases. A n u m b e r  of Xray  

s t u d i e s  have  been  conduc ted  t o  c lass i fy  t h e  d i f f e r e n t  kinds of A phases  

a n d  t o  unders tand  t h e  s t r u c t u r a l  d i f f e rences  b e t w e e n  t h e m .  To-date 



Density 

Figure 1.2 

Schematic diagram. of smectic A phase with its one- 

dimensional density wave along the average direction 

of the molecular axis (Ref. 4). 



F i g u r e  1 . 3  

S t r u c t u r a l  formula  o f  8CB. 



t h e  d i f f e ren t  t y p e s  of A phases  which a r e  known a r e  t h e  mono laye r  

(Al) ,  par t ia l ly  b i layer  (A , bilayer  (A ) and t h e  i n c o m m e n s u r a t e  (A.  ) 
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phases. The  s t r u c t u r e s  of t h e s e  phases will be d iscussed  in de t a i l  

in C h a p t e r  V. S ince  i t  is known9 t h a t  an t ipara l le l  c o r r e l a t i o n s  m a n i f e s t  

t hemse lves  in t h e  d i e l ec t r i c  proper t ies ,  i t  i s  of i n t e r e s t  t o  apply  th i s  

t echn ique  t o  s tudy  t h e  d i f f e ren t  kinds of n e m a t i c - s m e c t i c  A (N-A) 

t rans i t ions ,  a s  well as t h e  t rans i t ions  be tween t h e  d i f f e r e n t  polymorphic  

f o r m s  of t h e  A phase. This  thes is  descr ibes  t h e  r e su l t s  of a va r i e ty  

of d i e l ec t r i c  s tud ie s  t a k e n  up with th is  in view. 

1.2 EXPERIMENTAL SET U P  

The expe r imen ta l  set up used for  t h e  inves t iga t ions  d iscussed  

in this  thesis  is desc r ibed  in chap te r  11. The  a l i g n m e n t  of t h e  s a m p l e  

(homeotropic  for  /I measuremen t  and  homogeneous  fo r  measu re -  '1 
m e n t )  was ach ieved  by a 2.4T magne t i c  field. Most of t h e  work  descr i-  

bed  h e r e  was  c a r r i e d  o u t  by col lect ing t h e  d a t a  manual ly  using a n  

impedance  analyser .  However  in s o m e  s tudies  where in  a l a r g e  a m o u n t  

of d a t a  had t o  be co l l ec t ed  near  a phase t r ans i t i on ,  e.g., t h e  A - A 2  d 

t rans i t ion ,  t h e  impedance  analyser  was i n t e r f a c e d  t o  a c o m p u t e r  

(HP86B). The  d a t a  acquis i t ion  a s  well a s  ana lys is  in such  c a s e s  w a s  

pe r fo rmed  by this  compute r .  A t e m p e r a t u r e  r egu la t ing  s y s t e m  p e r m i t t e d  

t h e  sample  t o  be h e a t e d  o r  cooled a t  a n y  des i r ed  r a t e .  Typical ly,  

t h e  d a t a  on t h e  s t a t i c  d i e l ec t r i c  cons tants  w e r e  co l l ec t ed  by varying 

t h e  t e m p e r a t u r e  a t  a r a t e  of about  3-4"C/hr, t h i s  r a t e  being e v e n  



s lower  c lose  t o  t h e  phase t rans i t ion .  Fo r  t h e  dispersion m e a s u r e m e n t s ,  

t h e  t e m p e r a t u r e  w a s  held c o n s t a n t  t o  +25 mK. 

1.3 NEMATIC -SMECTIC A (N-A) TRANSITION 

T h e  d i e l ec t r i c  behaviour of t h e  liquid c r y s t a l s  i s  d e t e r m i n e d  

by t h e  p e r m a n e n t  dipoles and  molecular  polarizabil i ty.  B e c a u s e  of 

t h e  uniaxial s y m m e t r y  of t h e  n e m a t i c  and s m e c t i c  A liquid c rys t a l s ,  

t h e  d i e l ec t r i c  pe rmi t t i v i ty  d i f f e r s  in value a long a n d  perpendicular  

t o  t h e  d i rec tor .  As ment ioned ea r l i e r ,  t he  s u b s t a n c e s  wi th  t e rmina l ly  

s trongly polar end  groups exhib i t  a var ie ty  of s m e c t i c  A phases.  A 

d i e l ec t r i c  s tudy of t h e  d i f f e ren t  kinds of N-A t rans i t ions ,  viz., N-Al ,  

N-A a n d  N-A h a s  been t a k e n  up. (In fact t h e  N-A t r ans i t i on  h a s  
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been  inves t iga ted  in two  t y p e s  of sys tems,  viz., t h o s e  wi th  a s t rong ly  

polar end  group as well a s  t h o s e  with a t e rmina l ly  non-polar group.) 

T h e  resul t s  of t h e s e  s tudies  have  been  descr ibed  in c h a p t e r  111. T h e  

resul t s  on  s t rongly  polar m a t e r i a l s  exhibi t ing t h e  A phase  show t h a t  
1 

t h e  dipole-dipole co r re l a t ions  in t h e  longitudinal d i r ec t ion  i n c r e a s e  

a t  t h e  N-A t r ans i t i on  leading t o  t h e  sharp  drop  in 1 /I . With i n c r e a s e  

in t h e  cha in  length ,  t h e  s t r eng th  of t h i s  drop d e c r e a s e s  and  f o r  l a rges t  

n (n r ep resen t ing  t h e  number  of carbon a t o m s  in t h e  a lkyl  cha in) ,  

t h e  change  is hardly percept ib le .  These  resul t s  a r e  c o r r e l a t e d  wi th  

t h e  d i f f e r e n t  kinds of t h e  c y b o t a c t i c  order  in t h e  n e m a t i c  phases  

of t h e s e  mater ia l s .  In t h e  case of t h e  N-A t r ans i t i on ,  t h e r e  a p p e a r s  d 

t o  be a ve ry  sma l l  d e c r e a s e  of ll a t  N-A t r ans i t i on ,  t h e r e  being 



a sa tu ra t ion  of Ell in  t h e  Ad phase. The m o s t  d r a m a t i c  behaviour  

of t h e  s t a t i c  pe rmi t t i v i ty  is s een  at t h e  N-A t rans i t ion .  A v e r y  s t r o n g  
2 

d e c r e a s e  of 
& 11 i s  observed  c lose  t o  t h e  t r ans i t i on  which  c a n  b e  a t t r i -  

bu ted  t o  t h e  d e c r e a s e  in t h e  e f f e c t i v e  longitudinal  d ipole  m o m e n t  

d u e  t o  t h e  head- to-head a r r a n g e m e n t  of t h e  d ipoles  a c c o m p a n y i n g  

t h e  fo rma t ion  of t h e  A2 phase. T h e  dispersion s t u d i e s  show t h a t  t h e  

ac t iva t ion  ene rgy  in t h e  n e m a t i c  phase (WN) i s  g r e a t e r  t h a n  t h a t  

in t h e  Ad phase  (WA ) - a t r e n d  t h a t  is gene ra l ly  s e e n  f o r  m o s t  of 
d 

t h e  ma te r i a l s  exhib i t ing  Ad phase. lo-'' In t h e  case of t h e  t e rmina l ly  

non-polar ma te r i a l s  exhib i t ing  t h e  N-A, t r ans i t i on  a l so  e s sen t i a l ly  

a similar  behaviour is s een  excep t  t h a t  t h e  W va lues  in t h e  case of 

t h e  non-polar m a t e r i a l s  i s  much higher t han  t h a t  in t h e  polar  coun te r-  

par ts .  In t h e  case of N-A t rans i t ion ,  i t  w a s  aga in  f o u n d  t h a t  2 

W > WA . However ,  an  unusual resul t  was  found t h a t  t h e  f r equency  
N 2 

of re laxa t ion  f R  shows a jump a t  N-A t r ans i t i on ,  t h e  f r e q u e n c y  in 
2 

t h e  A2 phase  being higher indicat ing a d e c r e a s e  in t h e  h ind rance  

t o  t h e  molecular  r eo r i en ta t ion  about  t h e  s h o r t  ax i s  d u e  t o  t h e  f o r m a-  

t ion  of t h e  molecular  pairs. 

1.4 STUDIES ON REENTRANT NEMATIC BEHAVIOUR 

For  a long t i m e  i t  was  presumed t h a t  t h e  gene ra l  s e q u e n c e  

of phase t rans i t ions  occurr ing  in a polymesomorphic  m a t e r i a l  (on 

cooling) should be 

Isotropic ---t N e m a t i c  Smec t i c  + Solid. 



But c l ad i s17  d iscovered  t h a t  in s o m e  sys t ems  t h e r e  c a n  b e  a n e m a t i c  

phase a t  higher as well as lower t e m p e r a t u r e s  r e l a t ive  t o  t h e  s m e c t i c  

A phase. She  des igna ted  t h e  lower t e m p e r a t u r e  n e m a t i c  phase  as 

t h e  r e e n t r a n t  n e m a t i c  (N ) phase in analogy with s imi lar  phenomena  r e  

found in condensed  m a t t e r  physics.18919 T h e  r e e n t r a n t  n e m a t i c  phase  

was  initially obse rved  in e i t h e r  a binary mixture  at a t m o s p h e r i c  pre-  

s su re  o r  in a single componen t  sys t em at  high pressures.20 However ,  

subsequently,  s ingle componen t  sys t ems  exhibi t ing t h e  r e e n t r a n t  nema-  

t i c  behaviour a t  a tmosphe r i c  pressure  w e r e  found 21-23 a n d  th is  led  

t o  a va r i e ty  of expe r imen ta l  s tudies  t o  unders tand  th i s  i n t e re s t ing  

behaviour. I t  is now genera l ly  known t h a t  t h e  N phase  i s  exhib i ted  r e  

by t h e  m a t e r i a l s  whose molecules  possess a s t rongly  polar  CN o r  

NO e n d  groups. ( S o m e  r a r e  e x ~ e ~ t i o n s ~ ~ ' ~ ~  t o  th i s  ru l e  have  been  
2 

found. These  will be  discussed later . )  For i n s t ance  t h e  m a t e r i a l  4-n- 

octyloxy-benzyloxy-4'-cyano s t i lbene  (T )" shows t h e  s e q u e n c e  on cool- 8 
ing :- 

I - N - A
d 
- Nre - A l  . (I - i so t ropic  phase)  

Pe rhaps  t h e  r i ches t  va r i e ty  of phases is exhibi ted by 4-nonyloxyphenyl- 

26,27. 
4'-nitrobenzoyloxy b e n z o a t e  ( D B 9 0 N 0 2 )  . 

A s  seen  above ,  t h e  m a t e r i a l  T exhib i t s  t w o  n e m a t i c  and  t w o  s m e c t i c  
8 

phases  while  D B 9 0 N 0 2  exhib i t s  t h r e e  n e m a t i c  a n d  fou r  s m e c t i c  A 

phases. Thus subs t ances  a r e  known wherein t h e  n e m a t i c  phase  r e e n t e r s  



o n c e  or  e v e n  twice.  The  d i e l ec t r i c  s tudies  c o n d u c t e d  o n  m a t e r i a l s  

exhib i t ing  d i f f e ren t  t ypes  of r e e n t r a n t  polymorphism a r e  desc r ibed  

in c h a p t e r  IV. These  s tud ie s  show t h a t  gene ra l ly  t h e  d i e l e c t r i c  aniso- 

t r o p y  A E  i nc reases  smoothly wi th  dec reas ing  t e m p e r a t u r e  on going 

f r o m  N-Ad-Nre .  This b e h a ~ i o u r  i s  seen  r ega rd le s s  of t h e  number  

of t i m e s  t h e  n e m a t i c  phase  reenters .  A € i s  t h e r e f o r e  s e e n  t o  b e  indiffe-  

r e n t  t o  t h e  various N-A transi t ions.  These  r e su l t s  i n d i c a t e  t h a t  t h e  
d 

dipolar  changes  accompanying  t h e  Ad-N o r  A -N t r a n s i t i o n s  should 
d r e  

b e  very  subtle .  As r ega rds  t h e  ac t iva t ion  e n e r g y ,  W~ i s  a l w a y s  r e  
found t o  be  g r e a t e r  than  W while  W < WN. Also t h e  W v a l u e  a p p e a r s  

N Ad 

t o  be  def inable  only when t h e  t e m p e r a t u r e  r a n g e  of t h e  phase  is 

small .  

As ment ioned ear l ie r ,  t h e  r e e n t r a n t  n e m a t i c  behaviour  is gene-  

ral ly exh ib i t ed  only when the  cons t i t uen t  mo lecu le s  possess  s t rongly  

polar  C N  o r  NO2 end  group. However s o m e  e x c e p t i o n s  t o  t h i s  ru l e  

have  been  found by t h e  Halle  group 24725  w h o  obse rved  t h a t  c e r t a i n  

binary mixtures ,  whose cons t i t uen t  compounds d o  no t  h a v e  a s t rongly  

polar  end  group, exhibi t  t h e  Nre phase. Although such  p h a s e  d i ag rams  

w e r e  repor ted ,  no de t a i l ed  study of t h e  physical  p r o p e r t i e s  of such  

s y s t e m s  had been  under taken .  In P a r t  I1 of  C h a p t e r  IV, t h e  resu l t s  

, of . the d i e l ec t r i c  s tudies  on  r e e n t r a n t  sys t ems  cons is t ing  of t e rmina l ly  

non-polar ma te r i a l s  28-30 a r e  described. These  s t u d i e s  show t h a t  t h e  

d i e l e c t r i c  proper t ies  of t h e  non-polar r e e n t r a n t  mesogens  a p p e a r  



t o  b e  s o m e w h a t  d i f f e ren t  f r o m  t h o s e  of s t rong ly  polar  r e e n t r a n t  m a t e -  

rials.  This  c h a p t e r  a l so  gives t h e  d i e l ec t r i c  r e s u l t s  on a t e r m i n a l l y  

non-polar ma te r i a l29  which exhib i t s  par t ia l ly  b i layer  s m e c t i c  A - t h e  

only such  c a s e  t o  be  observed  s o  far .  Also, t h e  i n t e r e s t i n g  new re su l t  

i s  found t h a t  shows a r eve r sa l  of s ign well inside t h e  A phase .  

This  a p p e a r s  t o  be  t h e  f i r s t  ins tance  of such  a behaviour  in a p u r e  

s m e c t o g e n i c  ma te r i a l .  This  resu l t  a lso shows t h e  e x i s t e n c e  of pronoun-  

c e d  dipole-dipole co r re l a t ions  in t h e  A phase. 
d 

1.5 A-A TRANSITIONS 

As ment ioned ea r l i e r ,  t h e  following t y p e s  of A phases  h a v e  

been  c lear ly  shown t o  exist :  t h e  monolayer  (A l ) ,  t h e  b i layer  (AZ), 

t h e  par t ia l ly  b i layer  (Ad) and  incommensura t e  (A. IC ) phases.31 T w o  

o t h e r  phases,  viz., an t iphase  ( )  and c r e n e l a t e d  (Acre) phases  a r e  

a l so  known. 32-34 However ,  t h e s e  a r e  biaxial  phases  and  t h e r e f o r e  

c a n n o t  b e  cons idered  as A phases. The d i f f e r e n t  t y p e s  of A phases  

have  been  c h a r a c t e r i s e d  on  t h e  basis of t h e  Xray  d i f f r ac t ion  p a t t e r n s  

ob ta ined  by monodomain samples.  The  s i t ua t ion  concerning  t h e  t rans i-  

t ions  b e t w e e n  t h e  d i f f e r e n t  polymorphic f o r m s  of A phases  h a s  been  

discussed on t h e  basis of a phenomenological  mode l  i n t roduced  by 

P ros t  35-38 and  developed l a t e r  by Barois et S i n c e  Ad a n d  Az 

phases  have  t h e  s a m e  s y m m e t r y ,  a second o r d e r  t r ans i t i on  c a n n o t  

e x i s t  b e t w e e n  them.  The  theo ry  of Barois et al .  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 rde r  Ad-Az t r ans i t i on  c a n  t e r m i n a t e  



a t  a c r i t i c a l  point  (CP) of t h e  gas-liquid type.  Such  a c r i t i c a l  point  

has  indeed been  observed experimental ly.40 Essent ia l ly  t h e  s a m e  argu-  

m e n t s  c a n  be  appl ied  t o  t h e  A -A t rans i t ion  also. T h e  dislocat ion- loop 
d I 

t heo ry  of P ros t  and  ~ o n e r "  h a s  shown t h a t  t h e  Ad-AI t r ans i t i on  

c a n  a l so  t e r m i n a t e  a t  a c r i t i c a l  point of gas-liquid t y p e  b u t  in t h e  

p re sence  of f luc tua t ions ,  t h e  theo ry  p red ic t s  a n e m a t i c  i s land  exis t ing  

a t  t h e  t e r m i n u s  of t h e  A -A t rans i t ion  boundary. C l a d i s  a n d  Brand 4 2 
d I 

had in f a c t  previously- found t h e  ex i s t ence  of such  a n e m a t i c  island. 

In t h e  case of t h e  A -A t rans i t ion ,  i t  c a n  be  f i r s t  o r d e r  o r  e v e n  1 2  

second o rde r43  because  of t h e  e x a c t  doubling of t h e  l a t t i c e  periodi- 

city.44 We have  under taken  d i e l ec t r i c  s tud ie s  on m a t e r i a l s  exhib i t ing  

al l  t h e s e  types  of t ransi t ions,  viz., Ad-A2, A -A a n d  Ad-Al.  T h e  
1 2  

resul t s  of t h e s e  invest igat ions a r e  given in C h a p t e r  V. T h e s e  s tud ie s  

show t h a t  t h e  t rans i t ion  t o  t h e  A phase is a l w a y s  a c c o m p a n i e d  by 2 

a sha rp  reduct ion  of 
€11 

c a u s e d  by t h e  head- to-head f o r m a t i o n  of 

dipolar  pairs.  Although a s l ight  d e c r e a s e  ~i El l  i s  a l s o  s e e n  nea r  

t h e  A -A t r ans i t i on ,  a compar ison  of th i s  e f f e c t  wi th  t h a t  s e e n  nea r  
d 1 

t h e  A -A t rans i t ion  shows t h a t  t h e  dipolar heads  a r e  m o r e  d isordered  
d 2 

in t h e  A l  phase  compared  t o  t h e  A phase. This  s u p p o r t s  t h e  gene- 2 

rally a s sumed  notion t h a t  t h e  dipoles in t h e  polar A1 p h a s e  a r e ,  s t a t i -  

s t ica l ly  speaking,  somewha t  randomly or ien ted .  Dispers ion  resul t s  

show t h a t  W in t h e  A phase  is always less t h a n  t h a t  in t h e  lower d 

t e m p e r a t u r e  A phase ,  i.e., A l  o r  A2. Also, t hese  r e su l t s  d o  n o t  suppor t  



t h e  t h e o r e t i c a l  predict ion45 concerning  t h e  e x i s t e n c e  of t w o  r e l axa t ion  

mechan i sms  in t h e  bi layer  A2 phase. 

A-B cryst AND A- Bhex PHASE TRANSITIONS 

T w o  types  of .  s m e c t i c  B phases a r e  known, viz., c rys t a l l i ne  B 

(Bcrys t  ) and  hexa t i c  B (Bhex) phases. t h e  phase ,  t h e r e  a r e  

long- range positional co r r e l a t ions  which a r e  t h r e e -  d imensional ,  t h e  
0 

e x t e n t  of in-planar order ing  being g r e a t e r  t h a n  14000 A ( resolu t ion  

4 6 l imited) .  The  Bhex phase  has  short- range in-plane pos i t ional  co r r e l a-  

t ions  bu t  long- range, three-dimensional  six- fold bond- or ienta t ional  

order .  47 Since  t h e  d iscovery  of t h e  Bhex phase ,  a n u m b e r  of 

of ~ t u d i e s ~ ' - ~ ~  have  been  conduc ted  t o  unde r s t and  t h e  n a t u r e  of 

t h e  A-Bhex transi t ion.  Exper imenta l ly ,  i t  is found t h a t  t h e  A-B 
h e x  

t r ans i t i on  is second o rde r  while A - B i s  f i r s t  o rde r .  D i e l e c t r i c  
c r y s t  

s tud ie s  conduc ted  on subs t ances  exhibi t ing t h e s e  t w o  d i f f e r e n t  t y p e s  

of A-B t rans i t ions  a r e  desc r ibed  in chap te r  VI.  

I t  is found t h a t  a l though t h e  s t a t i c  p e r m i t t i v i t y  shows essen-  

t ia l ly  t h e  s a m e  behaviour nea r  t h e  A - 8  a n d  A-Bhex t r ans i t i ons ,  
c r y s t  

t h e r e  a r e  s o m e  s igni f icant  d i f f e rences  wi th  r e g a r d  t o  t h e  dispersion 

resul ts .  The  ac t iva t ion  e n e r g y  in t h e  B phase  is found t o  be  less  c r y s t  

t h a n  in t h e  A phase  while  t h e  opposi te  i s  found t o  be  t h e  c a s e  f o r  

A and  Bhex phases. It is a l so  shown t h a t  a c c u r a t e  d ispers ion  s tud ie s  

suppor t  t h e  Xray  resul t s  46752 concerning t h e  o r d e r  of t h e  t rans i t ions ,  



viz., A - Bcryst t rans i t ion  i s  f i r s t  o rde r  and A-Bhex t r a n s i t i o n  i s  second 

order .  

1.7 SWALLOW-TAILED MATERIALS 

As men t ioned  be fo re ,  t he rmot rop ic  liquid c r y s t a l s  genera l ly  

cons is t  of mo lecu le s  which a r e  rod-like, i.e., which  h a v e  a n  eionga- 

t e d  shape.  Although ini t ial  s tud ie s  s eem t o  i n d i c a t e  t h a t  only  s y s t e m s  

wi th  re la t ive ly  s h o r t  l a t e r a l  . subs t i t uen t s  showed liquid crys ta l l in i ty ,  

t h e  r e c e n t  work by Weissflog et shows t h e  e x i s t e n c e  of liquid 

crys ta l l in i ty  in compounds  which have  t w o  l a t e r a l  cha ins  at  o n e  e n d  

of t h e  molecule.  These  m a t e r i a l s  a r e  r e f e r r e d  to a s  "swallow- tailed" 

compounds.  P re l imina ry  X r a y  s tud ie s  showed t h a t  t h e  s m e c t i c  A phases  

f o r m e d  by t h e s e  compounds  a r e  of t h e  mono laye r  t y p e  a n d  i t  w a s  

sugges ted  t h a t  t h e  molecules  a r e  perhaps a r r a n g e d  in a n  an t ipa ra l l e l  

configurat ion.  D ie l ec t r i c  s tud ie s  conduc ted  on t w o  such  swal low- ta i led  

compounds  a r e  desc r ibed  in c h a p t e r  VII. These  s t u d i e s  show c l ea r ly  

t h e  ex i s t ence  of pronounced ant ipara l le l  co r r e l a t ions  in t h e  n e m a t i c  

as well as in t h e  i so t ropic  phases of t h e  swal low- ta i led  compounds.  

I t  is i n t e re s t ing  t h a t  such  corre la t ions  should b e  p r e s e n t  e v e n  when 

t h e  A phase  f o r m e d  by t h e s e  molecules is of t h e  mono laye r  type .  

These  an t ipa ra l l e l  co r r e l a t ions  have  been found t o  be  s o  s t r o n g  t h a t  

e v e n  a n  addi t ion  of 30% of  a ma te r i a l  consist ing of rod- like molecules  

i s  unable t o  r e d u c e  t h e  ant ipara l le l  correlat ion.  



Most of t h e  resu l t s  descr ibed  in th is  t hes i s  have  been  publi- 

s h e d  in t h e  fol lowing papers: 

1 D i e l e c t r i c  s tudies  of monolayer  s m e c t i c  A phases  of s t rongly  

polar  liquid crystals .  (in col laborat ion wi th  B.R.Ratna, R.Shashi- 

dha r  and  G. Heppke) - Mol. Crys t .  Liq. Cryst . ,  139,  209 (1986). 

2 Expe r imen ta l  s tud ie s  on  a t r ip ly  r e e n t r a n t  mesogen.  (in col la-  

bora t ion  wi th  R. Shashidhar,  B.R.Ratna, V S u r e n d r a n a t h ,  V.N.Raja 

a n d  S.Krishna Prasad)  - J. d e  Physique Lett . ,  46, L-445 (1985) 

3 Densi ty ,  d i e l ec t r i c  and  Xray s tudies  of s m e c t i c  A - s m e c t i c  A 

t rans i t ions .  (in co l labora t ion  wi th  B.R.Ratna, V.N.Raja, R.Shashi- 

dha r ,  S.Chandrasekhar and  G.Heppke) - Mol. Crys t .  Liq. Cryst. ,  

138, 245 (1986). 

4 Dipole-dipole in t e rac t ions  in swallow- tai led liquid c rys t a l l i ne  

mixtures .  (in co l labora t ion  wi th  H. Kresse ,  W. Weissflog and  

R. Shashidhar)  - Phys. S t a t .  Sol. ( a )  101, K77 (1987). 

5 D i e l e c t r i c  s tudies  of t h e  h e x a t i c  B - s m e c t i c  A and  c r y s t a l  B - 

s m e c t i c  A transi t ions.  (in co l labora t ion  wi th  G e e t h a  G. Nair ,  

B.R.Ratna, R.Shashidhar and  J.W.Goodby) - Liquid C r y s t a l s  

(in press).  

6 Ant ipara l le l  order ing  of molecules  in liquid c r y s t a l s  of swallow-  

ta i l ed  compounds.  (in co l labora t ion  wi th  B.R.Ratna, R S h a s h i d h a r ,  



S. Chandrasekhar ,  H. Kres se  and W. Weissflog) - Mol. Crys t .  

Liq. Cryst .  Le t t .  (in press).  

7 Exper imenta l  s tud ie s  on a te rminal ly  non-polar r e e n t r a n t  n e m a t i c  

mixture .  (in co l labora t ion  wi th  B.R.Ratna, R S h a s h i d h a r ,  V.N.Raja, 

S.Chandrasekhar,  A. Pe lz l ,  S. Diele, I.Latif and  D.Demus) - 

Liquid Crys t a l s  (submit ted) .  

8 Pa r t i a l l y  bi layer  s m e c t i c  A phase in a t e rmina l ly  non-polar 

compound.  (in co l labora t ion  with B.R.Ratna, R S h a s h i d h r ,  V.N. 

Ra ja ,  S.Chandrasekhar,  A. Pelzl ,  S.Diele, 1.Latif a n d  D.Demus) - 

Mol. Cryst .  Liq. Crys t .  Le t t .  ( t o  be submit ted) .  
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