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DIELECTRIC INVESTIGATIONS OF LIQUID CRYSTALLINE 

MATERIALS EXHIBITING DIFFERENT TYPES OF 

SMECTIC A - NEMATIC TRANSITIONS 

3.1 INTRODUCTION 

In a n e m a t i c  liquid c r y s t a l  t h e r e  is long r ange  o r i e n t a t i o n a l  

o r d e r  of t h e  geomet r i ca l ly  an iso t ropic  molecules,  while  t h e  c e n-  

t r e s  of mass  a r e  d is t r ibuted  a t  random as in a n  o rd ina ry  i so t rop ic  

fluid. S m e c t i c  liquid c r y s t a l s  have  s t r a t i f i ed  s t r u c t u r e s ,  b u t  d i f f e r e n t  

t y p e s  of molecular  a r r a n g e m e n t  a r e  possible within e a c h  s t r a t i f i -  

ca t ion .  T h e  s imples t  of t h e s e  is t h e  s m e c t i c  A phase  in which  

t h e  molecules  a r e  upr ight  with their  c e n t r e s  i r regular ly  s p a c e d  

in  a liquid - l ike fashion. ~ c ~ i l l a n '  has e x t e n d e d  t h e  Maier- Saupe  

t h e o r y  t o  inc lude  an  addi t ional  o rde r  p a r a m e t e r  f o r  c h a r a c t e r i z i n g  

t h e  t r ans l a t iona l  per iodic i ty  of such  a layered  s t r u c t u r e .  McMillan 
1 

and ~ o b a ~ a s h i *  showed theo re t i ca l ly  t h a t  t h e  n e m a t i c  - s r n e c t i c  A 

(N-A) t rans i t ion  could be  f i r s t  o r  second order .  

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

t h e  pe rmanen t  dipoles a n d  molecular  polarizabil i ty.  B e c a u s e  of . . 

t h e  uniaxial s y m m e t r y  in n e m a t i c  and s m e c t i c  A liquid c r y s 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  t h e  p r e f e r r e d  



axis  

have  

( E ) and perpendicular  t o  t h i s  axis ( E ). Maier a n d  Meier  3 
II 1 

ex tended  Onsager ' s  t heo ry4  fo r  isotropic liquids t o  t h e  case 

of n e m a t i c  liquid crys ta ls .  Their  equat ions  a c c o u n t  s a t i s f a c t o r i l y  

fo r  many e s sen t i a l  f e a t u r e s  of t h e  pe rmi t t i v i ty  of n e m a t i c  liquid 

crys ta ls .  According t o  th i s  t heo ry ,  t h e  d i e l ec t r i c  an i so t ropy ,  

w h e r e  h=[3q(2g+ l ) ]  r e p r e s e n t s  t h e  cav i ty  f ie ld  f a c t o r ,  

E[=(E + 2 €  )/3] t h e  m e a n  d i e l ec t r i c  cons tant ,  F =  l / ( l - c f )  t h e  r e a c t i o n  II 1 
f ie ld  f a c t o r ,  t h e  m e a n  polarizabil i ty,  f = [ 4 ~  N P ( Z - ~ ) ] / [ ~ M ( ~ F +  I)], 

P t h e  densi ty,  M t h e  molecular  weight,  N t h e  Avagadro  n u m b e r ,  

I.I t h e  pe rmanen t  dipole momen t ,  8 t h e  ang le  t h a t  t h e  p e r m a n e n t  

dipole momen t  makes  wi th  r e s p e c t  t o  t h e  long molecu la r  ax is ,  

kB t h e  Bol tzmann c o n s t a n t ,  S t h e  n e m a t i c  o r d e r  p a r a m e t e r  and  

Acr t h e  polarizabil i ty anisotropy.  

The  idea  of nea r  neighbour an t ipara l le l  c o r r e l a t i o n s  (or  a n t i -  

f e r r o e l e c t r i c  sho r t  r ange  o rde r )  in nema t i c  liquid c r y s t a l s  c o m p o s e d  

of polar molecules  was  f i r s t  proposed by Madhusudana a n d  C h a n d r a-  

sekhar5  and  i t s  consequences  were  discussed on  t h e  bas is  of t h e  

Bethe-Peier l s  c l u s t e r  approximat ion .  A predic t ion  of t h i s  t h e o r y  

i s  t h a t  t h e  m e a n  d i e l e c t r i c  cons t an t  ? should show a d i scon t inuous  

inc rease  on going f r o m  t h e  n e m a t i c  t o  t h e  i so t ropic  phase.  This  



h a s  been  exper imenta l ly  ver i f ied  f o r  a number  of c y a n o  mesogens.  6 

Anothe r  consequence  of nea r  neighbour co r re l a t ion  is t h e  f o r m a t i o n  

of t h e  bi layer  s m e c t i c  A phase. The  ex i s t ence  of such  a b i l aye r  

phase  in ma te r i a l s  consist ing of s t rongly  polar e n d  group w a s  p roved  

expe r imen ta l ly  by Xray and  neu t ron  s c a t t e r i n g  e x p e r i m e n t s  of 

L e a d b e t t e r  et a ~ . ~ "  Thus a part ial ly bi layer  phase  where in  t h e  

th ickness  of t h e  layer  is m o r e  t h a n  t h e  l eng th  of t h e  m o l e c u l e  

was  establ ished.  However t h e  r ichness of polymorphism of s m e c t i c  

A phase  b e c a m e  obvious only a f t e r  t h e  p ioneer ing  work  of t h e  

Bordeaux group. Sigaud et a ~ . ~  while s tudying  t h e  b inary  phase  

d i ag ram of 4-n-pentyIphenyl-4'-cyanobenzoyloxybenzoate/terephthal 

bis-4-n-butylaniline (DBSCN/TBBA) observed a phase  t r ans i t i on  

b e t w e e n  t w o  t y p e s  of s m e c t i c  A phases. Although op t i ca l  s t u d i e s  

fa i led  t o  show any d i f f e rence  in t h e  t e x t u r e s  exh ib i t ed  by t h e  

t w o  A phases,  c a l o r i m e t r i c  s tud ie s  showed a c l e a r  s i g n a t u r e  of 

t h e  s m e c t i c  A- s m e c t i c  A transi t ion.  Thus t h e  f i r s t  s m e c t i c  A -  

s m e c t i c  A t rans i t ion  was  found. Xray  studies
1

'  c o n d u c t e d  on or ien-  

t e d  samples  showed t h a t  t h e  higher t e m p e r a t u r e  phase  was  t h e  

monolayer  phase  with layer  spac ing  (d) app rox ima te ly  equa l  t o  

t h e  length of t h e  molecule  ( R ) .  In this way th i s  phase  is s imi lar  

t o  t h e  monolayer  phase observed  in ma te r i a l s  wi thout  a n y  s t rongly  

polar  end  group, t h e  ex i s t ence  of which in s y m m e t r i c  mo lecu le s  

h a s  been  known for a long t ime .  The lower  t e m p e r a t u r e  phase  



in t h e  DBSCNITBBA s y s t e m  showed an  i n t e r e s t i n g  Xray  d i f f r a c-  

t ion  pa t t e rn .  I t  showed t w o  condensed Xray  r e f l ec t ions  - o n e  c o r r e-  

sponding t o  t h e  l aye r  spac ing  equal  t o  t h e  l eng th  of t h e  m o l e c u l e  

(d=!?,) and  t h e  o t h e r  cor responding  t o  tw ice  t h e  l eng th  of t h e  mole-  

c u l e  ( d = 2 R )  a n d  hence  i t  w a s  designated as t h e  bi layer  p h a s e  (A2 

phase). This d iscovery  of Sigaud et a ~ . ~  opened  a new f i e ld  of 

expe r imen ta l  a n d  t h e o r e t i c a l  study. Subsequent  s tudies1  h a v e  

shown t h e  e x i s t e n c e  of t h r e e  more  types  of s m e c t i c  A phases ,  

viz., t h e  an t iphase  ( )  t h e  c rene l l a t ed  A phase  (Acre) and  t h e  

mos t  recent ly  d iscovered  incommensura t e  A phase  (A .  ). 
I C 

T h e  s c h e m a t i c  d i ag rams  depict ing t h e  molecu la r  a r r a n g e m e n t  

in d i f f e ren t  t y p e s  of s m e c t i c  A phases a r e  g iven  in Fig. 3.1. As  

a l r eady  discussed t h e  monolayer  phase i s  c h a r a c t e r i s e d  b y d  R, 

t h e  dipoles wi th in  t h e  layer  being randomly d is t r ibuted .  T o  t h i s  

e x t e n t  t h e  s t r u c t u r e  of t h e  monolayer  phase  composed  of m o l e c u l e s  

wi th  a s t rongly  polar  end  group is closely s imi l a r  t o  t h a t  of t h e  

s m e c t i c  A phase  exhib i ted  by ma te r i a l s  whose  molecu le s  a r e  t e r m i -  

nally non-polar. Fo r  t h e  s a k e  of convenience  of discussion,  h e r e a f t e r  

w e  shall be r e fe r r ing  t o  t h e  fo rmer  t y p e  of s m e c t i c  A p h a s e  as 

polar A l  phase  and t h e  l a t t e r  t y p e  of A phase  as non-polar  A l  

phase. 

Fig.3.1 a l so  shows t h a t  t h e  molecules  in t h e  pa r t i a l l y  



F i g u r e  3 . 1  

Acre 

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

d i f f e r e n t  A p h a s e s .  



bi layer  phase (A phase)  a r e  in terd ig i ta ted .  T h e  e x t e n t  of i n t e r -  
d 

d ig i ta t ion  depends  on t h e  mater ia l .  Most of  t h e  polar m a t e r i a l s  

whose d i e l ec t r i c  p rope r t i e s  w e r e  s tudied  e a r l i e r  6,15-2 1 exhibit 

t h e  Ad phase. In case of t h e  bi layer  phase  (A phase) t h e  mole -  2 

cu le s  a r e  supposed t o  be  a r r a n g e d  in a head-  to- head  c o n f i g u r a t i o n  

as shown in f igu re  3.1. The  an t iphase  (x) h a s  e s sen t i a l ly  t h e  

s a m e  local  s y m m e t r y  a s  of t h e  A phase but  t h e r e  is a s ign i f i can t  2 

d i f f e rence .  In t h e  c a s e  of t h e  phase,  groups  of dipoles a r e  a r r a n-  

g e d  in e i t h e r  up o r  down configurat ion s o  t h a t  o n e  c a n  look upon 

t h e  s t r u c t u r e  as cons is t ing  of a "dipolar wave" within t h e  l aye r .  

T h e  molecular  p i c t u r e  of t h e  A. phase has  not  y e t  been  e s t ab l i shed .  
I C 

All t h e  molecular  p i c tu re s  descr ibed  above  have  b e e n  pos tu l a-  

t e d  on t h e  basis of Xray  d i f f r ac t ion  p a t t e r n s  exh ib i t ed  by mono-  

domain  samples  of A phases.  S ince  i t  is well known f r o m  e a r l i e r  

s tudies6  t h a t  n e a r  - neighbour an t ipara l le l  co r r e l a t ions  of s t r o n g l y  

polar  molecules  a r e  man i fe s t ed  in their  d i e l e c t r i c  p rope r t i e s ,  i t  

is impor t an t  t o  s tudy t h e  behaviour of d i e l e c t r i c  p r o p e r t i e s  n e a r  

d i f f e r e n t  kinds of N-A t r ans i t i ons  and to  see if t h e  d i e l e c t r i c  beha -  

viour c a n  be c o r r e l a t e d  t o  t h e  s t ruc tu ra l  d i f f e rences  b e t w e e n  t h e  

d i f f e r e n t  A phases. This c h a p t e r  descr ibes  t h e  r e su l t s  of o u r  i nves t i -  

ga t ions  t aken  up on m a t e r i a l s  exhibi t ing d i f f e r e n t  t y p e s  of N - A  

transi t ions.  



3.2 MATERIALS 

The  d i f f e r e n t  ma te r i a l s  whose n e m a t i c - s m e c t i c  A (N-A) 

t rans i t ions  have  been  s tudied  a r e  l is ted in Tab le  3.1 a l o n g  w i t h  

t h e  t rans i t ions  exhib i ted  by t h e m  and the i r  t e m p e r a t u r e s .  T h e  

s t r u c t u r a l  f o r m u l a e  of t h e s e  ma te r i a l s  a r e  g iven  in Fig.3.2. 

F o r  t h e  s tudy  of N-polar A t rans i t ion ,  t h r e e  m a t e r i a l s  belong- 
1 

i n g  t o  4-(4'-alkoxybenzoyloxy)-4'-cyanoazobenzenes (nOBCAB) 

se r i e s  have  been  used, viz., 4-(4'-butoxybenzoyloxy)-4'-cyanoazo- 

b e n z e n e  (40BCAB1, 4-(4'-hexyloxybenzoyloxy)-4'-cyanoazobenzene 

( 6 0 B C A B )  a n d  4-(4'-octy loxybenzoyloxy)-4'-cyanoazobenzene 

(80BCAB). In teres t ingly  t h e s e  nOBCAB compounds  22,23 w e r e  in 

f a c t  amongs t  t h e  f i r s t  t o  show t h e  r e e n t r a n t  n e m a t i c  p h a s e  a n d  

polymorphism of A phases. The  t rans i t ion  t e m p e r a t u r e s  ve r sus  

cha in  length  p lo t  for  t h e  homologous se r i e s  of nOBCAB is shown 

in fig.3.3. I t  is seen  t h a t  t h e  N-A t r ans i t i on  t e m p e r a t u r e  is a 
I 

maximum for  n=6.  T h e  second t y p e  of A phase ,  viz., t h e  Ad p h a s e  

is exhib i ted  by t h e  n = 9  a n d  n = I 0  homologues, a r e e n t r a n t  n e m a t i c  

phase in tervening  be tween  t h e  A and  A phases  f o r  t h e s e  homologs .  
d 1 

The  m a t e r i a l  chosen  t o  s tudy  a typical  N-nonpolar  A t r ans i -  1 

t ion is 4-n-heptyloxy - phenyl-4-n-decyloxybenzoate (70PDOB) .  A 

number  of s tud ie s  have  a l r eady  been  r epor t ed  on m a t e r i a l s  exh ib i t-  

ing such a t rans i t ion .  24-30 



TABLE 3.1 

T h e  s e q u e n c e s  a n d  t h e  t e m p e r a t u r e s  of t r a n s i t i o n s  of 

t h e  c o m p o u n d s  s t u d i e d  

S.No. C o m p o u n d  Trans i t ion  t e m p e r a t u r e s  ( in  " C )  

1 4(4'-alkoxybenzoyloxy)-4'- 

c y a n o  a z o b e n z e n e  ( n O B C A B )  

( P o l a r  A l l  n = 4  

n = 6  

n = 8  

K - A l  ( o r  N) A l  - N N - I  

K - C  C - A I  A I - N  N - I  
2 4- n-heptyloxy- p h e n y l  4-n- 

d e c y l o x y  b e n z o a t e  ( 7 0 P D O B )  

(Non-polar  A ) 1 
69.7 80.2 84.2 87.8 

3 4-cyanobenzylidene-4'-n- 

o c t y l o x y a n i l i n e  ( C B O O A )  

(Ad) 

benzoyloxy  b e n z o a t e  

A 2  - N N - I  

K : C r y s t a l  



I I 
4- ( 4  - alkoxybenzoy1oxy)-4-cyanoazobenzenes 

( no B CAB) n=4 ,6  a8 

4-n-  heptyloxy -phenyL 4-n-decyloxy benzoate 

(70 PDOB) 

I 
4-  cyanobenzylidene- 4 - n  - oxtyloxyani l ine 

(CBOOA) 

4-n-  pentylphenyl -41- cyanobenzoyloxy benzoate 

(DB5CN) 

F i g u r e  3 . 2  

The s t r u c t u r a l  f o r m u l a e  a n d  t h e  a b b r e v i a t i o n s  u s e d  f o r  t h e  

compounds  s t u d i e d  



Figure 3.3 

Plot showing transition temperature ( a  ) vs. chain length 

for the 4-alkyloxybenzoyloxy-4'-cyanoazobenzene series ; 

( 0  ) are extrapolated values (From Ref. 22). 



In t h e  case of t h e  N- A
d 

t rans i t ion ,  t h e  m a t e r i a l  u sed  f o r  

d i e l e c t r i c  s tudy i s  k-cyanobenzylidene-4'-n-octyloxyaniline (CBOOA).  

The  N-Ad t rans i t ion  in CBOOA h a s  been t h e  s u b j e c t  of  a v a r i e t y  

of expe r imen ta l  s t u d i e ~ . ~  Ini t ial ly t h e  N-Adtt-anSlti0n in t h i s  m a t e -  

r ia l  w a s  considered t o  be  f i r s t  order.32 However  subsequen t  high 

resolu t ion  expe r imen t s  have  c l ea r ly  shown t h a t  t h i s  t r a n s i t i o n  is 

second order .  3 3 

T h e  most  recent ly  d iscovered
9  

N-A t r ans i t i on  i s  t h e  N-A 
2 

t rans i t ion .  Very fe\v m a t e r i a l s  a r e  known which exh ib i t  t h i s  kind 

of t ransi t ion.  W e  have s tud ied  th i s  t rans i t ion  in 4-n-pentylphenyl-4'- 

cyanobenzoyloxybenzoate  (DBSCN) which is in fact t h e  f i r s t  m a t e r i a l  

in which such a transi t ion w a s  discovered. 

3.3 EXPERIMENTAL 

3.3.1. Xray Studies 

Xray d i f f rac t ion  d a t a  8710934 on some  of t h e  m a t e r i a l s  d iscu-  

ssed  in t h e  preceding s e c t i o n  a r e  a l r eady  avai lab le .  H o w e v e r  on 

s o m e  o thers ,  e.g., t r e  nOBCAB mater ia l s ,  no such  d a t a  is ava i l ab l e  

a n d  thus  i t  was  necessary  t o  conduc t  an  Xray  s tudy  on t h e s e  c o m-  

pounds. The  experir-2ental  set up used in this  s tudy  i s  desc r ibed  

in t h e  following: 

T h e  samples  were  t a k e n  in Lindemann g lass  cap i l l a ry  t u b e s  



a n d  t h e  ends  of t h e  t u b e s  w e r e  sealed. The e x p e r i m e n t s  w e r e  conduc-  

t e d  on magnet ica l ly  o r i e n t e d  samples  using m o n o c h r o m a t i c  CuKa 

radia t ion  obta ined  f rom a Xray  gene ra to r  (Phil ips PW1730) in conjunc-  

t ion  wi th  a ben t  q u a r t z  c r y s t a l  monochromator  (Car l  Zeiss, J ena ) .  

The  d i f f r ac t ed  Xray b e a m  was  recorded on a f l a t  pho tog raph ic  

f i lm which was  loca t ed  a t  t h e  focus of t h e  monochromato r .  T h e  

cons t ancy  of t e m p e r a t u r e  during any exposu re  was  kO.l°C. T h e  

d i s t a n c e  be tween  t h e  d i f f r ac t ion  spots  on t h e  f i lm was  m e a s u r e d  

using a precision c o m p a r a t o r  (Adam-Hilger Ltd.). T h e  r e l a t i v e  
0 

a c c u r a c y  in t h e  de t e rmina t ion  of d is reckoned t o  b e  20.1 A 

3.3.2 Dielectric Studies 

a )  S t a t i c .  

T h e  de ta i l s  of t h e  expe r imen ta l  set up used has  a l r eady  been  

g iven  in C h a p t e r  11. T h e  d i e l ec t r i c  cons t an t s  w e r e  measu red  using 

a Hewle t t - Packa rd  Impedance  Analyser (HP 4 192A). As men t ioned  

ea r l i e r ,  for  t h e  e x p e r i m e n t s  described in th i s  c h a p t e r ,  t h e  d a t a  

w e r e  co l l ec t ed  manually. T h e  thickness of t h e  sample  used  w a s  

50 Dm and i t  w a s  al igned in t h e  nema t i c  phase  by a 2.4 Tes la  magne-  

t i c  f ield and cooled  ve ry  slowly in to  t h e  A phase  in t h e  p r e s e n c e  

of th is  field. The  s t a t i c  measu remen t s  w e r e  c a r r i e d  o u t  at 1 KHz 

and  t h e  t e m p e r a t u r e  w a s  varied very slowly (-4"Clhr)  n e a r  t h e  

t ransi t ion.  



b) Dispersion 

T h e  low f requency r e l axa t ion  of E was measu red  using t h e  s a m e  II 
set up ment ioned in t h e  e a r l i e r  sect ion.  During dispersion s tudy ,  

t h e  t e m p e r a t u r e  of t h e  s a m p l e  was  mainta ined  c o n s t a n t  t o  within 
I I t  

+25  mK. At any  t e m p e r a t u r e  t h e  values of E and € 1 1  w e r e  measu -  I I 
r ed  as func t ions  of f requency.  

3.4 N TO Al (NON-POLAR) TRANSITION 

In this  sec t ion ,  w e  sha l l  d iscr ibe  t h e  r e su l t s  of our  s tudy  

on 70PDOB which exhib i t s  N, A and C phases,  t h e  t r ans i t i on  

t e m p e r a t u r e s  being given in Tab le  3.1. 

3.4.1 Static Dielectric Constants 

The  var ia t ion  of s t a t i c  d i e l ec t r i c  c o n s t a n t s  E a n d  I I 7 as 

well as of t he  d i e l ec t r i c  an i so t ropy  A E  with  t e m p e r a t u r e  (T)  a r e  

shown in Figs. 3.4 and  3.5 respect ively.  The compound h a s  a 

negat ive  A E  throughout  t h e  N a n d  A phases  (no  d a t a  in t h e  C 

phase  is given s ince  i t  was  no t  possible t o  g e t  a p lanar  a l ignmen t  

in t h i s  phase). A s  t h e  m a t e r i a l  is cooled f r o m  t h e  i so t rop ic  phase ,  

'1 i nc reases  with d e c r e a s e  in t e m p e r a t u r e  while II dec reases .  

The  r a t e  of d e c r e a s e  of E is much s t e e p e r  t han  t h e  r a t e  of in- I I 



Figure 3.4 

The temperature variation of the dielectric constants 

E l  and E l  in the isotropic, nematic and smectic A phases of 

70PDOB. 



F i g u r e  3 .5  

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

f o r  70PDOB. 



c r e a s e  of E T h e  s t e e p  d e c r e a s e  in I' I1 could perhaps  b e  d u e  t o  

enhanced  dipole-dipole co r re l a t ion  in t h e  longitudinal  d i r ec t ion .  

This could also be  of cou r se  d u e  t o  Maier-Meier equat ion3  which  

has  t h e  1 /T f a c t o r .  T h e  s igna tu re  of t h e  N-A t rans i t ion  i s  t h e  

change  in t h e  s lope  in bo th  E 11 and  €1 . No b reaks  could  b e  s e e n  

in e i t h e r  
€11 

o r  € 1  within t h e  resolut ion of o u r  e x p e r i m e n t a l  set 

up. In t h e  s m e c t i c  A phase ,  E cont inues  t o  i n c r e a s e  while  E de-  I I1 
c reases .  It  is c l e a r  f r o m  Fig.3.5 t h a t  A E  var ies  s t eep ly  t h r o u g h o u t  

N and  A phases  with a conspicuous change  in s lope  at N-A t r ans i -  

tion. These  resul t s  a r e  essent ia l ly  s imi lar  t o  t h o s e  on t h e  l o w e r  

m e m b e r s  of t h e  s a m e  homologous series ,  viz., 6 0 P D O B  and 

5OPDOB. 24727728730 T h e  aniso t ropy of 7 0 P D O B  is found to b e  

s imi lar  t o  t h a t  of t h e  o t h e r  homologs. 

3.4.2 Dispersion 

W e  shall now p resen t  t h e  low f requency E: re laxa t ion  s t u d i e s  II 
on 70PDOB.  S ince  i t  was  possible t o  g e t  homeotropic  a l i g n m e n t ,  

w e  have been a b l e  t o  m a k e  dispersion m e a s u r e m e n t s  in a l l  t h e  

t h r e e  phases, viz., N,  A and  C phases. As r e m a r k e d  ea r l i e r ,  du r ing  

dispersion measu remen t s ,  t h e  t e m p e r a t u r e  was  kep t  c o n s t a n t  t o  

b e t t e r  t han  i 2 5  mK and  t h e  c a p a c i t a n c e  ( C )  and  t h e  d i e l e c t r i c  

loss f a c t o r  (D) w e r e  measu red  as funct ions  of f r equency  in t h e  

measuring range  of t h e  i n s t r u m e n t  ( 5  H z- 1 3  MHz). C a r e  w a s  t a k e n  

t o  co l lec t  m o r e  d a t a  in t h e  neighbourhood of t h e  dispersion f r e -  
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quency. Typical  cu rves  of d i e l ec t r i c  loss, viz., 11 versus  f r e q u e n c y  

cu rves  in N, A and  C phases  a r e  shown in Fig.3.6. I t  i s  c l e a r  t h a t  

t h e  dispersion is well c h a r a c t e r i z e d  with a s h a r p  m a x i m u m  in t h e  

loss curve .  T h e  position of t h e  maximum gives  t h e  f r e q u e n c y  of 

re laxa t ion  f This  was  d e t e r m i n e d  graphically. T h e  d e t e r m i n a t i o n  R ' 

of fR  f r o m  t h e  loss c u r v e  ob ta ined  in th is  manner  is e x p e c t e d  

t o  be a c c u r a t e  t o  a b o u t  2%. Represen ta t ive  Cole- Cole  p l o t s  in 

N,A and C phases  a r e  g iven  in Fig.3.7. It  is c l e a r  t h a t  t h e r e  is 

a single re laxa t ion  process  in a l l  t h e  phases. The  d a t a  f i t  a semi-  

c i r c l e  ve ry  well wi th  t h e  c e n t r e  lying on t h e  €,, axis. T h e  r e l a x a t i o n  

f r equency  is a l so  obta ined  f r o m  such Cole-Cole plots ,  aga in  graphi-  

cally. Table  3.2 g ives  t h e  c o m p l e t e  d a t a  on  f ob t a ined  f o r  a s e r i e s  R 

of t e m p e r a t u r e s  in t h e  N, A and C phases both  by loss  c u r v e s  

and by Cole- Cole  plots. The  a v e r a g e  value of f R  d e t e r m i n e d  by 

t h e  two  t echn iques  is p l o t t e d  versus  1 / T  in  Fig.3.8. F r o m  t h e  slope,  

t h e  ac t iva t ion  ene rgy  W, a s soc ia t ed  with t h e  r e o r i e n t a t i o n  of t h e  

longitudinal componen t  of t h e  dipole moment  a b o u t  t h e  s h o r t  ax i s  

is ca lcula ted .  T h e  values of  W eva lua t ed  in t h i s  m a n n e r  in N, 

A and C phases  a r e  a l so  m a r k e d  in t h e  s a m e  f igure.  I t  i s  c l e a r  

t h a t  t h e  ac t iva t ion  e n e r g y  in t h e  n e m a t i c  phase  i s  g r e a t e r  t h a n  

t h e  ac t iva t ion  ene rgy  in t h e  A phase  which in t u r n  is g r e a t e r  t h a n  

t h e  ene rgy  in t h e  C phase  (W > WA> Wc). 
N 

Buka and 6 a t a z 7  h a v e  measured  t h e  d i e l e c t r i c  d ispers ion  





Figure 3.7 

Representative Cole-Cole plots in the (a) nematic ( 0 86.50~, 

A 85.4OC), ( b )  smectic A 1 (81 .g°C) and (c) smectic C (71.4OC) 

phases of 70PDOB. 



TABLE 3.2 

Frequency of relaxation f as a function of temperature in  
R 

N,  smectic A and C phases for 70PDOB 

Frequency of Relaxation ( in  MHz) 
S. No. Temperature ( "C)  Mean . " 

From loss curve From Cole-Cole 
f~ 

N e m a  t i c  

S m e c t  i c  A 

S m e c t  i c  C 



F i g u r e  3 .8  

The p l o t  o f  t h e  r e l a x a t i o n  f requency  f  R v e r s u s  1/T o f  70PDOB.  

The a c t i v a t i o n  e n e r g i e s  a r e  a l s o  shown. 



in  60PDOB,  a lower homologue  of 70PDOB.  They  h a v e  a l s o  found 

W > WA > WC in a g r e e m e n t  wi th  our observa t ion  o n  7 0 P D O B  ( s e e  N 

t a b l e  3.3). In f a c t  t h e  va lues  of W fo r  t h e  2 compounds  a r e  s imilar .  

Buka and Bata  have f u r t h e r  shown t h a t  in t h e  C phase,  which i s  

n o t  a uniaxial sys t em,  t h e  re laxa t ion  around t h e  s h o r t  ax i s  c a n  

have  two  modes ,  one  m e a s u r e d  along t h e  l a y e r  no rma l  and  t h e  

o t h e r  perpendicular  t o  it .  The  relaxat ion f r e q u e n c i e s  f o r  t h e s e  

t w o  modes  coincide for  t h e  corresponding t e m p e r a t u r e s .  However  

t h e  intensi ty of absorpt ion  dec reases  with d e c r e a s e  of t e m p e r a t u r e  

in t h e  f i r s t  case while t h e  r eve r se  is t r u e  in t h e  second  case. We 

bel ieve t h a t  we  have m e a s u r e d  t h e  re laxa t ion  f r e q u e n c y  in m o d e  

1 s ince  in our c a s e  t h e  s t r e n g t h  of t h e  abso rp t ion  d e c r e a s e s  wi th  

d e c r e a s e  of t e m p e r a t u r e .  

In summary i t  i s  c l e a r  t h a t  t he  low f r e q u e n c y  r e l axa t ion  

process  in both n e m a t i c  and  monolayer  A phases  of t e rmina l ly  

non-polar ma te r i a l  7 0 P D O B  is  c h a r a c t e r i z e d  by h ighes t  a c t i v a t i o n  

ene rgy  in N phase  and lowest  in C phase. This  resu l t  by i tself  

c a n n o t  be  explained by a n y  exis t ing  s i n c e  t h e  a c t i v a-  

t ion  ene rgy  (W), assoc ia t ed  with molecular  r e o r i e n t a t i o n  a b o u t  

sho r t  a x i s ,  cons is t s  of con t r ibu t ion  due t o  n e m a t i c  po ten t i a l  a n d  

viscosity. Since t h e  A p h a s e  has  higher o r i en ta t iona l  o r d e r  as well 

as higher viscosi ty,  o n e  would expec t  t h a t  W in N phase  should 

b e  less than  in A phase. However  7OPDOB shows t h a t  i t  i s  not  



TABLE 3.3 

The  ac t iva t ion  ene rgy  \V corresponding  t o  t h e  low f requency of r e l axa t ion  

obta ined  in t h e  n e m a t i c ,  s m e c t i c  A and  C phases for  d i f f e r e n t  compounds  

Ac t iva t ion  Energy (in eV) 
Mater ia l  R e f e r e n c e  

N e m a t i c  S inec t i c  A S m e c t i c  C 

1.29 Buka a n d  

Ba t a  27 

1.21 This  work  



t h e  case. In f a c t  most  of t h e  ma te r i a l s  whose  d i e l ec t r i c  p r o p e r t i e s  

a r e  s tudied  so  f a r  17-20'29'37'38 show this  t heo re t i ca l ly  ununders tood 

behaviour.  This problem h a s  been  reviewed r ecen t ly  by Chandra -  

sek har. 
3 9 

We have discussed e a r l i e r  t h e  d i e l ec t r i c  behaviour nea r  t h e  

n e m a t i c  - s m e c t i c  A (N-A ) t rans i t ion  exhib i ted  by ma te r i a l s  whose  
1 1 

cons t i t uen t  molecules  d o  n o t  have  s t rongly  polar  end  groups. We 

shal l  now discuss t h e  r e su l t s  of our  s tud ie s  on  ma te r i a l s  wi th  

s t rongly  polar cyano  end  group exhibi t ing N-A I (polar) t rans i t ion .  

Although t h e  molecular  p i c t u r e  of Al phase  ( see  Fig.3.1) d o e s  

no t  show a d i f f e rence  b e t w e e n  polar A a n d  non-polar A phases ,  
1 1 

t h e  dipoles being randomly d is t r ibuted  within t h e  layer  in t h e  case 

of fo rmer ,  i t  is of i n t e r e s t  t o  see if t h e r e  is a n y  d i f f e r e n c e  in 

t h e  d i e l ec t r i c  behaviour b e t w e e n  polar Al  and  non-polar A sys t ems .  
1 

T h e  ma te r i a l s  s tudied  by us  a r e  4th, 6th and  8th m e m b e r s  of t h e  

h o m o l o g o u s  s e r i e s  4-(4'-alkoxybenzoyloxy)-4'-cyanoazobenzenes 

(nOBCAB). 22723 T h e  t r ans i t i on  t e m p e r a t u r e s  f o r  t hese  m a t e r i a l s  

have  a l ready been  given ( s e e  Tab le  3.1). 

3.5.1 Xray Results 

Since no  Xray  d a t a  s e e m  t o  be avai lab le  on  t h e  l aye r  spac ing  

(d) in t h e  A phases  of t h e s e  ma te r i a l s ,  we  have  measu red  t h e  va r i a -  



t i on  of d in t h e  s m e c t i c  A phase  of a l l  t h r e e  substances.  T h e s e  

d a t a  a r e  given in Fig.3.9. It  i s  s een  t h a t  for  a l l  t h e  m a t e r i a l s ,  

d is prac t ica l ly  cons t an t  throughout  A phase.  I t  i s  a l so  s e e n  t h a t  

d/R value ( w h e r e  R i s  t h e  l eng th  of t h e  molecule  measu red  in i t s  

m o s t  ex t ended  conf igura t ion  using Dreiding model) is a b o u t  0.94- 

0.95 f o r  a l l  t h e  compounds. The re fo re  t h e  A phase  e x h i b i t e d  by 

t h e s e  compounds  is c lear ly  t h e  monolayer  ( A l )  phase. D i f f e r e n t i a l  

scanning c a l o r i m e t r y  (DSC) runs showed t h a t  t h e  A-N t r a n s i t i o n  

is second o rde r  f o r  all  t h e  t h r e e  compounds. 4 0 

3.5.2 Dielectric Results 

a) S t a t i c  

The  s t a t i c  d i e l ec t r i c  cons t an t s  for  40BCAB,  6 0 B C A B  a n d  

8 0 B C A B  nea r  t h e  A -N t r ans i t i on  a r e  shown in Figs. 3.10-3.12. 1 

We did no t  t a k e  a n y  d a t a  nea r  t h e  nema t i c- i so t rop ic  (N-I) t r ans i-  

t ions  s ince  t h e s e  t e m p e r a t u r e s  a r e  very high and  t h e  m a t e r i a l s  

decomposed at t h e s e  high t e m p e r a t u r e s .  T h e  main f e a t u r e  of t h e  

resu l t s  on s t a t i c  d i e l ec t r i c  cons t an t s  is t h a t  f o r  4 0 B C A B  a s h a r p  

drop  in € is obse rved  at N - A I  t ransi t ion.  T h e  va lue  dropped f r o m  I t  
a b o u t  20  in n e m a t i c  phase t o  a b o u t  14 i n  A phase. On t h e  o t h e r  

hand t h e  va lue  of E is p rac t i ca l ly  unchanged through t h e  N - A  1 1 
transi t ion.  In t h e  c a s e  of 6 0 B C A B  (Fig. 3.1 l), a much sma l l e r  c h a n g e  

in € 1 1  i s  obse rved  at t h e  N - A  t rans i t ion .  This change  is a b o u t  
1 



The t e m p e r a t u r e  v a r i a t i o n  of  t k o  l a y e r  s p a c i n g  ( d )  i n  t h e  smectic A 
1 

p h a s e  of  ( a )  40BCAB,  ( b )  6 0 B C A E  and  ( c )  8 0 B C A B .  







F i g u r e  3 .12  

T e m p e r a t u r e  v a r i a t i o n  o f  E II ' €1 a n d  AE n e a r  t h e  A ,  - N  t r a n s i t i o n  

o f  80BCAB. 



0.6 c o m p a r e d  t o  6 in t h e  case of 40BCAB. Also  t h e  c h a n g e  in 

a t  A I - N  t rans i t ion  in case of 60BCAB is  less  sharp.  Final ly,  

f o r  SOBCAB, t h e  change  in I1 i s  hardly pe rcep t ib l e  a n d  drily a 

change  in s lope  is seen.  T h e s e  resul t s  s e e m  t o  i n d i c a t e  t h a t  f o r  

4OBCAB t h e  ant ipara l le l  co r r e l a t ions  in N and  A l  phases  a r e  sub- 

s t an t i a l ly  d i f f e ren t  w h e r e a s  for  8 0 B C A B  t h e s e  c o r r e l a t i o n s  should 

be  similar  in t h e  two phases.  I t  i s  re levant  t o  r eca l l  h e r e  t h e  Xray  

s tud ie s  of ~ o ~ f ~ ~  on 8 0 B C A B  and  4OBCAB which showed s ign i f i can t  

d i f f e rences  in t h e  local smect ic- l ike  ordering in t h e  n e m a t i c  phases  

of t h e  two  materials .  This  d i f f e rence  obviously m a n i f e s t s  in a 

r emarkab le  manner  as a d i f f e r e n c e  in t h e  d i e l e c t r i c  behaviour  

nea r  t h e  N-A t r ans i t i ons  of t h e s e  systems.  

b Dispersion 

I I  

Figures  3.13 -3.1 5 show plo ts  of d i e l ec t r i c  loss  (E, ,  VS. f r e -  

quency)  fo r  40BCAB,  6 0 B C A B  a n d  8 0 B C A B  respect ive ly .  I t  is 

c l e a r  in al l  t h e  cases  t h a t  loss cu rves  have  c l e a r  m a x i m a  wi th  

symmet r i ca l  dis tr ibut ion of f r equenc ie s  on e i t h e r  s ide  of t h e  f r e-  

quency of relaxat ion.  Typica l  Cole-Cole plots  in N and A phases  

of t h e  t h r e e  ma te r i a l s  a r e  given in Figs.3.16-3.21. In a l l  c a s e s  

t h e  Cole-Cole plots  a r e  s e e n  t o  b e  pe r f ec t  s emic i r c l e s  showing 

t h a t  t h e r e  is a single r e l axa t ion  process.  The  f r equenc ie s  of r e l axa-  

t ion  fR  de te rmined  f rom loss c u r v e s  and Cole- Cole  p lo ts  f o r  t h e  

t h r e e  ma te r i a l s  a r e  shown in Tab le s  3.4-3.6. I t  is s een  t h a t  f R  









F i g u r e  3 .16 

R e p r e s e n t a t i v e  Co le- Co le  p l o t s  o f  40BCAB i n  t h e  n e m a t i c  p h a s e  

a t  ( a )  111.5°C ( b )  125.0°C and ( c )  130.5OC. 



Figure 3.17 

Representative Cole-Cole plots of 40BCAB in the smectic A 1  

phase at (a) 89.4OC, ( b )  98.4OC and (c) 105.0°C. 



Figure 3.18 

Representative Cole-Cole plots of 60BCAB in the nematic phase 

at (a) 128OC, ( b )  138.1°C and ( c )  151°C. 



F i g u r e  3 . 1 9  

R e p r e s e n t a t i v e  Cole-Cole p l o t s  o f  60BCAB i n  t h e  s m e c t i c  A 1 

phase a t  ( a )  115.8OC, ( b )  122OC and ( c )  125.6OC. 



Figure 3.20 

Representative Cole-Cole plots of 80BCAB in the nematic phase 

at (a) 102.8OC, ( b )  111.8°C and ( c )  121.5OC. 



Figure 3.21 

Representative Cole-Cole plots of 80BCAB in the smectic A, phase 

at (a) 89.2OC, (b) 93.7OC and (c) 98OC. 



TABLE 3.4 

Frequency of Relaxation (f ) as a function of temperature in R 
nematic and smectic A phases of 40BCAR I 

Frequency of Relaxation 
S.No. Temperature 

("C) 
(in KHz) hiean f R  

From loss curve From Cole-Cole 
-- 

N P h a s e  

A 1 P h a s e  



TABLE 3.5 

Frequent). of relaxation (f ) as a function of temperature in R 
nematic and smectic A 1  phases of 60BCAB 

Frequency of relaxation (in KHz)  
Temperature 

S.No. Mean f R  
("C) From loss curve From Cole-Cole 

- - - - 

N P h a s e  

A I P h a s e  



TABLE 3.6 

Frequency of relaxation (f ) as a function of temperature in  R 
nematic and smectic A l  phases of S O B C A B  

Frequency of relaxation ( in  KHz)  
Temperature Mean 

S. No. 
("C) Fron-I loss curve From Cole-Cole f~ 

N P h a s e  

A 1 P h a s e  



de te rmined  f r o m  t h e s e  a r e  near ly  t h e  same.  The  p lo ts  of fR v e r s u s  

I /T  in N and  A phases  of t h e  t h r e e  ma te r i a l s  a r e  shown in F i g u r e  

3.22. The  ac t iva t ion  ene rg ie s  (W) ca l cu la t ed  f r o m  t h e  s lopes  of 

t h e s e  plots  a r e  also shown in Fig.3.22. I t  is c l e a r  t h a t  \VN > WA 

in t h e  case of 4 0 B C A B  while WN < WA in t h e  case of both 6 0 B C A B  

and  80BCAB.  This d i f f e rence  could well b e  due  t o  t h e  d i f f e r e n c e s  

in t h e  c y b o t a c t i c  s m e c t i c  order ing  in t h e  n e m a t i c  phases  of t h e  

ma te r i a l s  as discussed ear l ie r .  However due  t o  t h e  u n c e r t a i n t i e s  

in t h e  de t e rmina t ion  of W, no  de f in i t e  conclus ions  c a n  be  r e a c h e d .  

3.6 NEMATIC-SMECTIC Ad TRANSITION 

In this  s ec t ion ,  w e  p re sen t  our resu l t s  on d i e l e c t r i c  m e a s u r e-  

m e n t s  near  t h e  n e m a t i c - s m e c t i c  A (N-A ) t r ans i t i on  in 4- cyano-  d d 

benzylidene-4'-n-octyloxyaniline (CBOOA). S ince  t h e  t r a n s i t i o n  

t e m p e r a t u r e s  of t h i s  m a t e r i a l  ( s e e  Table  3.1) a r e  low, i t  i s  poss ib le  

t o  make  m e a s u r e m e n t s  in i so t ropic ,  n e m a t i c  and  s m e c t i c  A phases.  d 

3.6.1. Static Permittivities 

T h e  var ia t ion  of s t a t i c  d i e l ec t r i c  c o n s t a n t s  w i th  t e m p e r a t u r e  

i s  shown in Fig.3.23. As men t ioned  ea r l i e r ,  t h e  A - N  t r a n s i t i o n  d 
3 1 

of CBOOA h a s  been  s tudied  by a var ie ty  of techniques .  In p a r t i -  

cular ,  high resolut ion Xray  studies33 c lear ly  showed t h a t  t h i s  t r ans i-  

t ion  is second order .  T h e  var ia t ion  of /I nea r  N-A
d 

t r a n s i t i o n  

is typica l  of w h a t  has been  seen  in o t h e r  s imi lar  subs t ances ,  e.g., 



F i g u r e  3 . 2 2  

P l o t  o f  t h e  r e l a x a t i o n  f r e q u e n c y  f R  v e r s u s  1 /T ;  IIOBCAB, 

0 60BCAB and  V 8 0 B C A B .  The v e r t i c a l  d a s h e d  l i n e  i n d i c a t e s  
t h e  A 1  - N  t r a n s i t i o n  t e m p e r a t u r e .  The a c t i v a t i o n  e n e r g i e s  a r e  

a l s o  g i v e n .  





4'-n-octyl-4-cyanobiphenyl (8CB), 15,17,30,42,43 
4'-n-octyloxy-4- 

cyanobiphenyl  (80CB),  21,43 etc. - there is only a ve ry  sma l l  de-  

c r e a s e  in EI I  a t  t h e  N-A transi t ion,  I 1  g e t t i n g  s a t u r a t e d  

in t h e  A phase. It is also seen  t h a t  the  a v e r a g e  d i e l e c t r i c  c o n s t a n t  d 

(g), ca lcu la t ed  f r o m  t h e  exper imenta l ly  d e t e r m i n e d  va lues  of 

I/ a n d  E using t h e  r e l a t ion  = (E + 2~ )/3, is l e s s  t h a n  t h e  e x t r a -  
I I1 1 

poia ted  i so t ropic  value ( c i s )  throughout  t h e  N a n d  A phases. I t  

may  be  r eca l l ed  t h a t  Madhusudana and c h a n d r a s e k h a r 5  theo re t i ca l ly  

pos tu l a t ed  t h a t  t h e  s i g n a t u r e  of nea r  neighbour an t ipa ra l l e l  co r r e l a-  

t ions  in ma te r i a l s  wi th  a s t rongly  polar end groups  should be s e e n  

in d i e l ec t r i c  properties-E should be  less t han  E.  owing t o  inc reased  
IS 

an t ipara l le l  co r r e l a t ions  o n  going f rom iso t ropic  t o  n e m a t i c  phase. 

This predic t ion  has  in f a c t  been  verified in a n u m b e r  of mater ia l s .  

In CBOOA also  such a behaviour  is seen  as expec ted .  

3.6.2. Dispersion 

11 

The  loss c u r v e s  i.e., € 1 1  versus f r e q u e n c y  p lo ts  for  s o m e  

typica l  t e m p e r a t u r e s  in N and  Ad phases of C B O O A  a r e  shown 

in Fig.3.24 whi le  t yp ica l  Cole- Cole  plots a r e  shown in Fig.3.25. 

I t  is c l e a r  f r o m  t h e s e  plots  t h a t  t he  r e l axa t ion  process  is well  

def ined ,  t h e r e  being only o n e  relaxation. The  va lues  of f R  o b t a i n e d  

a r e  shown in Table  3.7. T h e  Arrhenius plot of f R  ve r sus  l / T  is 

shown in Fig.3.26. The  f e a t u r e  of t h e  f igu re  is t h a t  t h e  a c t i v a t i o n  





Figure 3.25 

Representative Cole-Cole plots of CBOOA in the (a) nematic ( o 100.l°C, 
O 95.80~, A 8 4 0 ~ )  and ( b )  smectic A ( 0  76.3OC, A 63.1°C and 

d 
D 59.3OC) phases. 



TABLE 3.7 

Frequency of relaxation (f ) as a function of temperature in R 
nematic and smectic A phases of CBOOA d 

Frequency of relaxation ( in  MHz) Temperature Mean S. No. 
("C) From loss curve From Cole-Cole f~ 

N e m a  t i c  

S m e c  t i c 
A d 

3.2 

2.86 

2.63 

2.45 

2.27 

1.98 

1.95 

1.5 

1.31 

1.17 

1.04 

0.92 

0.725 



F i g u r e  3.26 

fR v e r s u s  1/T p l o t  o f  CBOOA. The dashed v e r t i c a l  l i n e  i n d i c a t e s  

A d - N  t r a n s i t i o n .  The a c t i v a t i o n  e n e r g i e s  a r e  a l s o  shown. 



e n e r g y  in t h e  Ad phase  (W ) i s  s igni f icant ly  lower  than  t h a t  of 
Ad 

n e m a t i c  (W ). This behaviour,  viz., WA < W h a s  in f a c t  b e e n  s e e n  
N d N 

for  mos t  of t h e  m a t e r i a ~ s l ~ - ~ ~  showing t h e  A phase.  
d 

3 -7 NEMATIC-SMECTIC A 2  (N-AZ) TRANSITION 

T h e  t rans i t ion  b e t w e e n  n e m a t i c  and s m e c t i c  A phases i s  p e r h a p s  2 

t h e  l ea s t  s tudied  of a l l  t h e  nema t i c- smec t i c  A (N-A) t r ans i t i ons .  

As r emarked  ea r l i e r  t h i s  A phase  is a t r u e  b i layer  phase  with c h a r a c -  2 

t e r i s t i c  Xray d i f f r ac t ion  max ima  a t  d = R  and d = 2 R ,  where  d i s  t h e  

layer  spacing and R is t h e  length of t h e  molecu le  in i t s  most  e x t e n d e d  

configurat ion.  F rom the i r  Xray measu remen t s ,  Hardouin et al .  
1 0  

concluded t h a t  A2 phase  is t h e  resu l t  of a t r u e  long-range a n t i f e r r o -  

e l e c t r i c  ordering. This  long r ange  order ing  in t h e  d i rec t ion  of t h e  

long molecular  ax i s  i s  to be dist inguished f r o m  t h e  head- to-head 

nea r  neighbour a n t i f e r r o e l e c t r i c  order ing  which i s  general ly a s s u m e d  

t o  explain t h e  d i e l ec t r i c  propert ie -s  of t h e  A phases.  Thus o n e  would 

e x p e c t  d i f f e ren t  d i e l ec t r i c  p rope r t i e s  a t  N-A t rans i t ion .  T h e  e a r l i e r  2 

s tud ie s  of t h e  N-A2 t r ans i t i on  a r e  due  t o  Benguigui and Hardouin  
4 4 

and  t o  Druon et a ~ . ~ ~  o n  4-n-hexylphenyl-4'-cyanobenzoyloxy b e n z o a t e  

(DB6CN) and a l so  due  t o  Benguigui et a1.46 on octyl-phenyl-2-chloro-4- 

(p-cyanobenzoyloxy)benzoate (DB Cl). We shall  descr ibe  t h e s e  r e su l t s  8 

l a t e r .  We have  s tudied  t h e  N-A2 t r ans i t i on  in 4-n-pentylphenyl-4'- 

cyanobenzoyloxybenzoate  (DBSCN). 



3.7.1. Results and Discussion 

a )  S t a t i c  

T h e  var ia t ion  of t h e  s t a t i c  d i e l ec t r i c  cons t an t s  as well as 

t h e  d i e l ec t r i c  aniso t rop  y ( A  d with  t e m p e r a t u r e  in t h e  neighbourhood 

of t h e  N-A t r ans i t i on  i s  shown in Fig.3.27. The  i m p o r t a n t  f e a t u r e  
2 

of t h e s e  resu l t s  is t h e  s t rong  d e c r e a s e  of c at  t h e  N-A t rans i t ion .  II 2 
This decreas ing  t r end  in 11 which cont inues  throughout  t h e  A 

2 

phase  c a n  be a t t r i b u t e d  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  

dipole momen t  d u e  t o  head- to-head a r r angemen t  of t h e  neighbouring 

dipoles accompanying  t h e  fo rma t ion  of t h e  bi layer  phase  
A2' 

1 shows only a smal l  i nc rease  on going f r o m  n e m a t i c  t o  A phase  2 

indica t ing  t h a t  t h e  molecular  r o t a t i o n  in A phase  i s  s l ight ly hinde- 2 

r ed  compared  t o  t h a t  in N phase. It  i s  r eca l l ed  t h a t  Druon et al .  4 5  

have  seen  a lmos t  exac t ly  t h e  s a m e  resul t s  on DB6CN. Benguigui 

and  ~ a r d o u i n ~ ~  who  have  a l so  s tudied  DB6CN have  obse rved  a 

d e c r e a s e  in 11 as in our case but  in addi t ion  t h e y  have  seen  t h e  

d e c r e a s e  of 'I with d e c r e a s e  in t empera tu re .  This  is in c o n t r a s t  

t o  our observa t ion  on DB5CN and  t o  t h a t  of Druon et on  

DB6CN where  E w a s  found t o  inc rease  slightly on going f r o m  N 1 
t o  A phase ,  whi le  i t  r ema ined  cons t an t  in t h e  A phase.  2 2 

Ano the r  f e a t u r e  of our resu l t s  on DB5CN ( s e e  Fig.3.27) i s  

t h e  s t rong  d e c r e a s e  in A E  observed  with d e c r e a s e  in t e m p e r a t u r e .  



Figure 3.27 

Temperature variation of dielectric constants E , El and of AE in 

the nematic and smectic A phases of D B 5 C N .  
2 



The  d i e l ec t r i c  an iso t ropy A E  which  is - 2 in N phase  drops  suddenly 

a t  N-AZ t r ans i t i on  and d e c r e a s e s  throughout  A phase  a t t a i n i n g  
2 

a va lue  of -0.6 a t  t h e  lowes t  t e m p e r a t u r e  in A phase. I t  i s  e v i d e n t  2 

t h a t  if t h e  ma te r i a l  had been  supercooled  t h e  A E  would have  concei-  

vably changed  sign. Such a reve r sa l  in t h e  sign of A E  is s e e n  in 

t h e  A phase  of DBgCl by Benguigui  et al. 46 
2 

Thus i t  is c l ea r  f r o m  s t a t i c  d ie lec t r ic  c o n s t a n t s  t h a t  t h e r e  

i s  a s t rong head- to-head dipolar  a r r a n g e m e n t  of mo lecu le s  on f o r m a-  

t ion  of A2  phase  leading t o  a d r a s t i c  reduct ion  in l and hence 
A E .  

b) Dispersion 

T h e  d i e l ec t r i c  dispersion s t u d y  in t h e  s m e c t i c  A2  phase  h a s  

been  t h e  sub jec t  of s o m e  discussions of late .  Benguigui in his  

theory

Q

7 
of t h e  Li fsh i tz  point48 in  s m e c t i c  A phases  has  d iscussed  

t h e  d i e l ec t r i c  behaviour in s m e c t i c  A l ,  s m e c t i c  A2 and  s m e c t i c  - 
A phases. H e  has  p red ic t ed  t h e  ex i s t ence  of a s ingle  r e l axa t ion  

mode  in polar A phase,  but  t w o  re laxat ion  modes  in t h e  a n d  
1 

A phases. The  addit ional  r e l axa t ion  mode is e x p e c t e d  t o  b e  r e l a t e d  2 

t o  a col lec t ive  phenomenon s imi lar  t o  t h a t  seen  in solid f e r r o e l e c t r i c  

mater ia l s .  The  expe r imen ta l  r e su l t s  on d i e l ec t r i c  dispersion of 

A phase  have  been  somewha t  confl ict ing.  Benguigui and  Hardouin  
4 4 

2 

r epor t ed  observa t ion  of two  re laxat ions  for  11 in t h e  A2 phase  



of 4-n-hexylphenyl-4'-cyanobenzoyloxy benzoatelterephthal-bis-4-n- 

butylani l ine (DB6CYITBBA) m i x t u r e  a s  well a s  in p u r e  DB6CN. 

Druon et f r o m  subsequent  expe r imen t s  on DB6CN s e e m  t o  

show c lear ly  t h a t  .A phase  of t h i s  ma te r i a l  has  only a s ingle  re laxa-  
2 

t ion.  This  is in con t r a s t  t o  t h e  resu l t  of Benguigui and  Hardouin.  4 4 

However  i t  should also b e  men t ioned  t h a t  Druon et a1.45 d id  obse rve  

t w o  superimposed re laxa t ions  in t h e  A phase  of a b ina ry  m i x t u r e ,  2 

viz., 4-n-hexylphen!.l-4'-cyanobenzoyloxy benzoatel4-cyanobenzoyloxy- 

4'- pentyl  s t i lbene  (DB6CN/C5 Sti lbene).  They h a v e  a rgued45  t h a t  

t h e  t w o  dispersions seen  in t h e  A2 phase of DB6CN/C5  s t i l b e n e  

mix tu re  a r e  probably d u e  to t h e  reor ien ta t ions  of t h e  t w o  molecu la r  

species.  DB6CN molecule has  two  t r ansve r se  d ipole  m o m e n t s  

whereas  C 5  s t i lbene  has  only o n e  s o  t h a t  in t h e  A2 phase ,  t h e  

in t e rac t ions  of t h e s e  molecu le s  with t h e  surroundings will  be d i f fe-  

r e n t ,  s o  much so, t h e  r eo r i en ta t iona l  mot ion  of o n e  of t h e s e  c a n  

conceivably  be eas ier  t han  t h a t  of t h e  other .  

We present  he re  t h e  r e su l t s  of our  d i e l e c t r i c  s t u d i e s  in N 

and  A2 phases of DBSCN. T h e  typical  loss c u r v e s  in N and  A2 

phases  a r e  shown in Fig.3.28 wh i l e  Cole-Cole plots  f o r  t e m p e r a t u r e s  

well inside N and ,A2 phases  a r e  shown in Fig.3.29. T h e s e  c u r v e s  

c l ea r ly  show a single r e l axa t ion  p rocess  in both N a n d  A2 phases.  

An in t e re s t ing  f e a t u r e  of t h e  E" VS. f cu rves  is t h e  s t r o n g  r educ t ion  I I 
in t h e  maximum of t h e  loss c u r v e  observed on going t o  t h e  A2-phase. 
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T h e  f requencies  of re laxa t ion  f ob ta ined  f r o m  loss cu rves  and  
R 

Cole- Cole  plots for  a s e r i e s  of t e m p e r a t u r e  a r e  l i s ted  in Tab le  

3.8. The  p lo t  of fR  vs. l / T  in t h e  neighbourhood of N-A2 t r ans i t i on  

i s  shown in Fig.3.30. The  following impor t an t  f e a t u r e s  a r e  c l e a r  

f r o m  th is  plot: 

1 The  ac t iva t ion  e n e r g y  in t h e  A2 phase  (W ) is less  t h a n  
A2 

t h e  ene rgy  in N phase  ( W N )  while 
W x 2  

w a s  found t o  b e  

subs tant ia l ly  g r e r a t e r  t h a n  W in t h e  case of DB6CN, t h e  N 

higher homologue of  DBSCN as r e p o r t e d  by Druon e t  al. 45 

2 There  is a nar row range  of t e m p e r a t u r e  of a b o u t  4°C in  

which t h e  d a t a  d o  not  f i t  Arrhenius law. This s e e m s  t o  b e  

t h e  precursor  e f f e c t  of  A2 phase as w e  c o m e  f r o m  N phase. 

It is in te res t ing  t o  n o t e  f r o m  Fig.3.27 t h a t  € 1 1  
a d ras t i c  reduct ion  in t h e  s a m e  region  of t e m p e r a t u r e  o v e r  

which t h e  Arrhenius  law is seen  t o  break  down in Fig.3.30. 

3 Perhaps  t h e  mos t  i n t e re s t ing  f e a t u r e  of t h e  dispersion r e su l t  

is t h a t  f r equency  of r e l axa t ion  f R  in A2 phase  e x t r a p o l a t e d  

t o  t h e  t rans i t ion  t e m p e r a t u r e  is g r e a t e r  t han  t h a t  in t h e  

N phase showing t h a t  t h e  re laxa t ion  t i m e  T is lower in R 

A phase than  in N phase.  This in t u r n  would mean  t h a t  
2 

t h e  molecular  r eo r i en ta t ion  is ea s i e r  in t h e  bi layer  A phase .  2 



TABLE 3.8 

Frequency  of re laxa t ion  (f ) as a funct ion  of t e m p e r a t u r e  in 
R 

t h e  n e m a t i c  and  s m e c t i c  A 2  phases of DB5CN 

T e m p e r a t u r e  F requency  of re laxa t ion  ( in  MHz) Mean 
S.No. 

("C) F rom loss c u r v e  F rom Cole- Cole  f~ 

N P h a s e  

S m e c t  i c  A 2  



Figure 3.30 

f versus 1 / T  p l o t  o f  DB5CN in the nematic and smectic A phases. R 2 



Thus our  d i e l ec t r i c  resu l t s  on t h e  A2 phase  of D B 5 C N  d o  

n o t  show a n y  ev idence  of t h e  second dispersion which w a s  p r e d i c t e d  

theo re t i ca l ly  by Benguigui. 47 F u r t h e r  d i e l ec t r i c  s tudies  on  o t h e r  

ma te r i a l s  exhibi t ing t h e  N-A2 t rans i t ion  would be  of cons ide rab le  

in teres t .  

In conclusion, t h e  d i e l e c t r i c  proper t ies  nea r  d i f f e r e n t  kinds 

of N-A t rans i t ions  have  been  s tudied .  These  s tud ie s  show i n t e r e s t i n g  

d i f f e rences  in t h e  behaviour of d i e l e c t r i c  pe rmi t t i v i t i e s .  

A t rans i t ion  t o  t h e  A phase  i s  accompan ied  by a very  s t r o n g  de-  
2 

c r e a s e  in E . This reduct ion  in I I 11 is a t t r i b u t e d  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  dipole m o m e n t  d u e  t o  head- to-head a r r a n g e m e n t  

of t h e  neighbouring dipoles accompanying  t h e  fo rma t ion  of b i layer  

A phase. In t h e  case of N-A (polar)  t rans i t ion ,  t h e  
2 I € 1 1  Shows a 

sha rp  d e c r e a s e  at t h e  t r ans i t i on  when t h e  chain  length  i s  sma l l  

but  fo r  higher  va lue  of n (n r e p r e s e n t s  t h e  number  of c a r b o n  a t o m s  

in t h e  alkyl  chain), th is  change  becomes  less conspicuous. In N-Ad 

t rans i t ion ,  t h e r e  is a s a t u r a t i o n  of t h e  an t ipa ra l l e l  order ing  a s  evi-  

denced  by t h e  cons t ancy  of € 1 1  w i th  r e s p e c t  t o  t h e  t e m p e r a t u r e  

throughout  t h e  Ad phase. Final ly,  in t h e  c a s e  of non-polar mono laye r  

phase, t h e  behaviour of t h e  s t a t i c  pe rmi t t i v i ty  shows a con t inuous  

inc rease  of A &  with d e c r e a s e  of t h e  t e m p e r a t u r e  owing t o  a n  inc rea-  

sing t r end  of '1 which is accompan ied  by t h e  dec reas ing  t r e n d  of 

Ell with dec reas ing  t e m p e r a t u r e .  



T h e  dispersion d a t a  show t h a t  WN > WA rega rd l e s s  of t h e  

t y p e  of t h e  A phase.  T h e  non-polar subs t ances  s e e m  t o  have  h ighes t  

va lue  of W'. An in t e r e s t i ng  jump in f i s  s e e n  at  N-A2 t r a n s i t i o n  R 

whi le  n o  such e f f e c t  is  obse rved  nea r  a n y  o t h e r  t ransi t ions.  T h e  

f va lue  in t h e  A phase  ve ry  c lo se  t o  t h e  N-A t r ans i t i on  is f o u n d  R 2 2 

t o  b e  g r e a t e r  t h a n  in t h e  N phase  ind ica t ing  a reduct ion  of t h e  

h ind rance  t o  t h e  molecular  r eo r i en t a t i on  a b o u t  t h e  s h o r t  a x i s  in 

t h e  b i layer  A 2  phase.  
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