
C H A P T E R  V 

EXPERIMENTAL DETERMINATION OF THE ELASTIC CONSTANT K 
13 

OF A NEMATIC LIQUID CRYSTAL 

5.1 INTRODUCTION 

A s  we have  s e e n  i n  t h e  e a r l i e r  c h a p t e r s ,  s u r f a c e  a n c h o r i n g  

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

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

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

method d e s c r i b e d  i n  C h a p t e r  111. On t h e  o t h e r  h a n d ,  a  p r a c t i c a l l y  

z e r o  a n c h o r i n g  e n e r g y  is  n e c e s s a r y  t o  o b s e r v e  t h e  'Lehmann r o t a t i o n 1  

phenomenon as d e s c r i b e d  i n  C h a p t e r  I V .  I t  i s  a l s o  known t h a t  a 

s u r f a c e  w i t h  a weak a n c h o r i n g  i s  r e q u i r e d  i n  some m a n i f e s t a t i o n s  

o f  t h e  f l e x o e l e c t r i c  e f f e c t s  (Madhusudana a n d  Durand 1985) .  The 

a l i g n m e n t  o f  l i q u i d  c r y s t a l l i n e  s a m p l e s  is  i n f l u e n c e d  by t h e  s t r e n g -  

t h  o f  t h e  a n c h o r i n g  a t  t h e  s u r f a c e s .  A s  we s h a l l  d i s c u s s  i n  t h i s  

C h a p t e r  a weak a n c h o r i n g  a t  t h e  s u r f a c e s  makes i t  p o s s i b l e  t o  

d e t e r m i n e  a new e l a s t i c  c o n s t a n t  i n  n e m a t i c s .  The main theme of  

t h i s  t h e s i s  h a s  been  p h y s i c a l  s t u d i e s  on  l i q u i d  c r y s t a l l i n e  mix- 

t u r e s .  However i n  t h i s  c h a p t e r  we make a d e p a r t u r e  and  r e p o r t  

some p r e l i m i n a r y  measu remen t s  on t h e  v a l u e  o f  t h e  e l a s t i c  c o n s t a n t  

K I 3  f o r  a p u r e  compound. 

We now b r i e f l y  r e c a l l  t h e  t h e o r y  o f  e l a s t i c i t y  o f  u n i a x i a l  



n e m a t i c  l i q u i d  c r y s t a l s .  A s  ment ioned i n  C h a p t e r  I t h e  e l a s t i c  

p r o p e r t i e s  o f  l i q u i d  c r y s t a l s  a r e  g e n e r a l l y  d e s c r i b e d  by a n  energy  

d e n s i t y  f u n c t i o n  which depends  on l o c a l  d e f o r m a t i o n s  (Oseen 1933, 

F rank  1 9 5 8 ) .  The e l a s t i c  f r e e  e n e r g y  d e n s i t y  o f  a  nemat ic  which 

is  c h a r a c t e r i s e d  by a n  a p o l a r  d i r e c t o r  c o n s i s t s  o f  q u a d r a t i c  t e rms  

o f  t h e  c u r v a t u r e  components d e s c r i b i n g  s p l a y ,  bend and t w i s t  o f  

t h e  d i r e c t o r ,  a s s o c i a t e d  w i t h  t h e  e l a s t i c  c o n s t a n t s  K 
1 1 '  K22 and  

K33 
r e s p e c t i v e l y .  F r a n k ' s  f o r m u l a t i o n  c o n t a i n s  a n  a d d i t i o n a l  term 

of  t h e  same o r d e r  a s s o c i a t e d  w i t h  (KZ2 + KZ4).  Nehr ing  and Saupe 

( 1 9 7 1 )  a r g u e d  t h a t  a n o t h e r  term which is  a  second  d e r i v a t i v e  o f  

t h e  c u r v a t u r e  components a s s o c i a t e d  w i t h  t h e  e l a s t i c  c o n s t a n t  

K s h o u l d  a l s o  be t a k e n  i n t o  a c c o u n t  a s  i t  i s  o f  t h e  same o r d e r .  
13 

We now summarise t h e  d e r i v a t i o n  o f  t h e  f r e e  e n e r g y  d e n s i t y  i n c l u-  

d i n g  t h e  K t e rm,  f o l l o w i n g  t h e  fo rmal i sm o f  Nehr ing  and Saupe.  
13 

5.2 DERIVATION OF THE FREE ENERGY DENSITY 

-f 

A s  d e f i n e d  b e f o r e  ( C h a p t e r  I )  n ( r )  which r e p r e s e n t s  t h e  

p r e f e r r e d  o r i e n t a t i o n  a t  a  p o i n t  i s  assumed t o  v a r y  s l o w l y  and 

c o n t i n u o u s l y  w i t h  p o s i t i o n .  A l o c a l  sys tem o f  C a r t e s i a n  c o o r d i n a t e s  

-f 

x , y , z c , a n  be i n t r o d u c e d  a t  any p o i n t  w i t h  t h e  z- a x i s  a l o n g  n a t  

t h a t  p o i n t .  The x- a x i s  is  chosen  a r b i t r a r i l y  p e r p e n d i c u l a r  t o  

z ,  and  t h e  y  a x i s  i s  chosen t o  be p e r p e n d i c u l a r  t o  x such  t h a t  

x , y , z  form a r i g h t  handed sys tem.  

-f 

n ( r 1  c a n  be expanded i n  a T a y l o r  s e r i e s  i n  powers o f  x,y, z .  



Thus 

n  ( r )  = a 4 x + a  y + a  z +  .... 
Y 5 6 

and 

a  a  . . . a r e  t h e  components o f  c u r v a t u r e  ( s e e  F i g .  1 .9  i n  Chap- 1 '  27 

t e r  I ) .  

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

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

o f  un i fo rm a l i g n m e n t  i s  g i v e n  by 

( 1 )  
where K i j  

r e f e r  t o  t h e  c o e f f i c i e n t s  o f  s q u a r e s  o r  p r o d u c t s  o f  

( 2 )  t h e  f i r s t  d e r i v a t i v e s  and K t o  t h e  c o e f f i c i e n t s  o f  t h e  second 
i j 

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

-b 
medium a b o u t  n  t h e  f r e e  energy  d e n s i t y  is  g i v e n  by ( N e h r i n g  and 

S a u p e  1971) 



where  

The term a s s o c i a t e d  w i t h  K + K:;)) c a n  be e x p r e s s e d  as 

-+ -t -+ -+ 
d i v ( n  d i v  n  + n  x c u r l  n )  and  t h e  term a s s o c i a t e d  w i t h  K ( 2 )  c a n  

13 
-+ + -b 

be w r i t t e n  as d i v ( n  d i v  n ) .  Now t e r m s  o f  t h e  form d i v  u  where  

-+ 
u ( r )  is  a n  a r b i t r a r y  v e c t o r  f i e l d  may be t r a n s f o r m e d  t o  s u r f a c e  

i n t e g r a l s  u s i n g  t h e  Gauss theo rem.  These  terms d o  n o t  c o n t r i b u t e  

t o  t h e  e q u i l i b r i u m  c o n d i t i o n  (Eqn.  1 . 1 4 )  and  c a n  t h u s  be o m i t t e d  

when t h e  a n c h o r i n g  a t  t h e  b o u n d a r i e s  is s t r o n g .  However when t h e  

a n c h o r i n g  a t  t h e  b o u n d a r i e s  i s  weak t h e s e  t e r m s  do  c o n t r i b u t e  

t o  t h e  d i r e c t o r  c o n f i g u r a t i o n s  and  c a n n o t  be n e g l e c t e d .  The term 

a s s o c i a t e d  w i t h  (KZ2 + K Z 4 )  i s  z e r o  when o n l y  p l a n a r  c o n f i g u r a t i o n s  

are  c o n s i d e r e d  ( F r a n k  1 9 5 8 ) .  We are  i n t e r e s t e d  o n l y  i n  s u c h  deforma-  

t i o n s  and  h e n c e  t h i s  t e r m  is  o m i t t e d  i n  f u r t h e r  d i s c u s s i o n s .  

I n  v e c t o r  n o t a t i o n  t h e  f r e e  e n e r g y  d e n s i t y  c a n  t h e n  be w r i t t e n  

as 



+ + 
+ K [ d i v  ( n  d i v  n )  1 

13 

The e l a s t i c i t y  i n v o l v i n g  K h a s  a l s o  been c a l l e d  t h e  s u r f a c e  
13 

l i k e  volume e l a s t i c i t y  i n  r e c e n t  l i t e r a t u r e  ( f o r  e . g . ,  Barbero  

and S t r i g a z z i  1984, Hinov 1987).  The impor tance  o f  K h a s  been 
13 

d i s c u s s e d  i n  a  few p a p e r s .  Derzhansk i  and Hinov (1976) t h e o r e t i -  

c a l l y  showed t h a t  t h e  fo rmula  f o r  d e t e r m i n i n g .  t h e  f l e x o e l e c t r i c  

c o e f f i c i e n t  o f  bending e  h a s  t o  t a k e  i n t o  a c c o u n t  t h e  e l a s t i c  
3  

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

Hinov and  Derzhansk i  (1979) have a l s o  shown t h a t  K may l e a d  t o  
13 

a  f i r s t  o r d e r  F r e e d e r i c k s z  t r a n s i t i o n  i n  homeot rop ic ,  p l a n a r  and 

t w i s t e d  n e m a t i c  l a y e r s  f o r  some v a l u e s  o f  t h e  s u r f a c e  energy  depen- 

d i n g  on t h e  s i g n  o f  K 
13' 

B a r n i k  e t  a l .  (1983) s t u d i e d  t h e  d i r e c t o r  d e f o r m a t i o n s  and 

t h e  c o r r e s p o n d i n g  o p t i c a l  c h a r a c t e r i s t i c s  o f  a  nemat ic  l i q u i d  

c r y s t a l  MBBA and gave  upper  and lower  l i m i t s  f o r  K 
13 as - K ~ 1 / 2  

LK13 5 0 .  Barbero  and S t r i g a z z i  (1984) have c o n s i d e r e d  t h e  deforma-  

t i o n s  o f  a  h y b r i d  a l i g n e d  nemat ic  c e l l  which h a s  a  p l a n a r  a l i g n m e n t  

on one  s u r f a c e  and a  homeotropic  a l i g n m e n t  on t h e  o t h e r  s u r f a c e .  

The K t e rm h a s  been i n c l u d e d  i n  t h e  f r e e  e n e r g y  e x p r e s s i o n .  
13 

C o n s i d e r i n g  a weak p l a n a r  a l i g n m e n t  and  a  s t r o n g  homeot rop ic  a l i g n -  

ment t h e  r e l a t i o n  - K 1 3 < K 3 3 , 2  h a s  been o b t a i n e d .  

F a e t t i  and P a l l e s c h i  (1985) have used t h e  s t r u c t u r a l  deforma- 



t i o n s  o f  a n e m a t i c - i s o t r o p i c  i n t e r f a c e  i n d u c e d  by a  magne t i c  

f i e l d ,  t o  e s t i m a t e  t h e  v a l u e  of t h e  e l a s t i c  c o n s t a n t  K a t  t h e  
13 

n e m a t i c  - i s o t r o p i c  t r a n s i t i o n  t e m p e r a t u r e .  They have i n c o r p o r a t e d  

t h e  i n f l u e n c e  o f  K i n  d e v e l o p i n g  t h e  t h e o r y  o f  t h e  d e f o r m a t i o n s  
13 

o f  t h e  s u r f a c e .  I n  t h e i r  exper iment  4- cyano- 4'- n- heptyl  b i p h e n y l  

( 7 C B )  was e n c l o s e d  i n  a  t h i c k  c y l i n d r i c a l  g l a s s  c e l l  o f  - 2 cm 

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

i n  o r d e r  t o  o b t a i n  a  nemat ic  - i s o t r o p i c  i n t e r f a c e .  A h o r i z o n t a l  

m a g n e t i c  f i e l d  o f  - 7 . 6  KG was used ' t o  a l i g n  t h e  d i r e c t o r  i n  t h e  

b u l k .  The p r o f i l e  o f  t h e  s u r f a c e  d e f o r m a t i o n s  was s t u d i e d  by focu-  

s s i n g  a l a s e r  beam on t h e  i n t e r f a c e  and m o n i t o r i n g  t h e  r e f l e c t e d  

beam. The f i n a l  r e s u l t s  a r e  a f f e c t e d  by a  l a r g e  u n c e r t a i n t y  because  

t h e  p h y s i c a l  p a r a m e t e r s  a r e  known w i t h  a poor  a c c u r a c y  a t  t h e  

N -  I t r a n s i t i o n  t e m p e r a t u r e .  Account ing f o r  t h e s e  u n c e r t a i n t i e s  

a n  u p p e r  l i m i t  f o r  t h e  e l a s t i c  c o n s t a n t  K h a s  been g i v e n  a s  
13 

IK13 I < 1.5  x dynes  - 0 . 7  K 3 3  a t  TNI . However t h e  s i g n  o f  

K 1 3  h a s  n o t  been de te rmined  by t h e s e  a u t h o r s .  

We have d e v i s e d  a t e c h n i q u e  t o  measure  t h e  e l a s t i c  c o n s t a n t  

K I 3  i n  which a h y b r i d  a l i g n e d  c e l l  is  made u s e  o f .  The d i r e c t o r  

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

i s  t r e a t e d  f o r  homeotropic  a l i g n m e n t  w i t h  weak a n c h o r i n g .  Conse- 

q u e n t l y ,  t h e  d i r e c t o r  makes a s m a l l  a n g l e  O 0  w i t h  t h e  normal t o  

t h e  p l a t e  a t  t h e  second s u r f a c e  ( s e e  F i g .  5 . l a ) .  The  component.^ 

o f  i? a r e  g i v e n  by n  = s i n  8 , n  = 0 and n  = c o s  8  . An e x t e r n a l  
X Y z 



Planar Alignment 

Weak Homeoiropic alignment 

Figure 5. la 

Director p r o f i l e  i n  the h y b r i d  c e l l .  

C~H~~-@)-@)-- C-N 

p - cyano-  p'- heptyl  phenyl cyclohexane(PCH-7) 

N 5 6 " ~  I 

Figure 5.lb 

St ruc tu r a l  formula and t r an s i t i on  temperature 

of PCH-7 



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

d i r e c t o r  p r o f i l e .  The v a l u e  of 8 a s  a  f u n c t i o n  o f  t h e  m a g n e t i c  
0 

f i e l d  s t r e n g t h  H c a n  be o b t a i n e d  by a n  o p t i c a l  t e c h n i q u e  and  t h e  

v a l u e  o f  K c a n  be e x t r a c t e d  from t h e  s u r f a c e  t o r q u e  b a l a n c e  
13 

e q u a t i o n .  

Assuming t h a t  8  and de /dz  are i n d e p e n d e n t  v a r i a b l e s  a t  t h e  

b o u n d a r i e s  a l s o ,  Oldano and Barbe ro  ( 1 9 8 5 )  have  a r g u e d  t h a t  t h e  

v a r i a t i o n a l  problem does  n o t  have  a  s o l u t i o n  c o r r e s p o n d i n g  t o  

t h e  K 
13 

term. C o n s i d e r i n g  a one c o n s t a n t  a p p r o x i m a t i o n ,  i . e . ,  

K 1  = K33 = K ,  t h e  f r e e  ene rgy  i s  g i v e n  by 

1 d  8  de 
+ Z  K13 ( s i n [ 2 B ( o ) l  - s i n  [ 2 8 ( d ) l  (dZ)d} 

where Wo a n d  Wd are  t h e  s u r f a c e  a n c h o r i n g  e n e r g i e s  a t  z = 0  and  

z = d  r e s p e c t i v e l y .  Oldano and B a r b e r o  (1985)  now write t h e  f i r s t  

v a r i a t i o n  o f  Eqn. ( 5 . 6 )  by t a k i n g  6 8 ( z )  = e r l ( z ) ,  where E i s  a  

small p a r a m e t e r  and  q ( z )  a n  a r b i t r a r y  f u n c t i o n .  T h e r e f o r e ,  

d 9 a Wd 1 d rl + { ( K - K  c o s  2 8 ) =  + w b q ( d )  + - K  { s i n ( 2 8 ( 0 ) ) ( ~ ) ~  
1 3  2  13 

- s i n  ( 2 e ( d ) )  cZld 1 
" I 



The r e q u i r e m e n t  t h a t  6F  be i d e n t i c a l l y  z e r o  f o r  any  f u n c t i o n  ~ ( z )  

g i v e s  t h e  Euler- Lagrange e q u a t i o n  

and t h e  boundary c o n d i t i o n s  

K I 3  s i n  28 = 0 9 z = O  

The g e n e r a l  s o l u t i o n  o f  t h e  Euler- Lagrange Eqn, ( 5 . 8 )  depends  

on o n l y  two a r b i t r a r y  p a r a m e t e r s  and t h i s  s o l u t i o n  s h o u l d  s a t i s f y  

f o u r  boundary c o n d i t i o n s  (Eqn. 5 . 9 ) .  T h i s  i m p l i e s  t h a t  t h e  problem 

h a s  no  s o l u t i o n  i n  g e n e r a l .  I n  t h i s  a p p r o x i m a t i o n  8  v a r i e s  d i scon-  

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

p r i n c i p l e s  o f  t h e  cont inuum t h e o r y  used  i n  t h e  d e r i v a t i o n  o f  t h e  

f r e e  e n e r g y .  

Hinov (1987) h a s  a rgued  t h a t  8 and ( d  e / d z )  and t h e i r  v a r i a -  

t i o n s  c a n  be c o n s i d e r e d  a s  dependen t  f u n c t i o n s  a t  t h e  b o u n d a r i e s  

- t h e  Euler- Lagrange e q u a t i o n  and t h e  s u r f a c e  t o r q u e  b a l a n c e  equa- 

t i o n  c a n  t h e n  be used  t o g e t h e r  t o  g e t  a c o n t i n u o u s  s o l u t i o n  f o r  

8  and t h e  v a l u e  o f  K can  be o b t a i n e d  f rom t h e  s u r f a c e  t o r q u e  
13 

b a l a n c e  e q u a t i o n .  Hinov h a s  a n a l y s e d  some t h e o r e t i c a l  and e x p e r i -  



mental results obtained on a homeotropic sample of MBBA under 

the action of an electric field and concluded that the value of 

the elastic constant K for MBBA at room temperature has to be 
13 

slightly smaller than half of the value of the splay elastic con- 

stant K1 

As the term associated with K in Eqn. (5.5) does not contri- 
13 

bute to the equilibrium condition for the bulk, viz., 

where g a B =  an /ax let us first consider the remaining terms 8 a' 

in Eqn. (5.5) and write the part of the bulk free energy which 

contributes to the equilibrium configuration. In the experimental 

geometry chosen by us there is no twist deformation and the term 

associated with K22 drops out. 

u 

K33 4 ae)2 
Fbulk 

ae12 +?_{cos e(- = 1 [4 sin 3(% a~ 

2 ae 2 + sin 9 cos2 9 (a;) )]dr 

where d is, the thickness of the sample. Eqn. (5.10) can be written as 

d 

K1 1 2 c 2  31 ( ~ 1 ~ 1  dz Fbulk = [i y sin B + - 
2 

0 



where K = (K33 - K l  )/K33. , 

I n  t h e  p r e s e n c e  of a n  a p p l i e d  m a g n e t i c  f i e l d  H ,  Eqn. ( 5 . 1 1 )  becomes 

0 

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

volume. Min imis ing  F u s i n g  t h e  Eu le r -Lagrange  e q u a t i o n  b u l k  

2  2  
K33 ( 1  - r s i n  8 )  (%l2  + A X H ~  c o s  8  = c ( 5 . 1 3 )  

where C i s  a  c o n s t a n t .  T h i s  g i v e s  
' 

a e 
2  2 

(-) = az  [ cOs 2  
K33 ( 1  - K  s i n  8 )  

I lR 

S i n c e  g i n c r e a s e s  w i t h  z ,  t h e  p o s i t i v e  r o o t  i s  chosen  f o r  ( a 8 A z )  i n  

Eqn. ( 5 . 1 4 ) .  The t h i c k n e s s  d  o f  t h e  sample  

d  ?r /2  

J J 2  2  C -ax H c o s  8  112 
0 

2  K 3 3 ( 1  - r s i n  8 )  J 
s i n c e  by d e f i n i t i o n  8 = 8  a t  z = O  a n d  8 = ~ / 2  a t  z =  d .  

0 

A measurement  of t h e  o p t i c a l  p a t h  d i f f e r e n c e  i n t r o d u c e d  by t h e  

sample  c a n  be used  t o  o b t a i n  t h e  v a r i a t i o n  of 8  w i t h  a p p l i e d  
0 

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

' o f  45O t o  t h e  d i r e c t o r  a t  t h e  p l a n a r  a l i g n e d  s u r f a c e .  If no and 

n are t h e  o r d i n a r y  and  e x t r a o r d i n a r y  r e f r a c t i v e  i n d i c e s  o f  t h e  e 



sample ,  t h e  e f f e c t i v e  e x t r a o r d i n a r y  r e f r a c t i v e  i n d e x  n  
e f f  i n  t h e  

sample  i s  g i v e n  by 

1  2  c o s  8  s i n 2  0 

2  2 2  where R = (ne  - no)/", . 

The p a t h  d i f f e r e n c e  is  t h e n  g i v e n  by 

where ( a z / a e )  i s  o b t a i n e d  from Eqn. ( 5 . 1 4 ) .  

Us ing  known v a l u e s  o f  n  , no, AX , K and  K and  o u r  e x p e r i -  3 3 
m e n t a l l y  measured v a l u e s  of t h e  t h i c k n e s s  d ,  p a t h  d i f f e r e n c e  

and m a g n e t i c  f i e l d  H ,  Eqns.  ( 5 . 1 5 )  and ( 5 . 1 7 )  can  be s o l v e d  

by a s u i t a b l e  i t e r a t i v e  p rocedure  t o  o b t a i n  t h e  v a l u e s  o f  t h e  

c o n s t a n t  C and 
go. The c o r r e s p o n d i n g  f low c h a r t  i s  g i v e-  i n  F i g .  

5 . 2 .  The v a l u e  of Bo t h u s  o b t a i n e d  s h o u l d  a l s o  s a t i s f y  t h e  s u r f a c e  

t o r q u e  b a l a n c e  e q u a t i o n .  



START 0 
READ K33 , K I 1 ,  H,no , nc, d ,&[,A 
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Figure 5.2 

Flow chart of the iterative procedure used for 
the calculation of c and $. 



The s u r f a c e  a n c h o r i n g  energy  a t  t h e  weakly  anchored  s u r f a c e  ( i  . e .  , 
W 2  a t  z  = 0 )  i s  assumed t o  be of t h e  form - s i n  ( V i t e k  a n  Kleman 
2 0 

1 9 7 5 ) .  The s u r f a c e  t o r q u e  b a l a n c e  e q u a t i o n  a t  z  = 0 is g i v e n  by 

2  a e W s i n  0 o c o s 9 0  c K ( c o s  g o - s i n 2  eo) ( z ) z = o  13 

Using Eqn. ( 5 . 1 4 )  

2 2  
2  eo) [ c - A x  H cos e 

W s i n e o  c o s  go + K ( c o s 2  9  - s i n  
13 0 K (1- sin 

2 

2  3 3 ) 
K I 3  ( s i n  2e0)  

I 
+ { K C +  ( 1  - r )  A ~ H ~ }  

The p a t h  d i f f e r e n c e  AR i s  measured f o r  t h e  d i f f e r e n t  v a l u e s  o f  

t h e  m a g n e t i c  f i e l d  H. Two s e t s  o f  v a l u e s  o f  O o  and C a r e  o b t a i n e d  

by t h e  i t e r a t i v e  p rocedure  ment ioned b e f o r e .  These  a r e  s u b s t i t u t e d  

i n  Eqn. ( 5 . 1 8 )  t o  g e t  two e q u a t i o n s  which c a n  be s o l v e d  s i m u l t a-  

n e o u s l y  t o  o b t a i n  t h e  v a l u e s  o f  t h e  a n c h o r i n g  e n e r g y  W and t h e  

e l a s t i c  c o n s t a n t  K 
13 ' 



5.3 THE EXPERIMENTAL METHOD 

a )  Alignment of the director 

The f i r s t  s t e p  i n  t h e  measurement of t h e  e l a s t i c  c o n s t a n t  

K i s  t h e  p r e p a r a t i o n  o f  a  s u i t a b l e  h y b r i d  a l i g n e d  c e l l .  A s  ment io-  
13 

ned b e f o r e  one o f  t h e  s u r f a c e s  s h o u l d  have t h e  m o l e c u l e s  s t r o n g l y  

a n c h o r e d  p a r a l l e l  t o  t h e  s u r f a c e .  T h i s  was a c h i e v e d  by a n  o b l i q u e  

d e p o s i t i o n  o f  SiO on c l e a n  glass p l a t e s .  The o t h e r  s u r f a c e  s h o u l d  

be t r e a t e d  t o  g i v e  a weak homeot rop ic  a n c h o r i n g .  U s u a l l y  a  s o l u t i o n  

o f  0 . 5 %  by volume of ODSE ( o c t a d e c y l  t r i e t h o x y  s i l a n e )  i n  m e t h y l '  

a l c o h o l  o r  t o l u e n e  g i v e s  a  good homeot rop ic  a l i g n m e n t ,  w i t h  t h e  

m o l e c u l e s  s t r o n g l y  anchored  a t  t h e  s u r f a c e .  We found t h a t  d e c r e a-  

s i n g  t h e  p e r c e n t a g e  o f  ODSE t o  0.05% by volume i n  methyl  a l c o h o l  

r e d u c e s  t h e  a n c h o r i n g  s t r e n g t h  o f  p-cyano-p1-heptyl  phenyl  c y c l o -  

hexane .  It i s  u s u a l l y  d i f f i c u l t  t o  g e t  a  uniform a l i g n m e n t  through-  

o u t  t h e  sample  a r e a .  We c o u l d  however s e l e c t  small a r e a s  o f  good 

a l i g n m e n t  f o r  t h e  measurement o f  t h e  p a t h  d i f f e r e n c e s  a t  low tempe- 

r a t u r e s .  But as t h e  t e m p e r a t u r e  was i n c r e a s e d  t h e  a l i g n m e n t  d e t e r i o -  

r a t e s  a n d  t h e  measurements were n o t  p o s s i b l e .  

b) Measurement of thickness d of the  cel l  

The t h i c k n e s s  of t h e  c e l l  was measured u s i n g  a doub le  beam 

u l t r a v i o l e t  s p e c t r o p h o t o m e t e ?  ( H i t a c h i ,  Model U-3200). L i g h t  from 

t h e  s o u r c e  was a l l o w e d  t o  f a l l  normal ly  on t h e  a i r  f i l m  between 

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



o f  A ,  t h e  wave leng th  c o r r e s p o n d i n g  t o  t h e  p e a k s  o f  t h e  i n t e r f e r e n c e  

f r i n g e s ,  o v e r  t h e  wave leng th  r a n g e  800 + 500 nm. The t h i c k n e s s  

i s  t h e n  o b t a i n e d  u s i n g  t h e  fo rmula  

where A 1  i s  t h e  peak v a l u e  c o r r e s p o n d i n g  t o  t h e  maximum o f  t h e  

f i rs t  f r i n g e  and i n  t o  t h a t  o f  t h e  n
th f r i n g e .  The measurement 

i s  made o v e r  d i f f e r e n t  a r e a s  o f  t h e  c e l l .  I n  t h e  c a l c u l a t i o n  o f  

@ 0 9  
t h e  t h i c k n e s s  used c o r r e s p o n d s  t o  t h a t  o f  t h e  r e g i o n  o v e r  

which t h e  p a t h  d i f f e r e n c e  is measured.  The e r r o r  i n  t h e  measurement 

o f  t h e  t h i c k n e s s  i s  w i t h i n  + 1 % .  

c )  Check for weak anchoring 

The a c t u a l  p r o c e d u r e  a d o p t e d  t o  o b t a i n  8  i s  t e d i o u s  and 
0 

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

f o r  weak a n c h o r i n g  by making a  rough measurement o f  t h e  p a t h  d i f f e -  
I 

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

h y b r i d  c e l l  w i t h  s t r o n g  homeot rop ic  a n c h o r i n g ,  a t  a  s p e c i f i c  tempe- 

r a t u r e  was c a l c u l a t e d .  For  e v e r y  c e l l  t h e  p a t h  d i f f e r e n c e  was 

measured a t  t h e  same t e m p e r a t u r e  a n d  compared w i t h  t h e  c a l c u l a t e d  

v a l u e .  A l o w e r  measured v a l u e  o f  AR i n d i c a t e s  a  non- zero  v a l u e  

o f  t h e  a n g l e  a n d  hence a  weak homeot rop ic  a n c h o r i n g  a t  t h e  

second  g l a s s  p l a t e .  Regions  which a r e  f ree o f  d e f e c t s  and un i fo rm,  

and  showing t h e  maximum d e c r e a s e  f rom t h e  c a l c u l a t e d  v a l u e  were 

c h o s e n  f o r  f u r t h e r  measurements .  



d )  Temperature control 

The c e l l  was mounted i n  a  s u i t a b l e  h e a t e r  made o f  c o p p e r ,  

t o  make t e m p e r a t u r e  v a r i a t i o n s  p o s s i b l e  ( F i g .  5 . 3 ) .  The h e a t e r  

c o n s i s t s  o f  two p a r t s .  An o u t e r  ho l low c o p p e r  b l o c k  and a sample  

h o l d e r  which c a n  be i n s e r t e d  i n t o  t h e  b lock  ( s e e  F i g .  5 . 4 ) .  Nichrome 

w i r e  i s  wound a round  t h e  o u t e r  copper  b l o c k  which i s  i n s u l a t e d  

w i t h  s h e e t s  o f  mica .  Asbes tos  powder i s  packed a r o u n d  t h e  nichrome 

w i n d i n g s  and  f i n a l l y  t h e  b lock  i s  covered  w i t h  a s b e s t o s  s h e e t s  

t o  m i n i m i s e  h e a t  l o s s .  The sample  h o l d e r  i s  IT1 shaped  and h a s  

a  s l o t  a t  t h e  bottom through which t h e  c e l l  can  be i n t r o d u c e d .  

Copper s c r e w s  t h r o u g h  t h e  f r o n t  s i d e  o f  t h e  h o l d e r  c a n  be t i g h t e n e d  

t o  h o l d  t h e  c e l l  i n  p l a c e .  There  i s  a  c i r c u l a r  h o l e  i n  t h e  sample  

h o l d e r  s u c h  t h a t  a l i g h t  beam can  p a s s  t h r o u g h  t h e  sample .  The 

h e i g h t  o f  t h e  h e a t e r  c a n  be a d j u s t e d  s u c h  t h a t  when t h e  sample  

h o l d e r  i s  i n s e r t e d  i n t o  i t ,  t h e  sample  a r e a  comes e x a c t l y  a t  t h e  

c e n t r e  o f  t h e  p o l e  p i e c e s  o f  a n  e l e c t r o m a g n e t  (Cook and Sons ,  

L t d . ) .  The p o l e- p i e c e s  have h o l e s  d r i l l e d  t h r o u g h  them f o r  p a s s i n g  

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

t h e  f i e l d  o f  v iew u s i n g  a  Gaussmeter w i t h  a  Hall p r o b e .  

The t e m p e r a t u r e  o f  t h e  h e a t e r  was v a r i e d  u s i n g  a  DC power 

s u p p l y  ( D i g i r e g  2 3 3 - D i g i t r o n i c s )  by s u i t a b l y  v a r y i n g  t h e  a p p l i e d  

v o l t a g e .  The t e m p e r a t u r e  c l o s e  t o  t h e  sample  was measured u s i n g  

a c o p p e r- c o n s t a n t a n  thermocouple ,  t h e  h o t  j u n c t i o n  o f  which is  

i n s e r t e d  t h r o u g h  a  h o l e  a t  t h e  t o p  o f  t h e  sample  h o l d e r  and i s  

f i x e d  s u c h  t h a t  i t  i s  i n  c o n t a c t  w i t h  t h e  c e l l .  



F i g u r e  5.3. P h o t o g r a p h  o f  t h e  h e a t e r  u s e d  i n  
t h e  e x p e r i n i e n t a ?  s t u d i e s ,  a l o n g  v i t h  
t h e  sample h o l d e r .  





e )  Calibration of the magnetic field 

The f i e l d  s t r e n g t h  was measured u s i n g  a Gaussmeter '  (Model 

No. 750 D ,  RFL I n d u s t r i e s  I n c .  1. B e f o r e  p l a c i n g  t h e  h e a t e r  a t  

t h e  c e n t r e  o f  t h e  p o l e- p i e c e s ,  t h e  probe o f  t h e  Gaussmeter was 

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

v a l u e s  o f  c u r r e n t  t h r o u g h  t h e  e l e c t r o m a g n e t .  

f )  Path difference measurements 

O p t i c a l  p a t h  d i f f e r e n c e  measurements were  made u s i n g  a til- 

t i n g  compensator  ( L e i t z  t i l t i n g  compensator  B )  which h a s  a measur-  

i n g  r a n g e  o f  a b o u t  5 A .  The compensator  c a n  be i n s e r t e d  i n t o  a 

s l o t  i n  a f rame whose a n g l e  c a n  be a d j u s t e d  s u i t a b l y .  The s low 

a x i s  o f  t h e  compensator  was a d j u s t e d  t o  be p e r p e n d i c u l a r  t o  t h e  

d i r e c t o r  o r i e n t a t i o n  a t  t h e  p l a n a r  s u r f a c e .  The e x a c t  compensat ing 

band was d e t e r m i n e d  i n  w h i t e  l i g h t  b e f o r e  u s i n g  monochromatic 

l i g h t .  The a n g l e  i c o r r e s p o n d i n g  t o  t h e  compensa t ing  band c a n  

be r e a d  o f f  i n  t h e  window o f  t h e  drum up t o  a n  a c c u r a c y  o f  0.05O. 

To o b t a i n  a r e s u l t  i n d e p e n d e n t  o f  t h e  z e r o  p o s i t i o n  o f  t h e  compen- 

s a t o r ,  t h e  compensator  p l a t e  i s  t i l t e d  i n  b o t h  p o s s i b l e  d i r e c t i o n s  

d u r i n g  e a c h  measurement.  The a v e r a g e  v a l u e  i s  used t o  o b t a i n  t h e  

p a t h  d i f f e r e n c e .  The compensator  works a c c o r d i n g  t o  t h e  N i k i t i n -  

Berek p r i n c i p l e .  The p a t h  d i f f e r e n c e s  are c a l c u l a t e d  u s i n g  t h e  

fo rmula  



2 
1M 2  1/2 

Ak = dn 0 - '1; ] - - '1; ] ] 
e o  

where  d  i s  t h e  t h i c k n e s s  o f  t h e  compensa to r  p l a t e  which i s  - 1.52 

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

o f  t h e  compensa to r  p l a t e  which i s  made o f  magnesium f l u o r i d e .  

I n  p r a c t i c e ,  w e  make u s e  o f  a  t a b l e  o f  p a t h  d i f f e r e n c e s ,  c a l c u l a t e d  

as m e n t i o n e d ,  f o r  d i f f e r e n t  v a l u e s  o f  2 i  and s u p p l i e d  by L e i t z .  

I n  o r d e r  t o  i n c r e a s e  t h e  s e n s i t i v i t y  o f  measurements ,  a  

p h o t o  d i o d e  was used t o  d e t e c t  t h e  e x a c t  c e n t r e  o f  t h e  compensa t ing  

band.  The s i g n a l  from t h i s  was f e d  t o  a l o c k- i n - a m p l i f i e r  (Model 

186,  P r i n c e t o n  Appl i ed  Resea rch  C o r p n . ) .  

The s i g n a l  from a n o t h e r  p h o t o  d i o d e  on which t h e  d i r e c t  

beam was i n c i d e n t  i s  f e d  t o  t h e  r e f e r e n c e  c h a n n e l .  The b e s t  s e n s i -  

t i v i t y  r a n g e  was chosen  i n  t h e  l o c k- i n- a m p l i f i e r .  The a p p r o x i m a t e  

v a l u e  o f  i c o r r e s p o n d i n g  t o  t h e  c e n t r e  o f  t h e  compensa t ing  band,  

i . e . ,  i* was first o b t a i n e d  by n o t i n g  t h e  v o l t a g e  r e a d i n g  on t h e  

f r o n t  p a n e l  m e t e r  o f  t h e  l o c k- i n- a m p l i f i e r  a s  t h e  compensator  

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

i n c r e a s i n g .  The c e n t r e  o f  t h e  band c o r r e s p o n d s  t o  t h e  minimum 

v a l u e .  More a c c u r a t e  measurements  were made by s e t t i n g  t h e  drum 

o f  t h e  compensa to r  a t  s p e c i f i c  v a l u e s  and  n o t i n g  t h e  v o l t a g e  a f t e r  

w a i t i n g  f o r  15 min.  Beg inn ing  from - 0 . 5 ~ ~  o f  i* t h e  above p r o c e d u r e  

was r e p e a t e d  f o r  e v e r y  0.05O up t o  +0.5O o f  i*. The v o l t a g e s  o b t a i -  



ned f r o m  t h e  p a n e l  m e t e r  were p l o t t e d  a g a i n s t  t h e  a p p r o p r i a t e  
* 

v a l u e  o f  i .  The minimum o f  t h e  c u r v e  g i v e s  t h e  ' i f  v a l u e  c o r r e s p o n -  

d i n g  t o  t h e  e x a c t  c e n t r e  o f  t h e  band.  The e n t i r e  p r o c e d u r e  was 

r e p e a t e d  by t i l t i n g  t h e  compensa to r  p l a t e  on t h e  o t h e r  s i d e  and 

t h e  a v e r a g e  v a l u e  o f  i was used i n  t h e  c a l c u l a t i o n  o f  t h e  p a t h  

d i f f e r e n c e .  

5.4 THE EXPERIMENTAL SET UP 

The a c t u a l  e x p e r i m e n t a l  a r r a n g e m e n t  i s  a s  f o l l o w s  ( F i g .  

5 . 5 ) .  A sodium vapour  lamp i s  used  t o  o b t a i n  monochromatic r a d i a -  
0 

t i o n  ( X=5893 A ) .  A g l a s s  p l a t e  i s  mounted n e x t  t o  t h i s  a t  4 5 O  

t o  t h e  d i r e c t i o n  o f  p r o p a g a t i o n  o f  t h e  l i g h t  beam t o  e n a b l e  a 

p o r t i o n  o f  t h e  beam t o  be i n c i d e n t  on  t h e  p h o t o  d i o d e ,  c o n n e c t e d  

t o  t h e  r e f e r e n c e  c h a n n e l  o f  t h e  l o c k- i n- a m p l i f i e r .  A p o l a r i s e r  

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

t h e  p o l e  p i e c e s  o f  t h e  magnet and  t h e  h e i g h t  a d j u s t e d  by l e v e l l i n g  

s c r e w s  p r e s e n t  on t h e  base  o f  t h e  h e a t e r .  A s u i t a b l e  l e n s  sys tem 

t o  i n c r s a s e  t h e  m a g n i f i c a t i o n  o f  t h e  sample  i s  mounted i n  a n  a lumi-  

nium t u b e  which p a s s e s  th rough  t h e  h o l e  i n  t h e  p o l e  p i e c e s  o f  

t h e  magnet .  The t u b e  s l o t  f o r  t h e  compensa to r  is  p l a c e d  n e x t .  

T h i s  is f o l l o w e d  by t h e  a n a l y s e r .  After p a s s i n g  t h r o u g h  t h e  a n a l y s e r  

t h e  l i g h t  beam i s  i n c i d e n t  on t h e  p h o t o  d i o d e  c o n n e c t e d  t o  t h e  

i n p u t  c h a n n e l  o f  t h e  l o c k- i n- a m p l i f i e r .  The p h o t o  d i o d e  i s  w e l l  

s h i e l d e d  i n s i d e  a  t u b e  i n  o r d e r  t o  a v o i d  s p u r i o u s  s i g n a l s .  





Initial adjustments 

After t h ?  sample  h o l d e r  w i t h  t h e  c e l l  is  i n s e r t e d  i n t o  t h e  

h e a t e r ,  t h e  p o l a r i z e r  i s  a d j u s t e d  t o  be p a r a l l e l  t o  t h e  d i r e c t o r  

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

a d a r k  f i e l d  o f  view. The sample  h o l d e r  i s  now removed from t h e  

p a t h  o f  t h e  l i g h t  beam and t h e  t i l t i n g  compensator  is  i n s e r t e d  

i n t o  i t s  s l o t .  Its o r i e n t a t i o n  i s  a d j u s t e d  such  t h a t  t h e  s low 

a x i s  o f  t h e  compensator  i s  p a r a l l e l  t o  t h e  p o l a r i s e r .  A b l a c k  

c r o s s  o r i e n t e d  a t  4 5 O  w i t h  r e s p e c t  t o  t h e  p o l a r i s e r  is v i s i b l e  

i n  t h i s  s e t t i n g ,  when t h e  drum r e a d i n g  is z e r o .  The compensator  

frame is c a r e f u l l y  a d j u s t e d  s u c h  t h a t  t h e  l i g h t  beam f a l l s  normal ly  

on t h e  same. I n  t h i s  c a s e  t h e  c r o s s  i s  c e n t r e d .  The frame i s  t h e n  

f i r m l y  f i x e d  i n  t h i s  p o s i t i o n .  The p o l a r i s e r  and a n a l y s e r  a r e  

t h e n  r o t a t e d  by 4 5 O  s u c h  t h a t  t h e y  remain  c r o s s e d .  

The sample  h o l d e r  i s  i n s e r t e d  back i n t o  t h e  h e a t e r .  A f t e r  

s t a b i l i s i n g  t h e  t e m p e r a t u r e  t h e  p a t h  d i f e r e n c e  is  measured a t  

t h e  r e q u i r e d  v a l u e  o f  t h e  a p p l i e d  m a g n e t i c  f i e l d .  

5.5 RESULTS AND DISCUSSION 

Our e x p e r i m e n t s  were  conduc ted  on p-cyano-p'-heptyl  pheny l  

c y c l o h e x a n e  (PCH-7) .  The s t r u c t u r e  and  t r a n s i t i o n  t e m p e r a t u r e  

of  which a r e  g i v e n  i n  F i g .  5 . l b .  We found t h a t  t h i s  compound c o u l d  

be a l i g n e d  w i t h  a  weak homeot rop ic  a n c h o r i n g  by t h e  t e c h n i q u e  



d e s c r i b e d  b e f o r e .  A s  s e e n  i n  Eqns.  ( 5 . 1 5 )  and ( 5 . 1 7 )  we need t h e  

f o l l o w i n g  p h y s i c a l  p a r a m e t e r s  f o r  a n a l y s i n g  t h e  e x p e r i m e n t a l  data ,  

K 1 , ,  K22 and AX which were o b t a i n e d  from t h e  measurenen t s  o f  

Schad e t  a l .  (19791,  t h e  r e f r a c t i v e  i n d i c e s  n  and ne o b t a i n e d  
0 

from P o h l  e t  a l .  (1978)  and d ,  AR and H which were e x p e r i m e n t a l l y  

measured by u s  as d e s c r i b e d  e a r l i e r .  The e r r o r s  i n  t h e  measurements 

o f  K 33 '  K 1 l  a n d  AX a r e  g i v e n  t o  be - + 4$, + 2% and + 3% r e s p e c t i -  

v e l y .  From t h e  p l o t s  o f  n  and n  v e r s u s  t .emperature g i v e 2  by 
o  e  

Poh l  e t  a l . ,  we assume t h a t  t h e  e r r o r s  i n  t h e  measurement is 

-+0.1% i n  b o t h .  The e r r o r s  i n  d  and  AR a r e  - + I % .  A s i g n i f i c a n t  

change i n  t h e  v a l u e s  of  b R  , i . e .  , i n  8 c o u l d  be o b t a i n e d  o n l y  

a t  f i e l d  s t r e n g t h s  - 5000  Gauss .  The h i g h e s t  magne t i c  f i e l d  t h a t  

c o u l d  be o b t a i n e d  w i t h  t h e  e l e c t r o m a g n e t  used  i n  t h e  exper iment  

was o f  t h e  o r d e r  o f  5 . 6  KGauss. T h e r e f o r e  measurements a t  more 

t h a n  o n e  v a l u e  o f  H c o u l d  n o t  be made. I n  t h e  r a n g e  o f  -5000 Gauss ,  

H c o u l d  be measured w i t h  a n  a c c u r a c y  o f  +25 Gauss .  The a c c u r a c y  

o f  measurements  i s  b e t t e r  a t  lower  t e m p e r a t u r e s  and a l s o  t h e  a l i g n -  

ment o f  t h e  sample  d e t e r i o r a t e s  as t h e  t e m p e r a t u r e  i s  i n c r e a s e d .  

Two i n d e p e n d e n t  measurements were made i n  d i f f e r e n t  c e l l s  a t  tempe- 

r a t u r e s  much below t h e  N -  I t r a n s i t i o n  t e m p e r a t u r e .  The v a l u e s  

o f  K n  n  and A X  a t  t h e s e  t e m p e r a t u r e s  a r e  g i v e n  i n  3 3 '  K ~ ~ '  o '  e  

T a b l e  5 .1  and  t h e  v a l u e s  o f  K a n d  W e x t r a c t e d  from t h e  Ean. 
13 

( 5 . 1 8 )  u s i n g  t h e  i t e r a t i v e  p r o c e d u r e  d e s c r i b e d  e a r l i e r  a r e  g i7?en 

i n  T a b l e  5 . 2 .  



TABLE 5.1 

t r  = T/TNI 
K33 K 1  1  

n n o e AX 

( ( ( 

d y n e s  d y n e s  c g s  u n i t s  

TABLE 5.2 

t r  = T/TNI d  H ~k K 1 3  w 
( l o - * )  ( G a u s s  ) (ern) d y n e s  ergs/cm 



Taking  i n t o  a c c o u n t  t h e  e r r o r s  i n  t h e  measurements o f  t h e  

v a r i o u s  p a r a m e t e r s  t h a t  f i g u r e  i n  t h e  a n a l y s i s  one can  e s t i m a t e  

t h a t  t h e  e r r o r  i n  K is - t 4 x  dyne and t h a t  i n  t h e  a n c h o r i n g  
13 

e n e r g y  W i s  a b o u t  t 0.4 x  1 o - ~  erg/cm ( s e e  T a b l e  5.2). Tha tempera-  

t u r e s ,  a t  which t h e  two independen t  measurements  were  made d i f f e r  

by a b o u t  2OC. However s i n c e  t h e  t e m p e r a t u r e s  a r e  l e s s  t h a n  - 30°C 
below t h e  n e m a t i c- i s o t r o p i c  t r a n s i t i o n  p o i n t ,  t h e  2O d i f f e r s n c e  

c a n n o t  be e x p e c t e d  t o  have a  s t r o n g  i n f l u e n c e  on K and t h e  two 
13 

v a l u e s  a g r e e  w i t h  e a c h  o t h e r  w i t h i n  t h e  e r r o r  l i m i t s  ( T a b l e  5.2). 

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

and we c o u l d  n o t  make any  measurements.  
" 1 

The s i g n  of K o b t a i n e d  from t h e  a n a l y s i s  t u r n s  o u t  t o  
13 

be p o s i t i v e .  Now from t h e  e q u a t i o n  f o r  t h e  f r e e  e n e r g y  d e n s i t y  

(Eqn. 5.5) we s e e  t h a t  t h e  e l a s t i c  c o n s t a n t s  K 1 1 '  K22 a n d  K 
3 3 

a r e  c o e f f i c i e n t s  o f  t h e  q u a d r a t i c  t e r m s  o f  t h e  c u r v a t u r e  components 

-+ 
of  n  and have t o  be p o s i t i v e  i n  o r d e r  t o  g i v e  t h e  l o w e s t  e n e r g y  

f o r  t h e  undeformed nemat ic .  On t h e  o t h e r  hand t h e  e l a s t i c  c o n s t a n t  

KI3 i s  e s s e n t i a l l y  t h e  c o e f f i c i e n t  o f  a l i n e a r  term i n  t h e  second 
-+ 

d e r i v a t i v e s  o f  n  and hence can e i t h e r  be p o s i t i v e  o r  n e g a t i v e .  

The m o l e c u l a r  model o f  Nehring and Saupe (1972) g i v e s  t h e  s i g n  

o f  K t o  be n e g a t i v e .  I n  t h i s  t h e o r y  o n l y  a t t r a c t i v e  i n t e r a c t i o n s  
13 

have been c o n s i d e r e d  and  t h e  s h o r t  r a n g e  o r d e r  h a s  bsen i g n o r e d .  

F u r t h e r ,  t h e  s h a p e  a n i s o t r o p y  o f  t h e  m o l e c u l e s  h a s  a l s o  n o t  be,?n 

t a k e n  i n t o  a c c o u n t .  But a,s we d i s c u s s e d  i n  C h a p t e r  3, even  t h e  

e l a s t i c  c o n s t a n t s  K and K are s t r o n g l y  a f f e c t e d  by s h o r t  r a n g e  1 1  33 



o r d e r  i n  t h e  medium and t h e s e  e f f e c t s  can  be e x p e c t e d  t o  have 

a s i m i l a r  i n f l u e n c e  on K 
13' 

C o n s i d e r i n g  t h e  s h a p e  f a c t o r ,  dev ia-  

t i o n s  f rom c y l i n d r i c a l  symmetry s h o u l d  i n f l u e n c e  t h e  s i g n  of  K 
13' 

We c a n  e x p e c t  t h a t  banana shaped m o l e c u l e s  s h o u l d  have a p o s i t i v e  

K I 3  a n d  p e a r  shaped m o l e c u l e s  have a n e g a t i v e  K 
13' 

The compound 

PCH-7 s t u d i e d  by u s  h a s  t h e  s t r o n g l y  p o l a r  cyano end g roup  ( F i g .  

5.  l b )  and  hence can be e x p e c t e d  t o  form a n t i p a r a l l e l  p a i r s .  These 

p a i r s  c a n  i n  p r i n c i p l e  have a banana shaped  ' c o n f o r m a t i o n .  T h i s  

c o u l d  p o s s i b l y  e x p l a i n  t h e  p o s i t i v e  s i g n  o f  
K13 

found i n  t h i s  

compound. 

5.6 CONCLUSION 

An e x p e r i m e n t a l  t e c h n i q u e  o f  measur ing  t h e  e l a s t i c  c o n s t a n t s  

K131 which  r e q u i r e s  a weak a n c h o r i n g  o f  t h e  d i r e c t o r  a t  t h e  s u r-  

f a c e ,  h a s  been d e s c r i b e d .  An e s t i m a t e  o f  K f o r  t h e  nemat ic  l i q u i d  
13 

c r y s t a l  p- cyano- pl- heptyl  phenyl  cyc lohexane  (PCH-7) h a s   be,?:^ 

o b t a i n e d .  The v a l u e  t u r n s  o u t  t o  be o f  t h e  same o r d e r  a s  t h e  o t h e r  

e l a s t i c  c o n s t a n t s  i n  agreement  w i t h  d i m e n s i o n a l  e s t i m a t e s .  The 

s i g n  o f  K i s  found t o  be p o s i t i v e  f o r  t h i s  compound. A p o s s i b l e  
13 

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