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HIGH STRENGTH DEFECTS I N  NEMATIC L I Q U I D  CRYSTALS 

6.1 INTRODUCTION . 

The s c h l i e r e n  t e x t u r e  o f  n e m a t i c  l i q u i d  c r y s t a l s  is  c h a r a c-  

t e r i s e d  by a s e t  of p o i n t s  a t  which t h e  d i r e c t o r  o r i e n t a t i o n  is  

d i s c o n t i n u o u s .  These p o i n t s  c o r r e s p o n d  t o  d i s c l i n a t i o n  l i n e s  viewed 

end o n .  Between c r o s s e d  p o l a r i s e r s  t h e s e  p o i n t s  a r e  c o n n e c t e d  

by d a r k  b r u s h e s  which a r e  r e g i o n s  i n  which t h e  d i r e c t o r  i s  e i t h e r  

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

i n c i d e n t  l i g h t  ( s e e  f o r  e . g . ,  F i g . l . 1 2 ) .  

A ma themat ica l  a n a l y s i s  o f  t h e  a c t u a l  c o n f i g u r a t i o n  a round  

t h e  d i s c l i n a t i o n s  was g i v e n  by Oseen (1933)  and Frank ( 1 9 5 8 ) .  

( S e e  a l s o  t h e  r e c e n t  r ev iew by Chandrasekhar  and Ranganath  1 9 8 6 ) .  

Nehr ing  and Saupe (1972)  have made e x p e r i m e n t a l  o b s e r v a t i o n s  o n  

t h e  S c h l i e r e n  t e x t u r e s  and deve loped  t h e  t h e o r y  f u r t h e r .  The c o n t i -  

nuum t h e o r y  o f  e l a s t i c  d e f o r m a t i o n s  forms t h e  b a s i s  o f  s u c h  mathe-  

m a t i c a l  t r e a t m e n t s .  The d i r e c t o r  % changes  i ts  o r i e n t a t i o n  c o n t i -  

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

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

c a n  be o b t a i n e d  by m i n i m i s i n g  t h e  f r e e  e n e r g y  d e n s i t y .  We now 

g i v e  a b r i e f  summary o f  t h e  t h e o r y .  

We i n t r o d u c e  a s p a c e  f i x e d  C a r t e s i a n  c o o r d i n a t e  s y s t e m  ( x , y , z )  



w i t h  t h e  z- a x i s  p e r p e n d i c u l a r  t o  t h e  p l a n e  o f  t h e  n e m a t i c  l a y e r .  A 

p l a n a r  s t r u c t u r e  w i t h  8 l y i n g  i n  t h e  x-y p l a n e  is  assumed. The 

components o f  ?i a r e  c o s  I),  s i n  $ , 0, where I) is t h e  a n g l e  between 

-+ 
n  and t h e  x- a x i s .  

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  i s  g i v e n  by 

1 ' 2  ' ' 2  Fd = -[K ( d i v  n )  + K22(n . + K ( d  x c u r l  n )  ] 
2  1 1  3 3 

( 6 . 1 )  

When a n i s o t r o p y  of e l a s t i c  c o n s t a n t s  i s  c o n s i d e r e d  i t  is  v e r y  

d i f f i c u l t  t o  o b t a i n  e x a c t  s o l u t i o n s  c o r r e s p o n d i n g  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  around t h e  d e f e c t s .  Nehr ing and Saupe (1972)  have 

o b t a i n e d  o n l y  p e r t u r b a t i o n  s o l u t i o n s  t a k i n g  i n t o  c o n s i d e r a t i o n  

a s m a l l  e l a s t i c  a n i s o t r o p y .  I f  a  one c o n s t a n t  a p p r o x i m a t i o n  is 

c o n s i d e r e d ,  i . e . ,  
K 1  1 = K22 = K33 = K ,  i t  is  e a s y  t o  o b t a i n  s o l u t i o n s  

f o r  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 .  Eqn. ( 6 . 1  ) can  t h e n  be w r i t t e n  

a s  

The m i n i m i s a t i o n  o f  Fd r e s u l t s  i n  t h e  f o l l o w i n g  e q u a t i o n  

of e q u i l i b r i u m  ( t h e  Euler-Lagrange e q u a t i o n )  

where  n  = a n i / a x  ( i , j = l , 2 ,  where x  = x ,  x = y  and n  = n  
i , j  j ' 1 2  I X' 

n  = n  ) which y i e l d s  
2  Y 



The solutions of this equation are qJ = constant corresponding 

to a uniform director orientation and 

corresponding to the disclinations called wedge disclinations. 

Here a = tan-' (y/x) and c is a constant. It is clear that JI becomes 

multiple valued at the centre of the defect and hence leads to 

a singularity at that point. In order to maintain continuity on 

going in a closed circuit around a disclination, the director 

has to match with its original orientation. Considering the apola- 

rity of the director, s = 1/2 m, where m = * l ,  r2, .... s is called 

the strength of the disclination line. For integral values of 

s the director rotates by even multiples of IT on making a full 

turn around the disclination line and for half integral values 

of s the director rotates by odd multiples of n .  

The director configurations around defects of various streng- 

ths are sketched in Fig. 6.1. For s f + 1  the structure of the discli- 

nation is independent of the constant c. A change Ac only causes 

a rotation of the structure around the z-axis by an angle Ac/(l-s), 

but for s = + l  a change in c changes the structure around the singu- 

?T larity. c f  m - (where m is an integer) corresponds to logarithmic 
2 

1 
spirals, c =mrr to an all radial and c =  ( m + ? ) n  to a all circular 



Figure  6.1. Schematic {liagt-arn of  t h e  cl i r lectc~~l  f i e l d s  around 

disc!.inatioris of various strengths, according t o  eqn ( 6 . 5 ) .  



a r r a n g e m e n t  i n  t h e  x-y p l a n e .  However when e l a s t i c  a n i s o t r o p y  

i s  c o n s i d e r e d  t h e  o n l y  c o n f i g u r a t i o n  a l l o w e d  f o r  t h e  s = + l  d e f e c t  

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

( D z y a l o s h i n s k i i  1970, C l a d i s  and Kleman 1972, Nehr ing and Saupe 

1 9 7 2 ) .  

6.2 ENERGY OF AN ISOLATED DISCLINATION LINE 

We now c a l c u l a t e  t h e  d e f o r m a t i o n  e n e r g y '  p e r  u n i t  l e n g t h  

o f  a n  i s o l a t e d  d i s c l i n a t i o n  l i n e  (Nehr ing  and Saupe,  1972) .  Consi-  

d e r i n g  t h e  c y l i n d r i c a l  c o o r d i n a t e  s y s t e m  and assuming t h a t  a  c o r e  

r e g i o n  e x t e n d s  from t h e  o r i g i n  t o  r t h e  d e f o r m a t i o n  e n e r g y  p e r  
C 

u n i t  l e n g t h  

From Eqns.  ( 6 . 2 )  and ( 6 . 5 )  

W i s  t h e  e n e r g y  o f  t h e  c o r e  and R i s  t h e  s i z e  o f  t h e  sample .  
C 

Assuming t h a t  Wc makes a  r e l a t i v e l y  small c o n t r i b u t i o n ,  W h a s  

a l o g a r i t h m i c  d i v e r g e n c e  w i t h  t h e  s i z e  o f  t h e  sample .  For  a g i v e n  

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

2  
t o  s , t h u s  d i s c l i n a t i o n s  w i t h  s = +  I c o s t  f o u r  t i m e s  t h e  e n e r g y  

o f  t h o s e  w i t h  s = -C: i n  t h i s  a p p r o x i m a t i o n .  T h i s  means t h a t  a l l  

1 
d e f e c t s  o f  s t r e n g t h  1 s 1 > 7 s h o u l d  s p o n t a n e o u s l y  b reak  up t o  



1 
form a number o f  d e f e c t s  o f  s t r e n g t h  s = * ~  o n l y .  

However e x p e r i m e n t a l l y  s = k 1 d i s c l i n a t i o n s  a r e  f r e q u e n t l y  

s e e n  and a r e  found t o  be q u i t e  s t a b l e .  T h i s  problem was r e s o l v e d b y  

C l a d i s  and  Kleman (1972)  and Meyer (1973A).  They n o t e d  t h a t  i f  

t h e  d i r e c t o r  is  a l l o w e d  t o  c o l l a p s e  i n  t h e  t h i r d  d imension o v e r  

a r a d i u s  R ,  s u c h  t h a t  i t  p o i n t s  a l o n g  t h e  z- a x i s  a t  t h e  o r i g i n ,  

t h e  t o t a l  e n e r g y  i s  reduced  and t h e  c o r e  can  be d i s p e n s e d  w i t h .  

We c o n s i d e r  a l o n g  c i r c u l a r  c y l i n d e r  o f  r a d i u s  R c o n t a i n i n g  a  

nemat ic  l i q u i d  c r y s t a l .  L e t  u s  t a k e  t h e  c a s e  o f  a n  s = + l  d i s c l i n a -  

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

d i s t r i b u t i o n  o f  t h e  d i r e c t o r .  I n  t h e  c y l i n d r i c a l  c o o r d i n a t e  sys tem,  

t h e  components o f  2 f o r  t h e  p u r e  s p l a y  ( r a d i a l )  c a s e  a r e  n  = c o s  8, r 

n = s i n  0 and n  = 0 and f o r  t h e  p u r e  bend ( c i r c u l a r  c a s e )  a r e  
z 4' 

n = 0 ,  r . "c$ = c o s  8 and  n  = s i n  8 ( F i g .  6 . 2 ) .  8  is  a f u n c t i o n  of 
z 

t h e  r a d i u s .  

I n  t h e  one  c o n s t a n t  a p p r o x i m a t i o n  t h e  f r e e  e n e r g y  p e r  u n i t  

l e n g t h  o f  t h e  c y l i n d e r  f o r  bo th  c a s e s  is g i v e n  by 

r 
C 

The Euler-Lagrange e q u a t i o n  i s  

- d o )  - - s i n  8 c o s  0 
d r  ('dr r 

T h i s  h a s  t h e  g e n e r a l  s o l u t i o n  



S=+1 
Bend 

Figure 6.2 

C o l l a p s e  o f  t h e  d i r e c t o r  a t  t h e  c e n t r e  o f  t h e  S = + l  

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

t i l t e d  w i t h  r e s p e c t  t o  t h e  p l a n e  o f  t h e  p a p e r .  



6.4 ANISOTROPY OF ELASTIC CONSTANTS 

A n i s o t r o p y  o f  e l a s t i c  c o n s t a n t s  (K1 # K 2 2  f K 3 3 )  changes  

t h e  s o l u t i o n  f o r  t h e  d i r e c t o r  f i e l d  a round  a s i n g l e  d e f e c t  ( N e h r i n g  

and  Saupe 1972) as  a l s o  t h e  c o n f i g u r a t i o n  and t h e  e n e r g y o f  i n t e r a c -  

t i o n  between t h e  p a i r  o f  d e f e c t s .  Ranganath (1980)  h a s  shown t h a t  

depend ing  on t h e  a n i s o t r o p y ,  s p e c i f i c  v a l u e s  o f  c  s h o u l d  be favou-  

r e d .  T h i s  i s  due t o  t h e  p r e s e n c e  of a n g u l a r  f o r c e s  which can  be 

computed a s  f o l l o w s .  

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

by Eqn. ( 6 . 1 )  c a n  be w r i t t e n  a s  

2  2  
Fd 

= 2. K [ (v+ ) *  + E { ( + ~  - 0,) c o s  2 9  - 2 6  $ s i n  2+}1 ( 6 . 1 8 )  2  x Y 

where 

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

y .  (The d i r e c t o r  i s  c o n f i n e d  t o  t h e  x-y p l a n e . )  

The e q u a t i o n  o f  e q u i l i b r i u m  is  o b t a i n e d  by m i n i m i s i n g  t h e  f r e e  

e n e r g y .  T h e r e f o r e  

Ox,+ 6yy = &[(Qxx- $y + 2+ x  $ Y ) c o s  2l4 

2 - + x - 2 -  Y XY s i n  2g1 



where $ i s  as d e f i n e d  b e f o r e .  If E i s  small t h e  s o l u t i o n  $ = $ O + 

€4 i s  assumed where 

f o r  a c o l l e c t i o n  o f  d e f e c t s  o f  s t r e n g t h  si a t  ( x i ,  y i ) .  N e g l e c t i n g  

second  and  h i g h e r  powers o f  E ,  

The f ree  e n e r g y  i s  

2  2  - X [ ( v J 1 0 ) 2 -  E L ( %  -JI;, c o s  200 + Z $ O + O  s i n  3 0 1  Fd - 2  X Y 

The t o t a l  e l a s t i c  e n e r g y  is  g i v e n  by 

The a n g u l a r  p a r t  o f  t h e  e n e r g y  is  

F o r  a p a i r  of l i k e  o r  u n l i k e  d i s c l i n a t i o n s  one  c a n  write Eqn. 

( 6 . 2 3 )  as  

K 2  F' = - E ~ ~ ~ [ ( e ~ - e . ) c o s z t e + ~ ) + n e e  s i n 2 t e + c ) l d x d y  ( 6 . 2 4 )  
x  Y X Y  

where  



9 = s [ tan"  (J - )  * t an- '  (2) I 
x-d x+d 

and 

The p o s i t i v e  s i g n  is  t a k e n  f o r  l i k e  s i n g u l a r i t i e s  and n e g a t i v e  

s i g n  f o r  u n l i k e  s i n g u l a r i t i e s .  The a n g u l a r  f o r c e  i s  

I n  t h e  p r e s e n c e  o f  e l a s t i c  a n i s o t r o p y  a n  a n g u l a r  f o r c e  is 

e x p e r i e n c e d  which t a k e s  t h e  c o n f i g u r a t i o n s  t o  t h e  a l lowed  v a l u e s  

of c .  

The two c a s e s  shown i n  F i g .  ( 6 . 4 )  i n d i c a t e  t h a t  i n  t h e  p re-  

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

a s p e c i f i c  v a l u e  o f  c is  a l l o w e d .  L e t  u s  c o n s i d e r  a  p a i r  o f  d e f e c t s  

o f  s t r e n g t h  1/2. When s p l a y  i s  of lower  e n e r g y  c  = 7T / 2  and t h e  con- 

f i g u r a t i o n  is as shown i n  F i g .  6 . 4 ,  i . e . ,  t h e  l i n e  j o i n i n g  t h e  

d e f e c t s  i s  p e r p e n d i c u l a r  t o  t h e  u n p e r t u r b e d  d i r e c t o r .  When bend 

i s  o f  lower  e n e r g y  c = 0 and t h e  l i n e  j o i n i n g  t h e  d e f e c t s  is  p a r a-  

l l e l  t o  t h e  u n p e r t u r b e d  d i r e c t o r .  T h e r e f o r e  depend ing  on t h e  s i g n  

o f  E: t h e  p a t t e r n  changes  t o  t h e  o n e  e n e r g e t i c a l l y  a l l o w e d  and  

o n e  d e f e c t  may be f o r c e d  t o  r o t a t e  round  t h e  o t h e r  t i l l  t h e  a l l o w e d  

c  v a l u e  i s  r e a c h e d .  

A s  s e e n  b e f o r e ,  i f  t h e  p l a n a r  s o l u t i o n  i s  assumed, a n  e n e r g y  

p r o p o r t i o n a l  t o  s2 is o b t a i n e d .  T h i s  l e a d s  t o  t h e  r e s u l t  t h a t  



Figure 6 . 4  ' 

The d i r e c t o r  pa t t e rn  f o r  (+  1/2, - I p a i r s  

i n  two extreme cases when c  = 0 and c = n/2. 



o n l y  d e f e c t s  o f  s t r e n g t h  s = * 1/2 s h o u l d  be s t a b l e . ' H o w e v e r ,  c o n s i-  

d e r i n g  t h e  c o l l a p s e  o f  t h e  d i r e c t o r  i t  h a s  been shown t h a t  d e f e c t s  

w i t h  s = + I  can  a l s o  be s t a b l e .  I n  g e n e r a l  i f  t h e  e s c a p e  i n t o  t h e  

t h i r d  d imension i s  c o n s i d e r e d  f o r  i n t e g r a l  d e f e c t s ,  t h e  e n e r g y  

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

s > 1 i s  e q u a l  t o  t h e  sum o f  t h e  e n e r g i e s  o f  s d e f e c t s  o f  u n i t  

s t r e n g t h .  For  example ,  a  d e f e c t  w i t h  s = + 2  h a s  a n  e n e r g y  e q u a l  

t o  t h e  sum o f  t h e  e n e r g i e s  o f  two d e f e c t s  w i t h  s = + l ,  i . e . ,  two 

d e f e c t s  w i t h  s = + I  c a n  combine t o  form a  d e f e c t  w i t h  s = + 2 .  There-  

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

1  s h o u l d  a l s o  be s t a b l e .  However t h e  energy  needed t o  g e n e r a t e  

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

i n d i v i d u a l  d e f e c t  w i t h  s = k I .  Thus d e f e c t s  w i t h  s t r e n g t h  s = k 1 

o c c u r  more f r e q u e n t l y .  Indeed  e x p e r i m e n t a l  o b s e r v a t i o n s  o f  o n l y  

d e f e c t s  o f  s t r e n g t h  s = k I o r  s = k 1/2 had been r e p o r t e d  u n t i l  

r e c e n t l y .  ( F o r  e . g . ,  s e e  Nehr ing  and Saupe 1972, d e  Gennes 1975, 

Chandrasekhar  1 9 7 7 ) .  

6 .5  HIGH STRENGTH DEFECTS 

Dur ing  t h e  c o u r s e  o f  o u r  s t u d y  o f  t h e  phase  diagrams o f  s y s t e m s  

c o n s i s t i n g  o f  mesomorphic and non-mesomorphic compounds w e  d i s c o v e-  

r e d  some unusua l  d e f e c t s .  U s u a l l y  s u c h  m i x t u r e s  e x h i b i t  a s t r o n g  

d e p r e s s i o n  i n  t h e  I - N  t r a n s i t i o n  t e m p e r a t u r e  and a l a r g e  c o e x i s-  

t e n c e  r a n g e  o f  I and  N p h a s e s  ( s e e  f o r  e . g . ,  Martire 1 9 7 9 ) .  T h i s  



was true in the mixtures studied by us also. Interestingly as 

the sample was cooled further and the nematic phase was fully 

formed we found stable defects of strength s = + 3 / 2  and s = k 2. 

This is the first report of 'high strength' defects in thermotro- 

pic liquid crystalline systems. We now discuss our experimental 

studies. 

6 . 6  EXPERIHENTAL STUDIES 

The non-mesomorphic compound used in the mixtures studied 

by us is leucoquinizarin ( 1 ,4,9,10 tetrahydroxy anthracene (THA) ) . 

THA has a melting point of 147OC. The molecules of this compound 

are rigid and flat. Detailed observations which are reported below 

were done on mixtures containing the nematogens p-octyloxy-pf-cyano- 

biphenyl (80CB), p- cyanopheny l- p l- n- hep ty l  benzoate (CPHB) and 

p-cyanobenzylidene-p'-octyloxyaniline (CBOOA) . The structural 

formula and transition temperatures of the compounds are given 

in Fig. 6.5. 

In particular the mixtures with the following compositions 

were studied in detail. 

1 12 wt % of THA and 88 wt % of CPHB (Mixture I) 

2 20 wt % of THA and 80 wt. % of 80CB (Mixture.11) 

3 25 wt '$ of THA and 75 wt % of CBOOA (Mixture 111). 



1 ,4 , 9 , 10 Tetrahydroxy anthracene ( THA) 

p - cyanophenyl p- n- hepiyl benzoate (CPHB) 

K 5 3 . 3 " ~  SA 66.9'C N 7 3 . 7 " ~  I 

p - octyloxy- p'-cyano biphenyl (80CB) 

K 73.0 "C S 8 2 . 5 ' ~  N 106.9~~1 

n-p-cyanobenzvlidene - p-n -octyloxy aniIine(CBO0A) 

Figure 6.5 

Structural formula and transition temperatures of compounds used 

in the experimental studies. 



A l l  t h e  o b s e r v a t i o n s  were  made u s i n g  a  L e i t z  Or tho lux  P o l a r i z i n g  

Microscope (Model I1 P o l  BK) i n  c o n j u n c t i o n  w i t h  a  M e t t l e r  FP52 

h o t  s t a g e .  The samples  were t a k e n  between a s l i d e  and c o v e r s l i p  

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

A d d i t i o n  o f  10 t o  20 w t  % o f  THA r e d u c e s  t h e  I - N  t r a n s i t i o n  

t e m p e r a t u r e  o f  t h e  nematogens by 20 t o  30°C. There  i s  a l a r g e  

c o e x i s t e n c e  r e g i o n  o f  abou t  20°C of  t h e  i s o t r o p i c  and nemat ic  

p h a s e s .  A s  t h e  sample i s  c o o l e d  from t h e  I p h a s e ,  i n i t i a l l y  nemat ic  

d r o p l e t s  w i t h  t h e  b i p o l a r  s t r u c t u r e  a r e  fo rmed .Th is  i n d i c a t e s  

t h a t  t h e  d r o p l e t s  have a t a n g e n t i a l  boundary c o n d i t i o n  o f  t h e  

d i r e c t o r  ( D u b o i s- V i o l e t t e  and P a r o d i  1969) .  A s  t h e s e  c o a l e s c e ,  

t h e r e  i s  a  s t r o n g  t endency  t o  e x h i b i t  t h e  S c h l i e r e n  t e x t u r e  ( f o r  

e . g . ,  s e e  F i g .  6 . 3 a ) .  When t h e  whole f i e l d  o f  view is covered  

w i t h  t h e  nemat ic  phase  d e f e c t s  o f  s t r e n g t h  s = + 3 / 2  and s = + 2  

c a n  be s e e n .  U s u a l l y  t h e y  a r e  q u i t e  s t a b l e  and remain u n a l t e r e d  

down t o  t h e  c r y s t a l l i s a t i o n  t e m p e r a t u r e .  We have checked t h a t  

i n  c e r t a i n  c a s e s  t h e  h i g h  s t r e n g t h  d e f e c t s  a r e  i n t a c t ,  even a f t e r  

a  few d a y s ,  on l e a v i n g  t h e  sample  u n d i s t u r b e d .  

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

i s o l a t e d  c o n f i g u r a t i o n  ( F i g s .  6 . 6  and 6 . 7 ) .  Both p o s i t i v e  and 

n e g a t i v e  d e f e c t s  a r e  e q u a l l y  p r o b a b l e .  F i g s .  6 .8a  and 6 .8b show 

a d e f e c t  of  s t r e n g t h  + 3 / 2  a t  two d i f f e r e n t  s e t t i n g s  o f  t h e  c r o s s e d  

p o l a r i s e r s .  Sometimes t h e  h i g h  s t r e n g t h  d e f e c t s  o c c u r  as a n  i n v e r-  

s i o n  wall o f  t h e  f i r s t  k i n d  ( F i g .  6 . 9 )  (Nehr ing  and Saupe 1972 ,  



Figure 6 . 6 .  A r e l a t i v e l y  i s o l a t e d  +3/2 d e f e c t  i n  Mix tu re  

I1 z i t  53 .z0C,  c r o s s e d  l i n e a r  p o l a k i s e r s  (x 1920) .  

Figure 6 . 7 .  A r e l z t i v e l y  i s o l a t e d  +2 d e f e c t  i n  Mix tu re  

I1 z t  53OC, c r o s s e d  l i n e a r  p o l a r i s e r s  ( x 1 9 . ? 0 ) .  



F i g u r e  6.8a. A + 3 / 2  d e f e c t  i n  M i x t u r e  I a t  36 .1°C ,  

C r o s s e d  l i n e a r  p o l a r i s e r s  ( ~ 8 6 6 ) .  

Figur-e 6.8b.  The same + 3 / 2  d e f e c t ,  shown i n  F ' i g . 6 . 8 a ,  

p o l a r 3 i s e r s  r o t a t e d  i n  t h e  c l o c k w i s e  d i r e c t i o n  by 60°  . 

on g o i n g  from 6 . 8 a  t o  6 . 8 b .  



Figure 6.9. An i n v e r s i o n  w a l l  o f  t h e  f i rs t  k i n d  w i t h  a 

-3/2 d i s c l i n a t i o n ,  i n  M i x t u r e  I a t  2 8 O C ,  c r o s s e d  l i n e a r  

p o l a r i s e r s  (x 5 0 0 ) .  

Figure 6.10. 12 b r u s h e s  a r o u n d  &n i s o t r o p i c  d r o p l e t  i n  

M i x t u r e  I11 a t  57OC, c r o s s e d  l i n e a r  p o l a r i s e r s  ( ~ 8 5 7 ) .  



s e e  C h a p t e r  I ) .  

Q u i t e  o f t e n ,  b e f o r e  t h e  n e m a t i c  phase  i s  f u l l y  formed, a 

l a r g e  number o f  b r u s h e s  (up t o  f o u r t e e n )  c o u l d  be s e e n  emerg ing  

from a n  i s o t r o p i c  d r o p l e t  s u r r o u n d e d  by a  n e m a t i c  r e g i o n .  I n  F i g .  

6 .10  we can s e e  12 b r u s h e s  a round  t h e  i s o t r o p i c  d r o p l e t .  T h i s  

i s  t o p o l o g i c a l l y  e q u i v a l e n t  t o  a  d e f e c t  of s t r e n g t h  3.  I f  t h e  

d i r e c t o r  i s  assumed t o  make a c o n s t a n t  a n g l e  w i t h  t h e  N - I i n t e r -  

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

o f  s t r e n g t h  1 (Meyer 1973B, Ranganath 1 9 7 7 ) .  However E r i c k s e n  

(1970)  h a s  p o i n t e d  o u t  t h e  p o s s i b i l i t y  t h a t  t h e  a n g l e  made by 

t h e  d i r e c t o r  w i t h  t h e  i n t e r f a c e  need n o t  n e c e s s a r i l y  be c o n s t a n t  

and  t h e  c r o s s  s e c t i o n  o f  t h e  i s o t r o p i c  r e g i o n  need n o t  even  be 

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

I n  s u c h  a  c a s e  t h e  i s o t r o p i c  d r o p l e t  i s  no l o n g e r  t o p o l o g i c a l l y  

e q u i v a l e n t  t o  a  d e f e c t  o f  s t r e n g t h  1.  T h i s  i n d i c a t e s  t h a t  i n  t h e  

samples  s t u d i e d  by u s  t h e  a n g l e  made by t h e  d i r e c t o r  a t  t h e  N - I  

i n t e r f a c e  around a n  i s o t r o p i c  d r o p l e t  i s  n o t  a  c o n s t a n t .  

0 

O b s e r v a t i o n s  w i t h  monochromatic l i g h t  ( = 5893 A )  and b e t-  

ween c r o s s e d  c i r c u l a r  p o l a r i z e r s  d i d  n o t  r e v e a l  d a r k  c l o s e d  r i n g s  

a round  t h e  c e n t r e  o f  t h e  d e f e c t s  w i t h  s t r e n g t h  3 / 2 ,  i . e . ,  t h e r e  

was no v i s i b l e  c o l l a p s e  of  t h e  d i r e c t o r  i n  t h e  t h i r d  d imens ion .  

T h i s  a g r e e s  w i t h  t h e  p r e d i c t i o n  o f  t h e  t o p o l o g i c a l  a rguments .  

T h e r e f o r e  we can e x p e c t  t h a t  t h e s e  d e f e c t s  a l s o  have s i n g u l a r i t i e s  

a t  t h e  c e n t r e .  The l i n e  e n e r g y  i n  t h a t  c a s e  i s  g i v e n  by Eqn. ( 6 . 6  ) . 



T h e r e f o r e  t h e  e l a s t i c  e n e r g y  c a r r i e d  by a  d e f e c t  w i t h  s = 3 / 2  would 
I 

be c o n s i d e r a b l y  reduced  i f  i t  s p l i t s  i n t o  d e f e c t s  o f  lower  s t r e n g t h .  

Such a  s p l i t t i n g  c o u l d  be o b s e r v e d  once i n  a way. F i g s .  6 .11a  

and 6 .11b show t h e  s p l i t t i n g  of a  d e f e c t  w i t h  s = +3/2 i n t o  two 

d e f e c t s  w i t h  s = + 1  and  s = + 1/2 r e s p e c t i v e l y .  But most  o f t e n  t h e  

d e f e c t s  w i t h  s t r e n g t h  + 3/2  and -+ 2  remained i n t a c t  on h e a t i n g  

u n t i l  t h e  i s o t r o p i c  phase  s e t  i n .  D e t a i l e d  o b s e r v a t i o n s  on t h e  

c e n t r e s  o f  t h e  d e f e c t s  w i t h  s = + 2  were  n o t  p o s s i b l e  a s  t h e  c e n t r e s  

o f  t h e s e  d e f e c t s  were n e v e r  c l e a r  ( s e e  f o r  e . g . ,  F i g .  6 . 7 ) .  

I n  a l l  t h e  samples  s t u d i e d  by u s  though t h e  number o f  d e f e c t s  

w i t h  s = + l  and s = +- 1/2 was a l w a y s  l a r g e r ,  a c o n s i d e r a b l e  number 

of  h i g h  s t r e n g t h  d e f e c t s  was a l s o  obse rved  ( F i g .  6 . 1 2 ) .  Because 

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

o f t e n  we c o u l d  s e e  p a i r s  of t h e s e  d e f e c t s .  I n  F i g .  ( 6 . 1 3 a )  a p a i r  

o f  d e f e c t s  w i t h  s t r e n g t h s  s = + 3 / 2  and  s =  -3/2 can  be s e e n .  F i g s .  

6 .13b  and 6 . 1 3 ~  show t h e  same p a i r  o f  d e f e c t s  when t h e  p o l a r i z e r s  

have been r o t a t e d  by 45O and 90° r e s p e c t i v e l y  w i t h  r e s p e c t  t o  

t h a t  i n  F i g .  6 . 1 3 a .  S i x  d a r k  b r u s h e s  a r e  s e e n  t o  emanate  from e a c h  

o f  t h e  d e f e c t  c e n t r e s .  I n  F i g s .  6 .14a and 6.14b a  p a i r  of  d e f e c t s  

o f  s t r e n g t h  +2 and -2 i s  seen :  e i g h t  b r u s h e s  emerge from e a c h  

d e f e c t  c e n t r e .  The d i s t a n c e  between t h e  two d e f e c t s  i s  5 10 pm 

i n  t h e  c a s e  o f  bo th  t y p e s  o f  p a i r s .  T h i s  s e p a r a t i o n  is  o f  t h e  

same o r d e r  a s  i n  p a i r s  o f  +1 and  k1/2 d e f e c t s .  S i n c e  t h e  number 

o f  d a r k  b r u s h e s  emerging from t h e  two d e f e c t s  i s  l a r g e  and a l s o  



Figure 6 . 1  la. A +3/2 de fec t  (iridi.cat.cti  by a n  arrow) i.n 

Mixt:.ure I a t  36. Z 0 C ,  crossed l inear  p o l a r i s e r - s  ( x  9 2 0 ) .  



Figure 6.12. Three d e f e c t s  o f  s t r e n g t h  3/2 a r e  v i s i b l e  

i n  t h e  f i e l d  o f  view, t h e  sample i s  Mixture I a t  

36.5OC, crossed l i n e a r  p o l a r i s e r s  (x 4 7 0 ) .  

Figure 6.13a. A +3/2 and -3/2 p a i r  of  d e f e c t s  i n  

Mixture I ,  crossed l i n e a r  p o l a r i s e r s ,  i l l u m i n a t i o n  

w i t h  monochromatic l i g h t  ( A  = 5893 i ) ( x  3700:). 



Figure 6 . 1 3 b .  The same p a i r  o f  +3/2  and  -3 /2  d e f e c t s  as  

i n  F i g . 6 . 1 3 a .  P o l a r i s e r s  r o t a t e d  c l o c k w i s e  by 4 5 O  on 

g o i n g  from F i g .  6 .13a  t o  F i g .  6 . 1 3 b .  

F i g u r e  6 . 1 3 ~ .  T h e  same p a i r  o f  + 3 / 2  a n d  -3 /2  d e f e c t s  

as i n  F i g . 6 . 1 3 b .  P o l a r i s e r s  r o t a t e d  c1ocL:wise by 4 5 O  

on g o i n g  from F i g .  6 . 1 3 b  t o  F i g . 6 . 1 3 ~ .  



F i g u r e  6.14a. A +2 and -2 pair of defects in Mixture I 

between crossed linear polarisers, illumination with 

monochromatic light (x 3867). 

PigurSe 6.111b. Same pair of +2 and -2 defects as in 

Fig. 6.14a, polarisers rotated clockwise by 45O on 

going from 6.14a to 6 . l 4 b .  



as  t h e s e  b r u s h e s  a r e  v e r y  c l o s e  t o  e a c h  o t h e r  i n  t h e  r e g i o n  between 

t h e  two d e f e c t s  ( s e e  F i g s .  6 .13  a n d  6 . 1 4 )  v e r y  c a r e f u l  o b s e r v a t i o n s  

a re  n e c e s s a r y  t o  d e t e r m i n e  t h e  s t r e n g t h  of t h e  d e f e c t s  i n  t h e s e  

p a i r s .  I n  some c a s e s  o n l y  s p e c i f i c  o r i e n t a t i o n s  o f  t h e  p o l a r i s e r s  

make t h e i r  i d e n t i f i c a t i o n  p o s s i b l e .  The p o l a r i s e r s  have  been r o t a -  

t e d  on g o i n g  from F i g .  6 .14a  t o  F i g .  6 .14b  and a l l  t h e  d a r k  b r u s h e s  

a r e  more c l e a r l y  s e e n  i n  F i g .  6 .14b.  

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  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  a round  t h e  p a i r s  o f  d e f e c t s  i s  d e f i n e d  by Eqn. ( 6 . 1 6 ) .  

Us ing  a  s u i t a b l e  a l g o r i t h m  t h e s e  c o n f i g u r a t i o n s  were  computer  

g e n e r a t e d  f o r  d i f f e r e n t  v a l u e s  of c .  ( A  few examples  a r e  shown 

i n  F i g s .  6 . 1 5  and  6 . 1 6 ) .  If t h e  d e f e c t s  a r e  i s o l a t e d  and  t h e  d i r e c -  

t o r  o r i e n t a t i o n  f a r  away from t h e  d e f e c t s  is  u n i f o r m ,  a n  e x a c t  

v a l u e  o f  c  c a n  be o b t a i n e d  by m a t c h i n g  t h e  p a t t e r n  o f  d a r k  b r u s h e s  

emerg ing  from t h e  c e n t r e s  o f  t h e  d e f e c t s  f o r  v a r i o u s  s e t t i n g s  

o f  t h e  p o l a r i s e r s  w i t h  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  o b t a i n e d  a s  

men t ioned  above .  But t h e  samples  s t u d i e d  by u s  were n o t  t r e a t e d  

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

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

n e i g h b o u r i n g  d e f e c t s  have  a n  i n f l u e n c e  on t h e  c o n f i g u r a t i o n s  adop-  

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

T h e r e f o r e  a n  e x a c t  d e t e r m i n a t i o n  o f  t h e  v a l u e  o f  c  i s  n o t  p o s s i b l e .  

However a rough estimate c a n  be o b t a i n e d  by ma tch ing  t h e  p a t t e r n  

o f  d a r k  b r u s h e s  i n  t h e  r e g i o n  between t h e  two d e f e c t s  i n  a  p a i r ,  



Figure 6.15a 

The d i r e c t o r  f i e l d s  i n  t h e  neighbourhood o f  a p a i r  o f  d e f e c t s  

o f  s t r e n g t h  + 3/2 a n d  - 3 / 2  a c c o r d i n g  t h e  Eqn. ( 6 . 1 6 )  f o r  c = O O .  



Figure 6.15b 

The d i r e c t o r  f i e l d s  i n  t h e  ne ighbourhood  o f  a p a i r  o f  d e f e c t s  o f  

s t r e n g t h  + 3 / 2  a n d  - 3/2 a c c o r d i n g  t o  Eqn. (6 .16)  f o r  c = 40°. 



Figure 6.1% 

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

s t r e n g t h  + 3 / 2  a n d  - 3 / 2  a c c o r d i n g  t o  Eqn. (6 .16)  f o r  c = 90°. 



Figure  6.16a 

The d i r e c t o r  f i e l d s  i n  t h e  ne ighbourhood  o f  a p a i r  o f  d e f e c t s  o f  

s t r e n g t h  +2 and  -2 a c c o r d i n g  t o  Eqn. ( 6 . 1 6 )  f o r  c = OO. 



Figure 6 . 1 6 b  

T h e  d i r e c t o r  f i e l d s  i n  t h c  n e i g h b o u r h o o d  o f  o  p a i r  of  d e f e c t s  oi '  

s t r e n g t h  + 2  a n d  - 2  a c c o r d i n g  t o  Eqn .  ( 6 . 1 6 )  f o r  c =  4 5 O .  



F i g u r e  6.16~ 

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

o f  s t r e n g t h  + 2  and  - 2  a c c o r d i n g  t o  Eqn. ( 6 . 1 6 )  f o r  c =  90° .  



w i t h  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  p l o t t e d  f o r  d i f f e r e n t  v a l u e s  

o f  c .  I n  t h e  c a s e  o f  bo th  t y p e s  of p a i r s ,  i . e . ,  w i t h  s = +3/2  and 

-3/2  and s = + 2  and -2 a  v a l u e  o f  c  c l o s e  t o  z e r o  was found t o  

be p r e f e r r e d .  T h i s  p r e f e r e n c e  t o  a d o p t  t h e s e  c o n f i g u r a t i o n s  i n d i -  

c a t e s  t h a t  t h e  s p l a y  c o s t s  l e s s  e n e r g y ,  i . e . ,  K 33 > K which i s  

n o r m s l l y  t h e  c a s e  w i t h  t h e  t y p e  of compounds used i n  t h e  m i x t u r e s  

s t u d i e d .  ( F o r  e . g . ,  s e e  Madhusudana and P r a t i b h a  1982A). 

The p a i r s  o f  d e f e c t s  have a  t endency  t o  a n n i h i l a t e  e a c h  

o t h e r  a s  t h e  i s o t r o p i c  phase  i s  approached .  F o r  e . g .  t h e  p a i r  

o f  d e f e c t s  w i t h  s = + 3 / 2  and -3/2 i n  F i g .  6 . 1 7 a  is found t o  have 

been a n n i h i l a t e d  as t h e  t e m p e r a t u r e  is  i n c r e a s e d  ( F i g .  6 . 1 7 b ) .  

However a t  lower  t e m p e r a t u r e s  t h e  p a i r s  of  h i g h  s t r e n g t h  d e f e c t s  

a r e  found t o  be s t a b l e  a s  i n  t h e  c a s e  o f  + I  and *1/2 d e f e c t s .  

Ranganath  (1983)  h a s  d i s c u s s e d  t h e  mot ion o f  t h e  d i s c l i n a t i o n  

p a i r s .  A r e l a t i v e  mot ion o f  t h e  two d i s c l i n a t i o n s  s l  and s due 
2  

t o  a  v a r i a t i o n  i n  t h e  s e p a r a t i o n  D between t h e  two d i s c l i n a t i o n s  

h a s  been c o n s i d e r e d  and t h e  e n t r o p y  g e n e r a t e d  ( =  Q) h a s  been c a l c u l a -  

t e d .  He h a s  d e r i v e d  a n  e x p r e s s i o n  f o r  t h e  f r i c t i o n  c o e f f i c i e n t  

by assuming  t h a t  t h e  d i s c l i n a t i o n  v e l o c i t i e s  a r e  s o  s m a l l  t h a t  

no  r e a l  f l u i d  v e l o c i t y  i s  e x c i t e d .  I f  u  i s  t h e  uniform v e l o c i t y  

2  
o f  mot ion  t h e  f r i c t i o n a l  c o e f f i c i e n t  i s  g i v e n  by rl = Q/u  . The 

f r i c t i o n  c o e f f i c i e n t  is found t o  i n c r e a s e  a s  two u n l i k e  d e f e c t s  

i . . ,  d e f e c t s  w i t h  sl  = -s ) move towards  e a c h  o t h e r .  T h e r e f o r e  
2  

t h e  f r i c t i o n  o p p o s e s  t h e  e f f e c t s  o f  e l a s t i c i t y .  Thus a t  lower  



Figure 6.17a. A p a i r  o f  d e f e c t s  o f  s t r e n g t h  + 3 / 2  and 

-3/2 i n  M i x t u r e  I a t  43.8OC, c r o s s e d  l i n e a l -  p o l a r i s e r s  

(X 8 6 3 ) .  

FigurTe 6.17b. Same s a m p l e  a r e a  a s  i n  F j g .  6.17a a t  

45.  I o C ,  t h e  p a i r  o f  d e f e c t s  have  a n n i h i l a t e d  e a c h  

o t h e r  with t h e  i n c r e a s e  i n  t e m p e r a t u r e  ( ~ 8 6 3 ) .  



t e m p e r a t u r e  t h e  h i g h  s t r e n g t h  d e f e c t s  fo rming  a p a i r  do  n o t  move 

c l o s e r  and  are f o u n d  t o  be s t a b l e .  But  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  t h e  v i s c o s i t y  d e c r e a s e s  and  t h e  d e f e c t s  c a n  move c l o s e r  

a n d  a n n i h i l a t e  e a c h  o t h e r .  

A s  m e n t i o n e d  b e f o r e  t h e  c o r e  o f  t h e s e  d e f e c t s  i s  s u p p o s e d  

t o  be i n  t h e  i s o t r o p i c  p h a s e .  I n  f a c t  on h e a t i n g  t h e  sample  f rom 

t h e  n e m a t i c  p h a s e ,  t h e  i s o t r o p i c  p h a s e  s tarts ,  a t  t h e  c e n t r e  o f  

t h e  d e f e c t s  w i t h  s t r e n g t h  e q u a l  t o  t 3/2.  A s  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  f u r t h e r  t h e  i s o t r o p i c  r e g i o n  is  e n l a r g e d .  The d e c r e a s e  

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

d e f e c t s  i n d i c a t e s  t h a t  t h e  non-mesomorphic compound is i n  g r e a t e r  

c o n c e n t r a t i o n  i n  t h e s e  r e g i o n s .  T h i s  h a s  a n  a n a l o g y  i n  t h e  s o l i d  

s t a t e  where  i m p u r i t i e s  p r e s e n t  i n t e r s t i t i a l l y  o r  s u b s t i t u t i o n a l l y  

may d i f f u s e  t o  t h e  ne ighbourhood  o f  d i s l o c a t i o n s  a n d  l o c k  them 

i n  p o s i t i o n  ( F o r  e . g . ,  K i t t e l  1953) .  The s t a b i l i t y  o f  t h e s e  h i g h  

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

t h e  c e n t r e .  I n d e e d  t h e s e  h i g h  s t r e n g t h  d e f e c t s  have  been  found  

t o  o c c u r  o n l y  i n  m i x t u r e s .  We have  made c a r e f u l  o b s e r v a t i o n s  on 

p u r e  nema togens  u s e d  i n  o u r  s t u d i e s  of h i g h  s t r e n g t h  d e f e c t s  and  

f o u n d  t h a t  t h e s e  d e f e c t s  o f  s t r e n g t h  s = * 3 / 2  and s = 22 do n o t  

o c c u r  i n  s i n g l e  component  s y s t e m s .  

A t  a b o u t  t h e  same time t h a t  we r e p o r t e d  t h e  d i s c o v e r y  o f  

t h e  h i g h  s t r e n g t h  d e f e c t s  (Madhusudana a n d  P r a t i b h a  1982B) ,  Lee 

a n d  L a b e s  (1982)  fbund  a p p a r e n t  h i g h  s t r e n g t h  d e f e c t s  i n  a  r a t h e r  
/ 



d i f f e r e n t  system.They used  e m u l s i f i e d  m i x t u r e s  o f  p e n t y l  cyano- 

b i p h e n y l  o r  MBBA w i t h  t h e  l y o t r o p i c  l i q u i d  c r y s t a l  s y s t e m  di- sodium 

c romoglyca te  + e t h y l e n e  g l y c o l .  A f t e r  a  s p e c i a l  p r e p a r a t i o n  o f  

t h e  sample  and removal o f  t h e  c o v e r s l i p ,  d e f e c t s  o f  s t r e n g t h  up 

t o  4 were  obse rved .  However u n l i k e  i n  t h e  s y s t e m s  s t u d i e d  by u s  

t h e s e  d e f e c t s  were  u n s t a b l e  a s  t h e  microemuLsion i t s e l f  broke 

up a f t e r  s e v e r a l  m i n u t e s  (1-20 m i n . ) .  More r e c e n t l y  s t a b l e  d e f e c t s  

o f  s t r e n g t h  k3/2 have been o b s e r v e d  ( S u r e s h  1986) i n  a m i x t u r e  

o f  t h e  non-mesomorphic compound 4 '- n- hep ty l- 4- bromob ipheny l  and 

t h e  mesomorphic .compound 4,4'-di-n-heptyloxyazoxy benzene.  The 

d e f e c t s  o f  s t r e n g t h  +2 i n  t h i s  sys tem were however n o t  s t a b l e  

and  i n  due c o u r s e  o f  t i m e  d i s s o c i a t e d  i n t o  two l i k e  d e f e c t s  o f  

s t r e n g t h  + I  o r  - 1 .  

6.7 CONCLUSION 

We have o b s e r v e d  s t a b l e  h i g h  s t r e n g t h  d e f e c t s  w i t h  s = + 3 / 2  

and s = + 2  i n  t h e r m o t r o p i c  n e m a t i c  m i x t u r e s . P a i r s  o f  t h e s e  h i g h  

s t r e n g t h  d e f e c t s  have a l s o  been o b s e r v e d .  Our own o b s e r v a t i o n s  

and  t h e  o t h e r  s t u d i e s  on h i g h  s t r e n g t h  d e f e c t s  show t h a t  t h e s e  

d e f e c t s  occu? o n l y  i n  m i x t u r e s .  I n  f a c t  p u r e  components composing 

t h e s e  m i x t u r e s  do n o t  have a t endency  t o  form t h e  h i g h  s t r e n g t h  

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

be  due t o  a  c o n c e n t r a t i o n  g r a d i e n t  c l o s e  t o  t h e  c e n t r e s  o f  t h e s e  

d e f e c t s .  
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