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P R E F A C E  

T h i s  t h e s i s  d e s c r i b e s  some e x p e r i m e n t a l  s t u d i e s  on t h e r m o t r o p i c  

l i q u i d  c r y s t a l l i n e  m i x t u r e s .  The main emphasis  i s  on i n v e s t i g a t i n g  

some u n u s u a l  phenomena e x h i b i t e d  by t h e  l i q u i d  c r y s t a l l i n e  p h a s e s  

o f  t h e s e  m i x t u r e s .  

C h a p t e r  I g i v e s  a g e n e r a l  i n t r o d u c t i o n  and t h e  background informa-  

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

t h e s i s .  S p e c i f i c a l l y ,  m o l e c u l a r  t h e o r i e s  o f  t h e  n e m a t i c  p h a s e ,  phase  

d iagrams  i n v o l v i n g  n e m a t i c  and s m e c t i c  A p h a s e s ,  . t h e  continuum t h e o r y  

i n c l u d i n g  t h e  hydrodynamics o f  nemat ic  l i q u i d  c r y s t a l s ,  d e f e c t s  and 

t e x t u r e s  o c c u r r i n g  i n  n e m a t i c s  a r e  r ev iewed .  Our d i s c u s s i o n s  p e r t a i n  

t o  o n l y  t h e r m o t r o p i c  l i q u i d  c r y s t a l s .  Thermot rop ic  l i q u i d  c r y s t a l s  

made up o f  r o d- l i k e  m o l e c u l e s  have been known f o r  a  l o n g  t i m e  b u t  

o n l y  r e c e n t l y  it was found t h a t  compounds composed o f  d i sc- shaped  

( o r  p l a t e - l i k e )  m o l e c u l e s  a l s o  show t h e r m o t r o p i c  p h a s e s  (Chandrasekhar  

e t  a l . ,  1977) .  

C h a p t e r  I1 d e a l s  w i t h  t h e  s t u d y  o f  phase  d iagrams  of compounds 

composed of r o d- l i k e  a n d  p l a t e - l i k e  m o l e c u l e s .  When two nematogens,  

one  made up o f  r o d- l i k e  m o l e c u l e s  and  t h e  o t h e r  o f  d i s c- s h a p e d  mole- 

c u l e s  a r e  mixed t o g e t h e r ,  p u r e l y  f o r  g e o m e t r i c a l  r e a s o n s  t h e  p l a t e - l i k e  

m o l e c u l e s  c a n  be e x p e c t e d  t o  a l i g n  w i t h  t h e i r  s h o r t  a x e s  p e r p e n d i c u l a r  

t o  t h e  l o n g  a x e s  o f  t h e  r o d- l i k e  m o l e c u l e s .  T h i s  c a n  r e s u l t  i n  a b i -  

a x i a l  phase  if t h e  r o d s  and p l a t e s  are t h e m s e l v e s  o r i e n t a t i o n a l l y  

o r d e r e d  i n  m u t u a l l y  o r t h o g o n a l  d i r e c t i o n s .  There  have been many t h e o r e-  

t i c a l  s t u d i e s  t h a t  l e a d  t o  t h e  o c c u r r e n c e  o f  a b i a x i a l  nemat ic  phase  



i n  such mixtures  (Alben 1973, C a f l i s c h  e t  a1 1984, Chen and Deutch 

1984, Rabin e t  a l .  1982). A b i a x i a l  nematic phase was f i r s t  discovered 

i n  a  l y o t r o p i c  system by Yu and Saupe (1980). S ince  thermotropic nema- 

t i c s  made of d i s c- l i k e  molecules have become a v a i l a b l e  i n  r e c e n t  yea r s ,  

we have exper imenta l ly  s tud ied  t h e  phase diagram of  two systems c o n s i s t -  

i n g  of. mixtures  of  rod- l ike  and d i s c- l i k e  molecules.  In s t ead  of  t h e  

b i a x i a l  phase p red ic t ed  by t h e  above t h e o r i e s  we found t h e  coexis tence  

of two nematic phases,  NR r i c h  i n  t h e  rod- l ike  compound and N r i c h  D 

i n  t h e  d i s c- l i k e  compound. Th i s  is i n  agreement  with a  t h e o r e t i c a l  

model put f o r t h  r e c e n t l y  (Palffy-Muhoray e t  a l .  1984A, 19858, 19858). 

According t o  t h e i r  theory  i n  which t h e  chemical p o t e n t i a l s  have been 

proper ly  c a l c u l a t e d ,  t h e  f r e e  energy d e n s i t y  of t h e  system i n  t h e  

two c o e x i s t i n g  u n i a x i a l  phases can be lower than t h a t  of t h e  b i a x i a l  

phase. I n  Chapter I1 we have d iscussed  our  experimental  s t u d i e s  on 

t h e  phase diagrams of  t h e s e  mixtures  ( F i g . 1 ) .  

I n  mixtures  e x h i b i t i n g  t h e  coexis tence  of t h e  two nemat ics ,  

t h e  NR phase appears  a s  d r o p l e t s  and t h e  ND phase spreads  around t h e  

NR d r o p l e t s  ( s e e  f o r  e . g . ,  F ig .  2 The d i r e c t o r  (8) which d e f i n e s  

t h e  average d i r e c t i o n  of  o r i e n t a t i o n  of  t h e  molecules is continuous 

a c r o s s  t h e  i n t e r f a c e  of t h e  N and ND phases. System I c o n s i s t s  of 
R 

t h e  r o d - l i k e  n e m a t i c  4-trans-4-n-propyl-cyclohexylphenyl-4-n-propyl 

benzoate (3CHP3B) and t h e  d i sc- l ike  nematic hexa-n-heptyloxybenzoate 

o f  t r i pheny lene  (C70HBT). The NR d r o p l e t s  of t h i s  system have a  po in t  

de fec t  of s t r e n g t h  +1 a t  t h e  c e n t r e .  When mixtures  e x h i b i t i n g  t h e  

coex i s t ence  i n  t h i s  system a r e  taken between p l a t e s  coated with SiO, 

only  t h e  ND phase a l i g n s  p a r a l l e l  t o  t h e  g l a s s  p l a t e s  and NR d r o p l e t s  



Phase diagram of binary mixtures of C OHBT and ~ C H P ~ B  (transi- 
7 

tion temperatures determined on cooling) [System I]. 



Figure 2 

Coexistence of NR and N phases in a mixture with 30 mol D 
of C70HBT at 88OC. Crossed linear polarizers. Note the con- 

tinuity of dark brushes between the two types of nematics 

(x 450). 

Figure 3 

Coexistence of NR and N phases in a mixture with 30 mol $ D 
of C70HBT at 88OC. Sample taken between SiO coated plates, 

Crossed linear polarisers (x 450). 



iii 

continue to have the point defect at the centre (Fig. 3). In agreement 

with topological arguments, the director distortion due to the point 

defect of strength +I at the centre of NR droplet is found to be annu- 

lled by that of a singular ring defect of strength -1/2 lying in a 

suitable vertical plane at the periphery of the NR droplet. This aspect 

is also discussed in Chapter 11. 

In Chapter I11 we give results of our experimental studies of 

the orientational order parameter in binary mixtures. The uniaxial 

nematic phase with cylindrically symmetric molecules is characterized 

by an orientational order, the order parameter being defined by S =  

2 < 3cos 0 - 1>/2, where -0 is the angle that the long axis of the mole- 

cule makes with the director and < > denotes a statistical average. 

A convenient method of measuring the orientational order parameter 

experimentally is by Infrared dichroism measurements. Isolated and 

pronounced bands available in the Infrared spectra of the compounds 

can be used for this purpose, if the orientation of the related transi- 

tion moment with respect to the molecular geometry is known. In binary 

mixtures, it has been theoretically shown (Palffy-Muhoray et al, 1984B) 

that in general the order parameter of the two conrponents are diff- 

erent. 

The measurements of the order parameters of two cyano biphenyls 

4'-n-octyloxy-4-cyanobiphenyl (80CB) and 4'- n- heptyl- 4- cyanobiphenyl 

(7CB) in several mixtures belonging to two binary systems as a func- 

tion of temperature have been given in Chapter 111. In system 'I, the 

cyanobiphenyl 80CB exhibits a smectic A phase, but the mixtures for 



Mole % of M P P C d  

Figure 4 

Variation of the order parameter s as a function of the concentra- 

tion of MPPC, at three relative temperatures. 

(MPPC is the non-cyano compound in System I). 



which we have measured t h e  o r d e r  p a r a m e t e r s  e x h i b i t  o n l y  tht? n e m a t i c  

phase  down t o  room t e m p e r a t u r e .  Though bo th  components o f  s y s t e m  I1 

e x h i b i t  o n l y  n e m a t i c  p h a s e s ,  some o f  t h e  m i x t u r e s  e x h i b i t  a n  i n d u c e d  

s m e c t i c  A p h a s e ,  The e x p e r i m e n t a l l y  measured v a l u e s  of S  i n  the  n e m a t i c  

and 
phase  o f  p u r e  80CB i n  System I i n  t h e  nemat ic  phase  of System I1 a r e  

/ - 
s e e n  t o  be i n f l u e n c e 3  by t h e  s m e c t i c- l i k e  s h o r t  r a n g e  o r d e r .  A c l e a r  

enhancement i n  t h e  v a l u e  o f  t h e  o r i e n t a t i o n a l  o r d e r  pa ramete r  i s  o b s e r-  

ved a s  t h e  t e m p e r a t u r e  i s  lowered and t h e  s m e c t i c  phase  is approached  

( F i g .  4 ) .  

I n  C h a p t e r  I V  we d i s c u s s  a n  u n u s u a l  t r a n s p o r t  phenomenon o b s e r v e d  

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

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

anisotropic m o l e c u l e s ,  w i t h  t h e  d i r e c t o r  t w i s t i n g  a b o u t  a n  a x i s  o r t h o-  

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

r e q u i r e s  t h a t  t h e  symmetry o f  p h y s i c a l  e f f e c t s  must  be c o n t a i n e d  i n  

t h e  c a u s e s  which g i v e  rise t o  them. I n  c h i r a l  s y s t e m s  which l a c k  m i r r o r  

symmetry t h e  p r i n c i p l e  p r e d i c t s  n o v e l  t y p e s  o f  c o u p l i n g  between f l u x e s  

and  f o r c e s .  I n  c h o l e s t e r i c s  t h i s  p r i n c i p l e  l e a d s  t o  a c o u p l i n g  between 

t h e r m a l  and  mechan ica l  e f f e c t s .  T h i s  t y p e  o f  thermomechanical  e f f e c t  

was o b s e r v e d  by Lehmann l o n g  ago  ( 1 9 0 0 ) .  He found t h a t  i n  s m a l l  c h o l e -  

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

a l o n g  t h e  h e l i c a l  a x i s  g i v e s  r i s e  t o  a  c o n t i n u o u s  r o t a t i o n  of t h e  

s t r u c t u r e  a b o u t  t h a t  a x i s .  L e s l i e  (1968)  and o t h e r s  have worked o u t  

a d e t a i l e d  hydrodynamic t h e o r y  o f  c h o l e s t e r i c s  and o b t a i n e d  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  Lehmann e f f e c t .  de  Gennes (1974)  h a s  p o i n t e d  



Figure 5 

Photographs of cholesteric droplets, demonstrating the 

electromechanical effect (Lehmann rotation). 



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

s i m i l a r  e f f e c t .  However t h e  Lehmann e x p e r i m e n t  h a s  n e v e r  been reprodu-  

c e d .  F o r  a f r e e  r o t a t i o n  of t h e  s t r u c t u r e  t o  be p o s s i b l e  it is  e s s e n-  

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

T h i s  c o n d i t i o n  was probab ly  n o t  f u l f i l l e d  i n  a t t e m p t s  t o  r e p r o d u c e  

t h e  "Lehmann" r o t a t i o n .  We have f o r  t h e  f irst  t ime  o b t a i n e d  a n  a n a l o g o u s  

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

a c t i o n  of a DC e l e c t r i c  f i e l d .  

I n  C h a p t e r  I V  t h e  e x p e r i m e n t a l  o b s e r v a t i o n  o f  such a n  e f f e c t  

i s  g i v e n .  A s u i t a b l e  sys tem i n  which f l a t  c h o l e s t e r i c  d r o p s ,  whose 

s t r u c t u r e  c a n  r o t a t e  f r e e l y  under  t h e  a c t i o n  of a n  e l e c t r i c  f i e l d ,  

was f i r s t  o b t a i n e d .  The tfLehmann" r o t a t i o n  phenomenon cou ld  t h e r e f o r e  

be r e p r o d u c e d  under  t h e  a c t i o n  o f  a n  e x t e r n a l  DC e l e c t r i c  f i e l d  ( F i g .  

5). We have a l s o  de te rmined  t h e  s i g n  and magni tude o f  t h e  e l e c t r o -  

m e c h a n i c a l  c o u p l i n g  c o e f f i c i e n t .  

C h a p t e r  V d e a l s  w i t h  t h e  measurement o f  a p a r t i c u l a r  e l a s t i c  

c o n s t a n t  o f  nemat ic  l i q u i d  c r y s t a l s ,  t h e  d e t e r m i n a t i o n  o f  which h a s  

s o  f a r  proved to  be e x t r e m e l y  d i f f i c u l t .  The d e f o r m a t i o n s  o f  t h e  d i r e c -  

t o r  f i e l d  i n  a l i q u i d  c r y s t a l  a r e  d e s c r i b e d  by t h e  continuum t h e o r y .  

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

u s u a l l y  w r i t t e n  as 

1 + 2 -P -+ 2 
2 11 

+ * + K ( n x c u r l  n )  I ,  Fd = - [K ( d i v  n )  + K ~ ~ ( % . c u ~ ~  n )  3 3 

where K 1  K22 
and  K d e n o t e  t h e  s p l a y ,  twist and bend e l a s t i c  con- 

3 3  

s t a n t s  r e s p e c t i v e l y  (Oseen 1933, F rank  1958) .  Nehr ing and Saupe (1971)  



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 las t ic  c o n s t a n t  K i s  also o f  similar 
13 

o r d e r  and  s h o u l d  be c o n s i d e r e d .  T h i s  t e rm i s  of t h e  form d i v  (t? d i v  

8).  Now t e r m s  o f  t h e  form d i v  ?, where t ( r )  i s  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  theorem.  

These  terms do 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  ( E u l e r -  

Lagrange e q u a t i o n )  when s t r o n g- a n c h o r i n g  p r e v a i l s  a t  t h e  b o u n d a r i e s .  

However when t h e  a n c h o r i n g  i s  weak t h e s e  t e rms  do make a c o n t r i b u t i o n  

and  c a n n o t  be n e g l e c t e d .  T h e r e f o r e  i n  o r d e r  t o  measure  t h e  e l a s t i c  

c o n s t a n t  K i t  i s  n e c e s s a r y  t o  have  a weakly anchored  s u r f a c e .  T h i s  
13 

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

We have deve loped  a  t e c h n i q u e  t o  o b t a i n  a n  e s t i m a t e  o f  K which 
73 

we d e s c r i b e  i n  C h a p t e r  V .  A h y b r i d  a l i g n e d  c e l l  i n  which one  s u r f a c e  

was t r e a t e d  f o r  p l a n a r  a l i g n m e n t  w i t h  a s t r o n g  a n c h o r i n g  and  t h e  

o t h e r  s u r f a c e  was t r e a t e d  f o r  homeot rop ic  a l i g n m e n t  w i t h  a weak anchor-  

i n g  was u s e d  i n  t h i s  e x p e r i m e n t .  Though t h e  t h e s i s  m a i n l y  d e a l s  w i t h  

l i q u i d  c r y s t a l l i n e  m i x t u r e s  t h e s e  p r e l i m i n a r y  e x p e r i m e n t s  on K have  
13 

been conduc ted  on a p u r e  nematogen.  We have succeeded  i n  o b t a i n i n g  

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

c y c l o h e x a n e  by a s u i t a b l e  s u r f a c e  t r e a t m e n t .  A magne t i c  f i e l d  was 

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

O p t i c a l  phase  d i f f e r e n c e  measurements were made t o  o b t a i n  t h e  v a l u e  ., 
of t h e  t i l t  a n g l e  B o  a t  t h e  s u r f a c e  w i t h  weak homeot rop ic  a n c h o r i n g .  

T h i s  v a l u e -  c o u l d  t h e n  be used i n  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  

t o  o b t a i n  K 
1 3 '  

Our measurements made on a few i n d e p e n d e n t  s a m p l e s  
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i n d i c a t e  t h a t  K has  t h e  same o r d e r  of  magnitude a s  t h a t  of t h e  o t h e r  
13 

e l a s t i c  cons tan t s  and has  a  p o s i t i v e  s i g n .  A molecular model (Nehring 

and Saupe 1972) which t akes  i n t o  account  only  t h e  a t t r a c t i v e  i n t e r a c-  

t i o n  between molecules but ignores  t h e  shape an i so t ropy  of  t h e  mole- 

c u l e s  and s h o r t  range o rde r  p r e d i c t s  K t o  be nega t ive .  The p o s i t i v e  
13 

s i g n  t h a t  we g e t  f o r  K c l e a r l y  i n d i c a t e s  t h e  important  i n f luence  
13 

o f  t h e  l a t t e r .  

Chapter V I  d e a l s  with t h e  obse rva t ion  o f .  some s p e c i a l  d e f e c t s  

occur r ing  i n  nematic mixtures .  If one of t h e  components i n  a  blnary 

mixture is  non-mesomorphic, t h e  nematic i s o t r o p i c  t r a n s i t i o n  tempe- 

r a t u r e  of  t h e  nematogen is  depressed.  F u r t h e r  t h e  nematlc and i s o t r o p i c  

phases c o e x i s t  over  a  cons iderable  range of temperatures  (Mar t i r e  

1979). During t h e  course of our  s tudy of such systems we d iscovered  

some unusual  d e f e c t s ,  v i z . ,  high s t r e n g t h  d e f e c t s .  Th i s  is t h e  f irst  

obse rva t ion  of such "high s t r e n g t h  d e f e c t s w  i n  thermotropic l i q u i d  

c r y s t a l l i n e  systems. 

The a c t u a l  conf igu ra t ion  around t h e  d e f e c t s  can be obta ined  

by minimising t h e  f r e e  energy d e n s i t y .  I f  a  p l ana r  s t r u c t u r e  i s  assumed 

-+ + 
wi th  t h e  d i r e c t o r  n  l y i n g  i n  t h e  x-y p lane ,  t h e  components of  n  a r e  

cos  I), s i n  IJJ and 0 ,  where IJJ i s  t h e  ang le  between ? and t h e  X-axis. 

The s o l u t i o n s  corresponding t o  t h e  d e f e c t s  obta ined  by minimisat ion 

- 1 o f  t h e  f r e e  energy i s  IJJ : sa + c ,  where a : t a n  y/x and c  i s  a  

c o n s t a n t .  The s t r e n g t h  of t h e  d i s c l i n a t i o n  l i n e ,  s = 1/2 m ,  where 

m = * 1 ,  k2 , .  . . . I f  t h e  deformation energy per  u n i t  l e n g t h  of a n  i s o l a-  

t e d  d e f e c t  i s  c a l c u l a t e d  t h e  energy i s  found t o  be p ropor t iona l  t o  



Figure 6 

A relatively isolated + 3 / 2  defect, crossed linear 

polarisers (x 1920). 

Figure 7 

A relatively isolated +2 defect, crossed polarisers 

(x 1920). 



Figure 8 

A + 3 / 2  and - 3 / 2  pair of defects, crossed linear polarisers 

(x 3700). 



2  s . T h i s  l e a d s  t o  t h e  r e s u l t  t h a t  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 .  However d e f e c t s  of  s t r e n g t h  *1 are f r e q u e n t l y  s e e n  

i n  n e m a t i c s .  T h i s  was a c c o u n t e d  f o r  by Meyer (1973) and C l a d i s  a n d  

Kleman (1972)  who c o n s i d e r e d  t h e  p o s s i b i l i t y  of a c o l l a p s e  o f  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  l o w e r s  t h e  e n e r g y  and t h e  d e f e c t s  

w i t h  s = *1 c a n  be s t a b l e .  U n t i l  r e c e n t l y  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 = *1 o r  s = t l /2  had been r e p o r t e d .  I n  

C h a p t e r  V I  we d e s c r i b e  o u r  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  d e f e c t s  w i t h  

s t r e n g t h  s = +3/2 and *2 ( F i g s .  6 and 7  ) .  P a i r s  o f  s u c h  d e f e c t s  have  

a l s o  been obse rved  ( F i g . 8  ) .  The c o n c e n t r a t i o n  g r a d i e n t  o f  t h e  i m p u r i t y  

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

The a u t h o r  h a s  a l s o  r e a n a l y s e d  t h e  e l a s t i c  c o n s t a n t  d a t a  on 

s e v e r a l  cyanob ipheny l s  p r e v i o u s l y  measured i n  o u r  l a b o r a t o r y .  A p a p e r  

p u b l i s h e d  on t h e  s u b j e c t  is reproduced  i n  Appendix I .  

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

t h e  f o l l o w i n g  p u b l i c a t i o n s :  

1  E l a s t i c i t y  and o r i e n t a t i o n a l  o r d e r  i n  some cyanob ipheny l s :  P a r t  

I V .  R e a n a l y s i s  o f  t h e  d a t a ,  (N.V.Madhusudana and  R . P r a t i b h a )  

- M o l e c u l a r  C r y s t a l s  and L i q u i d  C r y s t a l s ,  89, 249 (1982)  

2  High s t r e n g t h  d e f e c t s  i n  n e m a t i c  l i q u i d  c r y s t a l s  (N.V.Madhusudana 

a n d  R . P r a t i b h a )  - C u r r e n t  S c i e n c e ,  5 1 ( 8 ) ,  877 (1982)  

3  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  i n  n e m a t i c  l i q u i d  c r y s t a l s .  

(N.V.Madhusudana arld R . P r a t i b h a )  - M o l e c u l a r  C r y s t a l s  and  L i q u i d  

C r y s t a l s ,  103, 31 (1983)  



4 Evidence for two coexisting nematic phases in mixtures of rod- 

like and disc-like nematogens. (R.Pratibha and N.V.Madhusudana) 

- Molecular Crystals and Liquid Crytals Lett., l(3-41, 1 1 1  (1985) 

5 Electromechanical coupling in cholesteric liquid crystals. (N.V. 

Madhusudana and R. Pratibha) - Molecular Crystals and Liquid 

'Crystals Letters, 5(2), 43 (1997). 
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