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ABSTRACT. In an earlier study, we found that in a 
mixture of a nematogen with a nonmesomorphic compound, 
the director takes an oblique orientation at the nematic- 
isotropic interface. In the present paper, we report 
observations of regular networks of a large number of 
disclination points on samples with a relatively large 
area of such an interface. 

1 de Gennes worked out the theory of the deformation of 
the director orientation at the free surface of a nematic 
sample under the action of an external magnetic field. 
the surface induced orientation of the director is different 
from that required by the magnetic field, disclination points 
are expected to occur at the st&acea 

with weak cusps or valleys2 and the equilibrium configuration 
is determined by the balance of surface, gravitational, elas- 
tic and magnetic forces. If there are a large number of such 
defects, they could be expected to arrange themselves in 
regular networks and this gives the appearance of domains. 

If 

They are associated 

Experimentally, point singularities have been found at 
the nematic-isotropic interface by Meyer3 who has studied 

them in considerable detail. Williams has observed a few 
broad domains at the free surfaces of paraazoxyanisole and 4 
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N-p-methoxybenzylidene-p-butylaniline5 when a s u f f i c i e n t l y  

s t rong ho r i zon ta l  magnetic f i e l d  w a s  appl ied across the  sample.  

This observation has been in t e rp re t ed  by de GenneslS2 as due 

t o  the occurrence of surface d i sc l ina t ions .  However, no 

regular  networks appear t o  have been found i n  any study so 

f a r .  

6 W e  r ecen t ly  found t h a t  i n  mixtures of 4-cyanophenyl- 

trans-4'-n-pentylcyclohexane (PCH-5), a low melting nemato- 

genic compound, with ~ 1 0 %  of n-heptylcyanide which is  non- 

mesomorphic, t he  d i r e c t o r  i s  inc l ined  a t  S45O t o  the nematic- 

i s o t r o p i c  in t e r f ace .  This  conclusion w a s  based on our s tud ie s  

on a new type of s t r u c t u r e  t h a t  nematic drops exh ib i t  i n  

t h i s  mixture. When t h i s  mixture i s  spread on a s l i d e ,  one 

sometimes obtains l a r g e  a reas  of t he  nematic-isotropic 

in t e r f ace .  I f  t he  boundary condition on the  g l a s s  surface 

favours a homogeneous o r  a homeotropic alignment, i t  is  

clear t h a t  the oblique d i r ec to r  o r i en ta t ion  a t  the nematic- 

i s o t r o p i c  i n t e r f a c e  does not match with the o r i en ta t ion  i n  

the  bulk,  and thus it  i s  possible  t o  generate a l a rge  number 

of surface d i sc l ina t ion  points ,  without the ac t ion  of any 

ex te rna l  f i e l d s .  Photographs s h a m  i n  f i g u r e  la-e show a 

co l l ec t ion  of such point defects  a t  the  i n t e r f a c e  observed 

with a thoroughly cleaned g l a s s  s l i d e ,  In  such a case, the 

d i r e c t o r  ge t s  o r i en ted  with a homeotropic alignment a t  the 

g l a s s  boundary and w e  c l e a r l y  see regions i n  which the 

d i s c l i n a t i o n  po in t s  are arranged i n  a r egu la r  l a t t i c e ,  In  

these photographs, taken a t  a r e l a t i v e l y  low magnification, 

one can see areas with d i f f e r e n t  o r i e n t a t i o n s  of the l a t t i c e s  

of defects .  A s  the p a i r  of crossed po la r i ze r s  is  ro t a t ed ,  

the appearance of the pa t t e rn  changes, the b r i g h t  and dark 

regions exchanging posi t ions f o r  a r o t a t i o n  of ~ 4 5  . W e  have 0 
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FIG.l. (a-e) An area of the nematic-isotropic interface with 
a large number of point disclinations. 
works of the defects can be seen in some parts. 
crossed polarizers are rotated anticlockwise from 
(a) to (e). The settings are (a) O o ,  (b) 20°, (c) 30°, 
(d) 40° and (e) 60'. 
and (d) the brightness of crosses is not uniform. 
Photograph (f) was taken with a thick ('bl mm) sample. 
Notice the nematic droplets forming in the isotropic 
phase. (Magnification x 125). 

Regular net- 
The 

Notice that in photographs (c) 
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I I I I I I I I I I  I I  I I I  I I I I I  I I I  I I I  I I I I I  I 

S R 

FIG.2. (a) A poss ib l e  arrangement of t h e  d i r e c t o r  c l o s e  
t o  t h e  nematic- isotropic  i n t e r f a c e .  The po in t  
d e f e c t s  are formed a t  t h e  cusp (S) and the  d i p  ( R ) .  
Not ice  t h a t  t h e  d i r e c t o r  is throughout i n c l i n e d  
ob l ique ly  wi th  r e spec t  t o  t h e  i n t e r f a c e .  (b) A 
r e g u l a r  network of de fec t s  as v i sua l i zed  by 
de The l i n e s  are p r o j e c t i o n s  of  t h e  
d i r e c t o r  a t  t h e  i n t e r f a c e .  

drawn i n  f i g . 2 a  the  expected arrangement of t h e  d i r e c t o r  i n  

a vertical  s e c t i o n  c l o s e  t o  t h e  N I  boundary, conta in ing  both 

a cusp (S) and a d i p  (R).  It is worthwhile no t ing  t h a t  t he  
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devia t ion  from t h e  homeotropic alignment occurs  over  a rela- 

t i v e l y  t h i n  s e c t i o n  c lose  t o  t h e  i n t e r f a c e .  Fig.2b ( taken 

from ref .2)  illustrates t h e  2-dimensional a r r a y  of  t h e  cusps 

and d ips  on an extended i n t e r f a c e .  

represent  t he  p ro jec t ion  of  t h e  d i r e c t o r  on t h e  p lane  of t h e  

in t e r f ace .  

of f ig . la -e  immediately b r ings  out  the  s t r i k i n g  resemblance 

between t h e  observed p a t t e r n  and the  one p red ic t ed  by de Gennes. 

The ex is tence  of t h e  nematic- isotropic  i n t e r f a c e  is  demon- 

strated by the  f a c t  t h a t  as t h e  sample is cooled f u r t h e r ,  

c i r c u l a r  nematic d rop le t s  form i n  t h e  i s o t r o p i c  region,  

aga ins t  t h e  background of t h e  poin t  de fec t s  ( f i g . l f ) .  

d rop le t s  have a unique s t r u c t u r e  which has  been discussed 

elesewhere. 

The l i n e s  i n  t h i s  diagram 

A comparison of t h i s  diagram wi th  the  photographs 

These 

6 

n-Heptylcyanide is a r e l a t i v e l y  v o l a t i l e  compound 

and hence tends t o  evaporate  wi th  time. 

condi t ions  a t  t h e  i n t e r f a c e .  

with t i m e  as t h e  photographs i n  f igu res  3a-f i nd ica t e .  

w e l l  formed 2d la t t ice  (with d i s loca t ions )  

breaks up wi th  t i m e ,  and as more and more of n-heptyl cyanide 

evaporates ,  i t  degenerates  t o  a set of l i n e a r  a r r ay  of connec- 

t e d  de fec t s  ( f i g . 3 ~ - e )  and then t o  a web-like arrangements as 

l a r g e  areas become f r e e  of su r face  de fec t s  ( f ig .3 f ) .  

chain of de fec t s  i n  f ig .3d is more c l e a r l y  i l l u s t r a t e d  i n  the  
magnified p r i n t  shown i n  f ig .4a.  

This  changes t h e  

The domain p a t t e r n  a l s o  alters 
The 

seen i n  f ig .3a  

The 

I n  conclusion, the  present  i nves t iga t ion  has  demon- 

s t r a t e d  f o r  t h e  f i r s t  t i m e  t he  occurrence of  a r egu la r  l a t t i ce  

of po in t  de fec t s  a t  the  nematic- isotropic  i n t e r f a c e .  Deta i led  

inves t iga t ions  on t h e  growth and development of t hese  de fec t s  

are underway. 
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FIG.3. (a-f) Changes with t i m e  of the defect  p a t t e r n  a t  the 
in t e r f ace  of specimen as the  n-heptylcyanide evapo- 
rates. (a) The pa t t e rn  a t  the beginning. Notice an 
edge d i s loca t ion  i n  the array of defects  (b-f) the 
same area photographed as the pat  tern changes. 
(Magnification x 250). 
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FIG.4a. A magni f ied  

p r i n t  of photograph 3d. 

Not ice  t h e  chains of  

p i n t  d e f e c t s .  

(Magni f ica t ion  x 500) .  

The a u t h o r s  are t h a n k f u l  t o  P r o f .  S. Chandrasekhar f o r  

u s e f u l  s u g g e s t i o n s  . 

REFERENCES 

1 P.G. de Gennes, S o l i d  S t a t e  Comun. 8, 213 (1970). 

2 P.G. de Gennes, The Phys ics  of  Liquid  C r y s t a l s ,  

Clarendon P r e s s :  Oxford. A, 143 (1975). 

3 R.B.Meyer, Mol.Cryst.Liq.Cryst.  16, 355 (1972).  

4 R.J.Williams, Chem.Phys. 50, 1324 (1969). 

5 D.Meyerhofer, A.Sussman and R . W i l l i a m s ,  J.Appl.Phys. 

-3 43 3685 (1972).  

6 N . V . Madhus udana and K. R. Sumathy , Mol . C r y s  t . Liq . Cry s t . 
- L e t t .  ( s u b m i t t e d ) .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
0
5
 
2
0
 
J
a
n
u
a
r
y
 
2
0
1
1


