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Po lymer i c  l i q u i d  c r y s t a l s  : r r a n k  e l a s t i c i t y  

and l i g h t  s c a t t e r i n g  

P . G .  de GENNES 

CollSge d e  F r a n c e  - 75231  Par i s  Cedex 05 
,Submit ted f o r  p u b l i c a t i o n  March 18, 1977)  

A b s t r a c t  : We d i s c u s s  some t h e o r e t i c a l  f e a t u r e s  o f  
a nemat i c  phase  made of l o n g ,  p a r t i a l l y  f l e x i b l e  
c h a i n s .  The bend c o n s t a n t  K 3  i s  dominated by t h e  
r i g i d i t y  of t h e  c h a i n s .  The t w i s t  c o n s t a n t  K2 is 
mainly r e l a t e d  t o  t h e  a n i s o t r o p i c  c o u p l i n g s  between 
c h a i n s .  The s p l a y  c o n s t a n t  i s  v e r y  l a r g e  ( i n c r e a -  
s i n g  l i k e  t h e  s q u a r e  of t h e  molecu la r  mass M ) .  An 
i n t e r e s t i n g  l i m i t  i s  o b t a i n e d  when t h e  l e n g t h  of 
t h e  extended c h a i n s  i s  l a r g e r  than t h e  o p t i c a l  
wcvelength used i n  a l i g h t  s c a t t e r i n g  expe r imen t  : 
t hen  t h e  s c a t t e r i n g  laws shou ld  d i f f e r  q u a l i t a t i v e l y  
from what i s  known i n  u s u a l  nema t i c s .  

The e x i s t e n c e  of n e m a t i c  phases  made of  po lymer i c  

m a t e r i a l s  h a s  been announced f o r  v a r i o u s  sys t ems  (1 -3 )  - 
a l t h o u g h  a complete  i d e n t i f i c a t i o n  i s  s t i l l  l a c k i n g  i n  many 

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

t o  t h e  ha rd  rod model i n i t i a t e d  by Onsager ( 4 ) )  h a s  been 

known f o r  some t i m e  w i t h  p o l y p e p t i d e s  , (5)  and w i l l  n o t  be 

d i s c u s s e d  h e r e .  The case of p a r t l y  f l e x i b l e  c h a i n s  i s  more 

nove l  : t h e  c o u p l i n g  between c h a i n s  may react on t h e  e f f e c  

t i v e  r i g i d i t y  of e a c h ,  s o  t h a t  c h a i n s  which are  f l e x i b l e  i n  

d i l u t e  s o l u t i o n s  may become v e r y  s t i f f  i n  c o n c e n t r a t e d  

sys t ems .  A c rude  t h e o r y  of t h i s  e f f e c t  h a s  been cons t ruc -  

t e d  . ( 6 )  

I n  t h e  p r e s e n t  n o t e  w e  c o n s i d e r  o n l y  t h e  e l a s t i c i t y  

and t h e  the rma l  f l u c t u a t i o n s  i n  an o rde red  phase o f  

s t r o n g l y  ex tended  c h a i n s  ( f i g .  I a ) .  Our d e s c r i p t i o n  i n -  

c l u d e s  two v a r i a b l e s  : t h e  d i r e c t o r  n and t h e  d e n s i t y  (or 
'L 

177 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

6:
03

 2
3 

Fe
br

ua
ry

 2
01

3 



178 DE GENNES 

c o n c e n t r a t i o n )  D .  Our c e n t r a l  a s sumpt ion  i s  t h a t  t h e  l o c a l  

c h a i n  a x i s  v a r i e s  o n l y  s lowly  from p o i n t  t o  p o i n t  ; i t  can  

ho ld  o n l y  i f  " h a i r p i n  d e f e c t s "  - of  t h e  t y p e  shown i n  f i g .  

1 b - a r e  v e r y  few i n  number. 

Le t  u s  s t a r t  w i t h  t h e  l i m i t  of v e r y  10% c h a i n s  ( M - t  m) 

t h e n  t h e  c o n c e n t r a t i o n  of c h a i n  ends  v a n i s h e s ,  and t h e  

" c u r r e n t "  J = p n i s  conse rved  

--- _-- 

(7) 
?\, ?, 

d i v  J = 0 
% 

T h i s  i m p l i e s  t h a t  n and I) a r e  coupled  by t h e  c o n d i t i o n  
?, 

d i v  n = - n , Oc,/p 
?, ?, 

Thus a s p l a y  d e f o r m a t i o n  imposes l o c a l  changes  i n  p ,  and 

r e q u i r e s  l a r g e  e n e r g i e s .  The d e t a i l e d  form of  t h e  e l a s t i c  

f ree  ene rgy  i s  
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NEMATIC POLYMERS 179 

 FIG.^ b 

1 1 2 
2 1  ?. r \ ,  

F = - K (div n)2 + K2 (n.cur1 n) 

- 1  Here K 1 ,  K2, K is a 

compressibility (or an osmotic compressibility if we are 

dealing wich a solution). These 4 coefficients are inde- 

pendent of M. 

are "bare" Frank constants, and E 3 

Let us now look at small fluctuations of wave vector 

q ,  setting n = n + v w h e r e  n is parallel to (2) and v is 

in xy plane. For a given a (with transverse components q ,  
TL ,A. 

in the xy plane) we split v into a component v parallel 
I q  ( 8 )  to qiand v normal to q : our notation follows ref . 

We find : 

?, 'LO % 2.0 '1. 

q q  

2q TL- 
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180 D E C E N N E S  

We s e e  on e q .  ( 4 )  t h a t  t h e  s p l a y  c o n s t a n t  undergoes a 3, 
dependent  r e n o r m a l i s a t i o n  

t h e  E term b e i n g  dominant s i n c e  q i s  always s m a l l  on t h e  

a tomic  s c a l e .  From ( 4 )  we can f i n d  the  thermal  f l u c t u a t i o n s  

( s e t t i n g  F = - k T f o r  e a c h  4). The r e s u l t  on v i s  

unchanged ( s e e  r e f .  8 ) .  But f o r  t h e  splay-bend mode v we 

f i n d  now : 

2 

1 
q 2 B  2 q  

14 

For most q d i r e c t i o n s  t h e  l i g h t  s c a t t e r i n g  d e s c r i b e d  by ( 6 )  

i s  v e r y  weak : o n l y  when q i s  v e r y  n e a r  t h e  nemat i c  a x i s  

( d e v i a t i o n  a n g l e  0 c q b )  do we r e c o v e r  an i n t e n s i t y  of 

t h e  u s u a l  magnitude f o r  v 

s c o p i c  l e n g t h ) .  

,I, 

z 

q 
(Here b = ( K  / E ) 1 ' 2  i s  a m i c r e  

I q '  3 

It  i s  a l s o  p o s s i b l e  t o  F o u r i e r  t r a n s f o r m  e q s  such a s  

( 6 )  and t o  o b t a i n  t h e  s t a t i c  c o r r e l a t i o n  f u n c t i o n s  

cv a. ( 0 )  v B  ( r ) >  2. = c" )  a.8 ( r )  + c(~)(;) a 8  ( 7 )  

where (a ,B  = x, y ) .  The C ( ' )  term d e s c r i b e s  t h e  splay-bend 

c o n t r i b u t i o n  and C ( * )  d e s c r i b e s  t h e  tw i s t -bend .  C ( * )  behaves 

a s  i n  a c o n v e n t i o n a l  n e m a t i c ,  and d e c r e a s e s  e s s e n t i a l l y  

l i k e  ( 8 ) .  But C ( ' )  i s  v e r y  d i f f e r e n t  : r 
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NEMATIC POLYMERS 18 I 

The f u n c t i o n  f ( u )  i s  e q u a l  t o  1 f o r  u >). 1 ,  and i s  p ropor -  

t i o n a l  t o  u 3 j 2  f o r  u * 0. If r i s  a t  a f i n i t e  a n g l e  from 

t h e  nemat i c  a x i s ,  and i f  r )‘b, we have u -1- r / b  >> 1 and 

C ( ’ )  ( r )  d e c r e a s e s  l i k e  ( z / - ~ .  I f  r i s  v e r y  n e a r l y  normal 
% 

C ( I )  v a r i e s  l i k e  lrl-3’2. Thus t h e  C ( ’ )  c o r r e l a t i o n s  

d e c r e a s e  much more r a p i d l y  t h a n  i n  a c o n v e n t i o n a l  n e m a t i c .  

Le t  u s  now c o n s i d e r  c h a i n s  of f i n i t e  l e n g t h  __ L (L M ) .  

to ?o 

We assume h e r e  t h a t  t h e  c h a i n  ends  t end  t o  be  d i s t r i b u t e d  

s t a t i s t i c a l l y ,  and do not c o a l e s c e  i n t o  bound p a i r s  ( t h e  

l a t t e r  p o s s i b i l i t y  would c o r r e s p o n d  t o  c h a i n s  whose e f f e c -  

t i v e  l e n g t h  i s  a m u l t i p l e  of  L ) .  What i s  t h e  s p l a y  c o n s t a n t  

K l  i n  t h i s  c a s e  ? 

Under a g i v e n  s p l a y ,  eq ( 2 )  s t i l l  a p p l i e d  l o c a l l y  

( e x c e p t  n e a r  t h e  c a h i n  e n d s ) .  A t  a d i s t a n c e  z from t h e  

m i d p o i n t  of one c h a i n  ( z  measured a l o n g  n ) t h e  d i l a t i o n  

i s  then  

’LO 

60 - -- = z d i v  
P 

and t h e  c o r r e s p o n d i n g  energy/cm3 i s  - 
1 2 
2 

= - E z2 ( d i v  n )  

- E L *  
1 2  

i e s  f o r  wave v e c t o r s  q s u c h  t h a t  q L << 1 .  
‘L Z 

l i m i t ,  eq (10) c r o s s e s  o v e r  i n t o  eq ( 5 ) .  
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182 DEGLNNLS 

% 

We c o n c l u d e  t h a t  measurements of K I / K 3  = may h e l p  t o  
d i s c r i m i n a t e  be tween a r i g i d  rod  model (where u Q I )  and a 

n o d e l  b a s e d  on p a r t l y  f l e x i b l e  c h a i n s  ( K I / K 3  >> I ) .  
Ti,  

F i n a l l y ,  we must s t ress  t h a t  t h e s e  may be  o t h e r  ways 

t o  a d j u s t  t o  a s p l a y  - e . g .  a l l o w i n g  e a c h  c h a i n  t o  wander 

somewhat a round t h e  l o c a l  d i r e c t o r  n. T h i s  may be d e s c r i b e d  

by w r i t t i n g ,  i n s t e a d  of J = P n ,  t h e  more comple t e  form 
?. 

Ti ,  % 

J = X p n  
2. 

where A ( <  1 )  measures  t h e  l o c a l  l e v e l  of a l i g n m e n t .  In 

t h e  f r e e  e n e r g y  ( 3 )  w e  m u s t  t han  add a te rm - G (';)'. If  

G > E o u r  d i s c u s s i o n  i s  unchanged,  b u t  i f  G < E ,  t h e  

c o u p l i n g  t o  X i s  dominant ,  and i n  a l l  l a t e r  e q u a t i o n s  ( 6 ,  

10, e t c . )  we s h o u l d  r e p l a c e  E by G .  

1 
2 
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