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ORIENTATIONAL FLUCTUATIONS I N  A DISC-LIKE NEMATIC 
LYOTROPIC SYSTEM 

M A R T I N  C O P I E + ,  TADEJA OVSENIK', and M A R K 0  Z C O N I K  
J. S t e f a n  I n s t i t u t e ,  E.  K a r d e l j  U n i v e r s i t y  of 
L j u b l j a n a ,  Jamova 39, YU-61000 L j u b l j a n a ,  Y u g o s l a v i a  
+ and Depar tment  o f  P h y s i c s ,  E. K a r d e l j  U n i v e r s i t y  of 
L j u b l j a n a ,  J a d r a n s k a  1 9 ,  YU-61000 L j u b l j a n a ,  Y u g o s l a v i a  

A b s t r a c t  The hydrodynamic f l u c t u a t i o n s  i n  t h e  l y o t r o -  
p i c  s y s t e m  which e x h i b i t s  a d i s c o t i c  n e m a t i c  p h a s e  w i t h  
p o s i t i v e  m a g n e t i c  a n i s o t r o p y  were measured w i t h  photon  
c o r r e l a t i o n  l i g h t  s c a t t e r i n g  t e c h n i q u e .  The s y s t e m  is a 
m i x t u r e  of p o t a s s i u m  d e c a n o a t e ,  p o t a s s i u m  hepty loxyben-  
z o a t e ,  K C 1 ,  d e c a n o l  and  d e u t e r a t e d  water i n  t h e  molar  
r a t i o  o f  1 : 0.25 : 0.866 : 0.349 : 24.6. The sample  
was o r i e n t e d  i n  a magnetic f i e l d  w i t h  t h e  d i r e c t o r  i n  
t h e  s c a t t e r i n g  p l a n e .  I n  t h i s  geometry  one o r i e n t a t i o n -  
a1 f l u c t u a t i o n  governed  by t h e  t w i s t  and bend e l a s t i c  
c o n s t a n t s  was i n v e s t i g a t e d .  It i s  o f  r e l a x a t i o n a l  t y p e .  
The r e l a x a t i o n  time shows a weak a n g u l a r  dependence a t  
c o n s t a n t  magni tude  of q and a n  a p p r o x i m a t e l y  e x p o n e n t i -  
a l  t y p e  o f  tempera ture-dependence  i n  t h e  whole n e m a t i c  
r a n g e .  

-------- 

Amphyphylic m o l e c u l e s  i n  a n  aqueous  e l e c t r o l y t e  e x h i b i t  a 

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

t e m p e r a t u r e  and  s o l v e n t  c o n c e n t r a t i o n .  Many o f  t h e s e  p h a s e s  

are a n a l o g o u s  t o  t h e  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  s t r u c -  

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

t e d  o r  f l a t t e n e d  micelles may form n e m a t i c  p h a s e s  phenomeno- 

l o g i c a l l y  q u i t e  s imi la r  t o  t h e  t h e r m o t r o p i c  n e m a t i c s l  '2. The 

magnet ic  a n i s o t r o p y  o f  t h e s e  l y o t r o p i c  s y s t e m s  i s  e i t h e r  po- 

s i t i v e  o r  n e g a t i v e ,  s o  t h a t  t h e y  o r d e r  w i t h  t h e  symmetry ax- 
i s  a l o n g  o r  p e r p e n d i c u l a r  t o  a n  e x t e r n a l  m a g n e t i c  f i e l d .  

77 

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
 1

3:
15

 2
0 

Fe
br

ua
ry

 2
01

3 



78 M. eOPIE, T OVSENIK AND M. ZGONIK 

I n  n e m a t i c  s y s t e m s ,  two c o l l e c t i v c  o r i e n t a t i o n a l  modes 
3 e x i s t  . They are o f  r e l a x a t i o n a l  t y p e ,  w i t h  t h e  r e l a x a t i o n  

time d e t e m i n e d  by t h e  r a t i o  o f  a n  o r i e n t a t i o n a l  e l a s t i c  

c o n s t a n t  and  a n  e f f e c t i v e  v i s c o s i t y .  These modes c a n  b e s t  b e  

s t u d i e d  by dynamic l i g h t  s c a t t e r i n g ,  a l l o w i n g  t h e  d e t e r x i n a -  

t i o n  o f  t h e  r e l a x a t i o n  times4. I n  t h e r m o t r o p i c  n e m a t i c s ,  

o r i e n t a t i o n a l  e l a s t i c  c o n s t a n t s  c a n  b e  i n d e p e n d e n t l y  d e t e r -  

mined t h r o u g h  F r e d e r i c k ’ s  t r a n s i t i o n ,  f o r  example,  and l i g h t  

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

f i c i e n t ~ ~ ’ ~ .  The e l a s t i c  c o n s t a n t s  c a n  a l s o  b e  o b t a i n e 2  from 

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

I n  l y o t r o p i c  n e m a t i c  l i q u i d  c r y s t a l s  it i s  more d i f f i -  

c u l t  t o  o b s e r v e  t h e  c o l l e c t i v e  o r i e n t a t i o n a l  f l u c t u a t i o n s  a s  

t h e  s c a t t e r i n l l ;  is nuch weaker  and o r i e n t e d  s a m p l e s  a re  h a r -  

d e r  t o  p r e p a r e .  Only a few s u c h  e x p e r i m e n t s  have  beer. p e r -  

formed6.  I n  t h i s  p a p e r  we r e p o r t  l i c h t  s c a t t e r i n g  measure-  

ments  i n  a n e m a t i c  l y o t r o p i c  s y s t e m  composed o f  d i s c - l i k e  

E ice l les  as proved  by !JYR t e c h n i q u e s .  

The e x p e r i m e n t s  were done on  a m i x t u r e  o f  0.8 mole of 

p o t a s s i u m  d e c a n o a t e ,  0.2 mole o f  p o t a s s i u m  h e p t y l o x y b c n z o a t e ,  

0 .693  mole KC1, 0.279 mole d e c a n o l ,  and 13.7 mole D20 which 

forms a d i s c o t i c  n e m a t i c  p h a s e  i n  t h e  t e m p e r a t u r e  r a n g e  from 

17 C t o  50 C .  A t  h i g h e r  t e m p e r a t u r e s ,  t h e  s y s t e m  i s  i s o t r o -  

p i c .  These  micelles h a v e  a weak p o s i t i v e  m a g n e t i c  a n i s o t r o p y  

s o  t h a t  t h e  n e m a t i c  p h a s e  c a n  be o r i e n t e d  i n  a x a g n e t i c  f i -  

e l d 7 .  D e u t e r a t e d  w a t e r  was u s e d  b e c a u s e  t h e  same sample  was 

used  i n  NMR e x p e r i m e n t s .  For  l i g h t  s c a t t e r i n g ,  t h i s  i s  i r re -  

l e v a n t .  

0 0 

The sample  was p l a c e d  i n  a round g l a s s  t u b e  w i t h  3 m m  
i n t e r n a l  d i a m e t e r  and immersed i n  a larger glass v e s s e l ,  to-  

g e t h e r  w i t h  t h e  p o l e s  o f  a permanent  magnet. The v c a s e l  was 

f i l l e d  w i t h  o i l  which s e r v e d  b o t h  as a n  i n d e x  matching  f l u i d  
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ORIENTATIONAL FLUCTUATlONS IN A NEMATIC LYOTROPIC 19 

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

was around 0.5T. The p o l e s  were formed s o  t h a t  t h e y  p e r m i t -  

t e d  l i g h t  s c a t t e r i n g  measurements  a t  s c a t t e r i n g  a n g l e s  f rom 

0 t o  100’ w i t h  d i f f e r e n t  o r i e n t a t i o n s  of t h e  t h e  s c a t t e r i n g  

v e c t o r .  The t e m p e r a t u r e  was k e p t  c o n s t a n t  t o  0.1 C. We chec- 

ked t h e  a l i g n m e n t  o f  t h e  sample  by o b s e r v i n g  i t  between 

crossed p o l a r i z e r s .  Large monodomain r e g i o n s  were o b t a i n e d  

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

t h e  m i d d l e  of t h e  n e m a t i c  r a n g e  f o r  s e v e r a l  h o u r s .  About 50 

mW of l i g h t  w i t h  w a v e l e n g h t  514.5nm was f o c u s e d  on  t h e  sam- 

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

t h i s  g e o m e t r y ,  s t r o n g e s t  s c a t t e r i n g  is o b s e r v e d  w i t h  i n c o -  

ming l i g h t  po la r i zed  p e r p e n d i c u l a r l y  t o  t h e  s c a t t e r i n g  p l a -  

n e ,  t h a t  i s  as a n  o r d i n a r y  l i g h t  wave, and sca t te red  l i g h t  

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

n a r y  wave. S c a t t e r i n g  w i t h  incoming and sca t te red  l i g h t  po- 

l a r ized  i n  t h e  s c a t t e r i n g  p l a n e  was somewhat weaker, whereas  

o r d i n a r y - o r d i n a r y  wave s c a t t e r i n g  was no s t r o n g e r  t h a n  i n  

i s o t r o p i c  l i q u i d s .  

0 

To a n a l y s e  t h e  data  we u s e  t h e  r e s u l t s  o f  t h e  hydrody-  

namic t h e o r y  o f  n e m a t i c s .  It p r e d i c t s  two o r i e n t a t i o n a l  mo- 

d e s  w i t h  t h e  i n v e r s e  r e l a x a t i o n  times3: 

where K K and K are  t h e  s p l a y ,  t w i s t  and  bend e l a s t i c  

c o n s t a n t s  a n d  q l ( q )  and q 2 ( q )  are wavevec tor  d e p e n d e n t  com- 

b i n a t i o n s  of t h e  n e m a t i c  v i s c o s i t y  c o e f f i c i e n t s .  The magne- 

t i c  f i e l d  c o n t r i b u t i o n  i s  small enough t o  b e  n e g l e c t e d ,  jud-  
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80 M. EOPIC, T. OVSENIK AND M. ZGONIK 

g i n g  from t h e  l o n g  time n e c e s s a r y  fo r  t h e  sample  t o  o r i e n t .  

The f irst  mode i s  a sp lay-bend mode, and t h e  s e c o n d  i s  a 

t w i s t - b e n d  mode. They b o t h  r e d u c e  t o  t h e  r e s p e c t i v e  p u r e  de-  

f o r m a t i o n s  when q ll n o r  q 1 n. - -  - -  
I n  a l i g h t  s c a t t e r i n g  e x p e r i m e n t  w i t h  t h e  n e m a t i c  d i -  

r e c t o r  i n  t h e  s c a t t e r i n g  p l a n e ,  t h e  f i r s t  mode i s  o b s e r v a b l e  

i n  t h e  e x t r a o r d i n a r y - e x t r a o r d i n a r y  wave s c a t t e r i n g  and t h e  

s e c o n d  i n  t h e  o r d i n a r y - e x t r a o r d i n a r y  s c a t t e r i n g .  We h a v e  me- 

a s u r e d  t h e  r e l a x a t i o n  time o f  t h e  second mode a t  d i f f e r e n t  

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

s c a t t e r i n g  v e c t o r  w i t h  r e s p e c t  t o  t h e  n e m a t i c  d i rec tor .  

- 
N 5 -  

E l  - 
? L -  
2 
Y 

3 -  

2 -  

1 -  

0 

F i g u r e  1.  shows I? 1 q' a t  d i f f e r e n t  s c a t t e r i n g  a n g l e s ,  

t h a t  i s ,  d i f f e r e n t  magni tude  of q .  A s  e x p e c t e d ,  t h e r e  i s  no 

o b s e r v a b l e  dependence .  I n  F i g u r e  2. ,  t h e  dependence of t h e  

r a t i o  T,/ q2 i s  shown as a f u n c t i o n  of t h e  a n g l e  be tween n 

and q .  The  a n i s o t r o p y  of  t h e  r e l a x a t i o n  time i s  n o t  v e r y  

2 
- 

- 

+ t :++-- 

0 0  0 3 
- 
- 

- 

I I I ,  1 1 .  

7 7  

2 FIGURE 1 .  The dependence  of I' I q on t h e  s c a t t e r i n g  ang- 

le: x - p u r e  t w i s t  a t  33 C ,  o - p u r e  t w i s t  a t  28OC,  + - 
p u r e  bend a t  3OoC. 
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ORIENTATIONAL FLUCTUATIONS IN A NEMATIC LYOTROPIC 81 

1 -  

"E I % 

I I I , I I I 1 

- 

m 
I 
r 

z 
Y 

2 FIGURE 2 .  Angular  dependence  of I?,/ q . 
between 9 and n .  The mode i s  p u r e  bend a t  y 0 and p u r e  

t w i s t  a t  7 = 'iT/ 2. Tempera ture  is 33 C. 

7 i s  t h e  a n g l e  

- 
0 

pronounced which may be  u n d e r s t o o d  by l o o k i n g  a t  t h e  e x p r -  

e s s i o n  fo r  t h e  e f f e c t i v e  v i s c o s i t y  
nl2 

and T C  where r, i s  t h e  d i r e c t o r  twist v i s c o s i t y  and qa, qb,  
a re  t h e  f l u i d  v i s c o s i t i e s  for  v a r i o u s  o r i e n t a t i o n s  of n and 

f l u i d  v e l o c i t y .  O b v i o u s l y ,  t h e  e f f e c t i v e  v i s c o s i t y  i s  a l -  

ways smaller f o r  q II t h a t  is, fo r  p u r e  bend mode. On t h e  

o t h e r  h a n d ,  in a d i s c o t i c  s y s t e m ,  i t  seems q u i t e  r e a s o n a b l e  

t h a t  t h e  bend e l a s t i c  c o n s t a n t  is smaller t h a n  t h e  t w i s t  

c o n s t a n t  s o  t h a t  t h e  o v e r a l l  dependence  o f  T on t h e  d i r e c -  

t i o n  o f  q i s  weak. 

- 

- 

2 

- 
2 

f o r  q I1 n and  f o r  q I n. A s  t h e  h i g h  t e m p e r a t u r e  p h a s e  i s  

F i g u r e  3. shows t h e  t e m p e r a t u r e  dependence  o f  T2/ q 

- -  - -  
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82 M. EOPIE, T. OVSENIK AND M. ZGONIK 

FIGURE 3. Temperature dependence of r,/ q2 for pure bend 
fx) and for  pure t w i s t  (+) .  

3 

r2 In - 
2 

q 

2 

1 

0 I 1 1 1 

3.0 3.1 3.1 3.3 T-' K-'1 3.5 
2 FIGURE 4 .  I n (  r2/ q 

(+) a s  a f u n c t i o n  of 1/T, showing t h e  a c t i v a t i o n  energy 

type mechanism fo r  t h e  v i s c o s i t i e s .  

for pure bend ( x )  and pure t w i s t  D
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ORIENTATIONAL FLUCTUATIONS IN A NEMATIC LYOTROPIC 83 

i s o t r o p i c ,  i t  is u n l i k e l y  t h a t  t h e  i n c r e a s e  of I ' w i t h  tempe- 

r a t u r e  i s  due t o  i n c r e a s i n g  e l a s t i c  c o n s t a n t ,  s o  t h a t  i n  o u r  

o p i n i o n  t h e  t e m p e r a t u r e  dependence  of F is main ly  c a u s e d  by 

d e c r e a s e  i n  v i s c o s i t y .  F i g u r e  4. i s  a s e m i l o g a r i t h m i c  p l o t  

of t h e  same dependence .  It  i s  fo r  b o t h  bend and t w i s t  appro-  

x i m a t e l y  a s t r a i g h t  l i n e .  Such a n  e x p o n e n t i a l  b e h a v i o u r  c a n  

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

t e m p e r a t u r e  dependence  o f  t h e  v i s c o s i t y .  The a c t i v a t i o n  en- 

e r g y ,  deduced f rom F i g u r e  4., is  0.065 * 0.001 eV fo r  p u r e  

bend and 0.062 2 0.002 eV f o r  p u r e  t w i s t .  These v a l u e s  a re  

s u r p r i s i n g l y  small, b e i n g  s i a i l a r  t o  t h e  a c t i v a t i o n  e n e r g i e s  

of s i m p l e  l i q u i d s .  

To summarize,  we h a v e  o b s e r v e d  t h e  d i r e c t o r  t w i s t - b e n d  

f l u c t u a t i o n  mode i n  a d i s c o t i c  l y o t r o p i c  n e m a t i c  sys tem.  Its 

b e h a v i o u r  is q u a l i t a t i v e l y  q u i t e  similar t o  t h e  d i r e c t o r  mo- 

d e s  o f  t h e  t h e r m o t r o p i c  n e m a t i c  l i q u i d  c r y s t a l s .  The tempe- 

r a t u r e  b e h a v i o u r  o f  t h e  r e l a x a t i o n  time seems t o  b e  governed  

by a n  a c t i v a t i o n  e n e r g y  mechanism f o r  t h e  v i s c o s i t i e s ,  w i t h  

r a t h e r  small a c t i v a t i o n  e n e r g y .  

A c k n o w 1 edge  men t 

Our s i n c e r e  t h a n k s  a re  due  t o  P r o f e s s o r  Leonard W. Reeves 
for i n t r o d u c i n g  u s  t o  t h e  l y o t r o p i c  n e m a t i c s  and fo r  k i n d l y  
p r o v i d i n g  t h e  samples .  
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