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STIMULATION OF THE ELECTROHYDRODYNAMIC 
INSTABILITY IN THE SMECTIC A PHASE 

V . N .  CHIRKOV, D . F .  ALIEV, G . M .  RADSHABOV, 
A .  Kh, Z E I N A L L Y  
A z e r b a i j a n  S t a t e  U n i v e r s i t y ,  Baku, USSR 

(Submi t t ed  f o r  P u b l i c a t i o n  March 1 4 ,  1979) 

ABSTRACT: The e l e c t r o o p t i c a l  p r o p e r t i e s  o f  
4 - n - o c t y l - 4 '  - cyano-b ipheny l  (8CB) i n  t h e  
s m z c t i c  A phase  were i n v e s t i g a t e d .  The e l e c -  
t rohydrodynamic  i n s t a b i l i t y  i n  t h e  s m e c t i c  A 
phase  was o b s e r v e d ,  when a small q u a n t i t y  o f  
any homologue ( C  , C 8 ,  C ) o f  4-n-a lkoxyben-  
z o i c  a c i d  was adzed  t o  t j i s  ma te r i a l .  A f t e r  
t h e  e l e c t r i c a l  f i e l d  i s  t u r n e d  o f f ,  t h e  
s t a b l e  f o c a l - c o n i c  t e x t u r e  i s  formed. A 
r e v e r s e  f o c a l - c o n i c  t o  homeot ropic  t r a n s i t i o n  
can  be  as w e l l  i nduced  by means o f  a n  e l e c -  
t r i c  f i e l d .  

The e l ec t rohydrodynamic  ( E H D ) i n s t a b i l i t y  i n  
t h e  s m e c t i c  A phase  o f  l i q u i d  c r y s t a l s  was p r e -  
d i c t e d  t h e o r e t i c a l l y '  and  r e c e n t l y  conf i rmed 
e x p e r i m e n t a l l y  i n  p-nitrophenyl-p-n-octyloxy- 
b e n z o a t e  - ' Apparen t ly  , t h e  ana logous  pheno-  
menon was obse rved  i n  t h e  p -decy loxybenzy l idene -  
p ' - a m i n o b e n ~ o n i t r i l e . ~  I n  b o t h  c a s e s  t h e  pheno- 
menon t a k e s  p l a c e  i n  m a t e r i a l s  w i t h  p o s i t i v e  
d i e l e c t r i c  a n i s o t r o p y  and r e l a t i v e l y  h i g h  conduc- 
t i v i t y .  However, t h e s e  c o n d i t i o n s  a r e  n o t  s u f f i -  
c i e n t  f o r  t h e  r i s e  o f  i n s t a b i l i t y  i n  t h e  smectic A 

p h a s e .  T h e r e  a r e  many s m e c t i c  A compounds i n  
which EHD i n s t a b i l i t y  does n o t  appea r  under  t h e s e  
c o n d i t i o n s .  

I n  t h i s  l e t t e r ,  we r e p o r t  t h e  p o s s i b i l i t y  o f  
s t i m u l a t i n g  t h e  i n s t a b i l i t y  i n  t h e  s m e c t i c s  
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mentioned above.  We have s t u d i e d  t h e  8CB, which 
has  a s m e c t i c  A p h a s e  a t  room t e m p e r a t u r e .  The 
e l e c t r o o p t i c a l  p r o p e r t i e s  o f  t h i s  ma te r i a l  were  
i n v e s t i g a t e d 5 -  7 ,  b u t  n e i t h e r  t u r b u l e n c e  n o r  
dynamic s c a t t e r i n g  were obse rved .  A l so ,  i n  ou r ,  
expe r imen t s  t h e  EHD phenomenon, s i m i l a r  t o  t h a t  
d e s c r i b e d  i n  Refe rences  2 t h r o u g h  4 ,  was n o t  
d i s c o v e r e d  i n  t h e  i n i t i a l  8CB. 

I n  o r d e r  t o  s t i m u l a t e  t h e  EHD i n s t a b i l i t y  we 
doped 8CB w i t h  v a r i o u s  d o p a n t s .  A f t e r  a d d i n g  a 
small  q u a n t i t y  (<1%) o f  any o f  t h e  homologues 
( C 7 ,  C8, C9> o f  4 -n -a lkoxybenzo ic  a c i d  t o  SCB, 
t h e  s p e c i f i c  motion and  s c a t t e r i n g ,  ana logous  t o  
t h a t  d e s c r i b e d  i n  R e f e r e n c e s  2 and 3 ,  were d i s -  
cove red  i n  t h e  e l e c t r i c a l  f i e l d s .  T h i s  e f f e c t  
a r i s e s  i n  t h e  d . c .  and  low f r e q u e n c y  a . c .  f i e l d s  
and h a s  a t h r e s h o l d  c h a r a c t e r  ( F i g .  1 ) .  I n  c e r -  
t a i n  s e c t i o n s  o f  t h e  sample  w i t h  p l a n a r  o r  homeo- 
t r o p i c  o r i e n t a t i o n ,  l o c a l  r e g i o n s  w i t h  i n t e n s i v e  
t u r b u l e n c e  a p p e a r .  They s p r e a d  u n t i l  t h e  whole 
a r ea  o f  t h e  c e l l  i s  c o v e r e d  by them and t h e  
sample p a s s e s  from o p t i c a l l y  t r a n s p a r e n t  t o  t h e  
s c a t t e r i n g  s t a t e .  The t u r b u l e n c e  a p p e a r s  immedi- 
a t e l y  (no domain p i c t u r e  i s  o b s e r v e d  i n  t h e  c e l l ) .  
The p r o c e s s  o f  t u r b u l e n c e  s p r e a d  t a k e s  p l a c e  
w i t h  g r e a t  v e l o c i t y  a t  f i e l d s  e x c e e d i n g  t h e  
t h r e s h o l d .  The i n c r e a s e  o f  t h e  a lkoxybenzo ic  
a c i d  c o n c e n t r a t i o n  l e a d s  t o  t h e  i n c r e a s e  o f  t h e  
number of  l o c a l  t u r b u l e n c e  c e n t e r s .  The t h r e s h o l d  
o f  t h e  EHD i n s t a b i l i t y  i n c r e a s e s  w i t h  t h e  i n c r e a s e  
o f  t h e  a p p l i e d  f i e l d  f r e q u e n c y .  
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STIMULATION OF THE EHD INSTABILITY 295 

F I G U R E  1 F r e q u e n c y  d e p e n d e n c e  o f  t h e  t h r e s h o l d  
v o l t a g e  f o r  t h e  E H D  i n s t a b i l i t y  (1) and  

f o c a l - c o n i c  t o  h o m e o t r o p i c  t r a n s i t i o n  
( 2 )  i n  t h e  smectic A p h a s e  o f  8 C B  + 1% 

H e p t y l o x y b e n z o i c  a c i d .  T = 2 5 O C .  

A f t e r  t h e  f i e l d  i s  t u r n e d  o f f ,  t h e  f o c a l -  
c o n i c  t e x t u r e  i s  formed.  The r e l a x a t i o n  o f  t h i s  

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

r e m a i n s  f o r  a l o n g  t ime a f t e r  t h e  f i e l d  i s  removed. 
The f o c a l - c o n i c  t e x t u r e  o f  smectics i s  more s c a t -  
t e r i n g ,  more s t a b l e  a n d  r e m a i n s  l o n g e r  t h a n  t h e  

f o c a l - c o n i c  t e x t u r e  o f  c h o l e s t e r i c  s y s t e m s  w i t h  

memory. 
The  s m e c t i c  p h a s e  o f  8 C B  h a s  a p o s i t i v e  
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d i e l e c t r i c  a n i s o t r o p y  and t h e r e f o r e  i t  i s  p o s s i -  
b l e  t o  r e a l i z e  a r e v e r s e  f o c a l - c o n i c  t o  homeo- 
t r o p i c  t r a n s i t i o n  by means o f  t h e  e l e c t r i c  f i e l d .  
The t h r e s h o l d  o f  t h i s  t r a n s i t i o n  depends i n s i g n i -  
f i c a n t l y  on f r e q u e n c y .  The time o f  EHD i n s t a b i l -  
i t y  t u r n  on and  f o c a l - c o n i c  t o  homeot ropic  
t r a n s i t i o n  t u r n  on i s  de t e rmined  by t h e  r e l a t i o n  
T Q, (U-Uth) , where U t h  = t h r e s h o l d  v o l t a g e .  The 
t h r e s h o l d s  o f  t h e  EHD i n s t a b i l i t y  and f o c a l - c o n i c  
t o  homeot ropic  t r a n s i t i o n  d e c r e a s e  i n  t h e  r a n g e  
o f  smectic A p h a s e  w i t h  t h e  t e m p e r a t u r e  i n c r e a s e  
and a b r u p t l y  f a l l s  n e a r  t h e  phase  t r a n s i t i o n  t o  
t h e  n e m a t i c  p h a s e  ( F i g .  2 ) .  I n  t h e  smectic A 

phase  t h e  t h r e s h o l d  o f  t h e  EHD i n s t a b i l i t y  i s  
d i r e c t l y  p r o p o r t i o n a l  t o  t h e  t h i c k n e s s  (d)  o f  t h e  
sample and t h e  t h r e s h o l d  o f  f o c a l - c o n i c  t o  homeo- 
t r o p i c  t r a n s i t i o n  i s  p r o p o r t i o n a l  t o  Jd. 

8 C B  i n  t h e  s m e c t i c  A p h a s e  does  n o t  change con-  
s i d e r a b l y  a f t e r  a d d i n g  a s m a l l  q u a n t i t y  o f  
a1 koxyben zo i c  a c i d .  

- 2  

The v a l u e  o f  t h e  e l e c t r i c  c o n d u c t i v i t y  of  

I f  a s u f f i c i e n t  q u a n t i t y  o f  dopan t s  i s  added 
t o  t h e  8 C B ,  t h e  t e m p e r a t u r e  o f  p h a s e  t r a n s i t i o n s  
i s  somewhat d i s p l a c e d  and  t h e  r a n g e  o f  e x i s t e n c e  
o f  t h e  smectic mesophase i s  e x t e n d e d .  Un l ike  sub-  
s t a n c e s  i n v e s t i g a t e d  b e f o r e ,  2 - 4  t h e  EHD i n s t a -  
b i l i t y  and f o c a l - c o n i c  t o  homeot ropic  t r a n s i t i o n  
i n  t h i s  case t a k e s  p l a c e  a t  room t e m p e r a t u r e ,  
t h a t  i s  an  i m p o r t a n t  advan tage  f o r  p r a c t i c a l  
a p p l i c a t i o n  o f  t h i s  e f f e c t .  

The homologous s e r i e s  o f  a lkoxybenzo ic  a c i d ,  
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F 2w 

FIGURE 2 Tempera ture  dependence o f  t h e  t h r e s h o l d  
v o l t a g e  f o r  t h e  EHD i n s t a b i l i t y  (1 )  and 
f o c a l - c o n i c  t o  homeot ropic  t r a n s i t i o n  
(2 )  i n  t h e  smectic A p h a s e  o f  8 C B  + 1% 
Hepty loxybenzo ic  a c i d .  1 - 2 0  H z ;  2 -5  kHz. 

c i t e d  i n  t h i s  l e t t e r ,  a l s o  e s s e n t i a l l y  a f f e c t s  
e l e c t r o o p t i c a l  p r o p e r t i e s  o f  o t h e r  smectics w i t h  
p o s i t i v e  d i e l e c t r i c  a n i s o t r o p y .  The l o c a l  d e f e c t s ,  
which a r e  n u c l e a t o r s  o f  t u r b u l e n c e ,  a r i s e  when 
dopan t s  a r e  b r o u g h t  i n t o  t h e  s m e c t i c  A p h a s e .  
When t h e  i n i t i a l  s m e c t i c  s t a t e  does n o t  e x h i b i t  

t h e  EHD i n s t a b i l i t y ,  t h e n  a d d i t i o n  o f  a lkoxyben-  
z o i c  a c i d s  s t i m u l a t e s  t h i s  e f f e c t  i n  i t .  When 
t h i s  phenomenon t a k e s  p l a c e  i n  t h e  i n i t i a l  s m e c t i c ,  
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t h e s e  dopan t s  c o n s i d e r a b l y  d e c r e a s e  t h e  t h r e s h o l d  
o f  EHD i n s t a b i l i t y .  P e r h a p s ,  t h i s  b e h a v i o u r  o f  
t h e  homologous se r ies  o f  a lkoxybenao ic  a c i d  l e a d s  
t o  i n c r e a s e  o f  t h e  a n i s o t r o p y  o f  e l e c t r i c  conduc-  
t i v i t y  i n  smectics.  The d e c r e a s e  o f  t h e  t h r e s h o l d  
v o l t a g e  may be  e x p l a i n e d  a c c o r d i n g  t o  t h e  C a r r -  
H e l f r i c h  model f o r  EHD i n s t a b i l i t y  i n  n e m a t i c  
p h a s e .  
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