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Contrary to earlier reports nematic liquid crystals with a positive dielectric anisotropy can form 
domains on application of an electric field. Results are reported for N-p-ethoxybenzylidene-p-amino- 
benzonitrile (PEBAB). 

On inc reas ing  the voltage over a thin (10-100 
pm) layer  of a nemat ic  liquid c rys ta l  sandwiched 
between p lanar  e lec t rodes ,  we see usual ly  the 
following sequence of events.  Above a threshold 
V C of about 5 volt a s ta t ionary domain- l ike  
pa t te rn  is  observed [1]. When the voltage is  
fur ther  inc reased  this l amina r  flow pat tern grad-  
ual ly changes into a r eg ime  of turbulent  flow in 
which the liquid c rys ta l  s t rongly sca t t e r s  light 
[2]. Although this effect is normal ly  seen both in 
dc and in ac exci tat ion there  are some important  
d i f ferences  between the two cases :  (a) The dc 
effect exis ts  only when the e lec t rodes  inject  
charge c a r r i e r s  into the fluid [2], while the ac 
threshold  is unaffected by whether the e lect rodes  
are  separa ted  f rom the nematic  by thin insula t -  
ing sheets  or not [3]. (b) The dc effect is also 
found above the nemaf ic - i so t rop ic  t r ans i t ion  
t empera tu re  [4], while the ac effect d i sappears  
at this point [3]. 

Two theore t ica l  models  are  avai lable to ex- 
plain these observat ions .  In the Fe l i c i  model 
space charge due to unipolar  inject ion leads to 
ce l lu la r  hydrodynamic flow [5]. In pr inc ip le  this 
model is valid for all  l iquid d ie lec t r i c s  but it is,  
of course ,  r e s t r i c t e d  to the dc case.  As the ex- 
pe r imen ta l  thresholds  in no rma l  d ie lec t r i c s  are  
of the same order  of magnitude as in nemat ics  
[6], the dc behaviour  of a liquid c rys ta l  above 
and below the t r ans i t ion  point can be understood 
in this way. 

In the Ca r r -He l f r i ch  model [7, 8] the space 
charge which leads to ce l lu la r  flow is  due to the 
anisotropy in the conductivity and in the dielec-  
t r i c  constant.  Recent ly this model has been ex- 
tended successful ly  to the ac case [9, 10]. Con- 
sequently,  one would expect that these aniso-  

t ropies  also in te r fe re  in the dc case. 
On the bas i s  of the Ca r r -He l f r i ch  model the 

conclusion was a r r ived  at that in the dc case 
domains  can only be formed when e± E, [11]. 
The observat ion [2] that no dynamic sca t te r ing  
is found in some nemat ic  liquid c rys t a l s  with 
E_L < ~j, like PEBAB 

C 2 H 5 0 ~  C H = N  ~ C~- N 

seemed to support this s ta tement  exper imental ly .  
However, we have found that above a dc 

threshold of 2 to 3 volt domains  are  formed in 

Fig. 1. Domains in a 50 ~m layer of PEBAB. orientated 
by the Chatelaln rubbing technique (p ~ 107 ~ cm). 
Crossed nicols; magnification 80x; applied eoltage 4 

volt dc. 
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P E B A B .  A t y p i c a l  d o m a i n  p a t t e r n  i s  s h o w n  in 
f ig.  1. T h e  s a m e  t h r e s h o l d  w as  found  in s a m p l e s  
of 12, 30 and  5 0 ~ m  t h i c k n e s s .  W h e n  t he  v o l t a g e  
i s  f u r t h e r  i n c r e a s e d  the  long  d o m a i n s  a r e  d i v i d e d  
up in to  s m a l l e r  d o m a i n s  p a r a l l e l  to the  s h o r t  
a x i s .  w h i l e  at  abou t  20 vo l t  a s t a t e  of t u r b u l e n c e  
i s  r e a c h e d .  Above  t he  t h r e s h o l d  the  m o l e c u l e s  
a r e  o r i e n t a t e d  p a r a l l e l  to the  e l e c t r i c  f ie ld .  T he  
s c a t t e r i n g  of i n c i d e n t  l igh t  i s  c o n f i n e d  to a v e r y  
s m a l l  r e g i o n  a r o u n d  the  s p e c u l a r  # e f l e c t e d  l igh t .  
H e n c e  the  d e v i a t i o n s  f r o m  the  p a r a l l e l  o r i e n t a -  
t i on  d u r i n g  the  t u r b u l e n t  f low a r e  c l e a r l y  v e r y  
s m a l l .  T h e  s a m e  b e h a v i o u r  i s  found  in the  c o m -  
pound  wi th  b o t h  p a r a  s u b s t i t u e n t s  i n t e r c h a n g e d .  

F u r t h e r m o r e  we wan t  to po in t  out  tha t  the  
C a r r - H e l f r i c h  m o d e l  d o e s  not  e x c l u d e  d o m a i n s  
f o r  P E B A B .  T h i s  t h e o r y  s t a t e s  t ha t  f o r  an  e l e c -  
t r i c  f i e l d  p e r p e n d i c u l a r  to the  m o l e c u l a r  ax i s  
d o m a i n s  a r e  in p r i n c i p l e  p o s s i b l e  w h e n  the  q u a n -  
t i t y  ~ i s  p o s i t i v e  [8]: 

~,-7 +,--/- E,, vG-, - y , , f  • (1) 

Only  w h e n  the  f i r s t  t e r m  in m u c h  s m a l l e r  t h a n  
the  s e c o n d  one  t h i s  r e d u c e s  to  

E~/'e,, - ¢±/cr,, 0 (2) 

where KI/~ I is taken to be positive. For a small 
value of the anisotropy in the conductivity eq. 
(2) is about equivalent to e± : e,,. The threshold 
field E now can be calculated from 

- ~ E  2 , 4 ~  +q2K33  = 0 . (3) 

U s u a l l y  q i s  t a k e n  i n v e r s e l y  p r o p o r t i o n a l  to the  
t h i c k n e s s  and  t hen  a t h r e s h o l d  v o l t a g e  i s  p r e -  
d i c t e d  i n d e p e n d e n t  of t he  t h i c k n e s s .  F o r  p a r a -  
a z o x y a n i s o l e  (PAA) H e l f r i c h  c a l c u l a t e s  a t h r e s -  
ho ld  of 5.3 vo l t  [8] w h i c h  c o m p a r e s  v e r y  w e l l  
w i t h  t he  e x p e r i m e n t a l  r e s u l t s .  F o r  P E B A B  
e,j = 21 and  e_L = 7 [12]. T a k i n g  the  P A A  v a l u e s  
f o r  t he  o t h e r  q u a n t i t i e s  we c a l c u l a t e  t ha t  ~ i s  
a g a i n  p o s i t i v e  w h i l e  t he  t h r e s h o l d  i s  l o w e r e d  to 
1.6 vo l t ,  in  r e a s o n a b l e  a g r e e m e n t  w i th  the  ex -  
p e r i m e n t a l  va lue .  

The  s ign  of ~ i s  d e t e r m i n e d  by a d e l i c a t e  
b a l a n c e  of two t e r m s  tha t  b o t h  c a n  h a v e  e i t h e r  
s ign .  T h e r e f o r e  one  would  e x p e c t  tha t  n e m a t i c  
c o m p o u n d s  t ha t  do not  show d o m a i n s  c a n  a l s o  
b e  found.  M o r e o v e r ,  a p o s i t i v e  ~ i s  in the  C a r r -  
H e l f r i c h  t h e o r y  a n e c e s s a r y  but  not  a s u f f i c i e n t  
c o n d i t i o n  fo r  d o m a i n  f o r m a t i o n .  A p o s i t i v e  ~ can  
l e a d  e i t h e r  to d o m a i n s  o r  the  a new s t a t i c  s i t u a -  
t ion  of a l i g n m e n t  in  a n o t h e r  d i r e c t i o n  t hen  o r i g i -  
na l ly .  In t h i s  r e s p e c t  f u r t h e r  s t u d i e s  a r e  b e i n g  
c a r r i e d  out  in t h i s  l a b o r a t o r y  on s o m e  n e m a t i c  
a z o -  and  a z o x y - c o m p o u n d s .  

The  a u t h o r s  w i s h  to e x p r e s s  t h e i r  g r a t i t u d e  
to Dr .  J .  Van d e r  V e e n  fo r  p r e p a r i n g  the  s a m p l e  
and  to D r s .  H. K o e l m a n s ,  W. J .  A. G o o s s e n s  and  
A. K. N i e s s e n  fo r  v a l u a b l e  d i s c u s s i o n s .  
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