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THE ELECTROOPTICAL PROPERTIES OF DOPED SAMPLES OF 
SMECTIC C 

D.F .  ALIEV, A.H. ZEINALLY, a.N.A. GUSEINOV 

Department of  Physics , Azerbaijan S t a t e  University, 
Baku, USSR 

(Submitted f o r  Publication December 29 , 1980) 

The e s s e n t i a l  decrease of t h e  threshold voltage of  
t he  e l ec t roop t i ca l  e f f e c t s  has been detected i n  doped 
samples of  t he  smectic C l i q u i d  c r y s t a l s .  A novel 
type of high frequency electrohydrodynamic i n s t a b i l i t y  
i s  observed i n  samples with r e l a t i v e l y  high e l e c t r i c a l  
conductivity.  

As has been shown recen t ly ,  t he  character  of the 

e l e c t r o o p t i c a l  e f f e c t s ,  observed i n  the smectic C,strongly 

depends on t h e  i n i t i a l  o r i e n t a t i o n  of t he  molecules of the  

l i q u i d  c r y s t a l s .  I f  t h e  smectic l aye r s  are p a r a l l e l  t o  

t he  surface of the  e l e c t r o o p t i c a l  ce l l ,  appl icat ion t o  t h e  

sample of c e r t a i n  threshold voltage causes the  appearance 

i n  individual  p a r t s  of t h e  c e l l  nuc le i  of turbulent  motion 

which,after spreading, f i l l  t h e  whole f i e l d  of  view. The 

rate of  spreading of the turbulence depends on the tempera- 

t u r e  of the  sample and t h e  value of  t he  applied voltage.  

After t he  appl ied voltage i s  turned o f f ,  a s t a b l e ,  s t rongly 

s c a t t e r i n g ,  condition p e r s i s t s  .1 In  t h i s  kind of  i n s t a b i l -  

i t y ,  w e  didn'  t observe domains texture .  

In  the  case of t he  planar  texture ,  when the  molecules 

of t h e  l i qu id  c r y s t a l s  a r e  p a r a l l e l  t o  t he  surface of the 

e l ec t roop t i ca l  c e l l  one can observe two regimes of i n s t a -  

b i l i t y  which a r e  divided with the  c r i t i c a l  frequency f . 
C 
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326 D. F. ALIEV, A. H. ZEINALLY and A. N. A. GUSEINOV 

In both regimes i n s t a b i l i t y  displays are the  domains 

t ex tu re .  The domains appearing under d .c .  and low fre-  

quency a . c .  e l e c t r i c  f i e l d s  a r e  characterized by l i n e s  

which a r e  p a r a l l e l  t o  t h e  i n i t i a l  d i r ec t ion  of t he  

d i r ec to r .  2 

The period of these " i n i t i a l "  domains, i s  nearly 

equal t o  the c e l l s  thickness d, but the period of the 

"fundamental" domains appearing under high frequency a. c .  

e l e c t r i c  f i e l d  more o r  less than d. The d i r ec t ion  of the 

"fundamental" domains are perpendicular t o  L. 
-+ 

Some c h a r a c t e r i s t i c s  of t hese  e f f e c t s  have been s tudied 
4-10 

i n  the papers, have dealings with high r e s i s t ance  (no 

doped) samples. On t he  o the r  hand, our preliminary inves- 

t i g a t i o n  shows t h a t  t h e  e l e c t r o o p t i c a l  e f f e c t s  i n  the  

smectic C phase has a d i r e c t  r e l a t i o n  t o  the  conductivity 

of t he  samples. Therefore, i n  order  t o  have de ta i l ed  

information about t he  mechanism of these e f f e c t s  others  

have invest igated doped samples of smectic C ,  having 

d i f f e r e n t  values of conductivity.  

- p-Nonyloxybenzoic acid (NOBA) was the compound chosen 

f o r  invest igat ion.  The compound passes through the  

following sequence: C 93'5 117'N 1 4 3  J. The i n i t i a l  

sample had the conductivity CI 10 om - c m  ( f  = 

1 KHz). I n  o rde r  t o  change 0 w e  used the  ion ic  impurity 

of tetrabutylammonium bromide. 

-10 -1 -1 C 

I t  w a s  found, t h a t  t h e  threshold voltage of i n s t a b i l i t y  

appearing i n  the f i r s t  t ex tu re  (smectic l aye r s  are p a r a l l e l  

t o  t he  cel l  surface)  decreases with lowering of t h e  r e s i s -  

tance of the  sample. Decreasing of t he  U occurs i n  a l l  

considered frequency regime ( 0  5 f 5 20 KHz). This 

experimental f a c t  shows, t h a t  t h i s  e f f e c t  i s n ' t  a simple 

t h  
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ELECTROQPTICAL PROPERTIES OF DOPED SAMPLES 327 

analog of  t he  o r i en ta t ion  e f f e c t s  occurring from t h e  

anisotropy of the pe rmi t t i v i ty .  The c e r t a i n  r o l e  i n  the  

mechanism of t he  e f f e c t  evident ly  r e s u l t s  from space charge 

d i s t r i b u t e d  i n  the  de fec t s  p a r t s  of t h e  cel l  because of t h e  

anisotropy of conductivity.  

Frequency dependence of  t h e  threshold voltage f o r  t h e  

domain t e x t u r e  i n  t h e  case of t he  i n i t i a l  o r i en ta t ion  of 

the molecules shown i n  Fig. 1. I t  is  very i n t e r e s t i n g  t h a t  

t he  threshold voltage f o r  t he  "fundamental" domains are 

s e n s i t i v e  t o  the  change i n  t h e  conductivity and anisotropy 

of the  conductivity.  I t  can be concluded t h a t  t h e  cause 

of  t h e  r ise of t h e  "fundamental" domains is  t h e  "anisotro- 

pic"  mechanism. That is ,  the  anisotropy of the  parameters 

of t he  l i q u i d  c r y s t a l  play an  important r o l e  i n  t he  

beginning of t h i s  kind of  i n s t a b i l i t y .  

Fig. 1. Frequency dependence of  t h e  threshold voltage of 
" i n i t i a l "  (xxx) and "fundamental" (. . . ) domains 
f o r  t h e  doped sa les of t h e  smectic C phase 
1-6 = 2-10-'O om' cm-l; 2-4.10-10; 4-8.10-10, 
d = 2 0 ~ 1 ;  t = llO°C 
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328 D. F. ALIEV, A. H. ZEINALLY and A. N.  A. GUSEINOV 

For t h e  samples, having s u f f i c i e n t l y  high conductivity 
-1 -1 

(0 3-1O-' om cm ) i n  the low frequency regime could 

be detected by ordinary " i n i t i a l "  domains. But, by 

increasing the  frequency, beginning from c e r t a i n  values of 

f w e  observed new domains, which were perpendicular t o  L. 

Unlike t h e  "fundamental" t h e  per iod of t h e  new domains 

w a s  approximately equal t o  the  ce l l  thickness.  

+ 

It was establ ished,  t h a t  the period of new domains 

depends on the  frequency, while t h e  period of t h e  "funda- 

mental" domains decreases s t rongly with frequency. For 

t h i s  reason, discovering domains a r e  c l e a r l y  observed r i g h t  

up t o  frequency f % 10 KHz. I n  t h e  case of  polaroid,  
-P + 

having t h e  d i r ec t ion  of  v ib ra t ion  of  E p a r a l l e l  t o  L, the  

new domains appeared b e t t e r .  

For a l l  i nves t iga t ed  samples t h e  threshold voltage of 

t he  "fundamental" domains subordinates t o  low (Fig. 1) : 

t h  
But, f o r  t h e  new domains t h e  frequency dependence of U 

d i f f e r s  from t h i s  low and close t o  the l i n e a r  function 

(Fig. 2 ,  curve 1). From t h e  d i f f e r e n t  frequency behavior 

Uth i n  t h e  same sample w e  could observe both t h e  "fundamental" 

and new domains (Fig. 2 ,  curve 2 ) .  I n  such samples a f t e r  

t h e  " i n i t i a l "  domains w e  observed t h e  "fundamental" domains 

which were with increasing frequency, "replaced" by new 

domains (Fig. 2 ,  curve 2 ) .  

The frequency i n t e r v a l  f o r  t he  "fundamental" domains 

increases  with decreasing conductivity and they spread t o  

high frequency regime (Fig. 2 ,  curve 3 ) .  We want t o  note,  

t h a t  t h e  new domains are detected a l s o  i n  t h e  smectic C 

phase i n  o the r  l i q u i d  c r y s t a l s .  I t  was establ ished t h a t  

f o r  t h e i r  s t imulat ion it i s  necessary t o  have c e r t a i n  
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ELECTROOPTICAL PROPERTIES OF DOPED SAMPLES 329 

I a 4 6 

Fig. 2. Frequency dependence of t he  threshold voltage for 
“ i n i t i a l “  (xxx) , “fundamental” (. . . ) and new 
domains (AAA) 
1-6 = 4.10-’ o m  sm ; 2-2.10 ; 3-10 , 
d = 2 0 ~ ;  t = 100OC. 

-1 -1 -9 -9 

values of t he  e l e c t r i c a l  conductivity.  This f a c t  empha- 

s i z e s  t h a t  the value of  conductivity is an important f a c t o r  

f o r  t h e  o r ig in  of t h e  new domains i n  the smectic C phase. 
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