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ELECTROOPTIC EFFECTS II? ENCAPSULATED 
L I 4 U I D  CRYSTALS 

V. A. ZHUJKOV, V. F. SHARAXOV, G.M. ZHARKOVA, 
V.M.VLADIMIROV 
L.V.Kirensky I n s t i t u t e  o f  Physics ,  
Kraanoyarsk, 660036, USSR 

Abstract  E lec t roop t i c  phenomena i n  t h e  en- 
capsulated LC under pu l se  and s inuso ida l  ex- 
t e r n a l  f i e l d s  a r e  considered. Dynamical se lec-  
t i o n  o f  pulsed s i g n a l  and frequency doubling 
of  s inuso ida l  one a r e  observed. 

Encapsulating of l i q u i d  c r y s t a l a  (LC) i n t o  t h i n  
envelope o f  polymer f i l m  has  become now an acknow- 
ledged method of LC p ro tec t ion  f r o m  environmental 
damage. Physical and chemical i n v e s t i g a t i o n s  o f  
encapsulated LC showed new ways t o  vary t h e i r  
p r o p e r t i e s  by choosing t h e  components of LC-poly- 
m e r  mixture and changing capsules  dimentions, as 
wel l  as applying ex te rna l  e l e c t r i c  f i e l d s  . 

Elec t roop t i c  phenomena i n  t h e  encapsulated LC 
under pulse  and s inusoida l  ex te rna l  f i e l d s  have 
been considered i n  t h i s  work. LC of cyanobiphenyl 
and pyr id ine  types ,  encapsulated i n  polymeric 
matrix have been used as objectB o f  o u r  i n v e s t i -  
gation. Di f fe ren t  polymer p r o p e r t i e s  have been 
considered and polyvinylace ta te  has  been chosen 
for encapsulating. This  i s  an amorphous thermo- 
p l a s t i c  polymer, being so lu t ed  and d r i ed  i t  
doesn ' t  undergo chemical changes and has  good me- 
chanical  proper t ies .  Polyvinylacetat  e i s  a colo- 
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378 V. ZHUJKOV F.T A L  

u r l e s s  polymer, i t s  r e f r a c t i v e  index i s  c l o s e  t o  
t h e  one of  JL! and LC a r e  wel l  wetted by i t .  The 
mixture of acetone-toluene-chlorobenzene has been 
taken as a so lvent .  

The composite f i l m  can be formed e a s i l y  f rom 
organic so lu t ions :  LC is  mixed with polyvinylace- 
t a t e  and so lvent  and t h e  s o l u t i o n  i s  put on t h e  
subs t r a t e .  When t h e  d i s so lven t  has  p a r t l y  evapo- 
r a t e d ,  t h e  mixture  d i s s o c i a t e s  i n t o  two phases 
and t h e  polymer f i l m  formed a f t e r  dry ing  has 
near ly  s p h e r i c a l  LC d r o p l e t s  homogeneously d i s -  

t r i b u t  ed. 
To i n v e s t i g a t e  t h e  e l e c t r i c  f i e l d  in f luence  on 

t h e  o p t i c a l  p r o p e r t i e s  of encapsulated f i l m s  they  
have been placed between t w o  g l a s s  p l a t e s ,  cove- 
red w i t h  t r anspa ren t  conductor,  where e l e c t r i c  
vo l t age  has  been appl ied.  %ig. l  shows t h e  reac-  
t i o n  of modulator t ranspa tency  t o  t h e  r ec t angu la r  
pulses.  The modulator does  not respond t o  s t a t i o -  
nary f i e l d  and i t ' s  working cyc le  i s  determined 
by t h e  responce t i m e  t o  t h e  switch-odswitch-off  
of e l e c t r i c  s i g n a l ,  t h a t  i s  t h e  dynamical s e l ec -  
t i o n  o f  t h e  c o n t r o l  s i g n a l  is  observed. 

FIGURE 1. Mcdulat o r  
t ime c h a r a c t e r i s t i c s  
a )  e l e c t r i c  f i e l d  
b)  t ransparency rcs- 
ponse - dynamical se- 
l e c t i o n  o f  s i g n a l  i s  
observed. 
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ELECTROOPTIC EFFECTS 319 

We can suggest t h e  fol lowing model  t o  explain 
t h i s  e f f e c t .  With no f i e l d  appl ied  LC molecules 
a r e  disordered wi th in  a d r o p l e t  and due t o  t h e  
d i f f e r e n t  r e f r a c t i v e  i n d i c e s  LC-polymer system 
s t r o n g l y  s c a t t e r s  t h e  l i g h t  (Pig.2). V i th  t h e  f i -  
e l d  appl ied  LC molecules wi th in  a drople t  a r e  o r i -  
ented along t h e  f i e l d  and t h e  f i l m  becomes t r ans -  
parent  (Fig. 2b). Then t h e  LC-polymer i n t  e r f a s e  
s l o v ~ l y  r e a c t s  on t h e  f i e l d  app l i ed ,  sc reens  t h e  
e x t e r n a l  f i e l d  and t h e  i n i t i a l  s t r u c t u r e  i s  res- 
t o r e d  ( F i g . 2 ~ ) .  A t  t h e  very first moment a f t e r  
switching-off o f  t h e  ex te rna l  f i e l d  t h e  i n t e r n a l  
field of  LC-polymer i n t e r f a c e  becomes discompen- 
s a t e d ,  t h a t  causes t h e  molecules order ing  i n  t h e  

(Pig.2d). 

2. Mecha- 

f . ^ .  .. . v. ". 
/ /\' 

f i f  \ \  

lymer i n t e r f a c e ,  s c a t t e r i n g  

nism of  t ransparency 
changes under a l t e r -  
n a t i n c  f i e l d .  
a )  No f i e l d  app l i ed ,  
s t rong  s c a t t e r i n g  i n  
t h e  f i l m .  
b) External f i e l d  is  
app l i ed ,  LC i s  or ien-  
t ed  i n  t h e  d r o p l e t ,  
s c a t t e r i n g  disappe- 
ars. 
c )  External f i e l d  i s  
compensated by LC-po- 

r e s to re s .  
d )  J u s t  after t h e  removal o f  appl ied f i e l d ,  LC i s  
or ien ted  by compensating f i e l d  o f  LC-polymer. 

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

1:
44

 1
9 

Fe
br

ua
ry

 2
01

3 



380 V. ZHUJKOV ET AL 

The i n v e s t i g a t i o n s  under v a r i a b l e  s inuso ida l  
f i e l d s  showed, that f i l m  t ransparence v a r i e s  a t  
double frequency ! d t = 2 d f )  i n  comparison w i t h  
t h e  f i e l d  a p p l i e d .  Fig.3 gives the frequency cha- 
r a c t e r i s t i c s  o f  t ransparence  modulation amplitude 
f o r  d i f f e r e n t  amplitudes of  vo l t age  appl ied,  

24 
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FIGURE 3.  Frequency c h a r a c t e r i s t i c s  of 
s inuso ida lex te rna l  field. 
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ELECTROOfTIC EFFECTS 38 1 

This  dependence i s  o f  t h e  c l e a r l y  resonance kind. 

Under f i e l d  amplitude inc rease  t h e  t ransparence 
maximum i s  d isp laced  i n t o  t h e  low-frequency r e -  
gion. That may be connected with t h e  LC i n t e r f a -  
ce  molecules involved i n t o  t h e  process  o f  i n i t i a l  
o r i e n t a t i o n ,  which a r e  c l o s e l y  bonded with t h e  
polymer and s o  have longer  t ime of responce. The 
inc rease  of  modulation depth under inc reas ing  of 
appl ied  f i e l d  i n d i c a t e s  t h e  r i s i n g  of  t h e  volume 
o f  o r i en ted  LC. 

1. J.W.Doane, N.A.Vaz, B.-G.Vlu and S . zmer  
Appl.Phys.Lett. 48(4),  pp.269-271 (1986). 
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