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ELECTROOPTIC PROPERTIES OF ENCAPSULATED L I Q U I D  
CRYSTALS 

V. A .  ZHUJKOV, V .F. SHABANOV, G.M. ZHARKOVA, A.  N.VTYTJRIN 
L.V.Kirensky I n s t i t u t e  of Physics, Krasnoyarsk, 
660036, USSR 

Abstract Electrooptic phenomena i n  the  encapsula- 
t ed  l i qu id  c rys t a l s  (EW) under a l te rna t ing  e l e c t r i c  
f i e l d  are studied. Their transparency nonlinear reac- 
t i o n  i s  investigated experimentally and numerically 
simulated using proposed model. Dielectr ic  parameters 
of the  model ( d i e l e c t r i c  re laxat ion times) are  deter-  
mined from experimental data. 

INTRO DUCT1 ON 

Encapsulating of l iqu id  c rys t a l s  i n t o  t h i n  polymer f i lm 
has become a well known method of t h e i r  protect ion from 
enviromental damage. Experimental invest igat ions of ELC 
showed new ways t o  vary t h e i r  charac te r i s t ics  changing 
t h e i r  s t ruc tu re  o r  chemical components’. Besides, new pro- 
pe r t i e s  and in t e re s t ing  e f f ec t s  have been observed. In 
pa r t i cu la r  new es sen t i a l ly  nonlinear e f fec t  of differen-  
t i a l  transparency react ion under pulsed e l e c t r i c  f i e l d  has 
been described recent ly  ,bu t i thas  no t  been explained nume- 
r i c a l l y  yet. For t h i s  purpose here we invest igate  ELC tran- 
sparency react ion t o  s inusoidal ly  a l te rna t ing  f i e l d  and 
simulate t h i s  react ion using simple phenomenological model 
qua l i t a t ive ly  described e a r l i e r  . 

2 

2 

EXPERIMENTAL FCESULTS 

Experimental measurements were done w i t h  15) m f i l m  of 
5CB l i qu id  c rys t a l  (ne=1.725, no=l .  533) encapsulated i n  
PVA (n=1.473). Film transparency was measured a t  A =0,63 m 
(He-Ne l a s e r )  w i t h  ca l ibra ted  photodiode as  l i g h t  detector.  
Obtained e l e c t r i c  s igna l  was reg is te red  with se lec t ive  
voltmeter and oscilloscope. ELC f i l m  was sandwiched between 
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glass  p l a t e s  coated with indium-tin oxides mixture, where 
ex terna l  a l t e r n a t i n g  f i e l d  of t h e  frequency f was app- 
l i e d .  

We observed c l e a r l y  threshold character  of transpa- 
rency modulation e f f e c t .  No reac t ion  was obtained for 
t h e  vol tages  below 30 V .  F ie ld  increase r e s u l t e d  i n  t h e  
transparency modulation at t h e  frequency 2f. The 4f 
Fourier component was reg is te red  as well. Only even har- 
monics were observed under s t r i c t l y  s inusoidal  f i e l d .  
Frequency dependences of t h e  f i r s t  and second harmonics 
amplitudes of t h e  o p t i c a l  s i g n a l  are  shown i n  the  Figures 
1 and 2, respect ively.  Both of them had well  defined ma- 
xima, t he  second harmonic has lower frequency. Plearly 
1 kHz e l e c t r i c  f i e l d  up t o  70% modulation of f i l m  t rans-  
parency can be e a s i l y  obtained with reasonably small non- 
l i n e a r  d i s t o r t i o n s .  Voltage increase r e s u l t e d  i n  nonli-  
n e a r i t y  growth, i .e.  growth of t h e  second harmonics am- 
p l i t u d e  as wel l  as t h e  constant (time independent) t rans-  
parency component. M a x i m u m  of 2f component frequency 
dependence s h i f t e d  higher and became f l a t .  It s a t u r a t e d  
at 200 V vol tages ,  where 4f component amplitude reached 
t h e  2f component order. It looked l i k e  e f f e c t i v e  energy 
transmission from t h e  f i r s t  (2f )  t o  t h e  second (4f )  har- 
monics (Fig.l,2). 

COMPUTER SIMULATION 

To descr ibe observed e f f e c t s  numerically l e t  usconsider  
i n  d e t a i l  a simple model2 of E L C  reac t ion  t o  applied elec- 
t r i c  f i e l d .  In f r e e  f i lm LC capsules a r e  randomly orien- 
t e d  and considerable differencesof ne and n r e s u l t e d  
i n  s t rong  l i g h t  s c a t t e r i n g  at  polymer-capsule boundaries. 
Low (prethreshold)  f i e l d  can’ t  r e o r i e n t  them, and going 
over threshold i n t e r n a l  f i e l d  Et LC capsules or ien t  
along applied f i e l d .  Therefore and due t o  n o Y n  l i g h t  
s c a t t e r i n g  drops considerably and f i l m  becomes near ly  
t ransparent .  Equilibrium transparency dependence on the  
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FIGURE 1 Frequency dependence 
harmonic amplitude. 
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FIGURE 2 Frequency dependence 
harmonic amplhitude . 
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i n t e r n a l  f i e l d  E can be roughly modelled as: 

where Ts - maximal ( sa tura ted)  transparency of t h e  f i l m ,  
d -  constant ,  determined by LC molecules anchoring a t  
the  capsules boundaries and t h e i r  i n t e r a c t i o n  with orien- 
t i n g  f i e l d  (LC d i e l e c t r i c  anisotropy) . Naturally,  anchor- 
ing  effeciency depends on t h e  droplet  s i z e .  

Under a l t e r n a t i n g  f i e l d  i n e r t i a l  e f f e c t s  are  t o  be 
taken i n t o  account, and time dependence of T i s  simula- 
t e d  by: 

dT TOO - T ,  
d t  r - =  

where T i s  t h e  LC r e l a x a t i o n  time. In te rna l  f i e l d  on the  
droplet  under considerat ion can be e a s i l y  ca lcu la ted  tak-  
ing i n t o  account d i e l e c t r i c  proper t ies  of polymer - i t s  
d i e l e c t r i c  r e l a x a t i o n  i n  p a r t i c u l a r :  

(3)  d.E E d  - E 
r- - =  

'P 
d t  

Here 'Z i s  t h e  polymer d i e l e c t r i c  re laxa t ion  time. So 
t h e  polymer r e l a x a t i o n  can decrease i n t e r n a l  f i e l d  below 

Et 
sical c h a r a c t e r i s t i c s  o f  t h e  ELC may be connected with 
experimental frequency dependences of 2f and 4f har- 
monics amplitudes. We performed a l l  these  ca lcu la t ions ,  and 
obtained = 1.1*10-3 s ,  = 1.5w10'2 s both f o r  2f 

P 
and 4f harmonics d a t a  f r o m  numerical ca lcu la t ions .  Agree- 
ment f a c t o r  R was decreased down 3% using standard opt i -  
mization procedure . So t h e  proposed simple model may be 
applied t o  simulate e l e c t r o o p t i c  proper t ies  of ELC f i l m s  
as well  as t o  determine the  c h a r a c t e r i s t i c s  of t h e i r  com- 
ponent s . 

P 

and destroy LC o r i e n t a t i o n  (provided 'Z 7c) .  So phy- 
P 

r- 

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

0:
55

 1
9 

Fe
br

ua
ry

 2
01

3 



ENCAPSULATED LC’S [589]/153 

REFERENCES 

1. Nuno A.Vax, G.Paul Mongomery, Jr., J,Appl.Phys. 6;! 

2. V.A.Zhuikov, V.P.Shabanov, G,M.Zharkova, V.M.Vladimi- 
( 8 ) ,  1987, p.p.3161-3172, 

rov, Mol.Cryst.Lia.Cryst. - t o  be published. 

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

0:
55

 1
9 

Fe
br

ua
ry

 2
01

3 




