
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 13:08
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Electrically Controlled Light Scattering of
the Aerosil-Liquid Crystal System
G. Guba a , Yu. Reznikov a , N. Lopukhovich a , V. Ogenko a , V.
Reshetnyak a & O. Yaroshchuk a
a Institute of Physics, Ukrainian Academy of Sciences, Prospekt
Nauki 46, Kiev, 252650, Ukraine
Version of record first published: 24 Sep 2006.

To cite this article: G. Guba , Yu. Reznikov , N. Lopukhovich , V. Ogenko , V. Reshetnyak & O.
Yaroshchuk (1994): Electrically Controlled Light Scattering of the Aerosil-Liquid Crystal System,
Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals and
Liquid Crystals, 251:1, 303-309

To link to this article:  http://dx.doi.org/10.1080/10587259408027213

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259408027213
http://www.tandfonline.com/page/terms-and-conditions


Mol. Crysr. Liq. Crysr. 1994, Vol. 251, pp. 303-309 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1994 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

ELECTRICALLY CONTROLLED LIGHT SCATTERING OF THE 
AEROSI L- LIQUID CRYSTAL swrm 

G.GUBA, YU. REZMIKOV, M. LOPUKHOVICH, V-OGENKO, 
V. RESHETNYAK, 0. YAKDSHCHUK 
I n s t i t u t e  of Physics,  Ukrainian Academy of Sciences,  
Frospekt  Nauki 46, Kiev, 252650, Ukraine 

A b s t r a r t .  Op t i ca l  and e l e c t r a - o p t i c a l  c h a r a c t e r i s t i c s  
of a s i l i c a  suspension i n  a l i q u i d  c r y s t a l  were 
s tud ied .  Thei r  poss ib l e  a p p l i c a t i o n s  i n  d i f f e r e n t  
o l e c t r o - o p t i c a l  devices  a r e  anslyzed. 

I N T  KODUCTION 

Heterogeneous l i q u i d  c r y s t a l  (LCI systems form a new class  
of m a t e r i a l s  t h a t  a r e  i n t e n s i v e l y  s tudying l a s t  decade. 
Among them i t  should be noted such systems as  "LC-polymer 
matrix"1, " LC-pored glass"2,  and "polymer-LC matr ixn3.  They 
p resen t  a f a s c i n a t i n g  phys ica l  o b j e c t  w i t h  s t r o n g l y  
developed su r face  and a r e  a t t r a c t i v e  f o r  a lot of 
a p p l i c a t i o n s .  such systems a r e  p a r t i c u l a r l y  possess ing  a 
very  s t rong  e f f e c t  of e l e c t r o n i c a l l y  c o n t r o l l e d  l i g h t  
s c a t t e r i n g .  I t  g ives  the  oppor tuni ty  t o  develop new types  
of d i s p l a y s  and l i g h t  s h u t t e r s  which need not  p o l a r i z e r s  
and a l ign ing  technique.  

Authors4 provided i n v e s t i g a t i o n s  of a new such  system 
t h a t  was c a l l e d  " f i l l e d  nematics" (FN) -- d suspension of 
smal l  s i l i c a  p a r t i c l e s  i n  a nematic LC. These smal l  
p a r t i c l e s  l ead  t o  a network formation due t o  t h e  
i n t e r p a r t i c l e  i n t e r a c t l o n  and a mul t ip l e  d e f e c t  o r i g i n  what 
r e s u l t  i n  a s t rong  l i g h t  s c a t t e r i n g  i n  a n  i n i t i a l  s t a t e .  
The r e o r i e n t a t i o n ,  t sansformat ion  and disappearance of a 
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F i g . 1 .  Experimental set-up. 

f-500Hz 

f-20Hz 

u.v 
1 1 1 1 1 1  

10 20 30 

Fig.2. T ( U )  con t ra s t  vs 
voltage dependency. 
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Fig.3. Frequency dependency 
of the  constant  T-, 
varying T, and t o t a l  
T cell transparency. D
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ELECTRICALLY CONTROLLED LIGHT SCA'ITERING 305 

p a r t  of them under the  e l e c t r i c  f i e l d  ac t ion  a s  w e l l  a s  the  
t u r n  of LC molecules i n  non-defected a reas  along e l e c t r i c  
f i e l d  cause a s t rong  media enlightenment.  I t  was observed 
i n  an i r r e v e r s i b l e  decrease  of l i g h t  s c a t t e r i n g  i n  FN under 
applying of a low frequency e l e c t r i c  f i e l d  and analyzed 
d i f f e r e n t  ways of a system recovery t o  the  i n i t i a l  s t a t e .  
The aim of t h i s  work i s  an i n v e s t i g a t i o n  of o p t i c a l  and 
e l e c t r o - o p t i c a l  f e a t u r e s  of t he  s imilar  FN system, w h i c h  is 
d i f f e r e d  from the  descr ibed  above one by o the r  types of 
s i l i c a  p a r t i c l e s  and nematic matr ix  t h a t  r e s u l t s  i n  some 
s p e c i f i c  system c h a r a c t e r i s t i c s .  

SAMPLE PREPARATION AND EXPERIMENTAL SET-UP 

A nematic mixture of cyanobiphenyles and cyclohexan carbon 
acid e s t e r s  (LC-1289, I n s t i t u t e  of S ingle  Crys t a l s ,  
Kharkov, Ukraine) was used a s  LC matrix.  I t  possesses  a 
p o s i t i v e  d i e l e c t r i c  an iso t ropy  (As = 12) and h i g h  
b i r e f r i g e n c e  (An = 0 . 2 ) .  

A h ighly  d ispersed  pyrogenic s i l i c a  A-300 w i t h  
p a r t i c l e  dimension of 100-150 A was i n s e r t e d  i n t o  a matr ix .  
To exclude a p o s s i b i l i t y  of a chemical r e a c t i o n  of p a r t i c l e  
su r face  w i t h  LC molecules and t o  decrease t h e i r  aggregat ion 
and agglomeration toge the r  s i l i c a  w a s  t r e a t e d  w i t h  
octomethylcyclotetrasyloxane according t o  Ref erence5. 

Milk-white mixture of LC and a e r o s i l  was made by 
u l t r a s o n i c  s t i r r i n g  w i t h  optimized a e r o s i l  concent ra t ion  
about 2-4 weight percentage.  C e l l s  were assembled from 
20x30 mm I T 0  g l a s s  p l a t e s  w i t h  t e f l o n  s t r i p s  of 20 km 

th i ckness  between them. P l a t e s  were f i x e d  by epoxy 
adhesive.  

The experimental  se t -up  i s  depic ted  i n  F i g . 1 .  The 
beam of He-Ne l a s e r  passed through the c e l l  C and the 
diaphragm D. The diaphragm was viewed from the  c e l l  p l a t e  
w i t h  t he  angle  2 0 .  The photodiode PD-1 was placed behind 
the  diaphragm and measured the  i n t e n s i t y  I,,t 0.f." the 
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306 G. GUBA ET AL. 

transmitted beam. The photodiode PD-2 monitored the 
in tens i ty  I of a l a se r  beam. s ignals  from both photodiodes 
were displayed on the two-beam oscilloscope O m .  T h e  cell 
was placed i n  the temperature-controlled oven 0 w i t h  the 
0.1 OC accuracy. Alternative or  constant voltage was 
applied t o  the c e l l  from e l ec t r i ca l  signal generator V i n  
the oven 0 i n  order t o  change i t s  transmittance. 

EXPERIMENTAL RESULTS 

Temperature dependence of a system-transmittance. 
System transmittance T = IoUt/Iin*1008, (Iin and I,,t are 
i n p u t  and output beams' intensity,  respectively) as a 
function of a temperature was measured during a slow 
heating of the c e l l  i n  the thermostabillzed oven. Cell 
transmittance is  apparently temperature independent except 
o€ the narrow temperature region near the clearing point, 
where the scattering a b i l i t y  of the system dras t ica l ly  
increases, i . e . ,  a value T f a l l s  dawn. The c e l l  being i n  an 
isotropic  phase i s  to t a l ly  translucent (T II 100%) what 
t e s t i f i e s  tha t  the main contribution t o  the l i g h t  
scattering is  made by orientation defects of LC caused by 
small par t ic les ,  while the contribution from these 
par t ic les  themselves and the i r  assemblies are negligible. 

System l i g h t  transmittance against voltage and i ts  
frequency dependence. 
A system possesses a strong e lec t r ica l ly  control 
enlightenment e f fec t  that  is the system transmittance 13  

increased w i t h  the r i s e  of applied e l ec t r i c  f i e ld .  
The r e su l t s  f o r  the c e l l  v i t h  s i l i c a  w e i g h t  

concentration 0 = 26 are  presented i n  F ig .2 .  I t  is shown 
tha t  the essent ia l  r i s e  of a l i g h t  transmittance begins a t  
the achievement of some threshold value of applied f i e l d  
(Uth =(  5-8)V)  and the transmittance saturation is observed 
a t  the h i g h  voltage (Usat a~ (20-3O)V). 
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ELECTRICALLY CONTROLLED LIGHT SCATTERING 301 

A smal l  sp l a sh  of the  system t ransmi t tance  appeared 
sometimes under a smal l  appl ied  vo l t age  (do t t ed  c u r v e s ) .  I t  
could be explained a s  a formation of a new t e x t u r e  w i t h  a 
higher  t ransparency,  w h i c h  i s  destroyed w i t h  t h e  fo l lowing  
vo l t age  growth. 

The f a c t  t h a t  c e l l  t ransmi t tance  a r e  s a t u r a t e d  under 
the  va lue  of applying vol tage  of U = 20 V t e s t i f i e s  t h a t  
LC-director have been a l r eady  o r i en ted  p a r a l l e l  t o  the  
e l e c t r i c  f i e l d .  Under these  cond i t ions  e l e c t r i c  f i e l d  -- 
LC-molecules i n t e r a c t i o n  energy i s  comparable w i t h  LC 

e l a s t i c  energy, determined i n  terms of d i r e c t o r - p a r t i c l e  
su r face  anchoring energy W as: 

where np -- p a r t i c l e  concent ra t ion ,  sp -- a rea  of a one 
p a r t i c l e  su r face .  From the  experiment condi t ions  (np rj 

10l6 Sp = 1.2 cm2, E = lo4 V/cm2) we f i n d  t h a t  
a su r face  energy va lue  W % 2 srg/cm2. T h i s  va lue  i s  
i n  good agreement w i t h  a v a i l a b l e  data6.  

The parameters of enlightenment e f f e c t  a r e  s t r o n g l y  
depend on a f requency f of an appl ied  e l e c t r i c  f i e l d .  
i n f luence  of a r e l a t i v e l y  h i g h  f requency f i e l d  (f=(500- 
1000)Hz) r e s u l t s  i n  r e v e r s i b l e  c e l l  t ransmi t tance  changes 
( F i g . 2 a ) .  I n  t h e  case of a low frequency (f=(10-50)Hz) the 
i n f luence  of a n  e lec t r ic  f i e l d  caused the  s u f f i c i e n t  
i r r e v e r s i b l e  decrease  of t he  i n i t i a l  s c a t t e r i n g  and 
t ransmi t tance-vol tage  dependence demonstrates t he  
h y s t e r e s i s  behavior (F ig .2b) .  A s  t h i s  t akes  p lace  the  
fol lowing a c t i o n  of an e l e c t r i c  f i e l d  of any frequency does 
not  r e s u l t  i n  the  change of i n i t i a l  va lue  T(V=O). I n  t h i s  
sense we can speak about t h e  memory of the  system t o  the  
in f luence  of an e x t e r n a l  f i e l d  of low f requency.  
Overheating of the  c e l l  t o  t he  i s o t r o p i c  phase of LC d u r i n g  
1 5  - 20 min.  appeared t o  recover  a h i g h  s c a t t e r i n g  s t a t e  of 
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308 G.  GUBA ET AL. 

the  system*).  

The photodiode s igna l ,  w h i c h  i s  proport ional  t o  the 
i n t e n s i t y  I@&, cons i s t s  of a s  a permanent a s  a varying 
component. The va r i ab le  cons t i t uen t  of the  l i g h t  
t ransmit tance is s t rong ly  dependent on the  frequency of 
appl ied vol tage.  Measurements of a varying T- and a 
permanent T, component of the  t o t a l  value T = T, + T, were 
provided i n  a wide frequency band (f = 1 - 10000 Hz) t o  
i nves t iga t e  t h i s  dependency. The c e l l s  i n i t i a l l y  were 
exposed t o  the  inf luence  of a low frequency e l e c t r i c  f i e l d  
s o  the  i r r e v e r s i b l e  component did not ac t  an t h e  
experimental r e s u l t s .  The da ta  a re  shown on F i g . 3  (1 -- 
T,(f), 2 -- T - ( f ) ,  3 -- T ( f ) ) .  The value of T, i s  
asymptot ical ly  decreases  up t o  zero w i t h  an increasing 
vol tage  frequency while increasing T, makes the main 
cont r ibu t ion  t o  T. The l a t t e r  i s  not dependent upon applied 
voltage frequency and apparent ly  equals t o  t h a t  of a 
constant  vol tage inf luence.  

Transmittance k i  ne ti c s  . 
ll-shape vol tage pulses  were applied t o  the c e l l  t o  study 
l i g h t  t ransmit tance k ine t i c s .  Measured s w i t c h i n g  on and off 
times a r e  r e spec t ive ly  about some tens  and hundreds of 
mil l iseconds f o r  the  c e l l  thickness  about 20 pm. 

I t  should be mentioned t h a t  some s p e c i f i c  splashes  
were sometimes observed i n  the  beginning of the  c e l l  
switching-on and i n  the  end of the  switching-off processes. 
They a r e  analogous t o  t h a t  observed i n  a t ransmit tance vs 
voltage experiment. As they appeared under the  same 
vol tages  we can make a conclusion t h a t  they a r e  caused by a 
system s t r u c t u r e  t r a n s i t i o n .  

* )  For the  first time the s imi l a r  e f f e c t  was ovserved i n  
the  Reference4. I t  should be noted t h a t  on the  contrary t o  
our r e s u l t s  the  i r r e v e r s i b l e  regime was found f o r  
r e l a t i v e l y  h i g h  frequences (f 2 400 Ha). 
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ELECTRICALLY CONTROLLED LIGHT SCAlTERING 309 

CONCLUSIONS. 

The following f e a t u r e s  of the  system could be use fu l  t o  put  
i n t o  prac t ice :  

i ) Irreversible changes of light transmittance under 
the application of a low frequency field. I t  m i g h t  be used 
f o r  the  information s torage.  

ii) Abrupt a2 tera tions of the system transmittance 
during transition to an isotropic phase of LC. I t  could 
f i n d  an appl ica t ion  i n  a highly e f f i c i e n t  thermooptical  
l i g h t  s h u t t e r .  Working temperature i s  e a s i l y  s h i f t e d  by the  
choice of a l i q u i d  c r y s t a l l i n e  mater ia l .  

iii) Reversible alterations at high frequencies. This '  
phenomenon makes it poss ib le  a c rea t ion  of an e l ec t ro -  
o p t i c a l  l i g h t  s h u t t e r  based on FN and a development of a 
new type of heterogeneous medium for LC-displays. All 
working parameters of our c e l l s  (except con t r a s t  r a t i o )  a r e  
a t  l e a s t  not l e s s  then t h a t  of devices  based on polymer 
dispersed l i q u i d  c r y s t a l s l .  Ye have no doubts t h a t  f u r t h e r  
optimization of the  system parameters (e .  g . , l aye r  
thickness ,  s i l i c a  p a r t i c l e  concentration, t h e i r  s i z e  and 
surface t r e a t i n g ,  e t c . )  w i l l  r e s u l t  i n  a s t rong improvement 
of mentioned above f e a t u r e s .  
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