
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 10:56
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
Incorporating Nonlinear Optics
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl17

Encapsulated Liquid Crystal
Orientation and Optical Properties in a
Spherical Capsule
Galina M. Zharkova a , Svetlana V. Naumenko a , Sergei I.
Trashkeev a & Valentina M. Khachaturian a
a Institute of Theoretical and Applied Mechanics, Novosibirsk,
USSR
Version of record first published: 22 Sep 2006.

To cite this article: Galina M. Zharkova , Svetlana V. Naumenko , Sergei I. Trashkeev & Valentina
M. Khachaturian (1990): Encapsulated Liquid Crystal Orientation and Optical Properties in a
Spherical Capsule, Molecular Crystals and Liquid Crystals Incorporating Nonlinear Optics, 192:1,
143-147

To link to this article:  http://dx.doi.org/10.1080/00268949008035621

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/gmcl17
http://dx.doi.org/10.1080/00268949008035621
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mol.  Cryst. Liq. Cryst. 1990, Vol. 192, pp. 143-147 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1990 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

ENCAPSULATED LIQUID CRYSTAL ORIENTATION AND 
OPTICAL PROPERTIES IN A SPHERICAL CAPSULE 

GALINA M e  ZHARKOVA, SVETLANA V. NAUb'lEKKO, 
SERGE1 I. TRASHKEEV, VALENTINA M. KHACHATURIAN 
Institute of Theoretical and Applied Mechanics, 
Novosibirsk, USSR 

Abstract Both analytical and numerical solutions 
of LC equilibrium E q s  in a polymeric spherical ca- 
psule have been discussed. Experimental evidence 
supporting theoretical data are presented. 

INTRODUCTION 

The importance of films obtained by the use of low-mo- 
lecular liquid crystals (LC) encapsulated in a polyme- 
ric matrix has been growing. Long-term stability, l a r  
ge screen creation capability, relaxation properties 
improvements - all these are major advantages of such 
materials. When LC is introduced into hydrophobic poly- 
mers (polyvinil alcohol derivatives) spherical capsules 
are formed'. We have investigated experimentally and 
theoretically the LC orientation behaviour within a 
spherical capsule. 

THEORETICAL RESEARCH 

To obtain LC orientation arrangement in one spherical 
2 bulk the expression free energy density F was used . 

Omitting the external fields effect this expression is 
as fo l lows :  

( 1  1 F =z[ 4 K,(dwX)2+ K , ( $ * Z O t ~ - ( $ ) ' +  K, (E 2ot; )* } 
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where is the unit vector of the long axes orienta- 
tion molecule, i.e. director, KL is the Frank elastic 
constants, e I 2 K/ p + p is an undisturbed ChLC 
structure helical pitch. 

= Y  

X 

FIGURE 1 Molecular orientation at the capsule 
surface 

Vector ?-, in the following geometry (Pig. 1) can be 
represented as 

(2 1 * - 8  n=ezcos8 +iidsin8coscp +ZAsin8 S U Z ~ ,  

where the angles 8 and q depend on the three sphe- 
rical Coordinates: X j , d 

It is difficult to obtain analytical fbction of  
8 and ql on all the three coordinates, hence, a sim- 
ple approach t o  the spherically symmetric case was con- 
sidered, We have also supposed only one radial discli- 
nation to be present in the bulk, and the calculation 
was carried out far away from it. Having made the abo- 
ve allowances and skipping all intermediate operations, 
we present the eventual LC molecule equilibrium Eqs sy- 
stem in the spherical bulk 
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where R i s  the sphere r a d i u s ,  and the trrtt index de- 
notes different ia t ion over r. 

LC molecule dis t r ibut ion i n  the bulk i s  determin- 
ed by the Eq. ( 3 )  and by a present molecular orienta- 
t ion a t  the LC/polymer interface,  The surface orienta- 
t ion is  characterised by the angle between the direc- 
t o r  and the boundary plate  as well as by the anchoring 
energy 

For  the geometry adopted this  orientation can be 
planar ( 8 = 3T /2), homeothropic ( 8 P 0) and o b l i -  
que (04 8 LX /2). I n  addition, cases of  "strong ~ n -  
choring" and those of weak one are  distinguished. The 
analyt ical  solution o f  the system ( 3 )  f o r  a case when 
(04 8 X / 2 )  i s  cumbersome, therefore a numerical 
solution w a s  preferred. A par t icular  case of  8 = X / 2  
c o u l d  be solved a n s l y t l c a l l y .  Solutions for b o t h  strong 
and weak anchoring were obtained. 

entation i s  present, 8 I 
o f  strong anchoring ( 9, i s  present on the interfa- 
ce) 

If on the interface LC-polymer tangentional o r i -  
= R  = 3T /2 , then i n  the case 

v = % ( r - R ) + l P R '  

I n  the case of weak anchoring ( d q / d r  are present on 
the interface)  

If  the molecule orientation on the interface i s  arbi- 
t r a ry  i n  the sphere, it i s  determined as f o l l o w s :  
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C Y t =  (++F 9 8 = T / 2 .  

Thus, if the molecules on the sphere - ChLC inter- 
face are oriented tangentially, then depending on the 
anchoring nature, a cholesteric can torque either 
with a constant or variable helix pitch, If the tange- 
ntiality condition is not realized, a transition lay- 
er whose size is of the order of the helix pitch, 
start6 appearing next to the interface (Fig. 2). Hence, 
spheric capsule formation contributes to the tangenti- 

FIGURE 2 Radial dependences of azimuth angle 
(a) and helical pitch (b) for diffe- 
rent boundary conditions 

a1 orientation of the ChLC molecules inside the sphe- 
re 

EXPERDIENTAL DATA 

To verify the results obtained theoretically, the op- 
tical properties of the ChLC polymer system were stu- 
died experimentally. The degree of molecules ordering 
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inside the sphere was evaluated from the spectral pa= 
rameter of the orde2. The calculated spectral order 
being: for the ChLC planar texture between two plates 
P 0.92, for the polymer film = 0.75. The high value of 
the order spectral parameter confirms a close to tange- 
ntial ChLC orientation in spheric capsules. 

Orientational additives (Chromolan) introduced in- 
to the film composition lead to deformed transmission 
peaks. They become broad asymmetric, with the transmi- 
ssion intensity decreasing. These data testify to the 
weak anchoring of ChLC molecules with the capsule sur- 
face and to the presence of a transition layer on the 
ChLC - polymer interface. The ChLC - polymer anchoring 
being non-rigid, a change of the orientant nature che- 
mistry may lead t o  an arbitrary ChLC molecule orienta- 
tion on the inetrface, causing in turn the formation 
of helices of various pitches and, as a consequence, 
the existence of several selective fields inside the 

4 capsule 
Having discussed the ChLC optical properties in 

a polymer matrix, we came t o  the conclusion that a 
ChLC tangential texture characterised by the high se- 

lective reflection coefficient was realized in the cap- 
sules. 
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