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ENCAPSULATED LIQUID CRYSTAL ORIENTATION AND
OPTICAL PROFPERTIES IN A SPHERICAL CAPSULE

GALINA M. ZHARKOVA, SVETLANA V., NAUMENKO,
SERGEI I. TRASHKEEV, VALENTINA M. KHACHATURIAN
Institute of Theoretical and Applied Mechanics,
Novogibirsk, USSR

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

INTRODUCTION

The importance of films obtained by the use of low-mo-
lecular liquid crystals (ILC) encapsulated in a polyme-
ric matrix has been growing. Long-term stebility, lar-
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 formed1. We have investigated experimentally and
theoretically the ILC orientation behaviour within a
spherical capsule.

THEORETICAL RESEARCH

To obtain IC orientation arrangement in one spherical
bulk the expression <free energy density P was used 2.
Omitting the extermal fields effect this expression is
as follows:

P K, (At K, (2ot g ok, (xeotil)” (1)
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where n 1is the unit vector of the long axes orienta-
tion molecule, i.e. director, K; is the PFrank elastic
constants, ¢ =27T/p, P is an undisturbed ChLC
structure helical pitch.
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FIGURE 1 Molecular orientation at the capsule
surface

Vector R in the following geometry (Pig. 1) can be
represented as

fL=8,c058 +&,sin B cosy +€, 35in 6 siny, (2)

where the angles 8 and ¢ depend on the three sphe-
rical coordinates: %2 , I K o
It is difficult to obtain analytical function of

® and ¢ on all the three coordinates, hence, a sim-
ple approach to 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 Egs sy-
stem in the spherical bulk
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T L [2g9,-Keg 5] =0 ; 04 < R,

where R 1is the sphere radius, and the "r" index de-
notes differentiation over r.

LC molecule distribution in the bulk is determin-
ed by the Eq. (3) end by a present molecular orienta-
tion at the ILC/polymer interface. The surface orienta-
tion is characterised by the angle between the direc-
tor and the boundary plate as well as by the anchoring
energy.

For the geometry adopted this orientation can be
planar ( © = 9 /2), homeothropic ( & = 0) and obli-
que (0< @ <X /2). In addition, cases of "strong an-
choring” and those of weak one are distinguished. The
analytical solution of the system (3) for a case when
(04 8 « 5T /2) is cumbersome, therefore a numerical
solution was preferred. A particular case of 8 =F/2
could be solved analytically. Solutions for both strong
and weak anchoring were obtained,

If on the interface LC-polymer tangentional ori-
entation is present, 9‘|1=R_=-m'/2 , then in the case
of strong enchoring ( LPR is present on the interfa-
ce)

P =g (t-RO*Q,.

In the case of weak anchoring (d¢/dr are present on
the interface)

2
¢ - qt+ R (a,z—ano.

If the molecule orientation on the interface is arbi-
trary in the sphere, it is determined as follows:
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c
@=4r . e=7/2.

Thus, if the molecules on the sphere - ChLC inter-
face are oriented tangentially, then depending on the
anchoring nature, & cholesteric can torgue 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,
starts appearing next to the interface (Fig. 2). Hence,
spheric capsule formation contributes to the tangenti~-
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FIGURE 2 Radial dependences of azimuth angle
(a) and helical pitch (b) for diffe-
rent boundary conditions

al orientation of the ChIC molecules inside the sphe-
re.

EXPERIMENTAL 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 orderB. The calculated spectiral order
being: for the ChIC planar texture between two plates
= 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 e transition layer on the
ChLC ~ polymer interface. The ChLC - polymer anchoring
being non-rigid, a change of the orientant nature che-
mistry may lead to an arxbitrary ChLC molecule orienta-
tion on the inetrface, causing in turm the formation
of helices of various pitches and, as a consequence,
the existence of several selective fields inside the
capsule4.
Having discussed the ChLC optical properties in
a polymer matrix, we came to 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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