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EFFECT OF SURFACE-INDUCED ANCHORING ON NLC
LIGHT SCATTERING CHARACTERISTICS

T.MARUSLY, Yu.REZNIKOV, V.RESHETNYAK,
M.SOSKIN, A.KHIGHNYAK
Inst.of Phys.Acad.of Sci.252650,Kiev,USSR

Abgtract The effect of gurface anchoring en-
ergy on NLC light scattering cross-section
and temperature dependence of anchoring pa-~
rameter are discusgsed.

INTRODUCTION

Study of the NLC-solid surface intersction is
important for the understanding of LC molecular
aligment mechanism and is stimulated by practi-
cal applications. LC devices' technical parame~
ters such ag’'relaxation time, information capa-
city, stability, depend on many characteristics
but the basic one is the NILC surface-induced ali-
gnment and anchoring energy in the vicinity of
the interface,

Many works have been devoted to the develo-
ping of the reliable method of anchoring energy
determination, The common feature of all tech-
niques is using of some externmal impact (mecha-
nical deformation1, surface defects creation2,
external electricB, or magnetic4 fields) in or-
der to force the NLC director to deviate from
its equilibrium value. Thus deformation of
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the NLC sample and new director distribution du-
ring anchoring measurements take place, that lo-
vyered the reliability of the values obtained, as
they may differ from those corresponding to equ-
ilibrium crystal.

ANCHORING AND SCATTERING

Recently it was shown that due to the long order
intermolecular forces, interaction between NLC
molecules and solid surface affects nematic di-
rector fluctuationsS. The spectrum of the fluc-
tuations depends on the boundary conditions which
are determined to gome extent by the value of
anchoring energy. Macroscopically this depen~
dence becomes apparent in low angle light scat-
tering on the nematic director fluctuations.

Theoretical investigations and experiment
performed clarify the dependence of the scatte-
ring cross section & on the value of the an-
choring energy5.

The differential cross section for unit vo-
Jume is6:

4= 72 A2 T (Lt 1,507 (Q)) (1)

where df, - director fluctuation amplitude,
Eo = ni—ng ~ dielectric constants anisotropy,

ng,n, - refraction indexes for the ordinary and

extraodinary waves, o« =1,2; (;*f"fingg - geome-~
try factor, i,f - polarization states for the

incident and scattered light; i =ie, f, =fe; ¢ -
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vectors of, coordinate system, perpendicular to
Z-axis, parallel to director, Q - scattering vec-
tor,lies in eZ-plane, f
I and i1 on Z-axes,

To obtain the spectrum n(Q) one constant ap-
proximation was used and the difference between
order parameter in the bulk and near interface
was neglected. Let ug consider the cell subsrate
is taken as Y-axes. The energy needed to torque
the director in substrate plane, Wi, and in pla-
ne perpendicular to it, Wy, may be gufficiently
different and so the elastic energy of the uni-~
form torque of the director with respect to the
cell "eagy axig" is

= (W e
P = (vfxnx

W ? i, - progection of

. 25 7
W 2.
+ yny)/
Full energy of the NLC layer:

pe (Kgdvﬁdiv _11)2 + (rot 3)2 +

(2)
S ds(W n? + W nz))/2,

where S1 and So = identically treated substrates.
The equlibrium director distribution in the bulk
and at the interface is obtained from the condi-
tion of minimum Ff. In particular, for small ne-
matic director fluctuatious the boundary condi-
tions are

W
divdn + _KLJHY =0, (3a)
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a{dn ) a(dny) +

X

Different signs correspond to two surfaces. The
procedure of solving (2) accounting (3) yields
the dependence of mode spectrum n(g) on the an-
choring energy W. Here q 1is & wave vector of
elagtic deformation mode of the director in the
cavity filled by NLC and formed by two cell sur-
facegs., If W —» oo the gpectrum is fully determi-
ned by cell thickness and is a set of equidis-
tant pogitions qym=7Tm/L, but the effect of fi-
nite anchoring, leads to the displacement of g~
values, wich depends on the value of anchoring.

The expression for the light-scattering croass
section with different states of polarization of
the incident and scattering light & (e-o0 scat-
tering) and the game one, & ce’ (e-e sgcattering)
enables us to calculate the relations between
scattering angle 6 and crosg-gsection & for dif-
ferent W (fig.1).

A fit of the experimental data and theoreti-
cal curves allowg to determine the anchoring ene-~
rgy for some NLC. In fig.1 the experimental po-
ints for NLC KBBA and two-component mixture of
athoxi-compounds (mixture A) are plotted, Cells
with unidirectional rubbing were used for both
NLC. Corresponding values of W are (5 % 2).107%
erg e 2 (MBBA), (5 * 4).10‘3erg cm™2 (mixture A)
As is obvious in fig.1 the difference in ancho-
ring energy sufficiently affects the scattering
intensity spectrum in the region of low scatte-
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FIGURE 2.
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ring intensity spectrum in the region of low
scattering angles. The effect is particularly
significant for e-e gcattering. To illustrate
the rezult we rewrite the simplified expression
for ¢ , valid for the week anchoring and small
scattering angleg:

2W
Seo™( 2 At gkaT%sZp )/(——f’i‘- +
e (4e)
l,

—7«-2- K{n.n_ 6 2 4 (An)z) s

o
deo=( 72 A% & Sy Tsin® (2p)) /(T +
(4b)
2
A% L2 2,
'4’—)-\—2' Kne e°).

The equatious show that the possibility to
notice the influence of the anchoring energy on
light scattering characteristics isg determined
the ratio between surface and volume energy (the
second term in the denominator of (4a,b))and
could be realised when their values are compa-
rable, go for small O . Simulteneously for scat-
tering angles the bulk energy is always larger
than in the cage of e-e scattering and is not
equal to zero even for 6 =0, Thus for all 6 the
anchoring affects the characteristics of e-e
gcattering much more than e-o scattering.
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ANCHORING AND TEMPERATURE

Recently it has been shown that anchoring ener-
gy depends on temperature4. But often there on-
ly exists & possibility to discuss temperature
dependence of the anchoring parameter § = WL/K
because elastic constants K also change with
temperature and in some cases this function is
not known. An attempt to observe the dependence
W(T) has been made for NLC MBBA on surfactant-
~treated surface4. It fellows from the data ob-
tained that in this case § was independent of
temperature, i.e. the same temperature dependen-
ce for the anchoring energy and elastic constant.
For NLC 5CB on the surface with obliquely eva-
porated Si0 the analysis of the relation between
valueg of saturated field and temperature in the
electric field-induced Freedericks transition
indicates that the value of § decreases when
temperature becomeSIOWerS. It means the more
sharp temperature dependenc¢e for anchoring en-
ergy than for elagtic constant.

During NLC light scattering experiments we
have obtained different temperature behavior of
the anchoring parameter. For the NLC MBBA and
5 CB, for example, the small angle scattering
intensity was unchanged when temperature increa-
sed (fig.2, curve 1). It means the abgense of
temperature dependence for § and so the same
low of changing of W(T) and K(T). For mixture A
at @ = const = 3,5 mrad temperature increaging

from T = 259C to Tyr-T = 4°¢ (fig.2, curve 2)
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reduced the gcattering intensity approximately
by a factor of 1,22. By fitting the theoretical
curve to the experimental results we could esti-
mate that it corresponds to 2,2 times increase
of the anchoring parameter. It means slower than
for the K(T) decreasing, almost invariability,
of W(T). Complicated behavior of the scattering
was obtained for seven-compound-mixture of al-
liloxicyanobiphenils (curve 3 at fig.2). At this
cage the comparigon with theory is difficult and
the dependence has to be examined more fully.
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