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EFFECT OF SURFACEINDUCED ANCHORING ON NLC 
LIGHT SCATTERING CHARACTERISTICS 

T . W U S I Y ,  Yu.REZNIKOTT, V,RESHETNyAK, 

1nst.of Phys,Acad,of Sci,252650,Kiev,USSR 
BIIeSOSKIN, AeKHIGKNYAK 

Abstract The e f f e c t  of surface anchoring en- 
esgy on NLC l i g h t  s ca t t e r ing  cross-section 
and temperature dependence of anchoring pa- 
rameter a r e  discussed, 

INTRODUCTION 

Study of t h e  NZC-solid surface in t e rac t ion  is 
important f o r  t he  understanding of LC molecular 
aligment mechanism and i s  stimulated by prac t i -  
c a l  appl icat ions,  LC devices' technical parame- 
t e r s  such as' re laxat ion time, information capa- 
c i t y ,  s t a b i l i t y ,  depend on many cha rac t e r i s t l c s  
but the  basic one i s  the  ELC surface-induced ali- 
gnment ma anchoring energy in the v i c i n i t y  of 
t h e  in te r face .  

Many works have been devoted t o  the develo- 
ping of the  r e l i a b l e  method of anchoring energy 
determination. The common fea tu re  of a l l  tech- 
niques i s  using o f  some external  impact (mecha- 

1 2 n i c a l  deformation , surface defects  c rea t ion  , 

der  t o  force  the KGC d i rec to r  t o  deviate  from 
i ts  equilibrium value. Thus deformation of  

external  e l e c t r i c  3 , o r  magnetic' f i e l d s )  i n  or-  
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T. MARUSlY n al. 496 

the KLC sample and new director distribution du- 
ring anchoring measurements take place, that l o -  
vered the reliability of the values obtained, as 
they may differ from those corresponding to equ- 
ilibrium crystal. 

AXCKORING AND SCATTBRING 

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

performed clarify the dependence of  the scatte- 
ring cross  section G on the value of  the an- 

5 

Theoretical investigations and experiment 

choring energy 5 . 
lume is6: 

The differential cross section for unit vo- 

where && 

€a = ne-no - dielectric constants anisotropy, 
ne,no - refraction indexes for the ordinary and 
extraodinary waves, OL =I ,2; (igft,+il,fd) - geome- 
try factor, i,f - polarization states f o r  the 
incident and scattered light; i&=&, f,=fe; - 

- director fluctuation amplitude, 
2 2  
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ANCHORING AN NLC LIGHT SCATTERING 497 

vectors  of .coordinate  system, perpendicular t o  
Z - a x i s ,  p a r a l l e l  t o  d i r ec to r ,  CJ - sca t t e r ing  vec- 
t o r , l i e s  i n  eZ-plane, f,, , i,, - progection of 
- f and & on Z-axes. 

proximation was used and the difference between 
order  parameter i n  the  bulk a d  near in t e r f ace  
was neglected. Let us consider the c e l l  subsrate  
i s  taken as Y-axes. The energy needed t o  torque 
the  d i r ec to r  i n  subs t ra te  plane, WX, and i n  pla- 
ne perpendicular t.0 i t ,  181 may be s u f f i c i e n t l y  
d i f fe ren t  and s o  the e l a s t i c  energy o f  the  mi- 
form torque of the d i r ec to r  with respect t o  the 
c e l l  "easy axis" i s  

To obtain the spectmunG(Q) one constant ap- 

Y' 

Ful l  energy of the NLC layer :  

Pf= CK {dvldiv n)* + ( r o t  2 + 

where s ,  and s2 - i den t i ca l ly  t r ea t ed  substrates.  
The equlibrium d i r ec to r  d i s t r ibu t ion  i n  the  bulk 
and at the in t e r f ace  i s  obtained from the  condi- 
t i o n  of  minimum Ff.  I n  pa r t i cu la r ,  f o r  small ne- 
matic d i r ec to r  f luc tua t ious  the  boundary condi- 
t i o n s  are 

w 
divd'n 5 -$-Jny = 0 ,  
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498 T. MARUSIY el d. 

Different s igns  correspond t o  two surfaces.  The 
procedure of solving (2 )  accounting ( 3 )  y ie lds  
the  dependence of mode spectrum n(q> on the  an- 
choring energy W. Here q i s  a w v e  vector  of 
e l a s t i c  deformation mode of the  d i r ec to r  i n  the  
cavi ty  f i l l e d  by NLC and formed by two c e l l  sur- 
faces .  I f  W 3- the  spectrum i s  f u l l y  determi- 
ned by c e l l  thickness and i s  a se t 'o f  equidis- 
t a n t  posi t ions q -Rmm/L, but the e f f e c t  o f  f i -  
n i t e  anchoring, leads t o  the  displacement of q- 
values, &ich depends on the  value of anchoring. 

The expression for the  l i gh t - sca t t e r ing  cross  
sec t ion  with d i f f e ren t  s t a t e s  of po lar iza t ion  of 
the  incident and sca t t e r ing  l igh t  G eo (e-o scat-  
t e r ing )  and the  same one, CL ee, (e-e sca t t e r ing )  
enables us  t o  ca lcu la te  the  r e l a t ions  between 
sca t t e r ing  angle 8 and cross-section d f o r  dig- 
fe ren t  W ( f ig .1) .  

c a l  curves a l l o w s  t o  deterniine the anchoring ene- 
rgy f o r  some NLC. I n  fig.1 the experimental po- 
i n t s  f o r  NLC NBBA and two-component mixture of 
athoxi-compounds (mixture A)  a r e  p lo t ted .  Cel ls  
with m i d i r e c t i o n a l  rubbing were used f o r  both 

4 NLC.  Corresponding values of W a r e  (5  & 21.10- 

erg 
A s  i s  obvious i n  f ig .1  the difference i n  ancho- 
r ing  energy s u f f i c i e n t l y  a f f e c t s  the sca t t e r ing  
i n t e n s i t y  spectrum i n  the region of  low sca t te -  

;ym- 

A f i t  o f  the experimental data  and theore t i -  

(MBBA), ( 5  2 4). 1 0 - 3 , ~ ~  cmw2 (mixture A )  
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ANCHORING AN NLC LIGHT SCATTERING 499 

I' 
- 2  

- 3  

4 

I I I I 

2 4 6 8  
SCAT. ANGLE, mrad. 

FIGURE 1. 1 - W = W O - ~  erg/cm2, 2 -10m4,3 -5*10'$ 
4 -5.10'~. 

FIGURE 2. 
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500 T. MARUSIY et aJ 

ring intensity spectrum in the region of low 
scattering mgles. The effect is particularly 
significant f o r  e-e scattering. To illustrate 
the rezult we rewrite the simplified expression 
for d , valid for the week anchoring and small 
scattering angles: 

*( ,-2 A? € zvkgTCos 2 j3 j / ( ~  2wx + 

6 eo 
* 

The equatious show that the possibility to 
notice the influence of the anchoring energy on 
light scattering characteristics is determined 
the ratio between surface and volume energy (the 
second term in the denominator of (48,b))and 
could be realised when their values are compa- 
rable, so f o r  s m a l l  6 . Simultaneously for scut- 
terine; angles the bulk energy is always larger 
than in the case of e-e scattering and is not 
equal t o  zero even f o r  8 =O. Thus for all 6 the 
anchoring affects the characteristics of e-e 
scattering much more than e-o scattering. 
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ANCHORING AN NLC LIGHT SCATTERING 50 1 

ANCHORING AND 'l'EI!WERATURE 

Recently i t  has been shovm that  anchoring ener- 
gy depends on temperature4. But often the re  on- 
l y  e x i s t s  a p o s s i b i l i t y  t o  discuss temperature 
dependence of the anchoring parameter f = WL/K 
because e l a s t i c  constants K a l s o  change with 
temperature and i n  some cases this funct ion i s  
not known. An attempt t o  observe the dependence 
W(T) has been made f o r  NLC UBBA on s u r f a c t a t -  
- t rea ted  surface . It follows from the  da t a  ob- 
ta ined tha t  i n  this case < w a s  independent of 
temperature, i . e .  the  same temperature dependen- 
ce f o r  the anchoring energy and e l a s t i c  constant. 
For bZC 5CB on the surface with obliquely eva- 
porated S i O  the ana lys i s  of  the  r e l a t ion  between 
values of sa tura ted  f i e l d  and temperature i n  the  
e l e c t r i c  field-induced Freedericks t r a n s i t i o n  
ind ica tes  t ha t  the  value of  5 decreases when 
temperature becomeslower . It means the more 
s h a r p  temperature dependence f o r  anchoring en- 
ergy than for e l a s t i c  constant. 

During NLC l i g h t  watt er ing experiments we 
have obtained d i f f e ren t  temperature behavior of 
the  anchoring parameter. For the  NLC bBBA and 
5 CB, f o r  example, the small angle sca t t e r ing  
i n t e n s i t y  w a s  unchanged when temperature increa- 
sed (f ig .2 ,  curve 1). It means the absense o f  
temperature dependence f o r  f, and s o  the  same 
low of  changing of  W ( T )  and K ( T ) .  For  mixture A 
a t  8 = const = 3,5 mad temperature increasing 
from IC = 25'~ t o  T ~ ~ - T  = ~ O C  (fig.2, curve 2) 

4 

5 
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502 T. MARUSIY et 01. 

reduced the sca t t e r ing  i n t e n s i t y  approximately 
by a f a c t o r  of 1,22. By f i t t i n g  the  t h e o r e t i c a l  
curve t o  the  experimental r e s u l t s  wecouldes t i -  
mate t h a t  i t  corresponds t o  2 , 2  times increase  
o f  the anchoring p a r m e t e r .  It means slower than 
f o r  the K ( T )  decreasing, a lmos t  i n v a r i a b i l i t y ,  
o f  W ( T ) ,  Complicated behavior of the  s c a t t e r i n g  
w a s  obtained f o r  seven-compound-mixture of al- 
l i loxicyanobipheni ls  (curve 3 at f ig .2) .  A t  t h i s  
case the comparison with theory i s  d i f f i c u l t  and 
the dependence has t o  be examined more f u l l y .  
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