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TESTING M%THODS OF MEASUREMENTS OF L I Q U I D  CRYSTAL 
TO-SOLID SURFACE ANCHORING ENERGY 

OeLAVRENTOVICH, T.MARUSIY, YUeRESNIKOV, VeSERGAN 
1nst.of Phys.Acad.of Sci., 252650, Kiev, USSR 

Abstract Anchoring energy values were determined 

LC-cell for the pair NLC 5CB - silicon elastomer 
orienting surface coincided within the limits of 
exper l ruenta l  accuracy. 

using two testing methods in the aame 

Anisotropic intermolecular interaction at a l i q u i d  
crystal-non-liquid crystal interface moetly determines 
NLC uniform alignment. Anchoring induced by LC cell bo- 
unded surfaces is characterized by anchoring energy Wo 
and interaction potential Ws. These quantitative cha- 
racteristics of anchoring produce a decisive effect on 
LC devices operating parameters: threshold of orienta- 
tional' effects, relaxation times ets. The development 
of  reliable methods of the anchoring energy determina- 
tion is still urgent unresolved problem. A large body 
of data concerning measurement8 of Wo has been amassed 
over the past years, but the spread of Wo values measup 
red by the available method8 ia rather high even for the 
same NLC-surface pair.'Such a spread in values may be 
caused by technological inequivalence of cells or by the 
difference in techniques based on some external impact. 

It is interesting to measure the anchoring energy 
by two methods using the same LC cell. The development 
of testing methods, when LC layer is subjected only t o  
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the a l ign ing  ac t ion  of the  c e l l  subs t r a t e s ,  e s p e s i a l l y  
suits t he  s i t u a t i o n ,  Two t e s t i n g  methods were chosen: 
meaaurement of t he  topological-def e c t  parameters2 and 
the  r ecen t ly  proposed technique of  the  small-angle la-  
s e r  l i g h t  s c a t t e r i n g  on the  NLC d i r e c t o r  f luctuat ions3.  
U s i n g  these  two methods we determined the  value of  an- 
choring energy of 5CB on s i l i c o n  elastomer, which aligns 
t h i s  LC homeotropically i n  50ym t h i c k  c e l l .  

The s i l i c o n  elastomer C:CH3)~3SiO((CH3)2SiO),SI(CH~~~, 
n=2500) l a y e r  was prec ip i t a t ed  out o f  10% so lu t ion  of  
elastomer i n  to luol .  U t e r  t he  p r e c i p i t a t i o n  the  obtained 
100 nrn th i ck  l a y e r  waa drying  at 6 0 ' ~ .  Using both tech- 
niques,  the  anchoring energy corresponding t o  the direc- 
t o r  deviat ion from i ts  average pos i t i on  on the plane 
perpendicular  t o  t he  c e l l  substrates w a s  determined. I n  
the topological.-defect method one needs t o  measure the  
s teady-s ta te  w i d t h  D of domain walls, where the  d i r e c t o r  
twists about the axis p a r a l l e l  t o  t he  8UbStrEte*  Such a 
w i d t h  5s determined by the  equa l i ty  o f  t h e  e l a s t i c  and 
sur face  energy cont r ibu t ions  t o  the  energy balance. As- 
suming a uniform twis t ing  and using the surface porten- 
t i a l  V*wocos213, where 13 i s  the  angle between the  direc- 
t o r  and s u b s t r a t e  surface,  and minimizing the  sum of 
the e l a s t i c  and surface energy w i t h  respect  t o  D, one 
ob ta ins  the expression f o r  Wo: 

Here Srz is t he  t,wist e l a s t i c  constant ,  L is  the  c e l l  
thickness.  The measured value of D w a s  about 11 ,um,  
g22=4' l r ' l d y n e  f o r  5,CB, thus  Wo=( 2t1 ) *  1 0-3erg/cm2, 

It is well known that thermal f luc tua t ions  of  the  
d i r e c t o r  around i ts  equilibrium pos i t i on  give r i s e  t o  
an in t ense  s c a t t e r i n g  of  l i g h t .  The second t e s t i n g  me- 
thod of the anchoring energy determination i s  based 
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on the sufficient influence of anchoring on the long 
wavelength spectrum of nemathc director oTientat;ional 
fluctuations <lsn(P,wo)I 2> where is the scattering 
wave vector. Macroscopically thie dependence 8hOWB it- 
self in the NLC-cell light scattering characteristics, 
namely in the angular diatribution of the suattered 
light intensity in the region of small $.3 

Experimentally the influence of polar anchoring 
could be noticed, for example, in the scattering of ex- 
traordinary wave without changing of the state of po. 
larization (e-e scattering) in the region of very small 

scattering angles 8. Intense e-e scattering takes place 
in the optical geometry when the wave vectoa of the in- 
cident light makes an angle 
Bor this geometny, choosing the director t o  be parallel 
t o  the scattering plane, the expression for the scatte- 

+ +  

0 with the director. 

ring cross-section is: 3 

where A €  is the optical anisotsopg 6,- & o ,  d is the 
angle between E-vector of the inaident light and the 
director, d = 90' - 
n, is the amplitude of the splay-bend mode; its expli- 
cite form is presented in Ref. 3. 

solid surface pair one need8 to record the angular di- 
stribution of the scattered light relative intensity in 
the region of 8 s 3 - 115 mrad with high spatial resolu- 
tion, and fit the experimental data to a set  of theore- 
tical curves, calculated for different values of Wo. 
To achieve high spatial reaolution, laser source of 
light has t o  be used with divergence not higher than 
1 - 1,5 mrad and low power (10 - 15 mW), not t o  affect 

-b 

for the homeotropic alignment, 

To determine the anchoring energy value f o r  a LC- 
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t he  LC-layer. 
Experiments were performed employing Ar' o r  He-Ne 

TEBIoo l a s e r s ,  whose emission wavelengthes a r e  no t  ab- 
sorbed by NLC 5CB. Experimental s e t  up waa described 
i n  previous papers 3 9 4 Measurements were performed 
using the  same c e l l ,  f i l l e d  with 5CB, or ien ted  by si- 
l i c o n  elastomer l aye r ,  The obtained anchoring energy 
value coincide8 within the  l i m i t s  of experimental ac- 
curacy wi th  that measured by the  topological-defect 
method. This r e s u l t  shows the r e l i a b i l i t y  of these  two 
t e s t i n g  methods, which o f f e r s  an advantage t o  measure 
W,, not only i n  s p e c i a l l y  prepared sample but i n  com- 
mercial  c e l l s ,  
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