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DETERMINATION OF THE VOLTAIC POTENTIAL DIFFERENCE 

A V  - A NEW METHOD TO CHARACTERIZE L IQUID CRYSTAL 

LAYERS ON SOLID SUBSTRATES 

ARNO SEEBOTH AND GONTER KRETZSCHMAR 

Z e n t r a l i n s t i t u t  f u r  Organ ische Chemie, AdW DDR, 

B e r l i n ,  DDR 

A b s t r a c t  The d e t e r m i n a t i o n  o f  t h e  v o l t a i c  po ten -  
T i a l  d i f ' f e r e n c e  i s  a s u i t a b l e  method t o  c h a r a c t e -  
r i z e  t h e  phase t r a n s i t i o n  i n  a l i q u i d  c r y s t a l  
c omp o n en t . 

INTRODUCTION 

The AV g i v e s  ev idence  o f  t h e  change o f  t h e  d i p o l e  

momentu  , f o r  example i n  a l i q u i d  c r y s t a l  (LC) l a y e r .  

I n  t h e  s p e c i a l  case o f  LC t h e  p o t e n t i a l  jump, t o  be 

r e g i s t e r e d  by t h e  measur ing  arrangement  o f  t h e  v o l t a i c  

p o t e n t i a l  d i f f e r e n c e  bVS= 4 l T . n  . ,LI +Yo o f  t h e  

s u r f  ace ' I 2  and t h e  p o t e n t i a l  drop 

r e o r i e n t a t i o n  of t h e  LC mo lecu les  i n  t h e  t h i n  l a y e r .  

I n  t h e  absence o f  cha rge  (Y,=O) h o l d s :  

b ,  changed by  

nv = Avs f b (1) 

The v o l t a i c  p o t e n t i a l  d i f f e r e n c e  AV was de te rm ined  

u s i n g  t h e  i o n i z a t i o n  method w i t h  Am 241 as probe.  3,4 We 

i n v e s t i g a t e d  u n o r i e n t e d  as w e l l  as p l a n a r  and perpen-  

d i c u l a r  o r i e n t e d  LC l a y e r s  on semiconductor  s u r f a c e s .  

[5 151179 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

0:
55

 1
9 

Fe
br

ua
ry

 2
01

3 



800 161 A .  SEEBOTH AND G .  KRETZSCHMAR 

E XPE RIME NTAL 

A GaAs l,l,O s u r f a c e  was c o a t e d  a t  f i r s t  w i t h  an 

o r i e n t a t i o n  l a y e r  (OL) f o r  a p e r p e n d i c u l a r  I 
( p o l y e s t e r )  o r  a p l a n a r  1 1  ( p o l y a m i d e )  a r r a n g e m e n t  o f  

a n e m a t i c  l i q u i d  c r y s t a l .  5'6 T h i s  l o r  II o r i e n t a t i o n  

l a y e r  was c o a t e d  w i t h  a t h i n  f i l m  ( c a .  2 u m )  o f  MBBA. 

MBBA (I) and EBBA (11) were a l s o  s p r e a d  w i t h  a l a y e r  

t h i c k n e s s  o f  ca.  2 u m  o n  a c l e a n e d  GaAs s u r f a c e  

w i t h o u t  OL .  

7 

RESULTS AND D I S C U S S I O N  

The r e s u l t s  a r e  shown i n  T a b l e  I. When c o a t i n g  t h e  

GaAs s u r f a c e  w i t h  MBBA we o b s e r v e d  a v o l t a i c  p o t e n t i a l  

d i f f e r e n c e  AV o f  a b o u t  395 m V .  I n  case o f  an adequate  

EBBA c o a t i n g ,  nV was a b o u t  290 m V .  W i t h  a g i v e n  s o l i d  

s u b s t r a t e  ( G a A s )  and a r e l a t i v e l y  c o n s t a n t  LC l a y e r  we 

c o n s i d e r  t h e s e  v a l u e s  as s p e c i f i c  p a r a m e t e r s  f o r  MBBA 

and EBBA. 

The d e t e r m i n a t i o n  o f  t h e  v o l t a i c  p o t e n t i a l  d i f f e r e n c e  

i s  o f  i n t e r e s t  i n  dependence on t h e  t e m p e r a t u r e .  F o r  

t h e  GaAs s u r f a c e  w i t h  an MBBA l a y e r  t h e  v o l t a i c  

p o t e n t i a l  d i f f e r e n c e  changes e r r a t i c a l l y  at; 318 K w i t h  

a a V T  o f  a b o u t  115 m V  and, f o r  an EBBA l a y e r ,  a t  

353 K w i t h  a p V T  o f  a b o u t  75 mV.  
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TABLE I Measurement o f  t h e  v o l t a i c  p o t e n t i a l  
d i f f e r e n c e  AV between GaAs s u r f a c e 2  
and t h o s e  c o a t e d  w i t h  a t h i n  LC l a y e r  

GaAs+OL I MBBA 475 - 85 

GaAs+OL t i  MBBA 445 100 

GaAs MBBA 395 115 

GaAs E BBA 2 90 75 

O L L  = p e r p e n d i c u l a r  OL 
O S l /  = p l a n a r  OL 

*T 
AV = a V  i n  dependence on t e m p e r a t u r e  (AT =50 K )  

LC l a y e r  t h i c k n e s s  o f  c a .  2 U m  

We t h i n k  t h e  r e a s o n  f o r  t h e  v o l t a p o t e n t i a l  s t e p  i s  t h e  

t r a n s i t i o n  f r o m  t h e  n e m a t i c  phase i n t o  t h e  i s o t r o p i c  

phase i n  t h e  o r g a n i c  s u r f a c e  l a y e r .  T h i s  phase t r a n s i -  

t i o n  i s  c o n n e c t e d  w i t h  a change o f  t h e  d i p o l e  

o r i e n t a t i o n .  

The c l e a r i n g  p o i n t  f o r  MBBA i s  320 K and f o r  EBBA 3 5 3  K .  

The v o l t a i c  p o t e n t i a l  d i f f e r e n c e  a V  between t h e  OLI 

and t h e  MBBA c o a t i n g  o f  t h e  s u b s t r a t e  i s  a b o u t  475 m V .  

Between t h e  GaAs s u r f a c e  w i t h  an 0s I I  and t h o s e  

c o a t e d  w i t h  MBBA we o b s e r v e  a d i f f e r e n c e  AV o f  a b o u t  

445 rnV. I t  means t h a t  t h r o u g h  a homogeneous a r r a n g e m e n t  

o f  t h e  d i p o l e  i n  t h e  c o a t e d  LC l a y e r  t h e  AV d i f f e r e n c e  

i s  i n c r e a s e d .  The c o n t r a r y  d i r e c t i o n  o f  

+ 100 m V )  r e s u l t s  f r o m  t h e  d i v e r s e  s p a c i o u s  a r r a n g e m e n t  

o f  t h e  d i p o l e  u o f  t h e  LC m o l e c u l e s  b e f o r e  t h e i r  t r a n -  

s i t i o n  i n t o  t h e  i s o t r o p i c  phase.  

p V T  (-85 mV and 
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