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LIFSI-fITZ POINT IN PHASE DIAGRAMS OF CHOLESTERIC 
FILMS IN ELECTRIC FIELDS 

PETER SCHILLER 
S e l c t i o n  C h e m i e  d e r  M a r t i n - L u t h e  r - U n i v e r s i t a t  
4010-Halle, G. D. R, 

A b s t r a c t  A m a t h e m a t i c a l  p r o c e d u r e  f o r  l o c a t i n g  
L i f s h i t z  p o i n t s  i n  p h a s e  d ' u g r a m s  of f i e l d  i n d u c e d  
t r a n s i t i o n s  i n  c h o l e s t e r i c  f i l m s  i s  p r e s e n t e d .  

I NTROD UCTION 

cis wel l  known,  p l a n a r  c h o l e s t e r i c  f i l m s  c a n  e x h i b i t  
e i t h e r  a F r e e d e r i c k s z  t r a n s i t i o n  o r  a t r a n s i t i o n  t o  
a s t r i p e  t e x t u r e '  i n  e l e c t r i c  f i e l d s .  P e r i o d i c  
e q u i l i b r i u m  s t r u c t u r e s  a r e  a l s o  f o u n d  i n  n o n - t w i s t e d  
n e m a t i c  l a y e r s  w i t h  l a r g e  e l a s t i c  a n i s o t r o p y  . 
t i o n ,  n a m e l y  t h e  i n i t i a l  d i r e c t o r  c o n f i g u r a t i o n  ( I ) ,  

a h o m o g e n e o u s l y  d i s t o r t e d  s t a t e  (11) d u e  t o  a 
F r e e d e r i c k s z  t r a n s i t i o n  a n d  a m o d u l a t e d  p h a s e  (111). 

3 Recent ly ,  A l l e n d e r  c l a i m e d  , t h a t  t h e s e  t h r e e  p h a s e s  
meet a t  a L i f s h i t z  p o i n t  o f  a s u i t a b l J F  c o n s t r u c t e d  
p h a s e  d i a g r a m .  I n  t h i s  c o m m u n i c a t i o n  a m a t h e m a t i c a l  
p r o c e d u r e  f o r  o b t a i n i n g  t h e  p o s i t i o n  of L i f  s h i t z  
p o i n t  i s  p r e s e n t e d .  

- 

2 

Thus t h r e e  p h a s e s  h a v e  t o  b e  t a k e n  i n t o  c o n s i d e r a -  

F i g u r e  1 i l l u s t r a t e s  t h e  g e o m e t r y  o f  a p l a n a r  
c h o l e s t e r i c  f i l m .  T h e  d i r e c t o r  i s  f i x e d  a t  t h e  p l a t e  
s u r f a c e s  ( x  = 0 a n d  x = d )  a n d  t w i s t e d  b y  a n  a z i m u t h a l  
angles . Below t h e  t h r e s h o l d  v o l t a g e  o f  a n  i n s t a b i l i -  
t y  t h e  a n g l e  0, e n c l o s e d  b y  t h e  d i r e c t o r  a n d  t h e  
m i d - p l a n e  o f  t h e  f i l m  x = d / 2  i s  zero, 
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T h e  s t r i p e s  a r e  p e r p e n d i c u l a r  t o  t h e  wave vec tor  
q o f  t h e  p e r i o d i c  d i s t o r t i o n s .  q a n d  t h e  d i r e c t o r  a t  
t h e  l o w e r  p l a t e  enc lose  a d e f i n i t e  a n g l e  @. 

I 

FIGURE 1 Geometry o f  a c h o l o s t e r i c  l a y e r  

F o r  c o n v e n i e n c e  t h e  a b b r e v i a t i o n s  

a r e  i n t r o d u c e d .  Kll, 

d e f i n e d  i n  t h e  f r a m e - w o r k  o f  t h e  O s e e n - F r a n k  t h e o r y  

l e l  a n d  p e r p e n d i c u l a r  t o  t h e  d i r e c t o r ,  r e s p e c t i v e l y .  

a n d  K33 a r e  e l a s t i c  c o n s t a n t s  

€ 1 1  a n d  1, a r e  d i e l e c t r i c  c o n s t a n t s  m e a s u r e d  p a r a l -  
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CHOLESTERIC FILMS I N  ELECTRIC FIELDS [761]/325 

PHASE DIAGRAM WITH LIFSHITZ WINT 

L e t  u s  c h o o s e  t h e  a p p l i e d  v o l t a g e  U a n d  k2 as i n d e p e n -  

d e n t  v a r i a b l e s .  I f  a L i f s h i t z  p o i n t  L e x i s t s ,  a p h a s e  
d i a g r a m  shown i n  F i g u r e  2 c a n  b e  c o n s t r u c t e d .  

T h r e e  p h a s e s  c h a r a c t e r i z e d  by  

a n d  a m o d u l a t e d  o n e  

( 1 1 1 )  0, N c o s ( q y )  

meet a t  t h e  p o i n t  L. ( T h e  y - a x i s  i s  p a r a l l e l  t o  q i n  
F i g u r e  1.) 

K 

V ’  I 
I C 

FIGURE 2 P h a s e  d i a g r a m  w i t h  L i f s h i t z  p o i n t  L 

LOCATION OF THE LIFSHITZ POINT 

T h e  c r i t i c a l  v o l t a g e  a t  t h e  L i f s h i t z  p o i n t  i s  

1 + w 2 (k3 - 21< + 2Kp 

a n d  t h e  c r i t i c a l  v a l u e  I< o f  k2 i s  o b t a i n e d  by  a s i m p l e  
p r o c e d u r e .  

t i t y  
I n t r o d u c i n g  a n  i n t e g r a l  o p e r a t o r  I N  by  t h e  i d e n -  
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F ( x )  = I n  ( f ( x ) )  and G ( x )  = I n  ( g ( x ) )  

where  
f ( x )  = - '-I< s i n n c o s  x .- s i n  x , I< 
g ( x )  = c o s  CL s i n  x and  

R. = c d x + a e .  
Now a f u n c t i o n  D (x) i s  o b t a i n e d  by i n t e g r a t i o n  

dx s i n  x - ( l - K )  s i n  a j ~  dF 
D ( a e )  = -  "In I. 

0 

-( 1-21<+k3 + 2 K P )  W c o s R  F 

+ ( I <  s i n 2 Q  + 1c3 c o s 2 f i )  s i n  x 

- [l* w"( k3-21< * 2#p,] c o s Q G  ). 
L e t  a(%)  have  i t s  a b s o l u t e  minimum f o r % =  Xm. 
I f  3, o b e y s  

o o r  if a =  o 
I- 

2 
( n  i s  an i n t e g e r  number)  , 

t h e n  a L i f s h i t z  p o i n t  e x i s t s  a n d  I< is o b t a i n e d  by t h e  
e q u a t i o n  

F o r  example ,  i f  d =p = 0, w e  g e t  x,,, = 5t 2 and 
I< e0.303 i n  a c c o r d a n c e  w i t h  a r e s u l t  of  Lonberg  a n d  
Meye r . 

D(' ;3em; I < )  = 0 .  
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CHOLESTERIC FILMS I N  ELECTRIC FIELDS m y 3 2 7  

S e c o n d l y ,  l e t  u s  r e g a r d  a t w i s t e d  c h o l e s t e r i c  

, a n d  K s a t i s f i e s  t h e  e q u a t i o n  
f i l m  w i t h  o( = 180'. I n  t h i s  case a l s o  resul ts  

*, = 
4 K2 + 12 i<k3 + 8(1-I<) 2 - 3 ( k 3 - 1 t 2 1 < ~ )  2 

-2 B )2 3t %3 (7) ( I <  +1-21<+21< 3 
3 

+ ( 2 = " + 1 5  3 ) ( k3+1-21<+21< p )  I<Y = 0 .  

I t  s h o u l d  b e  r e m a r k e d ,  t h a t  a p r e v i o u s l y  o b t a i n e d  
f o r m u l a 5  f o r  I< r e f e r s  t o  a smal l  d i e l e c t r i c  a n i s o t r o p y  

(y<w* 
As seen i n  F i g u r e  2 a s t r i p e  t e x t u r e  occurs  i f  

I;, < I < ,  I n  t h e y p o s i t e  case  (k2) I < )  o n l y  t h e  
F r e e d e r i c k s z  t r a n s i t  i o n  t a k e s  p l a c e ,  
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