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ELECTRIC FIELD INDUCED CHANGES I N  THE SELECTIVE 
REFLECTION BAND OF CHOLESTERIC LIQUID CRYSTALS 

I. FEDAK, R.D, PRINGLE and G.H. C U R T I S  
Department o f  E l e c t r i c a l  and E l e c t r o n i c  
Engineer ing,  Glasgow Co l l ege  o f  Technology, 
Cowcaddens Road, Glasgow. G 4  OBA. 

(Submi t ted f o r  p u b l i c a t i o n  14 August 19801 

ABSTRACT 

T h i s  paper p resen ts  obse rva t i ons  o f  t h e  f i e l d  induced 
changes i n  s e l e c t i v e  r e f l e c t i o n  f r o m  c e l l s  c o n t a i n i n g  
m i x t u r e s  o f  c h o l e c t e r i c  CB-15 i n  nematic E8. The 
c o n s i d e r a b l y  g r e a t e r  d i e l e c t r i c  a n i s o t r o p y  o f  t hese  
m a t e r i a l s  qver  any i n  which t h i s  e f f e c t  has p r e v i o u s l y  
been r e p o r t e d  p e r m i t s  s i g n i f i c a n t  c o l o u r  changes t o  be 
e f fec ted  w i t h  v o l t a g e s  N 1 0  V b e f o r e  t h e  onset  o f  t h e  
p l a n a r  t o  f o c a l  c o n i c  t r a n s i t i o n .  The obse rva t i ons  
a r e  d iscussed i n  r e l a t i o n  t o  r e c e n t  t h e o r e t i c a l  work 
on f i e l d  induced p i t c h  g r a d i e n t s  i n  c h o l e s t e r i c s .  

INTRODUCTION 

I t  was Fergason who, i n  1966, f i r s t  no ted  (1) t h a t  t h e  

c o l o u r  o f  l i g h t  r e f l e c t e d  f rom a c e l l  c o n t a i n i n g  c h o l e s t e r i c  

l i q u i d  c r y s t a l  c o u l d  be m o d i f i e d  by a p p l y i n g  an e l e c t r i c  

f i e l d  t o  t h e  c e l l .  The e f f e c t  was f u r t h e r  exp lo red  by 

Harper (2) ,  Oron and Labes ( 3 )  and Ger r i t sma  and van Zanten 

(4). W i thou t  except ion,  these au tho rs  used m a t e r i a l s  which 

have a l o w  d i e l e c t r i c  a n i s o t r o p y  and consequent ly  a l a r g e  

a p p l i e d  v o l t a g e  ( N 1 O D  V )  i s  needed t o  e f f e c t  t h e  c o l o u r  

change. T h i s  l i m i t s  t h e  use fu lness  o f  t h e  d e v i c e  i n  

p r a c t i c a l  a p p l i c a t i o n s .  The r e p o r t e d  s h i f t s  i n  t h e  c o l o u r  

o f  r e f l e c t i o n  towards t h e  b l u e  i m p l y  a r e d u c t i o n  i n  t h e  

h e l i c a l  p i t c h  o f  t h e  l i q u i d  c r y s t a l  b u t  few e x p l a n a t i o n s  

o f  t h i s  change have been given. Ger r i t sma  and van Zanten 
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70 

d i d  observe a s l i g h t  b l u e  s h i f t  ( 10  nm) i n  a 

c h o l e s t e r i c  m a t e r i a l ,  and l i n k e d  t h i s  t o  t h e  onset  o f  a 

p e r i o d i c  g r i d l i k e  de fo rma t ion  o c c u r r i n g  when a F i e l d  was 

a p p l i e d  (5) .  A r e c e n t  a p p l i c a t i o n  o f  cont inuum theory  ( 6 )  

has p r e d i c t e d  a f i e l d - i n d u c e d  p i t c h  g r a d i e n t  i n  a 

c h o l e s t e r i c  c e l l  which c o u l d  g i v e  a s h o r t e r  p i t c h  e i t h e r  i n  

t h e  s u r f a c e  r e g i o n s  o r  i n  t h e  c e n t r e  o f  t h e  c e l l  and t h i s  

may p r o v i d e  ah a l t e r n a t i v e  e x p l a n a t i o n  o f  t h e  f i e l d - i n d u c e d  

s h i f t  i n  t h e  s e l e c t i v e  r e f l e c t i o n  proper ty .  The o p t i c a l  

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

have a l s o  been c a l c u l a t e d  (7).  

I. FEDAK, R. D. PRINGLE, and G. H. CURTIS 

T h i s  paper p resen ts  r e s u l t s  ob ta ined  w i t h  c h o l e s t e r i c  

m i x t u r e s  based on t h e  cyanobiphenyl  m a t e r i a l s  which e x h i b i t  

a much l a r g e r  d i e l e c t r i c  a n i s o t r o p y  than  any compound used 

i n  t h e  r e f e r e n c e s  c i t e d  above. T h i s  p e r m i t s  a s i g n i f i c a n t  

c o l o u r  change t o  be achieved u s i n g  much lower  v o l t a g e s  

( d  10  V )  b e f o r e  t h e  onset  o f  t h e  p l a n a r  t o  f o c a l  c o n i c  

t r a n s i t i o n .  

EXPERIMENTAL TECHNIQUE AND RESULTS 

The c h o l e s t e r i c  m a t e r i a l  used was CE-15 (BDH L t d )  which 

was d i l u t e d  w i t h  E8 nematic ( a l s o  f r o m  BDH) t o  i n c r e a s e  i t s  

n a t u r a l  p i t c h  and extend i t s  c h o l e s t e r i c  range t o  normal 

temperature.  Two concen t ra t i ons ,  one o f  38.5% CB-15 

(red r e f 1 e c t i o n ) a n d  one o f  44% CB-15 (green r e f l e c t i o n )  

used. These m i x t u r e s  d i d  n o t  e x h i b i . t  any s i g n i f i c a n t  thermo 

chromism. The c e l l s  were c o n s t r u c t e d  from ind ium- t i n -ox ide -  

coated g l a s s  t r e a t e d  by t h e  rubbed PVA method ( 8 )  t o  produce 

s l i g h t l y  t i l t e d  homogeneous a l ignment  g i v i n g  a t r a n s p a r e n t  

Grandjean t e x t u r e  i n  t h e  l i q u i d  c r y s t a l .  The c e l l s  were 

c o n s t r u c t e d  u s i n g  Mylar  spacers (nomina l  t h i cknesses  o f  6, 

were 
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FIELD INDUCED CHANGES IN CHOLESTERICS 7 1 

12 a n d  25 m i c r o n s ) ,  s e a l e d  w i t h  epoxy on  two s i d e s  f o r  

m e c h a n i c a l  s t r e n g t h  a n d  f i l l e d  by c a p i l l a r y  a c t i o n .  

A Unicam SP-800 s p e c t r o p h o t o m e t e r  r e c o r d e d  t h e  t r a n s -  

- m i s s i o n  s p e c t r a  o f  t h e  c e l l s ,  w h i c h  i n  t h e  a b s e n c e  o f  

a b s o r p t i o n  by t h e  mater ia l  a r e  e q u i v a l e n t  t o  t h e  complement  

o f  t h e  r e f l e c t i o n  s p e c t r a  ( F i g ,  l a ) .  The  r e f l e c t i o n  e f f e c t s  

a t  h i g h e r  v o l t a g e s  were a c c o m p a n i e d  by t h e  g r o w t h  o f  r e g i o n s  

o f  o p t i c a l l y  s c a t t e r i n g  f o c a l  c o n i c  t e x t u r e .  The f a s t e s t  

s c a n  of  t h e  SP-800 o v e r  t h e  r e g i o n  o f  i n t e r e s t  p r o v e d  t o  be 

t o o  s l o w  t o  r e c o r d  t h e  i n i t i a l  o b s e r v e d  c o l o u r  c h a n g e  a t  

t h e s e  v o l t a g e s  b e f o r e  i t  became masked by t h e  G r a n d j e a n  t o  

f o c a l  c o n i c  p r o c e s s ,  a n d  t h e r e f o r e  manual  s c a n n i n g  was used .  

S u c c e s s i v e  s c a n s  o f  o n e  u n d i s t o r t e d  c e l l  g a v e  a d i f f e r e n c e  

i n  X of  l e s s  t h a n  2 nm., where  t h e  p e a k  w a v e l e n g t h  o f  

s e l e c t i v e  r e f l e c t i o n ,  is d e f i n e d  as t h e  m i d p o i n t  o f  t h e  l i n e  

j o i n i n g  p o i n t s  w h e r e  t h e  r e f l e c t i o n  c o e f f i c i e n t  is a t  h a l f  

i t s  maximum v a l u e .  F o r  t h e  m i x t u r e  u s e d  X = X = 650 nm 

@ed) a n d  540 nm green>,  

were c o n s t r u c t e d  f r o m  P o l a r o i d  140 nm - - wave p l a t e  and  

HN32 l i n e a r  P o l a r o i d  material a n d  p l a c e d  i n  t h e  s p e c t r o -  

p h o t o m e t e r  beam w i t h  t h e  a x i s  o f  l i n e a r  p o l a r i s a t i o n  

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

c e l l .  The v e r t i c a l  o r i e n t a t i o n  o f  t h e  l i n e a r  p o l a r i s e r  

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

p h o t o m e t e r  beam. The e l l i p t i c i t y  i n t r o d u c e d  by t h e  

r e t a r d a t i o n  p l a t e  a t  w a v e l e n g t h s  o t h e r  t h a n  560 nm c a u s e s  

s l i g h t  c h a n g e s  i n  band  s h a p s ,  which  are  e f f e c t i v e l y  

c a n c e l l e d  o u t  by t h e  s u b t r a c t i v e  p r o c e d u r e  o u t l i n e d  below. 

The m a i n  a d v a n t a g e ,  however ,  o f  c i r c u l a r  p o l a r i s e r s  is  t h e  

c h a n g e  i n  t r a n s m i s s i o n  w i t h  w a v e l e n g t h  as s e e n  i n  Fig.  l a .  

Whereas  t h e  p e a k  t r a n s m i s s i o n  i n  t h e  c i r c u l a r  d i c h r o i s m  

band is  50% u s i n g  u n p o l a r i s e d  l i g h t ,  t h i s  a p p r o a c h e s  zero 

P P’ 

P o 
C i r cu la r  p o l a r i s e r s  o f  o p p o s i t e  s e n s e  

1 
4 
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72 I. FEDAK, R. D. PRINGLE, and G. H. CURTIS 

when t h e  c o r r e c t  sense o f  c i r c u l a r  p o l a r i s e r  i s  i n s e r t e d .  As 

t h e  s c a t t e r e d  l i g h t  produced by t h e  d i s c l i n a t i o n  l i n e s  and by 

t h e  g rowth  o f  f o c a l  c o n i c  t e x t u r e  i s  l a r g e l y  unpn la r i sed ,  i t s  

e f f e c t  can be removed a lmos t  comp le te l y  by s e q u e n t i a l l y  

i n s e r t i n g  p o l a r i s e r s  o f  t h e  o p p o s i t e  sense and s u b t r a c t i n g  

t h e  r e s u l t i n g  absorbance spectra.  The e l e c t r i c  f i e l d  was 

s u p p l i e d  by a sinewave genera to r  o f  600 s1 o u t p u t  impedance, 

work ing a t  10 kHz t o  a v o i d  e lect ro-hydrodynamic e f f e c t s .  The 

v o l t a g e  a p p l i e d  t o  t h e  c e l l  was k e p t  cons tan t  w h i l e  t h e  

spectrum was recorded, and then  sw i t ched  o f f .  The n e x t  

s p e c t r a l  scan, a t  a h i g h e r  vo l tage ,  was n o t  taken u n t i l  

comparison o f  t h e  t r a n s m i t t a n c e  o f  t h e  ' o f f '  s t a t e  w i t h  t h a t  

at t h e  beg inn ing  o f  t h e  exper iment  (i.e., a t  zero f i e l d )  

showed t h e  c e l l  had f u l l y  recovered. A s e r i e s  o f  spect ra,  

a t  i n c r e a s i n g  vo l tage ,  was ob ta ined  f o r  one c e l l  w i t h  one o f  

t h e  c i r c u l a r  p o l a r i s e r s  i n  place. The procedure was then  

repea ted  f o r  t h e  same c e l l  and vo l tages ,  b u t  w i t h  t h e  

p o l a r i s e r  r e p l a c e d  by one o f  o p p o s i t e  sense. 

t h e  s p e c t r a  o b t a i n e d  i n  t h i s  way i s  shown i n  Fig.  Ib. 

The n a t u r e  o f  

From s u p e r i m p o s i t i o n  o f  t h e  two spect ra,  va lues  o f  

A ( 1 )  were o b t a i n e d  where: 

A(X)  = A RHCP (x) - ALHCP(X). 

ARHCp(X) i s  t h e  absorbance a t  one v a l u e  o f  wavelength 

reco rded  w i t h  t h e  RHCP p o l a r i s e r  enhancing t h e  change i n  

t r a n s m i s s i o n  and A (1) i s  t h e  absorbance a t  t h e  same 

wavelength w i t h  t h e  LH c i r c u l a r  p o l a r i s e r  i n  place. A 

s e r i e s  o f  v a l u e s  o f  

a p p l i e d  f i e l d  v a l u e  and c e l l .  

LHCP 

A(X) was d e r i v e d  i n  t h i s  way f o r  each 

Ths A(x) values were c a l c u l a t e d  as f o l l o w s :  

Six t r a n s m i s s i o n  c o e f f i c i e n t s  " f i ( X )  were d e f i n e d  ( O Q . 4 )  

thus:  
1 
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FIELD INDUCED CHANGES IN CHOLESTERICS 73 

T (1) = t r a n s m i s s i o n  o f  RH c i r c u l a r  p o l a r i s e r  

T ( A )  = t r a n s m i s s i o n  o f  LH c i r c u l a r  p o l a r i s e r  

T ( A )  = t r a n s m i s s i o n  o f  c e l l  t o  RHCP l i g h t  

T (1) = t r a n s m i s s i o n  o f  c e l l  t o  LHCP l i g h t  

T (1) = t r a n s m i s s i o n  o f  c e l l  and RHCP 

T (1) = t r a n s m i s s i o n  o f  c e l l  and LHCP 

I t  was assumed t h a t  t h e  p r o p e r t i e s  o f  t h e  RH and LH c i r c u l a r  

p o l a r i s e r s  were s i m i l a r  and t h e r e f o r e  t h a t  TI(%) = T 2  (A) .  

Absorp t i on  was n e g l e c t e d  and hence T (X) was assumed t o  be 

u n i t y .  

Thus: T5 (X)  = T,,(X) T g ( h )  

1 

2 

3 

4 
5 

6 

4 

T 6 ( X )  = T2(X)  T4(X)  = T2(X)  = Tl(h). 

The r e f l e c t i o n  c o e f f i c i e n t  R(X) f o r  each v a l u e  o f  h was 

found f rom 

R(X)  = 1 - log,,,, Tg(h) .  

R e f l e c t i o n  c o e f f i c i e n t s  were c a l c u l a t e d  f o r  a l l  wavelengths 

a t  10  nm i n t e r v a l s ,  and r e f l e c t i o n  s p e c t r a  were drawn, 

and t h e  l i n e w i d t h s  A x  ( d e f i n e d  as t h e  w i d t h  o f  t h e  

r e f l e c t i o n  band a t  h a l f  t h e  maximum r e f l e c t i o n  i n t e n s i t y )  

were o b t a i n e d  from each c e l l  and v a l u e  of  a p p l i e d  f i e l d .  

P 

Graphs o f  a g a i n s t  a p p l i e d  e l e c t r i c  f i e l d  w e r e  drawn 
P 

f o r  each c e l l  t h i c k n e s s  and c h o l e s t e r i c  c o n c e n t r a t i o n  s t u d i e d  

and f r o m  these t h e  average cu rve  shown i n  Fig. 2 was d e r i v e d  

i n  each case. 

D I S C U S S I O N  

A l l  t h e  r e s u l t s  show an i n i t i a l  s h i f t  of  peak wave- 

l e n g t h  ( p)  o f  s e l e c t i v e  r e f l e c t i o n  t o  s h o r t e r  wavelengths 
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74 I. FEDAK, R. D. PRINGLE, and G. H. CURTIS 

w i t h  a p p l i e d  f i e l d .  For s m a l l  increments o f  v o l t a g e  above 

t h e  c e l l  t h r e s h o l d  v o l t a g e  t h i s  decrease i n  wavelength 

appears t o  be approx ima te l y  l i n e a r .  The l i n e w i d t h  behaviour  

i s  shown i n  Fig. 3. The i n i t i a l  i n c r e a s e  wi th  f i e l d  l a t e r  

becoming a decrease i s  c o n s i s t e n t  w i t h  t h e  broad p r e d i c t i o n  

o f  r e f  6. I n  t h e  case o f  t h e  25 micron c e l l s  i t  was found 

t h a t  t h e  onset  o f  t h e  Grandjean t o  f o c a l  c o n i c  t r a n s i t i o n  

o c c u r r e d b e f o r e  t h e  r e g i o n  o f  decreas ing l i n e w i d t h  was 

reached. Threshold v o l t a g e s  were ob ta ined  f rom graphs o f  

X a g a i n s t  a p p l i e d  v o l t a g e s  by e x t r a p o l a t i o n  t o  . The 
P 

t r e n d  i n  V was found t o  be p r o p o r t i o n a l  t o  c e l l  t h i c k n e s s  

( 9 )  a l though  some d e v i a t i o n  was observed i n  t h e  t h i n n e s t  

c e l l s  used where s u r f a c e  e f f e c t s  can a l t e r  t h e  b u l k  

behaviour  o f  t h e  m a t e r i a l .  

T 

A p r a c t i c a l  e s t i m a t e  of  t h e  change i n  band wavelength 

due t o  env i ronmen ta l  causes can be ob ta ined  from t h e  zero  

f i e l d  va lues  o f  h i n  d i f f e r e n t  c e l l s  o f  t h e  same m a t e r i a l .  

These shou ld  g i v e  a lmost  i d e n t i c a l  X va lues i n  t h e  absence 

o f  i m p u r i t y  or temperature e f f e c t s  (10). I n  p r a c t i c e  t h e  

P 

P 

h va lues  v a r i e d  by less t h a n  4 nm f o r  c e l l s  c o n t a i n i n g  t h e  
P 

same mixture.  The upper l i m i t  o f  a p p l i e d  v o l t a g e s  was s e t  

by t h e  magnitude of  t h e  Grandjean t o  f o c a l  c o n i c  t e x t u r e  

change d u r i n g  one scan time. However, d i s t o r t i o n  i n  t h e  

graphs of  r e f l e c t i o n  c o e f f i c i e n t  a g a i n s t  wavelength was 

a l r e a d y  apparent  i n  most cases where t h e  maximum c o e f f i c i e n t  

( a t  X ) was below 70% o f  i t s  v a l u e  a t  X 0. 
Grandjean t e x t u r e  produces an e s s e n t i a l l y  symmet r i ca l  

r e f l e c t i o n  band (II), t h i s  e f f e c t  p o i n t s  t o  a severe 

d i s t o r t i o n  of t h e  s t r u c t u r e .  All o f  t h e  above r e s u l t s  were 

f o r  f i e l d s  a t  which t h e  r e f l e c t i o n  c o e f f i c i e n t  a t  1 was a t  

l e a s t  7W/, o f  i t s  v a l u e  a t  

S ince t h e  
P 

P 
lo. 
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FIELD INDUCED CHANGES IN CHOLESTERICS 75 

The r e s u l t s  presented h e r e  appear t o  be i n  agreement 

w i t h  t h e  t h e o r e t i c a l  work o f  Tough, Shanks and Fedak (6).  

The decrease i n  peak r e f l e c t i o n  wavelength w i t h  a p p l i e d  

f i e l d  suggests t h a t  t h e  p i t c h  i n  t h e  c h o l e s t e r i c s  may be 

reduced a t  t h e  edges o f  t h e  c e l l  c o n s i s t e n t  w i th  a tendency 

f o r  t h e  p i t c h  t o  be "unwound" near t h e  c e n t r e  by t h e  a c t i o n  

o f  t h e  a p p l i e d  f i e l d .  I t  i s  c l e a r  f rom t h e  t h e o r e t i c a l  

work t h a t  t h e  r e l a t i v e  magnitudes o f  t w o  e l a s t i c  cons tan ts  

(KZ2 and K X 3 )  s u b s t a n t i a l l y  determine t h e  n a t u r e  and e x t e n t  

o f  t h e  observed c o l o u r  change. E f f o r t  i s  c u r r e n t l y  b e i n g  

d i r e c t e d  t o  t h e  measurement o f  e l a s t i c  cons tan ts  o f  

p o t e n t i a l l y  s u i t a b l e  m a t e r i a l s  w i t h  t h e  aim o f  ex tend ing  t h e  

range o f  t h e  c o l o u r  change b e f o r e  t h e  onset  o f  t h e  Grandjean 

t o  f o c a l  c o n i c  t r a n s i t i o n .  

The a u t h o r s  a r e  p leased t o  acknowledge t h e  a s s i s t a n c e  

o f  Dr.  1.4. Shanks and O r .  R.J.A. Tough o f  t h e  Royal  S i g n a l s  

and Radar Establ ishment ,  Malvern i n  sugges t ing  and 

encouraging t h e  above work. 
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%T(%Rl 

77 

FIGbRE 1 Transmission and ref lect ion by a '.left h a n d e d  cholestefic 

Absorbarce 

FIGURE 1 b Typical experimental observatlon 0' t h e  retlectlcn 
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FIGURE 2 a  Graph of hok against applied field 4 4% CB-15 in E 8 
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F I G U R E  2 b  Graph of hpk against applied field : 3 8 . 5  VO 
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130 - 

120 - 

E in V g - ’  
I 

0 0 5  1 .o 1 5  2 0  

F I G U R E  3a Examples of linewidth changes wvrtfl cppited f’eld 
( 4 4 %  mixture 1 

E in V p-’ 

0.5 1 .o 1 5  2 . 0  

F I G U R E  3 b  Examples of linewidth changes w l t h  applied field 

( 38.5 % mixture  1 
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