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ORDER PARAMETERS OF GUEST-HOST SYSTEYS 

J .  ALTSCHUH, E. WEILAND, J . V .  KOSACK, H .  SCHULZE, 
A. STRAUSS, ?I. KAPPUS, P. KAU, and H. -G.  KUBALL 
F a c h b e r e i c h  Chemie d e r  U n i v e r s i t a t  K a i s e r s l a u t e r n ,  
D-6750 K a i s e r s l a u t e r n ,  Germany 

A b s t r a c t  For  a g u e s t - h o s t  s v s t e m  t h e  r e l a t i v e  o r d e r  
p a r a m e t e r s  of  t h e  g u e s t  and t h e  h o s t  are  de termined  f o r  
one  and t h e  same samDle from t h e  c i r c u l a r  d i c h r o i s m  o r  
t h e  UV a b s o r p t i o n  s p e c t r a  and t h e  o p t i c a l  r o t a t o r y  d i s -  
p e r s i o n ,  r e s p e c t i v e l y .  While t h e  h o s t  i s  a compensated 
n e m a t i c  p h a s e  ( c h o l e s t e r y l  c h l o r i d e / c h o l e s t e r y l  l a u r a -  
t e ) ,  s e v e r a l  o p t i c a l l y  a c t i v e  4-en-3-one s t e r o i d s  ser- 
v e  as g u e s t s .  I t  h a s  been  shown t h a t  t h e  o r d e r  of  t h e  
h o s t  v a r i e s  w i t h  d i f f e r e n t  g u e s t s  and t h a t  s e q u e n c e s  
of  i n c r e a s i n g  o r d e r  f o r  t h e  g u e s t  and f o r  t h e  h o s t  i n  
p r e s e n c e  o f  t h e  d i s t i n c t  g u e s t s  do n o t  c o i n c i d e .  

1STKODUCTION 

Gues t -hos t  s y s t e m s  have  a s t r o n g  b e a r i n g  on t h e  a p p l i c a t i o n  

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

i n v e s t i g a t i o n s  on t h e  o r d e r  p a r a m e t e r s  are o f  c e n t r a l  i n t e -  

res t .  Whereas t h e  d e t e r m i n a t i o n  of t h e  o r d e r  p a r a m e t e r  of 

t h e  g u e s t  molecule  - u s u a l l y  a dye- i s  e x t e n s i v e l y  d e s c r i b e d  

i n  l i t e r a t u r e 2 ,  knowledge on t h e  h o s t  o r d e r  p a r a m e t e r  o r  on 

g u e s t  and h o s t  i s  found o n l y  r a r e l y  . 

1 

3 

In t h i s  p a p e r  w e  d e s c r i b e  t h e  d e t e r m i n a t i o n  of  o r d e r  

p a r a m e t e r s  
4 

( r e l a t i v e  o r d e r  p a r a m e t e r s )  f o r  one and t h e  same s o l u t i o n  . 
The h o s t  used  i s  a compensated n e m a t i c  p h a s e  c o n s i s t i n g  of 

c h o l e s t e r y l  c h l o r i d e  and c h o l e s t e r y l  l a u r a t e  (CC/CL; 1.8:l  

by w e i g h t )  o r i e n t e d  by a d c  e l e c t r i c  f i e l d  ( 2 . 1 0  V / m > .  A 

of  t h e  g u e s t  and t h e  h o s t  r e l a t i v e  t o  a s t a n d a r d  

6 

32 I 
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322 J .  ALTSCHUH er ol 

number o f  o p t i c a l l y  a c t i v e  4-en-3-one s t e r o i d s  d i f f e r e n t l y  

s u b s t i t u t e d  i n  t h e  IIa- and 17[<-pos i t ion  s e r v e  as g u e s t s  

( f i g .  1 ) .  The o r d e r  p a r a m e t e r s  of  t h e  g u e s t  are  e v a l u a t e d  

R ‘  R 2  
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FIGURE 1 .  The g u e s t  m o l e c u l e s  
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f rom t h e  UV a b s o r p t i o n  o r  c i r c u l a r  d i c h r o i s m  (ACD) spectra  

i n  t h e  s p e c t r a l  r e g i o n  of t h e  n-71 t r a n s i t i o n  of  t h e  enone 

chromophore.  From t h e  i n t r i n s i c  o p t i c a l  r o t a t o r y  d i s p e r s i o n  

(AORD) o f  t h e  m a t r i x  m o l e c u l e s  CC and CL t h e  o r d e r  p a r a m e t e r s  
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ORDER OF PARAMETERS OF GUEST-HOST SYSTEMS 323 

5 of the  h o s t  can  be c a l c u l a t e d  . 

T H E O R E T I C A L  BACKGROUND AND R E S U L T S  

From measurements o f  t h e  ACD ( A E  ), AORD ([#I) o r  UV soec- 

t r a  (~6)') of an a n i s o t r o p i c  sample t h e  c a l c u l a t i o n  of o r i e n -  

t a t i o n a l  d i s t r i b u t i o n  c o e f f i c i e n t s  gpjkl o r  the o r d e r  para- 

me te r s  p and q is p o s s i b l e  acco rd ing  t o  e q .  ( 1 )  t o  ( 3 )  

i f  t h e  molecular  q u a n t i t y  X .  i s  known. 

A 

4-6 

1.j 

YBB = yg = gYjsaxij (B=I,z; no summation) ( 7-7' 

X.. 3 A E  M . .  and E are t h e  t e n s o r s  of t h e  CD, ORD and 

t h e  UV a b s o r p t i o n ,  r e s p e c t i v e l y ,  f ( B , y )  i s  t h e  o r i e n t a t i o n a l  

d i s t r i b u t i o n  f u n c t i o n  f o r  a u n i a x i a l  system, where t h e  o p t i -  

c a l  a x i s  i s  chosen p a r a l l e l  t o  t h e  space- f ixed  x ' - ax i s .  a 3 i j  
a r e  the  e lements  of  t h e  t r a n s f o r m a t i o n  m a t r i x  from t h e  space- 

( x i ' )  t o  t he  molecule- f ixed  (x.) c o o r d i n a t e  sys tem and 6, y 

+)  For AcA and [I%] t h e  p o l a r i z e d  l i g h t  beam propagates  pa- 

r a l l e l  t o  t h e  o p t i c a l  a x i s  wh i l e  f o r  E and c t h e  l i g h t  

beam i s  p o l a r i z e d  p a r a l l e l  and p e r p e n d i c u l a r  t o  t h e  OF- 

t i c a l  a x i s ,  r e s p e c t i v e l y .  

1 J  i j '  ij i j  

1 2 

++) We use  t h e  index  n o t a t i o n  f o r  v e c t o r s  and t e n s o r s .  

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

3:
16

 2
0 

Fe
br

ua
ry

 2
01

3 



324 J .  ALTSCHUH er al. 

are  E u l e r i a n  a n g l e s .  
)(. F o r  t h e  a n a l y s e d  n-T t r a n s i t i o n  of  t h e  m o l e c u l e s  s t u -  

d i e d  t h e  t e n s o r  X. i s  n o t  a v a i l a b l e  i n  a s a t i s f a c t o r y  way. 

We t h e r e f o r e  c o n f i n e  o u r s e l v e s  t o  t h e  c a l c u l a t i o n  o f  re la t i -  

ve  o r d e r  p a r a m e t e r s  d e f i n e d  by e q s .  ( 4 )  t o  ( 6 )  u s i n g  3 as t h e  

r e f e r e n c e .  For  t h e  g u e s t  f o l l o w s  

l j  

( AcA - QE. ) .  
1so 1 

( - A E  ) ’ is0 2 
r (i,ACD) = - G -  

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

A €  [M. 1 ,  and E.  are  t h e  C D ,  ORD, and a b s o r p t i o n  o f  

t h e  i s o t r o p i c  s o l u t i o n  (T-80 C ) ,  r e s p e c t i v e l y .  R i s  t h e  de- 
i s o ’  is0 1so  

0 

G, rH and r / r  which g r e e  o f  a n i s o t r o p y .  The r e s u l t s  f o r  r 

a r e  mean v a l u e s  f rom measurements a t  d i f f e r e n t  wavelengths  

a re  shown i n  f i g .  2 .  r (i,ACD) and r (i,UV) a g r e e  w i t h i n  t h e  

e x p e r i m e n t a l  e r r o r  and t h e r e f o r e  t h e  mean v a l u e  i s  u s e d .  

r ( i ) / r  ( i) i s  a s c a l e  f o r  t h e  g u e s t  o r d e r  w i t h  r e s p e c t  t o  

a c o n s t a n t  o r d e r  o f  t h e  m a t r i x .  

G H  

G -  G -  

G -  H -  

From e q s .  ( 1 )  and (3)  r e s u l t s :  

( P  + Qd; 
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326 J. ALTSCHUH ef ~ l .  

The n u m e r i c a l  v a l u e s  o f  p and q depend on t h e  c h o i c e  o f  t h e  

m o l e c u l e - f i x e d  c o o r d i n a t e  s y s t e m .  The l a r g e s t  v a l u e  o f  p re- 

s u l t s  i f  g? i s  g i v e n  i n  i t s  s y s t e m  o f  p r i n c i p a l  a x e s  ( i n -  i j d 3  
i n  which X i s  n o t  n e c e s s a r i l y  d i c a t e d  by p , TI* ) 7 ' 8  ' 

d i a g o n a l .  F o r  any o t h e r  c o o r d i n a t e  s y s t e m  11, and r( c a n  b e  ex- 

p r e s s e d  by a l i n e a r  c o m b i n a t i o n  o f  p = Ap + B q  and q = 

A ' p  + B'q where A , B ,  A ' ,  and B' are  f u n c t i o n s  o f  t h e  e l e -  

ments  a . . .  From t h i s  p o i n t  o f  view t h e  r e l a t i v e  o r d e r  p a r a -  

meter o f  e q .  ( 7 )  c a n  be  i n t e r p r e t e d  as 

i j  

Q ,* 
* -2 

I J  

r = ii  I p 3  ( 9  1 
- - 

w i t h  a " p s e u d o " - o r i e n t a t i o n  a x i s  which  i s  now a f u n c t i o n  o f  

t h e  s p e c t r o s c o p i c  c o n s t a n t  Q a n d ,  t h e r e f o r e ,  depends on  t h e  

method u s e d .  

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

t h a t  t h i s  " p s e u d o " - o r i e n t a t i o n  a x i s  i s  i n d e p e n d e n t  o f  t h e  

t y p e  of  t h e  m o l e c u l e .  For  r t h i s  i s  o b v i o u s  b e c a u s e  t h e  in-  

v e s t i g a t e d  m o l e c u l e s  are C C  and CL i n  all c a s e s .  S i n c e  t h e  

CD and UV s p e c t r o s c o p y  used depends  a t  f i r s  on the p r o p e r -  
4 t i e s  o f  t h e  enone chromophore which i s  equa f o r  1 t o  fl 

t h i s  a s s u m p t i o n  s h o u l d  b e  f u l f i l l e d  f o r  t h e  g u e s t ,  t o o .  

H 

DISCUSSION 

The r e l a t i v e  o r d e r  p a r a m e t e r  r ( i )  o f  t h e  g u e s t  m o l e c u l e s  

s t r o n g l y  changes  w i t h  a n  a l t e r a t i o n  i n  t h e  m o l e c u l a r  s t r u c -  

t u r e  of  t h e  g u e s t s .  1 . e .  s m a l l  v a r i a t i o n  o f  t h e  s u b s t i t u e n t s  

in I In-  o r  17K-pos i t ion  c a u s e s  l a r g e  d i f f e r e n c e s  i n  t h e  o r d e r  

p a r a m e t e r .  F u r t h e r m o r e  t h e  o r d e r  p a r a m e t e r s  o f  t h e  h o s t  va- 

r ies  w i t h  t h e  s t r u c t u r e  o f  t h e  g u e s t  d i s s o l v e d  i n  C C / C L .  In 

view o f  t h e  t h e o r y  o f  Sackmann e t  a l .  r (i) and r ( i ) / r  ( i )  

G -  

G -  G -  H -  
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ORDER OF PARAMETERS OF GUEST-HOST SYSTEMS 327 

( f i g .  2 )  are p r o p o r t i o n a l  t o  t h e  a n i s o t r o p y  o f  t h e  p o l a r i z n -  

b i l i t y ,  a c o n d i t i o n  which  i s  f u l f i l l e d  f o r  most o f  t h e  com- 

pounds a n a l y s e d  h e r e .  Because o f  c o n f o r m a t i o n a l  m o b i l i t y  t h i s  

c a n n o t  be  proven  e a s i l y  f o r  a l l  compounds _1_ t o  x. But - 8 

d e v i a t e s  u n e q u i v o c a l l y  f rom t h i s  p r o p o r t i o n a l i t y  which  may 

have  i t s  o r i g i n  i n  a hydrogen  bonding .  

A s  shown i n  f i g .  2 t h e  s e q u e n c e s  o f  o r d e r  r G ( g ) ,  r G ( i ) /  

r ( i ) ,  and r ( i )  do n o t  c o i n c i d e  as a f u n c t i o n  o f  L. For  some 

s y s t e m s  ( those w i t h  1 and 8, e . g . ) a  h i g h  o r d e r  o f  t h e  g u e s t  

m o l e c u l e  i s  c o n n e c t e d  w i t h  a low o r d e r  of  t h e  m a t r i x  and 

v i c e  v e r c a  (10, e . g . ) .  But i n  g e n e r a l  t h e r e  i s  no propor-  

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

f o r  t h e  o r d e r i n g  o f  t h e  g u e s t  are  d i f f e r e n t  f rom t h o s e  which 

d e t e r m i n e  t h e  a l t e r a t i o n  o f  t h e  h o s t  o r d e r  by i n c o r n o r a t i o n  

o f  t h e  g u e s t .  

H -  H -  
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