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ORIENTATIONAL DISTRIBUTION COEFFICIENTS OF GUEST- 
HOST SYSTEMS DETERMINED BY DIFFERENT METHODS 

H.-D. SCHWABEN, R .  WEILAND, V .  DOLLE, P .  KAU, 
A. STRAUSS, J .  ALTSCHUH, H.-G. KUBALL 
FB Chemie d e r  U n i v e r s i t Z 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 

and 

A .  SCHGNHOFER 
TU B e r l i n ,  D-1000 B e r l i n ,  Germany 

A b s t r a c t  Order  pa rame te r s  de te rmined  by d i f f e r e n t  
s p e c t r o s c o p i c  methods a r e  no t  i d e n t i c a l  because  they  
r e f e r  t o  d i f f e r e n t  "pseudo" o r i e n t a t i o n  axes  i f  a n  
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 = f  ( 4 , ~ )  h o l d s .  
The a n g l e s  between t h e s e  axes  and those  r e f e r r i n g  t o  
t h e  sys tem of p r i n c i p a l  axes  of  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  c o e f f i c i e n t s  gT.33 are de termined  by t h e  
molecular  p r o p e r t i e s  owing t a  t h e  s p e c t r o s c o p i c  method 
used .  This  i s  shown by an  a n a l y s i s  of t h e  f requency  
and tempera ture  dependence of  a r e l a t i v e  o r d e r  para-  
meter  f o r  t e s t o s t e r o n e  p r o p i o n a t e  i n  c h o l e s t e r y l  ch lo-  
r i d e / c h o l e s t e r y l  l a u r a t e  measured w i t h  u l t r a v i o l e t  
a b s o r p t i o n  (UV) and c i r c u l a r  d i ch ro i sm (ACD) a s  a n  
example. 

For  t h e  u l t r a v i o l e t  a b s o r p t i o n  (UV) and t h e  c i r c u l a r  d i -  

chro ism (ACD) of a n i s o t r o u i c  samples t h e  measurable quan t i -  

t y  K B  can  be d e s c r i b e d  by 

Y =  ( 6 = 1,2 o r  3; no summation) (17) ' i j a 6  'ij 

The molecu la r  n r o p e r t i e s  f o r  UV and ACD a r e  g iven  by 

+)We use  h e r e  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 .  

34 1 

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:
15

 2
0 

Fe
br

ua
ry

 2
01

3 



342 H.-D. SCHWABEN er al. 

X i j  = E . .  and A E ; ~ ,  r e s p e c t i v e l y .  a r e  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  c o e f f i c i e n t s ,  de f ined  f o r  a u n i a x i a l  
1 3  % j k l  

system by 

0 I g i j k l  = ~1 f (  B , y ) aikajlsinB dBdy. 

a a r e  t h e  e lements  of  t h e  t r ans fo rma t ion  m a t r i x  from the  

space- f ixed  (x:) t o  t h e  molecule-fixed (xi) c o o r d i n a t e  

system. f ( B ,  y )  r e o r e s e n t 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  which t h e  a x i s  xi i s  chosen p a r a l l e l  t o  t h e  

o p t i c a l  a x i s  ( i n d i c a t e d  by symbol i n  gyjk l  ) . O  and y a r e  

t h e  E u l e r i a n  ang le s .  gyjkl i s  a t e n s o r  of second rank wi th  

r e s p e c t  t o  t h e  f i r s t  two i n d i c e s  which r e f e r  t o  a t r a n s f o r -  

i j  

mation of t h e  molecule-fixed coord ina te  system. q j u 0  and 

X i j  can be d i agona l i zed  because they  a r e  symmetric t e n s o r s .  

But, i n  gene ra l ,  the  p r i n c i p a l  axes  of go 

d i f f e r e n t ,  because t h e  behaviour  of X i s  determined by 

t h e  type  o f  t h e  molecules on ly ,  wh i l e  go dewends on t h e  

molecular  p r o p e r t i e s  on t h e  type  of o r i e n t i n g  f o r c e s  o r  

mechanisms. I f  t h e  t e n s o r  X i j  i s  known t h e  go 

determined from independent measurements of 

ponding t o  i t s  number of unknowns. Then t h e  g2jkl can be 

desc r ibed  wi th  r e s p e c t  t o  any coord ina te  system by t h e  

t ram format i o n  

and X .  . a r e  
ijBB 11 

i j  

ijBB 

can be 

Y s q )  cor re s -  
i jRE 

0 -0 
= a .  a g i j k l  i r  j s  g r s k l  ( 3 )  

if t h e  molecule-fixed c o o r d i n a t e  system is transformed by 

x. = a x I n  most methods f o r  t h e  de t e rmina t ion  of t h e  

t h e  molecular  t e n s o r  X i s  unknown. In  these  c a s e s  g i j B a  i j  
X i j  has  t o  be  determined i n  one and the  same experiment a s  

t h e  o rde r  parameters  which a r e  de f ined  by 

- 
1 i j  j. 
o 
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ORIENTATIONAL DISTRIBUTION COEFFICIENTS 343 

Then t h e s e  o r d e r  parameters  r e f e r  t o  the  c o o r d i n a t e  system 

of t h e  X i j  and o r d e r  parameters  measured wi th  d i f f e r e n t  me- 

thods UV and ACD, e . g . ,  may be d i f f e r e n t  i n  t h e i r  magnitude. 

For a s imple  c a s e  t h i s  may be demonstrated e a s i l y :  There a r e  

two p r o p e r t i e s  X 

are d i f f e r e n t  from zero  i n  the  c o o r d i n a t e  systems x. and X 
r e s p e c t i v e l y .  The o r d e r  parameters  p(q)  a r e  then  g i t e n  by 

- (2) 
33 - ( 2 )  f o r  which on ly  X:;) and X ( 1 )  

i j  and 'ij 
i' 

Y j q )  may be an  a b s o r p t i o n  of l i n e a r l y  p o l a r i z e d  l i g h t  w i th  

a d i r e c t i o n  of p o l a r i s a t i o n  p a r a l l e l  to t h e  o p t i c a l  a x i s  

( o r  a c i r c u l a r  d ichro ism measurement w i t h  a l i g h t  beam 

p ropaga t ing  o a r a l l e l  to  t h e  o p t i c a l  a x i s  ( A E  *) '. I f  t h e r e  

i s  an ang le  of  p 

parameters  a r e  connected by 

between x3 and x3 t h e  eva lua ted  o r d e r  

o ( l ) a n d  4") a r e  d i f f e r e n t  because  they  r e f e r  t o  d i f f e r e n t  

axes  which a r e  determined by the  p r o p e r t i e s  o f  X.'?'. The 

c o o r d i n a t e  axes  x3 o r  x3 may b e  c a l l e d  "approximate o r i e n t a -  

t i o n  axes".  "Approximate" because t h e  behaviour  of X('), i . e .  

on ly  X::)# 0 i n  t h i s  s p e c i a l  c a s e  omi ts  t h e  e x i s t e n c e  of 

- 1.1 

i j  

(eq.  ( 1  I ) ) .  
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344 H.-D. SCHWABEN et al. 

r 

2 .c 

1.k 

11 

With t h i s  s i m D l e  spec t roscou ic  examyle i t  i s  e a s i l y  

seen t h a t  d i f f e r e n t  methods y i e l d  d i f f e r e n t  values  of p .  For 

and f o r  the t e s t o s t e r o n e  propionate  the  t enso r s  E 

n - - t r a n s i t i o n  a r e  more complicated.  Therefore,  t he  ex- 

p l a n a t i o n s  given above a r e  only i n  u r i n c i p l e  s u f f i c i e n t  f o r  

the i n t e r p r e t a t i o n  of the d i f f e r e n t  p va lues ,  c a l c u l a t e d  from 

UV and ACD measurements, a s  shown i n  f i g .  I 

i j  
3 

o CD 1 inCC/CL 
v uv 
0 CD 
+ uv ) i n Z L i  1695 

0.9 0 0.95 T i  TC 

FIGURE 1: rACD and ruV of t e s t o s t e r o n e  nrooionate  as a 

func t ion  of temperature (concentrat ion:  0.06 mol / l ) .  

Fig.  1 p r e s e n t s  r e l a t i v e  o rde r  parameters 
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ORIENTATIONAL DISTRIBUTION COEFFICIENTS 345 

f o r  t e s t o s t e r o n e  Dropionate d i s s o l v e d  i n  a compensated nema- 

t i c  phase of 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  (CC/CL) 

a s  a f u n c t i o n  of tempera ture  '. T i s  t h e  r e f e r e n c e  temnera- 

t u r e .  r a pu re  exper imenta l  q u a n t i t y ,  can  be g iven  h e r e  i n  

a h i g h e r  accuracy  than  a de r ived  o r d e r  parameter p .  
q '  

I n  view of t he  d i s c u s s i o n  above i t  seems d e s i r a b l e  t o  

have a r e p r e s e n t a t i o n  of t h e  o r d e r  parameters independent of 

any c o n d i t i o n  of molecular  p r o p e r t i e s  which were used f o r  

t h e i r  measurement. We propose a d e s c r i p t i o n  o f  go 

i n  t h e i r  p r i n c i p a l  axes  ( x . ) .  1 . e .  ggj33 has  t o  be diagona- 

l i z e d  and t h e  e igenva lues  should be given i n  t h e  o r d e r  

* 
i j 33='i j 33 

iE 

x; i s  then  de f ined  a s  the  o r i e n t a t i o n  a x i s  of t he  molecule 

and P = p and I- = rl . For the  e igenva lues  the  r e l a t i o n  
* 9 

' Max I g i j 3 3  O I  
* 

Ig3333' = i, j = 1 , 2 , 3  

iE ho lds .  Therefore ,  p i s  t h e  l a r g e s t  va lue  of 0, which i s  

p o s s i b l e  f o r  d i f f e r e n t  molecule-fixed axes ,  i . e .  i f  t h e  re- 

f e rence  a x i s  x3 i s  v a r i e d .  From e q s .  ( 1 )  and (8) and the  

convent ion  of t h e  d i s c u s s i o n  above t h e  r e l a t i v e  o r d e r  para- 

meter r e s u l t s  i n  
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346 H:D. SCHWAEEN er al. 

o r  Ae deoends  on wavelength  and a s  In g e n e r a l ,  

a consequence  0 and t h e r e f o r e  r is a f u n c t i o n  o f  wave- 

l e n g t h .  F u r t h e r m o r e ,  r 

d i f f e r e n t  s p e c t r o s c o u i c  methods b e c a u s e  0") i s  d e t e r m i n e d  

by o t h e r  q u a n t i t i e s .  I f  rl = 0, t h i s  dependence d i s a p p e a r s  

and 

* i j  ( r l E i j  i j  

9 
(T, To) s h o u l d  b e  d i f f e r e n t  f o r  

q 

* 

i s  a t r u e  r e l a t ive  o r d e r  Darameter i n d e p e n d e n t  of  t h e  method 

u s e d  f o r  i t s  d e t e r m i n a t i o n .  The o r i e n t a t i o n  a x i s  is t h e n  t h e  

m o l e c u l a r  a x i s  a b o u t  which t h e  r o t a t i o n a l  symmetry o f  t h e  

d r s t r i b u t i o n  e x i s t s ,  i . e .  f = f ( B ) .  

The t e m p e r a t u r e  dependence o f  r (T, To) 4 

L 
0 

a l s o  depends  on the s p e c t r o s c o p i c  c o n s t a n t s  0") and is 

d i f f e r e n t  f o r  d i f f e r e n t  methods as shown i n  f i g .  1 .  F o r  

t e s t o s t e r o n e  p r o n i o n a t e  i n  CC/CL t h e  o r d e r  p a r a m e t e r s  cal-  

c u l a t e d  from t h e  UV and  ACD a re  i n d e p e n d e n t  o f  w a v e l e n g t h  i n  

a l a r g e  s p e c t r a l  r e g i o n .  Eq. ( 1  3) seems t o  b e  f u l f i l l e d .  Be- 

c a u s e  of t h e  d i f f e r e n t  t e m p e r a t u r e  dependence (eq .  ( 1 4 ) )  o f  

rUV(T,To) and r 

f u n c t i o n  h a s  t o  b e  of  t h e  t y p e  f = f ( 6 , Y ) .  The independency  

o f  w a v e l e n g t h ,  which r e s u l t s  e x p e r i m e n t a l l y ,  demands e i t h e r  

a w a v e l e n g t h  i n d e p e n d e n t  Q(') o r  a t e m p e r a t u r e  i n d e p e n d e n t  

r a t i o  of  p ( T ) / r l  ( T )  f o r  t e s t o s t e r o n e  p r o p i o n a t e .  Because 

d r q ( T , T o ) / d T  i s  i n d e p e n d e n t  of  w a v e l e n g t h ,  t o o ,  Q ( q )  s h o u l d  

be c o n s t a n t .  

(T,To) the 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  
ACD 

Y * D
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ORIENTATIONAL DISTRIBUTION COEFFICIENTS 341 

Any p and q c a n  be g i v e n  by e q .  ( 3 )  as a l i n e a r  f u n c t i o n  
9 9 o f  p and i- . T h e r e f o r e  t h e  r a t i o  i n  e q .  ( 1 1 )  can be  i n t e r -  

p r e t e d  as  a new r a t i o  o f  o r d e r  p a r a m e t e r s  p which  owes t o  a n  

"approximate"  ("pseudo") o r i e n t a t i o n  a x i s .  T h i s  a x i s  depends 

on 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 and i s  t h e r e f o r e  d i f f e r e n t  
4 

f o r  d i f f e r e n t  s p e c t r o s c o p i c  methods ,  

F i r s t  a t t e m p t s  t o  e v a l u a t e  rACD(T,T,) and rUV(T,T,) o f  

t e s t o s t e r o n e  p r o p i o n a t e  i n  t h e  n e m a t i c  p h a s e  Z L I  1695 (Herck)  

a re  shown i n  f i g .  1,  t o o .  These r e l a t i v e  o r d e r  p a r a m e t e r s  are 

e q u a l  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 .  T h i s  i m p l i e s  r- = 0 a n d ,  

t h e r e f o r e ,  a r o t a t i o n a l  symmetry a b o u t  one m o l e c u l a r  a x i s ,  

i . e .  f = f ( B ) .  The d i f f e r e n t  b e h a v i o u r  i n  C C / C L  and Z L I  1695 

seems t o  be  a k i n d  o f  a s o l v e n t  e f f e c t  b u t  t h e  r e s u l t  h a s  t o  

b e  v e r i f i e d  by f u r t h e r  UV and ACD measurements .  

8 
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