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ORIENTATION STUDIES OF PROBE MOLECULES I N  LAMELLAR 

.LIQUID CRYSTALLINE LIPID SYSTEMS B Y  LINEAR DICHROISM 

I. Jonas, K. F o n t e l l ,  G .  Lindblom and B. Norden 

Phys ica l  Chemistry 2, Inorgan ic  Chemistry 1, Chemical Center, Box 740, 220 07 Lund, 

Sweden 

The LD-method o f  i n c l i n e d  inc idence was found use fu l  i n  the  study o f  
t h e  o r i e n t a t i o n s  o f  probe chromophores (carotene, anthracene) s o l u b i l  i zed  
i n  l a m e l l a r  mesophases o f  t h e  systems sodium octanoate/decanol /water and 
sodium di-2-ethylhexylsulphosuccinate/water, r e s p e c t i v e l y .  The r e s u l t s  
suggest t he  ex is tence o f  two competing molecu la r  o r i e n t a t i o n  mechanisms 
a l i g n i n g  t h e  longes t  a x i s  o f  t h e  probe molecule e i t h e r  p a r a l l e l  w i t h  the  
l a m e l l a r  sur face  o r  perpend icu la r  t o  i t . 

Ordinary LD spectroscopy i s  n o t  app l i cab le  a t  normal inc idence on t h i n  

l a y e r s  con ta in ing  chromophores which a re  u n i a x i a l l y  o r i e n t e d  along an a x i s  

perpend icu la r  t o  the  l a y e r  plane. However, i t  has r e c e n t l y  been shown’, t h a t  

t h e  o r i e n t a t i o n  o f  a chromophore may h revea led  by s tudy ing  an a l i gned  

l a m e l l a r  sample a t  i n c l i n e d  inc idence.  I f  A1 denotes t h e  absorp t ion  when t h e  

e l e c t r i c  vec tor  o f  l i g h t  o s c i l l a t e s  p a r a l l e r  t o  t h e  “hinge ax i s ” ,  around 

which the  sample i s  t i l t e d ,  and All denotes the  absorp t ion  when the  e l e c t r i c  

vec to r  i s  perpend icu la r  t o  t h i s  a x i s  the  r a t i o  (All - A,)/A = LD/A (A i s  . .  
t h e  abso rp t i on  o f  a random sample, LO i s  supposed t o  have 
p o l a r i s e d  r e f l e c t i o n )  i s  g i ven  by 

been co r rec ted  f o r  

( 1  1 

The ang le  w i s  t h a t  between t h e  p lane o f  t he  sample and the  d i r e c t i o n  
o f  l i g h t  propagat ion,  n i s  t he  average r e f r a c t i v e  index o f  the  sample, 0 

denotes the  ang le  between t h e  molecu la r  t r a n s i t i o n  moment respons ib le  f o r  t h e  
absorp t ion  and the  normal t o  the  p lane o f  t h e  sample (FIG. 1). 
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502 JONAS ET AL. 

FIG.  1 
Schematic p i c t u r e  of a macroscopically a l igned  
membrane a t  i nc l ined  (a) inc idence  in the  e l l i p -  
t i c a l l y  conica l  (a) l i g h t  pencil  in a l i n e a r  
dichroism spec t rometer .  The o r i e n t a t i o n  ang le s ,  
e and 4, of t h e  t r a n s i t i o n  d ipo le  moment of the  
probe chromophore in t h e  membrane coord ina te  
system ( x  y z )  and the  membrane alignement in 
the l abora to ry  coord ina te  system ( X  Y Z ) ,  re- 
spec t i  vel y . 

I f  t he  t r a n s i t i o n  moment i s  along a symmetry a x i s ,  say x ,  i n  t h e  mole- 
c u l e ,  t he  order  parameter f x  = ( 3 < cos '8,: > - 1 ) / 2  obtained from eq. 
( 1 )  may be used a s  a measure of the average o r i e n t a t i o n  of th i s  a x i s  w i t h  
r e spec t  t o  the o p t i c a l  a x i s  of t h e  sample. 

We have doped w i t h  chromophoric probe molecules samples from two l a -  
me l l a r  l i q u i d  c r y s t a l l i n e  l i p i d  systems; v i z .  the l ame l l a r  phase of t he  
system sodium n-octanoate/n-decanol/water (System I )  and t h e  l ame l l a r  
phase  of the  system sodium di-2-ethylhexylsulphosuccinate/water (System 1 1 )  

Nacroscopic alignment was obta ined  by hea t ing  the sample, placed a s  
a t h i n  l a y e r  betwzen two g l a s s  p l a t e s ,  t o  100°C and then cool ing  i t  down 
t o  room temperature.  LD was found t o  fo l low t h e  dependence on 

w (90' w 30') p red ic ted  by eq .  ( l ) ,  F I G .  2 .  That t h e  o r i e n t a t i o n  was 
uniax ia l  was proved by a zero  LD a t  w =go.  

the type o f  t h e  l i q u i d  c r y s t a l l i n e  "so lvent"  t h e  chromophore molecules 
were found t o  o r i e n t  themselves i n  two ways in s ide  of the hydrophobic 

Depending on the s i z e  and shape of the chromophore molecule and on 
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F I G .  2 

L D  ( co r rec t ed  f o r  r e f l e c t i o n )  p l o t  according 
t o  eq.  ( 1 )  f o r  the  band A of ca ro tene  in the 
system I ,  

reg ion .  The longes t  dimension of t h e  molecule was e i t h e r  p a r a l l e l  o r  

perpendicular  t o  the o p t i c a l  a x i s  ( the  normal t o  the s u r f a c e  of t h e  
l i p i d  l ame l l ae ) .  I n  System I s h o r t  rod - l ike  molecules (such as diphenylethyne, 

an thracene  e t c . )  were o r i en ted  p a r a l l e l ,  whereas a long molecule,  such 
a s  ? -caro tene ,  was perpendicular ly  o r i e n t e d .  I n  System I 1  a l l  molecules 
were perpendicular ly  o r i en ted .  

The o rde r  parameter f (ti) was reproducib le  f o r  corresponding samples 
a s  long a s  the  t o t a l  l aye r  th ickness  was the  same. The degree of o r i e n t a -  
t i o n  could be decreased by r a i s i n g  the  temperature b u t  i t  regained i t s  
i n i t i a l  value upon r e tu rn ing  t o  t h e  o r i g i n a l  temperature.  However, a small 

mutual displacement of t h e  g l a s s  p l a t e s  caused a completely i r r e v e r s i b l e  
randomisation. 

A monotonic decrease  in f ( e )  with increas ing  total sample l a y e r  
t h i ckness  was gene ra l ly  t h e  r u l e ,  see  e .g .  TABLE 1 .  This phenomenon i s  
o f  course  caused by incomplete macroscopic o r i e n t a t i o n  a t  l a r g e  d i s t a n c e s  
from the  g l a s s  p l a t e .  

With the aim o f  es t imat ing  Lo w h a t  ex t en t  the dimensions of t h e  amphi- 
p h i l e  and water lamel lae  in f luence  the s o l u t e  o r i e n t a t i o n  we have a l s o  made 
some pre l iminary  s t u d i e s  on samples of d i f f e r e n t  composition. 

t i v e l y ,  in System I 1  as func t ion  of weight composition. In both cases  f ( e )  
obviously goes through a maximum. 

FIG. 3 shows t h e  o r i e n t a t i o n  of t rans-6-caro tene  and an thracene ,  respec- 
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504 JONAS ET AL. 

TABLE 1 

Obtained o rde r  paramaters o f  anthracene d i sso l ved  i n  a system 
o f  18.2% sodium n-octanoate,  35 .5% n-decanol and 46.3% 
water 

Sample 253 nm (z -po la r i zed )  377 nm (y -po la r i zed )  
th ickness  LO 

fY 
LD I um LD45 A 

1 o* 0.055 0.29 0.19 0.11 - 0.18 

28* 0.12 1.31 0.09 0.05 - 0.26 

50* (0.18) 2.22 0.08 0.05 - 0.53 

120 (0 .36)  5.28* 0.07 0.04 - .  0.35 

* c a l c u l a t e d  from A a t  377 nm. 

f * 
+2fY&\ I 

0.0; 

0.021 - 0.08 - 0.05 

0.058 - 0.04 - 0.03 

0.105 - 0.05 - 0.03 
0.250 - 0.03 - 0.02 

y ( 3 79 nm) 

‘9 

% 100 
FIG. 3 

System 11, o r i e n t a t i o n  o f  B-carotene (band A )  ( l e f t )  and 
o f  anthracene ( r i g h t )  an6 jnpendence on l i p i d  composi t ion.  
(Sample th ickness  20 urn 0 , 40 pm 4 ) .  

A s i m i l a r  behaviour has a l s o  p r e l i m i n a r i l y  been found i n  some cases 

o f  System I, see e.g. TABLE 2. 

It i s  easy t o  understand t h e  observa t ion  o f  an o r i e n t a t i o n  of s h o r t  

r o d - l i k e  molecules (anthracene, d ipheny le thyne)  p a r a l l e l  t o  the  long-cha in  

hydrocarbons o f  t he  l i p i d  lamel lae  o f  System I ,  i . e .  p a r a l l e l  t o  t h e  o p t i c a l  

a x i s .  On the  o the r  hand, the  t rans-6-carotene, whose molecule has a l e n g t h  

o f  2.2 nm, can h a r d l y  adopt such a p a r a l l e l  o r i e n t a t i o n  along t h e  chains 
i n s i d e  t h e  t h i n  amphiphi le l a y e r s  ( l i p i d  l a y e r  th ickness  i s  about 2.4 nm) 3 . 

I n  the  case of System I 1  the  branched hydrocarbon i m p l i e s  a l e s s  regu- 

l a r  o rder  i n s i d e  t h e  amph iph i l i c  lamel lae and the  i n t e r a c t i o n  between probe 
molecule and hydrocarbon chains can h a r d l y  be expected t o  y i e l d  any e f f e c -  

t i v e  n e t  probe o r i e n t a t i o n  (F IG .  4 ) .  
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Obtained long-axis order parameter  ( f  ) and order parameter 
obtained from band B ( f  ) o f  5-carotehe "dope" (less than 3.1*") 
i n  System I .  B 

LO L O  

,mi A A A 

x x % Sample 
NaC8 decanol H20 th ickress [g)A f z  ( - )c fZ  t B  

40.2 34.7 25.1 40 - 0 . 2 1  - 0 . 1 2  - 0 . 1 8  -0.11 0.17 0.10 

25 - 0.25 - 0.14 - 0.21 - 0.12 0.17 0.10 
18.2 35.5 46.3 40 -0.22 -0.12 -0.24 -0.14 0.79 0.46 

24 - 0.28 - 0 . 1 6  - 0.34 - 0.20 0.81 0.46 
12.1 27.9 60.0 40 -0.14 - 0 . 0 8  -0.21 - 0 . 1 2  0.24 0.14 

FIG. 4 

The m o l e c u l a r  c o n f i g u r a t i o n  o f  sodium d i - 2 - e t h y l -  
h e x y l s u l p h o s u c c i n a t e  

Thus t h e  p redominan t  p e r p e n d i c u l a r  o r i e n t a t i o n  toward  t h e  o p t i c a l  a x i s  

o b t a i n e d  sugges ts  an i ndependen t  o r i e n t a t i o n  mechanism f a v o u r i n q  i n - p l a n e  

o r i e n t a t i o n .  T h i s  i d e a  o f  two d i f f e r e n t  o r i e n t a t i o n  mechanisms i s  a l s o  

suppor ted  by t h e  o r i e n t a t i o n  o f  t r a n s - a - c a r o t e n e  i n  t h e  samples o f  System 
2 I .  Fur the rmore ,  a c c o r d i n g  t o  E c k e r t  and Kuhn (and  a l s o  f o l l o w i n g  an 

1 a n a l y s i s  o f  t h e  r e s u l t s  p r e s e n t e d  i n  o u r  e a r l i e r  r e p o r t  ) o n l y  two o f  

t h e  obse rved  a b s o r p t i o n  bands ( A  and C i n  FIG.  5 )  d e r i v e  f ron i  t r a n s - f ; -  

- c a r o t e n e  w h i l e  t h e  t h i r d  band ( B )  i s  due t o  t h e  c i s - i s o m e r ;  t h e  l a t t e r  

band i s  a s s i g n e d  t o  be p o l a r i s e d  a l o n g  t h e  C2 a x i s  o f  t h i s  now p l a n a r  

m o l e c u l e .  The p o s i t i v e  s i g n  o f  t h e  f v a l u e s  (TABLE 2 )  t h u s  i n d i c a t e  t h a t  B 
t h i s  d i r e c t i o n  i s  a l i g n e d  p a r a l l e l  t o  t h e  a m p h i p h i l e  hyd roca rbon  c h a i n s .  

The poor  c o r r e l a t i o n  f o r  d i f f e r e n t  c o m p o s i t i o n s  Getween fZ ( w h i c h  i s  be-  

l i e v e d  t o  r e f l e c t  t h e  l o n g - a x i s  o r i e n t a t i o n  o f  m a i n l y  t r a n s  - c a r o t e n e )  

and f B  may be caused by  a v a r y i n g  degree  o f  i s o m e r i z a t i o n .  

i n  o r d e r  t o  measure t h e  ave rage  o r i e n t a t i o n s  o f  t h e  m o l e c u l a r  axes,  

f Z  and f . S i n c e  L: f = 0 we a r e  a b l e  t o  d e t e r m i n e  a l l  t h r e e  o r d e r  p a r a -  

F i n a l l y  we want t o  comment on t h e  p o s s i b i l i t y  o f  u s i n g  a n t h r a c e n e  
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506 JONAS ET AL. 

meters and f o r  t he  h ighes t  o r i e n t a t i o n  we obta in  f Z  = 0.11 
and fx = -0.06 
behaves not  a s  an idea l  d i s c  ( fz  = f ) b u t  r a t h e r  a s  a rod ,  v i z .  f 

f = -0.05 
( s e e  TABLE 1 ) .  As deduced from o t h e r  s t u d i e s  an thracene  

Y 

= f x .  Y Y 

LD LD - 

1 4Opm 
0- 2 24pm 

1 I I I I I 
300 400 nrn 500 

A bs and b D  spec t r a  of 8-carotene in  System I 
a ?  w = 45 (two sample th i cknesses )  

FIG. 5 
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