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NONAQUEOUS LYOTROPIC LIQUID CRYSTALS FROM 
LECITHIN AND NONIONIC SURFACTANTS 

L i  Gan-zuo, 
Magda El -Nokaly 

and 
S t ig  E. Friberg* 

Chemistry Department 
UMR 

Rolla, MO 65401 USA 

(Submitted f o r  Publication: 30 September, 1981) 

AB ST RACT 

Lyotropic l i qu id  c r y s t a l s  were prepared from mixtures 

of l e c i t h i n  and nonionic surfactants  with the general for-  

mula polyethylene glycol dodecyl e the r s  w i t h  no low molecu- 

l a r  sol vents being added. 

The repeat dis tance in the s t ruc tu re  was reduced w i t h  

increased amount of t he  nonionic surfactant  showing complete 

penetration of the su r fac t an t s  between the l e c i t h i n  mole- 

cu le s .  

* To whom correspondence should be directed.  
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184 L. GAN-ZUO, M. EL-NOKALY and S. E. FRIBERG 

INTRODUCTION 

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

a m p h i p h i l i c  compound and a so lvent .  

t h e  s t r u c t u r e  o f  amphiphi le  from s o l i d  o r  l i q u i d  t o  l i q u i d  

c r y s t a l l i n e  by changing t h e  environment around t h e  p o l a r  

p a r t  o f  t h e  amphiphi le  (1, 2 ) .  Numerous examples o f  such 

systems w i t h  b i o l o g i c a l  importance ( 3 )  have been repor ted  

i n  which water  serves as t h e  s o l v e n t .  The most conspicuous 

b i o l o g i c a l  t i s s u e  w i t h  a l e c i t h i n / w a t e r  l a m e l l a r  s t r u c t u r e  

i s  t h e  c e n t r a l  b imo lecu la r  l a y e r  o f  t h e  biomembrane (4-6) .  

The l a t t e r  m o d i f i e s  

Nonaqueous l y o t r o p i c  l i q u i d  c r y s t a l s  have a l s o  been 

repor ted .  The well-known systems o f  polymers and nonpolar 

s o l v e n t s  ( 7 ,  8) and e s p e c i a l l y  those w i t h  po lypept ides  ( 9 )  

deserve ment ion ing.  

t h e  f i r s t  nonaqueous counterpar t  t o  t h e  common aqueous 

systems w i t h  s u r f a c t a n t s  (14) .  The water i n  t h e  l e c i t h i n /  

water  s t r u c t u r e  was rep laced by an organ ic  hydroxo compound. 

Recently our  group (10-13) has found 

Among t h e  compounds found t o  g i v e  nonaqueous l i q u i d  

c r y s t a l s  were d i f f e r e n t  cha in  lengths  a l k a n e d i o l s  (12) ,  low 

molecu la r  weight  po lye thy lene g l y c o l s  (13) ,  d i f f e r e n t  c e l l o -  

so lves (13)  and some amines (13) .  

T h i s  r e s u l t  l e d  us t o  expect t h e  ex is tence o f  l i q u i d  

c r y s t a l s  from a combination o f  two a m p h i p h i l i c  compounds 
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NONAQUEOUS LYOTROPIC LIQUID CRYSTALS 185 

b u t  w i t h  no low molecu la r  we igh t  s o l v e n t  be ing present .  

T h i s  communication w i l l  p resent  such a s t r u c t u r e .  

EXPERIMENTAL 

L e c i t h i n ,  chromatograph ica l l y  pure (12) was combined 

w i t h  t e t r a  and hepta-ethy lene g l y c o l  dodecyl e t h e r  ( N i  kko l  , 

98% t e s t e d  by gas chromatography) t o  g i v e  l i q u i d  c r y s t a l s  

a t  25 and 35°C. Low angle X-ray r e f l e c t i o n s  gave a charac- 

t e r i s t i c  r e p e a t  d is tance.  

The 

f u n c t i o n  

r a t i o .  

RESULTS AND DISCUSSION 

i n t e r l a y e r  repeat  d is tance i s  g iven  i n  

o f  t h e  non ion ic  s u r f a c t a n t / l e c i t h i n  mo 

he d i s t a n c e  was reduced w i t h  increased 

F ig.  1 

ecul  a r  

nonion 

as 

C 

s u r f a c t a n t  c o n t e n t  f o r  both t h e  i n v e s t i g a t e d  compounds. 

We i n t e r p r e t  these r e s u l t s  as i n d i c a t i n g  a s t r u c t u r e  

w i t h  t h e  hydrophobic p a r t  o f  t h e  non ion ic  s u r f a c t a n t  being 

l o c a t e d  between t h e  l e c i t h i n  molecules. Presumably, t h e  

p o l a r  p a r t  o f  t h e  n o n i o n i c  s u r f a c t a n t  would serve as t h e  

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

l e c i t h i n .  The t e t r a  and hepta compound gave s i m i l a r  i n t e r -  

1 ayer  spaci ngs . 

The mic roscop ic  p i c t u r e s  i n  p o l a r i z e d  l i g h t  showed 
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186 L. GAN-ZUO, M. EL-NOKALY and S. E. FRIBERG 

the  presence o f  l e c i t h i n  c r y s t a l s  i n  the  two-phase range 

w i t h  small amounts o f  non ion ic  su r fac tan t .  Under these 

cond i t i ons ,  the  low angle X-ray data gave "anomalously" 

h igh  values (F ig .  1 )  f o r  t he  i n t e r l a y e r  spacing. 

We i n t e r p r e t  t h i s  i n fo rma t ion  as the  i n i t i a l l y  added 

non ion ic  su r fac tan t  being loca ted  e n t i r e l y  between the  

l e c i t h i n  layers .  

can o n l y  take p lace  a t  a minimum concent ra t ion  o f  nonion ic  

su r fac tan t ,  i n d i c a t i n g  a cooperat ive e f f e c t  o f  the  l o c a l  

p e r t u r b a t i o n  caused by the  penet ra t ion .  

Penet ra t ion  between the  l e c i t h i n  molecules 

Accepting t h i s  model, the  reduced i n t e r l a y e r  d is tance 

w i t h  increased r a t i o  o f  nonion ic  su r fac tan t  (F ig .  1 )  and 

w i t h  increased temperature became reasonable and expected 

r e s u l t s .  

CONCLUSIONS 

A l i q u i d  c r y s t a l l i n e  phase was formed by mix ing  l e c i -  

t h i n  w i t h  a non ion ic  su r fac tan t  bu t  w i t h  no low molecular  

so l ven t  being present. It appears probable t h a t  the  po la r  

p a r t  o f  the  non ion ic  su r fac tan t  served as a so lvent ,  caus- 

i n g  the  necessary d i so rde r  o f  t he  l e c i t h i n  p o l a r  group 

arrangement. 
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NONAQUEOUS LYOTROPIC LIQUID CRYSTALS 187 

1) 

0 0 , 2  084 0 , 6  0 , 8  1.0 1,2 

NS 
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I~OLECULAR RAT 10 

11, E 

Fig. 1 .  The i n t e r l a y e r  spacing versus nonionic su r fac t an t /  
l e c i t h i n  molecular r a t i o  

25°C * Tetra - ethyleneglycol - 
dodecyl ether 

- - - - -  35°C O Hepta - ethyleneglycol - 
dodecyl e ther  
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