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THE AQUEOUS LYOTROPIC ANALOGUES OF THERMOTROPIC 

NEMATICS AND CHOLESTERICS. 

B . J .  FORREST, L.W. REEVES, AND M .  VIST, 
U n i v e r s i t y  o f  Water loo ,  
Water loo ,  O n t a r i o ,  Canada, N2L 3G1 

The m o t i o n a l  non-equivalence i n  a d e u t e r i a t e d  -CD2- 
segment of  a hydrocarbon c h a i n  n e a r  a c h i r a l  c a r b o n  
atom h a s  been i n v e s t i g a t e d  i n  a series of  nemat ic  and 
c h o l e s t e r i c  p h a s e s .  The d e u t e r i u m  n u c l e a r  m a g n e t i c  
r e s o n a n c e  s i g n a l s  show t h e  number of non-equiva len t  
mot ions  as e q u a l  t o  t h e  number of  d i f f e r e n t  q u a d r u p o l e  
d o u b l e t  s p l i t t i n g s .  It  i s  shown t h a t  a n e c e s s a r y  b u t  
n o t  s u f f i c i e n t  c o n d i t i o n  f o r  m o t i o n a l  non-equiva lence  
i s  t h e  p r e s e n c e  of  a c h i r a l  carbon.  The c h i r a l  c a r b o n  
i s  n o t  s u f f i c i e n t  b e c a u s e  i n  some c a s e s  t h e  two quad- 
r u p o l e  d o u b l e t s  may a c c i d e n t a l l y  o v e r l a p .  The compo- 
s i t i o n  of  a number of  nemat ic  and c h o l e s t e r i c  meso- 
p h a s e s  h a s  been l o c a t e d  and recorded .The  non-equiva- 
l e n c e  i s  a f f e c t e d  t o  a l a r g e  e x t e n t  by t h e  p r o t o n a t i o n  
o f  t h e  c h i r a l  head group,  showing t h a t  head group 
a n c h o r i n g  i s  changed i n  t h i s  chemica l  m o d i f i c a t i o n .  

Mixtures  o f  a m p h i p h i l i c  c o m p o u n d s , e l e c t r o l y t e s  and water i n  

a c o n c e n t r a t e d  reg ime,  form aqueous l y o t r o p i c  l i q u i d  

c r y s t a l s  ( 1 ) .  The most common forms are t h e  lamellar o r  

n e a t  phases  which c o n t a i n  p o s i t i o n a l l y  o r d e r e d  b i l a y e r  

l e a f l e t s  i n t e r s p e r s e d  w i t h  water l a y e r s ,  and t h e  hexagonal  

phase  i n  which t h e  b i l a y e r  l e a f l e t s  converge on an  a x i s  

g i v i n g  a c y l i n d r i c a l  form t o  t h e  b i l a y e r  m i c e l l e ,  t h e s e  

31 
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m i c e l l e  r o d s  t h e n  t a k e  up a hexagonal  a r rangement  o f  t h e  

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

rod a x e s  ( 2 ) .  These p o s i t i o n a l l y  o r d e r e d  ' I n f i n i t e '  

micel le  sy tems are not  nemat ic  and have no d i r e c t  c o r r e s -  

pondence w i t h  t h e r m o t r o p i c  l i q u i d  c r y s t a l s  e x c e p t  a 

symmetry r e l a t i o n s h i p  between s m e c t i c  phases  and l a m e l l a r  

l i q u i d  c r y s t a l s  of  t h e  l y o t r o p i c  t y p e .  N e i t h e r  l a m e l l a r  

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

m a g n e t i c  f i e l d s .  

B. J .  FORREST, L. W. REEVES AND M .  VlST 

Mesophases d i s c o v e r e d  by Lawson and F l a u t t  ( 3 )  which 

a r e  a l i g n e d  by m a g n e t i c  f i e l d s  have s i n c e  been shown t o  be 

nemat ic  (4 -6 ,7 ) .  These nemat ic  forms o c c u r  w i t h  f i n i t e  

c y l i n d r i c a l  and f i n i t e  d i s c  shaped m i c e l l e s  (8). For  t h e  

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

c h a i n s ,  t h e  c y l i n d r i c a l  m i c e l l e  n e m a t i c s  have p o s i t i v e  

d i a m a g n e t i c  a n i s o t r o p y ,  and t h e r e f o r e  a l i g n  w i t h  t h e  

d i r e c t o r  and f i e l d  a x i s  p a r a l l e l  w h i l e  on t h e  o t h e r  hand 

t h e  d i s c  shaped micel le  nemat ic  p h a s e s  have n e g a t i v e  d i a -  

m a g n e t i c  a n i s o t r o p y  and a l i g n  w i t h  t h e  mesophase d i r e c t o r  

p e r p e n d i c u l a r  t o  t h e  m a g n e t i c  f i e l d  ( 8 , 9 ) .  The s u s c e p t i -  

b i l i t y  a n i s o t r o p y  s i g n  may be r e v e r s e d ,  w i t h o u t  c a u s i n g  a 

phase change from d i s k s  t o  r o d s  o r  v i c e  v e r s a ,  by a d d i n g  

s u r f a c t a n t s  w i t h  an a r o m a t i c  r i n g  such a s  p-alkoyl-  

b e n z o a t e s  (10) .  We have  adopted  t h e  nomencature  t y p e  I CM 

mesophases  f o r  c y l i n d r i c a l  m i c e l l e s  (CM) w i t h  p o s i t i v e  

a n i s o t r o p y ,  t y p e  I1 CM f o r  mesophases  w i t h  c y l i n d r i c a l  

m i c e l l e s  of  n e g a t i v e  d i a m a g n e t i c  a n i s o t r o p y .  The d i s c  

m i c e l l e  n e m a t i c s  a lso c a n  be  s y n t h e s i z e d  wi th  b o t h  s i g n s  

o f  d i a m a g n e t i c  a n i s o t r o p y  t o  g i v e  t y p e  I DM and t y p e  I1 DM 

nemat ic  (10) mesophases .  D
ow
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AQUEOUS LYO. ANALOGUES OF THERMO. NEMATICS AND CHOL. 39 

C h o l e s t e r i c  and nemat ic  m i c e l l a r  mesophases  may be s t u d i e d  

i n  t h e  same c o n t e x t  b e c a u s e  a nemat ic  phase o c c u r s  f o r  a 

r a c e m i c  m i x t u r e  of  a n  o p t i c a l l y  a c t i v e  s u r f a c t a n t  w h i l e  

any unbalanced  m i x t u r e  o f  o p t i c a l  forms l e a d s  t o  t h e  

c r e a t i o n  of a c h o l e s t e r i c  phase  i n  t h e  same m i x t u r e  (11). 

There i s  c o n s i d e r a b l e  b i o l o g i c a l  i n t e r e s t  i n  examin- 

i n g  t h e  mot ion  of  o p t i c a l  isomers of amino a c i d s  which 

r e s i d e  a t  t h e  mice l l e  i n t e r f a c e s  o r  i n  t h e  aqueous l a y e r s .  

A p r e v i o u s  s t u d y  o f  1 and d A l a n i n e  h a s  been  made ( 1 2 ) .  

The amino a c i d  s o l u t e  i n  racemic  and o t h e r  m i x t u r e s ,  

c l e a r l y  showed d i f f e r e n t  a v e r a g e  mot ion  f o r  t h e  d and 1 

forms i n  a mesophase which would s u b s e q u e n t l y  have  b e e n  

r e c o g n i z e d  as c h o l e s t e r i c .  The mesophase was based on 

sodium d e c y l  s u l p h a t e ,  a g u e s t  o f  r e s o l v e d  2 methyl  sodium 

d e c y l  s u l p h a t e ,  sodium s u l p h a t e  and water. It  c a n  be  

r e g a r d e d  as a n  induced  c h o l e s t e r i c  mesophase (13) o b t a i n e d  

by adding  an o p t i c a l l y  a c t i v e  compound t o  t h e  nemat ic  

phase  o r i g i n a l l y  made by Lawson and F l a u t t  ( 3 ) .  

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

between nemat ic  ( r a c e m i c )  forms and c o r r e s p o n d 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 s  (non-racemic m i x t u r e s  o f  s i n g l e  

c e n t r e  o p t i c a l l y  a c t i v e  s u r f a c t a n t s )  t o  i n v e s t i g a t e  non- 

e q u i v a l e n c e  i n  mot ion  of ( 1 7 )  components of t h o s e  meso- 

p h a s e s .  

1 .  EXPERIMENTAL 

a-dp P o t a s s i u m  l a u r a t e  was p r e p a r e d  by b a s e  exchanging  

w i t h  D20 a t  a n  e l e v a t e d  t e m p e r a t u r e .  A s i n g l e  d e u t e r i a -  

t i o n  s t e p  w i t h  a n  e x c e s s  of D20 500 m l  p e r  300 g of  

po tass ium l a u r a t e  was s u f f i c i e n t  t o  o b t a i n  a g r e a t e r  t h a n  
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40 B. J .  FORREST, L. W .  REEVES AND M .  VIST 

75% r e p l a c e m e n t  o f  hydrogen w i t h  d e u t e r i u m  i n  t h e  a p o s i -  

t i o n .  The c o n d i t i o n s  were 4 gms. sodium p e r o x i d e ,  300 g 

of p o t a s s i u m  l a u r a t e ,  and 500 g r .  o f  D 2 0  p laced  i n  a 

s t a i n l e s s  s t e e l  bomb a t  160°C f o r  4 d a y s .  The bomb con-  

t e n t s  were cooled  and t r a n s f e r r e d  t o  a b e a k e r  and were 

t r e a t e d  w i t h  e x c e s s  12 molar  h y d r o c h l o r i c  a c i d .  The 

d e u t e r i a t e d  l a u r i c  acid was e x t r a c t e d  w i t h  hexane and 

r e c r y s t a l l i s e d  twice from e t h a n o l .  P r o t o n  and d e u t e r i u m  

NMR s p e c t r a  were used  t o  show a 75% r e p l a c e m e n t  o f  

a - p r o t o n s  w i t h  no o t h e r  p o s i t i o n  i n  t h e  c h a i n  a f f e c t e d .  

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

a c o y l a t i n g  o p t i c a l l y  a c t i v e  amino a c i d s .  The a c o y l a t i o n  

p r o c e d u r e  was t h e  s t a n d a r d  r e a c t i o n  o f  t h e  acoyl  c h l o r i d e  

w i t h  an amino a c i d  s a l t .  For t h e  a c i d  c h l o r i d e  p r e p a r a -  

t i o n ,  a-d2 d e u t e r i a t e d  l a u r i c  a c i d  o r  mere ly  l a u r i c  a c i d  

was a l lowed t o  r e a c t  w i t h  a 20 mole % e x c e s s  of  t h i o n y l  

c h l o r i d e  under  reduced  p r e s s u r e  and r e f l u x  f o r  3 h o u r s .  

L a u r o y l  c h l o r i d e  was d i s t i l l e d  under  reduced  p r e s s u r e  a t  = 

120°C from t h e  r e a c t e d  m i x t u r e .  P o t a s s i u m  N Lauroyl  amino 

a c i d s ,  e i t h e r  d e u t e r a t e d  i n  t h e  ad2 p o s i t i o n  o r  i n  n a t u r a l  

abundance were p r e p a r e d  by t h e  Schotten-Bauman r e a c t  i o n  

( 1 4 ) .  Y i e l d s  v a r i e d  between 40 and 75%,  and p u r i t i e s  o f  

t h e  a c i d  forms were v e r i f i e d  through m e l t i n g  p o i n t s ,  t h i n  

l a y e r  chromatography and NMR s p e c t r a .  The f o l l o w i n g  

a - d e u t e r a t e d  s u r f a c t a n t s  were p r e p a r e d :  L-potassium N-2- 

2-d2 l a u r o y l  a l a n i n a t e  (L-2,2-d2-LAK), L-potassium N-2,Z- 

dp - 1 au  r oy 1 -v a 1 i n  a t  e (L- 2 , 2 -d 2 -L VK) , L- p o t as s i urn N- 2 , 2 -d 2- 

1 a u r  oy 1 - s e r i na  t e and pot  a s  s i m  N- 2 ,2 -d 2- 

l a u r o y l  g l y c i n a t e  (ZY2-d2-LGK). O t h e r  s u r f a c t a n t s ,  such 

a s  n-decylaminonium c h l o r i d e  and d e u t e r a t e d  d e r i v a t i v e s  

were o b t a i n e d  from o u r  l a b o r a t o r y  s t o c k ,  t h e  p r e p a r a t i o n  

( L- 2 , 2 d 2 -L S K) 
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AQUEOUS LYO. ANALOGUES OF THERMO. NEMATICS AND CHOL. 41 

and p u r i f i c a t i o n  h a v i n g  been d e s c r i b e d  i n  our  p r e v i o u s  

p a p e r s  ( 1 5 ) .  CTAB o r  h e x a d e c y l  t r i m e t h y l  ammonium bromide 

w a s  a r e c r y s t a l l i s e d  r e a g e n t  g r a d e  m a t e r i a l .  A l a b o r a t o r y  

s t o c k  o f  t h i s  d e t e r g e n t  w i t h  a l l  N-methyl groups  p e r -  

d e u t e r i a t e d  was a l s o  used ( 1 6 ,  1 8 ) .  

Deuter ium m a g n e t i c  r e s o n a n c e  s p e c t r a  were o b t a i n e d  a t  

a p p r o x i m a t e l y  61 MHz on t h e  WH 400 Bruker  s p e c t r o m e t e r  

a v a i l a b l e  a t  t h e  South West O n t a r i o  NMR c e n t r e  a t  t h e  

U n i v e r s i t y  of Guelph. 

A ser ies  o f  nemat ic  and c h o l e s t e r i c  mesophases  were 

p r e p a r e d  and s m a l l  q u a n t i t i e s  (-0.5 weight  X )  o f  a 

d e u t e r a t e d  g u e s t  amphiphi le  was i n c o r p o r a t e d  f o r  i n v e s t i -  

g a t i o n  by d e u t e r i u m  NMR s p e c t r o s c o p y .  The mesophase com- 

p o s i t i o n s  are summarized i n  T a b l e  I. 

R e s u l t s  

Non-equivalence i n  t h e  m o t i o n  o f  a m p h i p h i l e  s o l u t e s  i n  

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

Recent  s t u d i e s  have shown t h a t  n e m a t i c  mesophases  i n  t h e  

m i c e l l a r  l y t o t r o p i c  c a t e g o r y  c a n  be d i r e c t l y  r e l a t e d  t o  

c h o l e s t e r i c  mesophases  mere ly  by u s i n g  t h e  same molar  con- 

c e n t r a t i o n  o f  a l l  components w i t h  t h e  e x c e p t i o n  t h a t  a 

p r i n c i p a l  a m p h i p h i l e  i s  u t i l i s e d  i n  a n  unbalanced  m i x t u r e  

of  D and L o p t i c a l  forms r a t h e r  t h a n  t h e  racemic  m i x t u r e  

(11) i n  o r d e r  t o  c r e a t e  t h e  c h o l e s t e r i c  form. 

The c o m p o s i t i o n  of  a series o f  nemat ic  and c h o l e s -  

t e r i c  mesophases  is summarized i n  T a b l e  I.  The racemic  

forms o f  a l l  mesophases  c o r r e s p o n d  t o  t h e  d i s c  m i c e l l e  

t y p e  I1 b e h a v i o u r  f o r  n e m a t i c s  ( 7 ) .  The g u e s t  a m p h i p h i l e s  

p r e s e n t  i n  s m a l l  amounts “0.53-0.47 weight  % were 

d e s i g n e d  t o  cover t h e  f o l l o w i n g  p o s s i b i l i t i e s :  

1. Racemic m i x t u r e s  o f  an o p t i c a l l y  a c t i v e  d e t e r g e n t .  
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42 B.  J .  FORREST, L. W .  REEVES AND M .  VIST 

e .g .  DL-LAK d e u t e r a t e d  i n  t h e  a p o s i t i o n  of  t h e  

l a u r o y l  c h a i n  o r  DL LSK a l so  s i m i l a r l y  d e u t e r a t e d .  

2 .  Q d e u t e r i a t e d  a m p h i p h i l e s  which a r e  n o t  o p t i c a l l y  

a c t i v e  such a s  22-dz-KC12 ( a , a  d i d e u t e r o  p o t a s s i u m  

l a u r a t e )  or t e r a d e u t e r o  d e c a n o l  i n  t h e  1 , 1 , 2 , 2  o r  

3 3 , 4 4  p o s i t  i o n s .  

3 .  O p t i c a l l y  r e s o l v e d  forms o f  o p t i c a l l y  a c t i v e  d e t e r -  

g e n t s  e .g .  2,2,L-ADE t h e  aa d e u t e r a t e d  l a u r y l  e s t e r  o f  

a l a n i n e  i n  t h e  a Lev0 form, o r  2,2,d2-L-LSK t h e  acL 

d e u t e r i a t e d  l a u r y l  s e r i n a t e  o f  p o t a s s i u m  i n  t h e  p u r e  

l e v o  form. 

The column under  d e u t e r i a t e d  g u e s t s  f o l l o w s  t h e  

compound a b b r e v i a t i o n s  g i v e n  i n  t h e  legend t o  t h e  T a b l e .  

T r a c e y  and D i e h l  (12)  showed t h a t  t h e  d i a s t e r e o m e r s  o f  

a l a n i n e  d i s s o l v e d  i n  t h e  aqueous i n t e r f a c e  a r e a  of  a meso- 

p h a s e ,  which today  would be c a l l e d  a n  induced c h o l e s t e r i c  

p h a s e ,  have d i f f e r e n t  d e g r e e s  o f  o r d e r  f o r  t h e  i n t e r -  

n u c l e a r  v e c t o r s  between t h e  methyl  and CH p r o t o n  a t  t h e  

assymmetr ic  c a r b o n  o f  a l a n i n e .  T h i s  s t u d y  h a s  not  been  

fo l lowed up a l t h o u g h  i t  r a i s e s  s e v e r a l  i m p o r t a n t  q u e s t i o n s  

about  c h i r a l  r e c o g n i t i o n  i n  pseudo membrane sys tems.  The 

f i r s t  p a r t  o f  t h e  p r e s e n t  s t u d y  a d d r e s s e s  some o f  t h e s e  

q u e s t i o n s .  The o b j e c t  of d e u t e r i a t i n g  t h e  a p o s i t i o n  o f  

t h e  l a u r o y l  c h a i n  of  a g u e s t  a m p h i p h i l e  is t o  s t u d y  t h e  

deuterum m a g n e t i c  r e s o n a n c e  and t o  use  t h e  p a r t i a l l y  

averaged  q u a d r u p o l e  s p l i t t i n g  as a s e n s i t i v e  i n d i c a t o r  o f  

d e g r e e  of  o r d e r  a t  t h e  a p o s i t i o n  t o  t h e  head group of t h e  

i n d i v i d u a l  C-D bonds ( 7 ) .  

F i g .  1 i s  an i l l u s t r a t i o n  o f  a d e u t e r i u m  magnet ic  

resonance  s t u d y  i n  a p u r e l y  nemat ic  sys tem,  o f  a non o p t i -  

c a l l y  a c t i v e  g u e s t  amphiphi le .  The d i s k  nemat ic  sys tem 
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AQUEOUS LYO. ANALOGUES OF THERMO. NEMATICS AND CHOL. 43 

t y p e  I1 DM i s  based  on t h e  a m p h i p h i l e  CTAB o r  hexadecyl -  

t r i m e t h y l  ammonium bromide.  The mesophase c o m p o s i t i o n  was 

d e i o n i z e d  n e u t r a l  water o f  pH = 7 . 2 .  I n  F i g u r e  1A t h e  

G l y c i n a t e  a m p h i p h i l e  i s  p r o t o n a t e d  t o  t h e  c a r b o x y l i c  a c i d  

w h i l e  t h e  sample which gave r i s e  t o  f i g u r e  1B h a s  t h e  

g l y c i n e  head g r o u p  i n  t h e  c a r b o x y l a t e  form. Only one  

q u a d r u p o l e  d o u b l e t  i s  o b s e r v e d  f o r  t h e  two a C-D bonds,  

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

t i n g  as t h e  c a r b o x y l  group o f  t h e  g l y c i n a t e  head group i s  

d e p r o t o n a t e d  t o  t h e  c a r b o x y l a t e  form. 

I n  F i g u r e  2 t h e  d e u t e r i u m  m a g n e t i c  r e s o n a n c e  spec t rum 

o f  a CTAB mesophase w i t h  p o t a s s i u m  aa'd2 l a u r o y l  -L-alani-  

n a t e  as a g u e s t  i s  i l l u s t r a t e d .  The spec t rum 2B c o r r e s -  

ponds t o  a mesophase p r e p a r e d  u s i n g  n e u t r a l  w a t e r  a t  pH 

" 7 w h i l e  2A c o r r e s p o n d s  t o  a mesophase p r e p a r e d  from 

" 1  normal h y d r o c h l o r i c  a c i d  s o l u t i o n .  The f i r s t  con- 

t r a s t i n g  f e a t u r e  t o  F i g u r e  1 i s  t h e  appearance  o f  t w o  

d i f f e r e n t  d e u t e r i u m  q u a d r u p o l e  s p l i t t i n g s  f o r  t h e  one  

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

w i t h  D and L a l a n i n a t e  g i v e s  e x a c t l y  t h e  same s p e c t r a  a t  

t h e  same mesophase c o m p o s i t i o n .  The s p e c t r a  of  D and L 

a m p h i p h i l e s  are t h e r e f o r e  t h e  same a t  t h e  aal p o s i t i o n .  

The s p e c t r a  are b e s t  i n t e r p r e t e d  by assuming t h a t  t h e  two 

C-D bonds i n  t h e  a-CD2-group a r e  r e n d e r e d  m o t i o n a l l y  

i n e q u i v a l e n t  by t h e  l a c k  of  symmetry i n  t h e  a l a n i n e  o r  

a l a n i n a t e  head group.  The d e g r e e  of  o r d e r  a l o n g  t h e  

d i f f e r e n t  -C-D-bonds becomes d i s t i n c t  and two d i f f e r e n t  

q u a d r u p o l e  s p l i t t i n g s  r e s u l t  as i n  t h e  f i g u r e .  The s u p e r -  

i m p o s i t i o n  of s p e c t r a  f o r  t h e  D and L form headgroups  i s  
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44 B.  J.  FORREST, L.  W. REEVES AND M. VIST 

t h e  r e s u l t  o f  t h e  minor image r e l a t i o n  o f  a g i v e n  -C-D 

bond i n  t h e  L and D forms.  

I n  f i g u r e  3 t h e  d e u t e r i u m  magnet ic  r e s o n a n c e  s p e c t r a  

c o r r e s p o n d  t o  a CTAB t y p e  I1 DM nemat ic  mesophase w i t h  a 

small  amount o f  p o t a s s i u m  aa-d2 l a u r o y l - L - v a l i n a t e  ( 0 . 5  

wgt %) as a g u e s t .  When p r e p a r e d  from 1 normal  

h y d r o c h l o r i c  a c i d  ( u p p e r  s p e c t r u m )  t h e  t w o  -C-D bonds i n  

t h e  a c a r b o n  are a p p a r e n t l y  m o t i o n a l l y  e q u i v a l e n t  and are  

o n l y  one o u t e r  q u a d r u p o l e  d o u b l e t  o c c u r s  w i t h  a s p l i t t i n g  

9 K H z . h  t h e  c a r b o x y l a t e  form t h e  m o t i o n a l  i n e q u i v a l e n c e  i s  

r e v e a l e d  i n  two q u a d r u p o l e  d o u b l e t s  o f  s p l i t t i n g  1 1  and 

5.5 kHz f o r  t h e  -C-D2-group showing once a g a i n  t h a t  t h e  

i n d i v i d u a l  -C-D bonds on t h e  same c a r b o n  segment have  

d i f f e r e n t  d e g r e s s  o f  o r d e r .  I n  a l l  cases t h e  u s e  o f  

r a c e m i c  m i x t u r e s  o f  t h e  a d e u t e r i a t e d  l a u r o y l - a l a n i n a t e ,  

s e r i n a t e  or v a l i n a t e  f o r  t h e  g u e s t  a m p h i p h i l e s  l e a d s  t o  

i d e n t i c a l  s p e c t r a  o f  t h o s e  shown i n  f i g u r e  1, 2 and 3. 

The D forms o f  t h e  a d e u t e r i a t e d  g u e s t s  g i v e  t h e  e x a c t  

m i r r o r  image s p e c t r a  o f  t h e  L forms. 

D i s c u s s i o n  

A r a t h e r  s i m p l e  e x p l a n a t  i o n  o f  t h e  non-equiva lence  o f  

mot ion  i n  i n d i v i d u a l  C-D bonds on t h e  same -CDz-segment 

c a n  b e  g i v e n .  It  i s  w e l l  known t h a t  i n  i s o t r o p i c  o r g a n i c  

l i q u i d s  the methylene  g r o u p s  a d j a c e n t  t o  a n  o p t i c a l l y  

a c t i v e  c a r b o n  c o n t a i n  m a g n e t i c a l l y  non-equiva len t  p r o t o n s .  

The a m p h i p h i l e s  i n  nemat ic  and c h o l e s t e r i c  mesophases  a re  

members o f  f i n i t e  b i l a y e r  s t r u c t u r e s  (1  9 ,  2 0  ) I n  such  

b i l a y e r s  t h e  a l i g n e d  l i q u i d  c r y s t a l l i n e  o r d e r  i n  m a g n e t i c  

f i e l d s  l e a d s  t o  s t r u c t u r e s  where t h e  pseudo e x t e n d e d  

h y d r o c a r b o n  c h a i n s  are p e r p e n d i c u l a r  t o  t h e  m a g n e t i c  

f i e l d .  The d e g r e e  o f  o r d e r  p r o f i l e  o f  a 10-16 segment 
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AQUEOUS LYO. ANALOGUES OF THERMO. NEMATICS AND CHOL. 45 

c h a i n  i s  known t o  e x h i b i t  a p l a t e a u  r e g i o n  of  n e a r l y  

u n i f o r m  o r d e r  n e a r  t h e  p o l a r  o r  i o n i c  head  group f o r  4 t o  

6 segments  and a s t r o n g  d e c r e a s e  i n  d e g r e e  o f  o r d e r  toward 

t h e  non-polar  t a i l  ( 7 ) .  The q u a l i t a t i v e  n a t u r e  o f  t h e  

form of  t h e  o r d e r  p r o f i l e  is u n d e r s t o o d  i n  terms o f  i n t r a -  

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

carbon-carbon bonds,  Near t h e  head group a t  t h e  i n t e r -  

f a c e ,  t h e  p r i n c i p a l  d e v i a t i o n s  from a n  a l l  t r a n s  c h a i n  a re  

k i n k s  and j o g s .  A k i n k  i s  a n  a r rangement  gauche' t r a n s  

guache- o r  e q u a l l y  p r o b a b l y  gauche- t r a n s  guache+ i n  t h r e e  

s u c c e s s i v e  segments .  While a j o g  h a s  more t h a n  one i n t e r -  

v e n i n g  t r a n s  segment between t h e  gauche r o t a t i o n s .  Near 

t h e  non p o l a r  t a i l  o f  t h e  hydrocarbon c h a i n ,  s i n g l e  

i s o l a t e d  gauche r o t a t i o n s  become i n c r e a s i n g l y  p r o b a b l e  

l e a d i n g  t o  a f a l l  o f f  i n  d e g r e e  of  o r d e r  as t h e  methyl  

g r o u p  o f  t h e  non p o l a r  t a i l  i s  approached .  

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

where t h e  head group h a s  a n  o p t i c a l l y  a c t i v e  c a r b o n  

c a u s e s ,  a s  a r e s u l t  o f  t h e  d i s s y m e t r y  of  t h e  head group 

t h e  two p o s s i b l e  c o n f i g u r a t i o n s  o f  a k i n k  g+tg- and g-tg' 

t o  be of unequal  p r o b a b i l i t y .  With r e s p e c t  t o  t h e  b i l a y e r  

normal ,  t h e  d e g r e e  o f  o r d e r  o f  a C-H bond d i r e c t i o n  i s  -4 
i n  one combina t ion  o f  ' g t g '  and +* i n  t h e  o t h e r .  I f  b o t h  

c o n f i g u r a t i o n s  are  e q u a l l y  p r o b a b l e  t h e r e  i s  on t h e  

a v e r a g e  no c o n t r i b u t i o n  i n  k i n k s  t o  t h e  o v e r a l l  d e g r e e  o f  

o r d e r  of  t h e  C-H bond. I f  t h e  two c o n f i g u r a t i o n s  d o  n o t  

have  t h e  same p r o b a b i l i t y  t h e r e  i s  a c o n t r i b u t i o n  t o  t h e  

d e g r e e  o f  o r d e r ,  which is n o t  t h e  same f o r  g+tg-  and 

g-tg'. I n  s i m p l e  terms, i f  g'tg- h a s  a p r o b a b i l i t y  p', 

and g-tg' a p r o b a b i l i t y  p- t h e n  c o n t r i b u t i o n s  t o  t h e  

d e g r e e  o f  o r d e r  are *(p+-p-) f o r  one C-D bond and $(p--p+) 
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46 B.  J .  FORREST. L. W .  REEVES AND M. VIST 

f o r  t h e  o t h e r  C-D bond where p++p-=l. 

In  Table  I1 a comple te  summary i s  made f o r  a l l  t h e  

g u e s t s  i n  a l l  t h e  mesophases  measured. Examinat ion  of  

T a b l e  I1 shows t h a t  non-equiva lence  of  mot ion  i n  t h e  

-aCD2- g r o u p s  of a m p h i p h i l e s  i s  a consequence  of  o p t i c a l  

a c t i v i t y  i n  t h e  head  group b u t  t h a t  t h i s  l a t t e r  c o n d i t i o n  

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

v a l e n c e .  We must t h e r e f o r e  a c c e p t  t h a t  a p p a r e n t  equiva-  

l e n c e  c a n  o c c u r  i n  t h e  p r e s e n c e  of  o p t i c a l  a c t i v i t y  by 

a c c i d e n t a l l y  small  d i f f e r e n c e s  i n  p+ and p-. It is a l s o  

c lear  t h a t  non-equiva lence  a t  t h e  l e v e l  o f  a -CD2- segment 

i s  n o t  induced  i n t o  a segment i f  t h e  mesophase becomes a 

c h o l e s t e r i c  phase b u t  i t  i s  an  i n t r i n s i c  p r o p e r t y  of a 

c h i r a l  molecule  and i t s  m o t i o n s  i n  b o t h  nemat ic  and 

c h o l e s t e r i c  p h a s e s .  
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48 B.  J .  FORREST, L. W. REEVES AND M. VIST 

Legends 

Table I 
I_c 

Compositions of t h e  nematic and c h o l e s t e r i c  mesophases 

s t u d i e d  i n  t h i s  work. The chemical compounds a r e  abbre- 

v i a t e d  i n  t h e i r  naming accord ing  t o  t h e  fo l lowing  scheme. 

These abbrev ia t ions  a r e  a l s o  used i n  t h e  t e x t .  

KC1 2 

DeOH 

SDS 

ADE 

LAK 

LSK 

LVK 

LGK 

NaCl 

Na2SOq = 

Potassium Laura t e  

n-decanol 

Sodium decy l  s u l p h a t e  

The ammonium c h l o r i d e  e s t e r  of alamine wi th  

n-de c ano 1 

Postassium l au roy l  a lamina te .  This  i s  prepared 

e i t h e r  as a racemic mixture  D/L-LAK o r  a s  

reso lved  o p t i c a l  forms D-LAK and L-LAK. 

potassium l a u r o y l  s e r i n a t e .  Also prepared a s  

Racemic D/L or  i n  o p t i c a l l y  reso lved  forms D 

and L.  

potassium l au roy l  v a l i n a t e  

potassium l a u r o y l  g l y c i n a t e  

sodium c h l o r i d e  

sodium su lpha te  

HDTMA B r  = CTAB = hexadecyl t r ime thy l  ammonium bromide 

The f i r s t  column names, under mesophase, t h e  p r i n c i p a l  

amphiphile used i n  mesophase p repa ra t ion  ( t h e  h o s t  amphi- 

p h i l e ) .  In t h e  second column under h o s t  amphiphile t h e  

weight percentage i n  t h e  mesophases i s  given i n  paren- 

t h e s i s  e .g .  (33 .03 ) .  The weight percentage of decanol 

(DeOH) i s  g iven  i n  t h e  t h i r d  column. In t h e  fou r th  
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Legends ( c o n t ' d )  

column, t h e  e l e c t r o l y t e  i s  named and t h e  weight  pe rcen t  

used p laced  i n  p a r e n t h e s i s .  The f i f t h  column g i v e s  t h e  

weight  % of water (0 .1  wgt % D 2 0  i n  H20) used t o  p repa re  

t h e  mesophase. I n  t h e  l as t  column t h e  sma l l  weight  % of a 

d e u t e r i a t e d  amphiphi le  g u e s t  i s  g iven .  The composi t ion  of 

any mesophase can  be  ob ta ined  by r e a d i n g  a c r o s s  t h e  

columns a t  t h e  a p p r o p r i a t e  l e v e l .  Mesophases based on 

r e s o l v e d  s u r f a c t a n t s  L-LAK and L-LSK a r e  n e c e s s a r i l y  

c h o l e s t e r i c  mesophases wh i l e  t h o s e  based  on racemic d e t e r -  

g e n t s  DL = LAK and DL-LSK a r e  nemat ic  phases .  Mesophases 

based  on HDTMABr, SDS and KC12 a r e  a l s o  nemat ic .  A l l  

nemat ic  phases  were v e r i f i e d  a s  d i s k - m i c e l l e  mesophases 

w i t h  n e g a t i v e  d iamagnet ic  a n i s o t r o p y .  
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50 B. J .  FORREST, L. W .  REEVES AND M. VIST 

TABLE 2 

HOST MESOPHASE GUEST 
MESOPHASE TYPE AWHZPHTLE INEQUIVALENCE ( pH) 

DL-LAK 
I I  

11 

11 

I I  

I I  

L-LAK 
I1  

I t  

I I  

11 

I I  

KC1 2 
I t  

DL-LSK 
11 

L-LSK 
I1 

TYPE I1 D.M. 
I f  

I I  

11 

11 

11 

CHOLESTERIC 
I 1  

I I  

I I  

11 

I I  

TYPE I1 D.M. 
I I  

TYPE I1 D.M. 
I I  

CHOLESTERIC 
I t  

2 ,2-d2-DL-LAK 
2,2-d2-DL-LSK 
1 , 1 -d 2 -L-ADE 
2 , 2-d2-KC12 

3 , 3  , 4,4-d/+-DEOH 
1 ,1 , 2 , 2-dq-DEOH 

2 , 2-d2-L-LAK 
2,2-d2-L-LSK 
2,2-d2-KC12 
1,1-d2-L-ADE 
1,1,2,2-dq-DEOH 
3 , 3 , 4  ,4-d4 -DEOH 

2,2-d2-DL-LAK 
2,2-d2-L-LAK 

2,2-d2-DL-LAK 
2,2-d2-DL-LSK 

YES (7 1 
NO (7) 
NO (7) 
NO (7) 
NO (7) 
NO (7) 

YES (7) 
NO (7) 
NO (7) 
NO (7) 
NO (7) 
NO (7) 

YES (7) 
YES (7) 

YES (7) 
NO (7) 

YES (7) 
NO (7) 

HDTMABr TYPE I1 D.M. 2,2-d2-L-LAK YES(1) ,YES(7) ,YES(12) 
I I  ll 2,2-d2-L-LSK YES(l),NO (7),NO (12) 
I I  I I  2,2-d2-L-LVK NO (l),YES(7),YES(12) 
I1  11 lYl-d2-L-ADE NO (1),NO (7),NO (12) 
I I  I 1  2,2-d2-LGK NO (l),NO (71,NO (12) 

I I  I I  2,2-d2-LGK NO (l),NO (71,NO (12) TYPE I1 D.M. 2,2-d2-L-LAK YES(1) ,YES(7) ,YES(12) SDS 
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TABLE I1 -- 
The o b s e r v a t i o n s  of non-equivalent motions i n  methylene 

-CDZ-groups i n  l y o t r o p i c  m i c e l l a r  mesophases. The meso- 

phases  cor respond i n  o r d e r  t o  those  l i s t e d  i n  Table  I and 

a r e  named accord ing  t o  t h e  p r i n c i p a l  amphiphile p r e s e n t  i n  

t h e  mixture .  The second column c l a s s i f i e s  t h e  mesophase 

acco rd ing  t o  t h e  nomenclature p r e v i o u s l y  publ i shed  ( 1 0 ) .  

The t h i r d  column l i s t s  t h e  d e u t e r i a t e d  gues t  amphiphile 

p r e s e n t  as l i s t e d  i n  t h e  l a s t  column of  Table I. The las t  

two columns on t h e  r i g h t  g i v e  a s imple  yes  o r  no answer t o  

t h e  q u e s t i o n  ' Is inequ iva lence  observed  i n  t h e  -CD2-group 

and t h e  b racke ted  number (71, (11, and (121, e t c .  l i s t s  

t h e  pH o f  t h e  water used t o  p repa re  t h e  mesophase and t h u s  

t h e  s t a t e  of  p r o t o n a t i o n  of  t h e  carboxyl  head group. 
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p H m  1 

Figure 1 
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F i g u r e  1 

Deuterium magnetic resonance  s p e c t r a  of  mesophase com- 

ponents  w i th  sma l l  c o n c e n t r a t i o n s  of  s p e c i f i c a l l y  d e u t e r i -  

a t e d  p o s i t i o n s .  Spec t r a  were t aken  a t  Soth Western 

O n t a r i o  NMR f a c i l i t y  a t  Guelph U n i v e r s i t y  a t  - 60 MHz. 

The mesophase was a nematic d i s k  m i c e l l e  t ype  I1 DM system 

formed wi th  CTAB, decano l ,  sodium s u l p h a t e  and H20. The 

g u e s t  amphiphi le  was potassium aa ' -dZ- lauroyl  g l y c i n a t e  a t  

"0 .5  wgt% i n  t h e  phase. I n  t h e  upper spectrum (A) t h e  

mesophase was prepared  from 1 normal hydroch lo r i c  ac id  

wi th  a s m a l l  amount of  D20 added (0.1% by wgt).  There are 

t h r e e  quadrupole doub le t s :  The o u t e r  one wi th  s p l i t t i n g  

16 kHz i s  ass igned  t o  t h e  aa ' -d2- lauroyl  g l y c i n a t e  i o n ,  

t h e  i n t e n s e  doub le t  w i th  s p l i t t i n g  of "3KHz is asso- 

c i a t e d  wi th  t h e  headgroup -N(CD3)3+ p r e s e n t  a s  a h i g h l y  

d i l u t e d  mix tu re  i n  t h e  h o s t  d e t e r g e n t  CTAB. The s t r o n g  

c e n t r a l  peak i s  a c t u a l l y  t h e  quadrupole  doub le t  of t h e  

-0.1% D 2 0  p r e s e n t  a s  DOH. The s p l i t t i n g  is never  

g r e a t e r  than  a few Hz because  t h e  water  i s  only  weakly 

bound by t h e  head groups a t  t h e  m i c e l l e  i n t e r f a c e .  

The lower spectrum (B) co r re sponds  t o  a mesophase wi th  

t h e  same composi t ion  bu t  prepared  from n e u t r a l  wa te r  a t  pH 

" 7 .  The quadrupole  d o u b l e t s  a r e  s i m i l a r l y  a s s igned .  

The l a r g e s t  wi th  Av = 1 7  KHz i s  from t h e  aa ' dz -g lyc ina te  

gues t  i o n ,  and t h e  o t h e r s  a r e  marked a s  i n  t h e  upper spec- 

trum from t h e  -N(CD3)3+ head group and HOD. 
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pH91 1 

Figure 2 
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F i g u r e  2 

The upper  deu te r ium magnet ic  resonance  spec t rum 

a r i s e s  from a nemat ic  d i s k - m i c e l l e  phase prepared  from 

CTAB, decano l ,  sodium s u l p h a t e  and 1 Normal h y d r o c h l o r i c  

a c i d  wi th  LEV0 potass ium L-aa ' -d2-lauroyl  a l a n i n a t e  as a 

g u e s t .  The a and a' deu te r ium n u c l e i  on t h e  same ca rbon  

p o s i t i o n  become m o t i o n a l l y  i n e q u i v a l e n t  and u n l i k e  F i g u r e  

1 t h e r e  are t w o  quadrupole  d o u b l e t s  a s s o c i a t e d  wi th  t h e  

c h a i n  -CDg-group a t  5.5 and 12  KHz. The -N(CD3)3+ and HOD 

quadrupole  d o u b l e t s  are n o t  a p p r e c i a b l y  changed from t h o s e  

o f  F i g u r e  1. 

The lower spec t rum was o b t a i n e d  from a mesophase o f  

t h e  same composi t ion  bu t  p repa red  from n e u t r a l  wa te r  wi th  

0.1% D 2 0  added. Two quadrupole  d o u b l e t s  a r e  observed  f o r  

t h e  same -CDz-group as i n  t h e  upper  spec t rum bu t  t h e r e  a r e  

l a r g e  changes i n  t h e  q u a d r u p l e  s p l i t t i n g s  as i s  i n d i c a t e d  

by t h e  v a l u e s  on t h e  f i g u r e .  
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p H S  1 

, ll 4 

I I l I I l l l l 1 1 1 1 1  I 

2000 Hz / DIV. 

1 1 l 1 1 l 1 1 1 1 1 1 l 1 1  

2000 Hr / DIV. 
3 

Figure 3 
Spectra of alpha-deuteriated potassium lauroyl L-valinate 

in the CTBA nematic mesophase. Upper spectrum in acid at ph:l 

and lower spectrum in a neutral mesophase (water at ph-7). See 

text for further description. 
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