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ON T H E  POSSIBLE F O R M A T I O N  O F  MACROMICELLES 
I N  A LYOMESOPHASE 

L . Q .  AMARAL 
l n s t i t u t o  de F i s i c a ,  U n i v e r s i d a d e  de Sao 
P a u l o ,  C . P .  20516, Sao P a u l o ,  B r a s i l  

M . R .  T A V A R E S  
E s c o l a  P o l i t e c n i c a ,  U n i v e r s i d a d e  de Sa"o 
P a u l o ,  B r a s i l  

(Submitted f o r  pub1 i c a t i o n  November 30, 1979) 

ABSTRACT: A mode l  o f  f i n i t e  p l a n a r  m i c e l l e s  
( p l a t e l e t s )  s u r r o u n d e d  by  w a t e r  was p r e v i o u s -  
l y  p r o p o s e d  f o r  a t y p e  I1 l yomesophase .  I n  
t h i s  p a p e r  i t  i s  shown t h a t  X - r a y  d i f f r a c t i o n  
r e s u l t s  f o r  t h i s  l yomesophase  a r e  s t r o n g l y  
d e p e n d e n t  on  t h e  c o n t a i n e r .  R e s u l t s  a r e  
c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  u n d e r  t h e  
i n f  1 uence  o f  o r  i e n t a t  i o n a l  f o r c e s  t h e  p l a t e l e t s  
a g g e g a t e  f o r m i n g  m a c r o m i c e l l e s  composed o f  
s e v e r a l  a m p h i p h i l  i c  b i l a y e r s  s l l g h t l y  s w o o l e n .  

INTRODUCTION: Lyomssophases  t h a t  o r i e n t  i n  presence 
o f  m a g n e t i c  f i e l d s  H and can be used  as  o r i e n t a t i o n  
m a t r i x  f o r  N M R  s t u d i e s  h a v e  been known f o r  more 
t h a n  a decade1 , * .  These m a g n e t i c  l l y  o r i e n t e d  l y o -  
mesophases have  been c l a s s i f i e d 3 , & , 5  as t y p e s  I and  
I1 d e p e n d i n g  o n  w h e t h e r  t h e  pQase d i r e c t o r  o r i e n t s  
p a r a l l e l  o r  p e r p e n d i c u l a r  t o  H ;  t h e  two  t y p e s  can  
be i d e n t i f y e d  b y  t h e  'H N M R  sp  c t r  . 

We have  r e p o r t e d  r e ~ e n t l y & , 7 , ~  t h e  s t u d y  o f  a 
t y p e  I I  l yomesophase  fo rmed  by  a q u a t e r n a r y  s y s t e m  
(Na d e c y l  s u l f a t e / d e c a n o l / N a  s u l f a t e / w a t e r ) ,  w h i c h  
has  t h e  p r o p e r t y  o f  r e m a i n i n g  o r i e n t e d  f o r  mon ths  
a f t e r  h a v i n g  been e x p o s e d  t o  m a g n e t i c  f i e l d s .  
S m a l l - a n g l e  X - r a y  d i f f r a c t i o n  p a t t e r n s  have  been 
ob ta ined*  on  u n o r i e n t e d  samples  (S ) and o n  samples  
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204 L. Q. AMARAL and M. R. TAVARES 

p r e v i o u s l y  s u b j e c t e d  t o  t h e  a c t i o n  o f  m a g n e t i c  
f i e l d s ,  w i t h  t h e  X - r a y  beam p a r a l l e l  ( S , , )  a n d  p e r -  
p e n d i c u l a r  ( S , )  t o  Ff. D i f f r a c t ' o n  p a t t e r n s  showed 
a d i f f u s e  i n e r  h a l o  a t  8 0 - 1 4 0  and  a s h a r p  o u t e r  
r i n g  a t  3 8  B , t h a t  r e d u c e  t o  s p o t s  i n  t h e  e q u a t o r  
f o r  S,, ; no d i f f r a c t i o n  maxima w e r e  p r o d u c e d  f o r  
s, * 

To e x p l a i n  t h e  o b s e r v e d  d i f f r a c t i o n  p a t t e r n s  
a model  o f  f i n i t e  l a n a r  m i c e l l e s  s u r r o u n d e d  by  

o f  an  a m p h i p h i l i c  b i l a y e r ,  i n  t h e  f o r m  o f  p l a t e l e t s ,  
p r o b a b l y  d i s k - s h a p e d ,  t h a t  a l i g n  i n  p r e s e n c e  of 
m a g n e t i c  f i e l d s ,  w i t h  t h e i r  p l a n e  p a r a l l e l  t o  H .  
The o b s e r v e d  r e s u l  t s 8  ' e v i d e n c e d  t h a t  f u r t h e r  o r i e n -  
t a t i o n a l  r e s t r i c t i o n s  a r e  imposed  b y  t h e  c o n t a i n e r ,  
and t h e  p l a t e l e t s  t e n d  t o  r e m a i n  i n  a p l a n e  t h a t  
c o n t a i n s  Ff and t h e  c a p i l l a r y  a x i s .  These p l a t e l e t s  
t e n d  t o  be p a r a l l e l  and  some p e r i o d i c i t y  a p p e a r s  i n  
t h e  d i r e c t i o n  o f  t h e  phase  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  p l a n e  o f  p o l a r  h e a d s .  

o b t a i n e d  w i t h  samp les  c o n d i t i o n e d  i n  t h i n  w a l l e d  
g l a s s  c a p i l l a r i e s  o f  1 . 5  - 2 . 0  mm d i a m e t e r  (GC),  
w h i c h  gave  a v e r y  h i g h  a t t e n u a t i o n  o f  t h e  X - r a y  
beam. I n  o r d e r  t o  s t u d y  f u r t h e r  t h e  i n f l u e n c e  o f  
samp le  c o n t a i n e r  on  t h e  o r i e n t a t i o n  o f  t h i s  l y o -  
mesophase,  t h e  e x p e r i e n c e  was r e p e a t e d  u s i n g  q u a r t z  
c a p i l l a r i e s  o f  0 . 7  mm d i a m e t e r  ( Q C ) .  

w a t e r  was p r o p o s e d  t; . These p l a n a r  m i c e l l e s  c o n s i s t  

8 The r e s u l t s  p r e v i o u s l y  r e p o r t e d  h a v e  been 

RESULTS AND D I S C U S S I O N :  X - r a y  d i f f r a c t i o n  p a t t e r n s  
w e r e  o b t a i n e d  a s  i n  t h e  p r e v i o u s  s t u d y 8  bv DhOtO- 
g r a p h i n g  t e c h n i q u e  u s i n g ' a  smal 1 a n g l e  R i g a k u - D e n k i  
d i f f r a c t o m e t e r  w i t h  CUK, r a d i a t i o n  ( N i  f i l t e r e d )  i n  
a t r a n s m i s s i o n  g e o m e t r y .  

s u l t s  w i t h  Q C .  The s c a t t e r i n g  o f  t h e  empty  c a p i l -  
l a r i e s  i s  n e g l i g e a b l e .  W h i l e  t h e r e  i s  a marked  
d i f f e r e n c e  i n  t h e  r e s u l t s  S o  , S,,  and  S, f o r  samples 
c o n d i t i o n e d  i n  G C 8 ,  no s u c h  d i f f e r e n c e  c o u l d  be 
o b s e r v e d  w i t h  Q C ,  w h i c h  gave  S,, and  S, r e s u l t s  
r a t h e r  s i m i l a r  t o  S o .  On t h e  o t h e r  hand  r e s u l t s  
a r e  r a t h e r  d i f f e r e n t  w i t h  G C  and Q C ;  t h e  r e l a t i v e  
i n t e n s i t i e s  o f  t h e  b r o a d  i n n e r  h a l o  ( B )  and  o f  t h e  
s h a r p  o u t e r  r i n g  ( S )  changed  c o n s i d e r a b l y ,  as w e l l  

F i g u r e  1 shows S,, r e s u l t s  w i t h  G C  and  S o  r e -  
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MACROMICELLES IN LYOMESOPHASE 205 

as t h e  d e g r e e  o f  o r i e n t a t i o n ,  i n d i c a t i n g  a much 
more o r i e n t e d  samp le  w i t h  Q C .  

( a )  ( b )  

F I G U R E  1 - S m a l l  a n g l e  X - r a y  d i f f r a c t i o n  p a t t e r n s ;  
c a p i l l a r y  i n  v e r t i c a l  d i r e c t i o n .  
a )  samp le  c o n d i t i o n e d  i n  g l a s s  c a p i l l a r y  

(GC) and p r e v i o u s l y  o r i e n t e d  i n  a 
m a g n e t i c  f i e l d  fi p a r a l l e l  t o  t h e  X -  
r a y  beam (S,,) ; bes  i d e s  t h e  d i f f use  
i n n e r  s p o t  ( B )  t h e  n e g a t i v e  shows a 
weak o u t e r  a r c  (S) c e n t e r e d  i n  t h e  
e q u a t o r .  

b )  samp le  c o n d i t i o n e d  i n  q u a r t z  c a p i l l a r y  
(QC) and n o t  o r i e n t e d  i n  m a g n e t i c  
f i e l d  ( S o ) .  

These r e s u l t s  e v i d e n c e  t h a t  s u r f a c e  o r i e n t a t i o n  
i s  much s t r o n g e r  w i t h  Q C ,  so t h a t  no  r e s i d u a l  mag- 
n e t i c  o r i e n t a t i o n  c o u l d  be o b t a i n e d  i n  t h i s  c a s e .  
The Q C  r e s u l t s  i n d i c a t e  a m o n o c r y s t a l  1 i n e  s t r u c t u r e  
i n  o n e  d i m e n s i o n ,  w i t h  p l a n e s  p a r a l l e l  t o  t h e  
c a p i l l a r y  a x i s .  

Some d e t a i l s  o f  t h e  X - r a y  d i f f r a c t i o n  a n a l y s i s  
p e r f o r m e d  w i t h  G C  r e s u l t s 8  mus t  be  r e v i s e d  i n  f u n c -  
t i o n  o f  t h e  r e s u l t s  o b t a i n e d  w i t h  Q C  h e r e  r e p o r t e d .  
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206 L. Q. AMARAL and M. R. TAVARES 

B had been a s s o c i a t e d  w i t h  an a v e r a g e  d i s t a n c e  
b e t w e e n  p l a t e l e t s  i n  t h e  d i r e c t i o n  p e r p e n d i c u l a r  
t o  t h e  p l a n e  o f  p o l a r  heads .  The d i s t a n c e  a s s o -  
c i a t e d  i t h  S c o r r e s p o n d s  r o u g h l y  t o  t h e  c a l c u -  
lated7,!,9 b i  l a y e r  t h i c k n e s s  a n d  t h e r e f o r e  t o  t h e  
d i s t a n c e  b e t w e e n  p o l a r  heads  i n  one  p l a t e l e t ;  
however ,  due t o  i t s  s h a r p n e s s ,  S has been in te rp re ted  
as a B r a g g  r e f l e c t i o n ,  a p p e a r i n g  o n l y  when t h e r e  
i s  enough p e r i o d i c i t y ,  w h i c h  happens  when t h e  
p l a t e l e t s  r e m a i n  p a r a l l e l  and w i t h  c o n s t a n t  w a t e r  
s e p a r a t i o n .  The a n a l y s i s 8  i n  t e r m s  o f  a r e g u l a r  
l a m e l l a r  mode l ,  t a k i n g  i n t o  a c c o u n t  t h e  vo lume 
c o m p o s i t i o n  o f  t h e  samp le ,  showed t h  t one w o u l d  
e x p e c t  a r e p e t i t i o n  d i s t a n c e  d - 100 f o r  a b i -  
l a y e r e d  model  and d - 50 8 f o r  a m o n o l a y e r e d  model. 

s u g g e s t e d 8  t h a t  i t  m i g h t  c o r r e s p o n d  t o  a ( 3 0 0 )  
r e f l e c t i o n  f r o m  a b i l  y e r e d  l a m e l l a r  s t r u c t u r e ;  
f r o m  t h e  a n a l y s i s  made8 
t o  be f o u r  t i m e s  s t r o n g e r  t h a n  t h e  f i r s t ,  second  
and f o u r t h  o r d e r s .  The f i r s t  o r d e r ,  b e s i d e s  b e i n g  
w e a k e r ,  w o u l d  be h i d d e n  u n d e r  B .  

i n  t h i s  b a s i s :  S i s  v e r y  s t r o n g  i n  t h i s  c a s e ,  w h i l e  
B i s  weak and  y e t  t h e r e  i s  o n l y  o n e  s h a r p  p e a k .  
T h i s  means t h a t  i f  S i s  a t h i r d  o r d e r  r e f l e c t i o n ,  
i t  s h o u l d  be  o v e r  t e n  t i m e s  s t r o n g e r  t h a n  t h e  f i r s t  
and second  o r d e r s ,  w h a t  i s  n o t  t o  be  e x p e c t e d  i n  a 
r a t h e r  i m p e r f e c t  c r y s t a l l i n e  s t r u c t u r e .  T h i s  
i n d i c a t e s  t h a t  S s h o u l d  b e t t e r  be  i n t e r p r e t e d  as a 
f i r s t  o r d e r  r e f l e c t i o n .  

a r e  i n t e r c a l a t e d  w i t h  w a t e r ,  3 8  1 c o u l d  c o r r e s p o n d  
t o  a f i r s t  o r d e r  r e f l e c t i o n  o n l y  i f  t h e  p l a t e l e t s  
c o n s i s t  o f  a m o n o l a y e r  ( s t i f f  i n t e r d i g i t a t i n g  
p a r a f f i n  c h a i n s )  o f  a b o u t  2 8 .  From t h e  vo lume 
c o m p o s i t i o n  o f  t h e  sample7* ' ,  t h i s  d i v i s i o n  o f  
amph i ph i 1 e and w a t e r  a 1 ong  t h e  phase  d i r e c t o r  would 
i m p l y  t h a t ,  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  
d i r e c t o r ,  t h e  p l a t e l e t s  w o u l d  o c c u p y  7 2 %  o f  t h e  
s u r f a c e ,  w h a t  c o u l d  be  r e a s o n a b l e .  However  t h e r e  

1 0 , l l  a r e  some a r g u m e n t s  a g a i n s t  t h i s  m o d e l .  
- t h e  c h a i n  o r d e r  p r o f i l e s  o b t a i n e d  f r o m  N M R  

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

W i t h  G C ,  S i s  much weaker  t h a n  B and i t  was 

t h i s  r e f l e c t i o n  was expected 

However ,  t h e  QC r e s u l t s  a r e  h a r d l y  e x p l a i n e d  

I f  one  a d m i t s  t h a t  t h e  p l a t  l e t s  o f  a m p h i p h i l e  
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MACROMICELLES IN LYOMESOPHASE 207 

l a s t  c a r b o n s ,  w h a t  f a v o u r s  a b i l a y e r  model  w i t h  
r o t a t i n g  C H 3  a t  t h e  m i d d l e ;  - no  s h a r p  l i n e s  i n  t h e  h i g h e r  a n g l e  r e g i o n  have  
been  o b s e r v e d  w i t h  a D e b y e - S c h e r r e r  camera ,  a n d  
t h e y  s h o u l d  be p r e s e n t  i n  t h e  case  o f  s t i f f  
i n t e r d i g i t a t i n g  p a r a f f i n  c h a i n s 1 2 ;  - s u c h  a mode l  c a n n o t  e x p l a i n  t h e  o b s e r v e d  b r o a d  
band  a t  8 0 - 1 4 0  8 o b t a i n e d  w i t h  GC. 
need  t o  p o s t u l a t e  a r a t h e r  r a d i c a l  m o d i f i c a t i o n  
i n  t h e  s t r u c t u r e  i n  f u n c t i o n  o f  t h e  c o n t a i n e r ,  
w i t h  t r a n s i t i o n  f r o m  b i l a y e r  t o  m o n o l a y e r ;  

- t h e  o u t e r  r i n g  i s  r a t h e r  s h a r p  and r e d u c e s  t o  a 
p o i n t  w i t h  Q C ,  w h a t  means t h a t  t h e  p l a t e l e t s  i n  
t h e  w a t e r  w o u l d  f o r m  p r a c t i c a l l y  a u n i d i m e n s i o n a l  
m o n o c r y s t a l ;  t h i s  i s  h a r d  t o  b e l i e v e  w i t h  so 
much d i s o r d e r e d  w a t e r  b e t w e e n  t h e  p l a t e l e t s .  

One w o u l d  

I f  one a d m i t s  t h a t  t h e  p l a t e l e t s  a r e  f o r m e d  
by  an a m p h i p h i l i c  b i l a y e r  t h a t  c o r r e s p o n d s  r o u g h l y  
t o  t h e  o b s e r v e d  f i r s t  o r d e r  r e f l e c t i o n ,  i t  Is 
n e c e s s a r y  t o  suppose  t h a t  i n  some r e g i o n s  t h e  
p l a t e l e t s  a g g r e g a t e  f o r m i n g  m u l t i - b i l a y e r s  w i t h  
l i t t l e  w a t e r  be tween  them, and  t h e s e  a g g r e g a t e s  a r e  
i n t e r c a l a t e d  w i t h  l a r g e  w a t e r  r e g i o n s .  The p o s s i -  
b i l i t y  o f  i r r e g u l a r  d i s t r i b u t i o n  of l a m e l l a r  regions 
and w t e r  r e g i o n s  was l e f t  open i n  t h e  p r e v i o u s  
s t u d y  8 . 

Such a model  c o u l d  e x p l a i n  a l l  t h e  o b s e r v e d  
r e s u l t s .  W i t h  G C  t h e  p l a t e l e t s  a r e  more  o r  l e s s  
r a n d o m l y  o r i e n t e d ;  u n d e r  t h e  i n f l u e n c e  o f  o r i e n -  
t a t i o n a l  f o r c e s ,  t h e  p l a t e l e t s  t e n d  t o  b e  p a r a l l e l  
and  s t a r t  t o  a g g r e g a t e  f o r m i n g  m a c r o m i c e l l e s  
composed o f  s e v e r a l  a m p h i p h i l i c  b i l a y e r s  s l i g h t l y  
s w o o l e n .  S,, w i t h  G C  shows t h e  c o e x i s t e n c e  o f  some 
m a c r o r n i c e l l e s  w i t h  many o r i e n t e d  p l a t e l e t s  
s e p a r a t e d  b y  w a t e r .  W i t h  Q C  t h e  m a c r o m i c e l l e s  
d o m i n a t e ;  t h e  S w i d t h ,  a f t e r  c o . r r e c t i o n  f o r  geo -  
m e t r i c a l  r e  o l u t i o n ,  i m p l i e s  p e r i o d i c i t y  f o r  a t  

o f  t h e  m a c r o m i c e l l e s .  The f a c t  t h a t  o n l y  t h e  f i r s t  
o r d e r  i s  o b s e r v e d  may be  c o n n e c t e d  w i t h  a h i g h  
Debye-Wal l e r  f a c t o r ,  w h a t  o c c u r s  f o r  many 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 .  

T h i s  mode l  o f  m a c r o m i c e l l e s  can a l s o  e x p l a i n  
t h e  l a s e r  d i f f r a c t i o n  r e s u l t s  o n  t h i s  lyomesophase'3, 

l e a s t  1 0 0 0  fi , and t h i s  w o u l d  be t h e  min imum s i z e  
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s i n c e  i t  i s  p o s s i b l e  t h a t  t h e  m a c r o m i c e l l e s  f o r m  
h y p e r s t r u c t u r e s  w i t h  t h e  w a t e r .  

G C  and QC i n d i c a t e  t h a t  t h e  s u p e r s t r u c t u r e  o f  t h i s  
l yomesophase ,  i n c l u d i n g  t h e  f o r m a t i o n  o f  a g g r e g a t e s  
o f  p l a t e l e t s ,  i s  c r i t i c a l l y  d e p e n d e n t  o n  t h e  
o r i e n t a t i o n a l  f o r c e s  a c t i n g  upon i t ,  may them be 
o r i g i n a t e d  f r o m  m a g n e t i c  f i e l d s  o r  f r o m  s u r f a c e  
o r i e n t a t i o n .  The s t r u c t u r e  has  c h a r a c t e r i s t i c s  
b e t w e e n  t h e  l a m e l l a r  and t h e  n e m a t i c  mesophases .  

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