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SUMW/lRYo

P a r t  1„ I n t r o d u c t i o n  and  T heory  o f  E x p e r im e n ta l  T echn ique i

I n  t h e  i n t r o d u c t o r y  s e c t i o n  o f  t h i s  t h e s i s ^  th e  

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

m eth o d s  ( w i th  e m p h a s is  on more r e c e n t  d e v e lo p m e n ts )  and some 

r o u t e s  t o  i t s  s y n t h e s i s  a r e  o u t l i n e d *  M i c e l l i B a t i o n  and 

s o l u b i l i s a t i o n  i n  a q u e o u s  and  non™aqueous s o l u t i o n s  a r e  d i s c u s s e d g  

t h e  e f f e c t s  i n  a q u e o u s  s o l u t i o n  b e in g  o n ly  b r i e f l y  m e n t io n e d ;  

f u l l e r  a c c o u n t s  b e in g  g iv e n  o f  th e  two p r o p e r t i e s  w i th  r e s p e c t  

t o  n o n -a q u e o u s  s o l u t i o n s  and l e c i t h i n  m i o e l l a r  sys tem so  The 

s t r u c t u r e  o f  m y e l in  i s  c o n s id e r e d ^  a t t e n t i o n  b e i n g  d i r e c t e d  

t o  i t s  p h o s p h a t id e  c o n te n te

The t h e o r i e s  o f  th e  two m ain  e x p e r i m e n t a l  t e c h n i q u e s  u s e d ;  

l i g h t - ~ s o a t t e r i n g  and r e s t r i c t e d ,  d i f f u s i o n ?  a r e  p r e s e n te d *  The 

r e l a t i o n s h i p  b e tw e e n  t h e  v i s c o s i t y  o f  s o l u t i o n s  o f  rn a c ro m o le c u la r  

p a r t i c l e s  and th e  p a r t i c l e  sheipe and s o l v a t i o n  i s  o u t l i n e d *

P a r t  2o E x p e r im e n ta l^  R e s u l t s ^  and 'O iscu ss io n *

The d e v e lo p m e n t  and c a l i b r a t i o n  o f  a l i g h t - - s c a t t e 3? in g  

p h o to m e te r  a r e  d e s c r i b e d ;  t o g e t h e r  w i th  a new ty p e  o f  c e l l *  An 

a s s e s s m e n t  wae made o f  some e r r o r s  i n  t h e  l i ^ h t ^ a o a t t o r i n g  m ethod 

o f  m o le c u l a r  w e ig h t  d e t e r m i n a t i o n  u s i n g  a p o l y s t y r e n e  f r a c t i o n  

i n  m e th y l  e t h y l  k e to n e  and i n  to lu e n e *  The t o t a l  e r r o r  i n  a 

m o le c u l a r  w e ig h t  d e t e r m i n a t i o n  was d e p e n d e n t  upon  t h e  s o lv e n t?  

t h e  e r r o r  r a n g e  b e i n g  «  8 t o  IJJb (P  0*9 5 )»  A. R a y le ig h  

I n t e r f e r e n c e  r e f r a c t o m e t e r  w i th  a s p e c i a l l y  a d a p te d  c e l l  h o l d e r



i l

was u s e d  t o  d e te r m in e  d i f f u s i o n  c o e f f i c i e n t  So

L i g h t « s c a t t e r i n g  was u se d  t o  d e te r m in e  t h e  m i o e l l a r  sis©  

o f  l e c i t h i n  i n  a s e r i e s  o f  e l e v e n  s o l v e n t  sy s te m s  whose 

d i e l e c t r i c  c o n s t a n t ?  ra n g e d  from  2»3 (b e n z e n e )  t o  4208 

(84®0'^ V/V m e th a n o l /w a te r )  o Over t h i s  ra n g e  t h e  m i c e l l e s  

d e c r e a s e d  i n  s i z e  from  a g g r e g a t e s  o f  80 monomers i n  ben zen e  

t o  monomers a t  29*0 (9 3 * 4 ^  V/V e t h a n o l / w a t e r ) |  t h e  s i z e  th e n  

i n c r e a s e d  t o  a g g r e g a t e s  o f  90 monomers a t  E  == 42*8* I t  was 

t h o u g h t  t h a t  on c h a n g in g  from  th e  n o n - p o l a r  t o  th e  p o l a r  s o l v e n t s ^  

t h e  m i o e l l a r  S t r u c t u r e  was r e v e r s e d ^  i* e*  t h e  l e c i t h i n  p o l a r  head  

g ro u p s  were i n  t h e  i n t e r i o r  o f  th e  m i c e l l e  i n  t h e  non™ polar 

s o l v e n t s ;  and  on t h e  e x t e r i o r  where € .> 2 9 o0 o

To c o n f i r m  th e  m i o e l l a r  w e ig h ts  from  l i g h t - s c a t t e r i n g  i n  

s o l v e n t  m ix t u r e s ;  some m i o e l l a r  w e ig h t s  w ere  d e te rm in e d  by  a 

c o m b in a t io n  o f  d i f f u s i o n  and  v i s c o s i t y  r e s u l t s *  Prom t h e  

c o m p a r iso n  o f  m i o e l l a r  w e ig h ts  and v i s c o s i t y  i n t e r c e p t s  t o  model 

s t r u c t u r e s ;  i t  a p p e a re d  t h a t  on i n c r e a s i n g  6  from  2 *3 * and 

r e a c h i n g  t h e  ra n g e  €  ™ 18=2$* t h e  m i c e l l e  s t r u c t u r e  changed  from  

a b i m o l e c u l a r  t o  a m onom oloeu lar l e a f l e t *  A s i m i l a r  t r a n s i t i o n  

was th o u g h t  t o  o c c u r  i n  t h e  more p o l a r  s o l v e n t s  where € > 2 9 ^̂0 o 

I n t e r p r e t a t i o n  o f  r e s u l t s  i n  t h e s e  l a t t e r  s o l v e n t s  was more 

d i f f i c u l t  due t o  h y d r a t i o n  e f f e c t s  c o n f u s i n g  t h o s e  o f  asym m etry  

when c o n s i d e r i n g  t h e  v i s c o s i t y  i n t e r c e p t s *

The s o l u b i l i s a t i o n ?  by l e c i t h i n  m i c e l l e s  i n  b e n z e n e ;  o f  

c h o l i c  a c i d  an d  f o u r  b i s - q u a t e r n a r y  ammonium compounds was



i l l

i n v e s t i g a t e d *  Fox* c h o l i c  a c i d ;  t h e  r a t i o  o f  t h e  number o f  

m o le c u le s  s o l u b i l i s e d  p e r  m o le c u le  o f  l e c i t h i n  was and

m etho ds  w ere  s u g g e s te d  f o r  t h e  i n c o r p o r a t i o n  o f  t h i s  s o l u b i l i s â t ©  

i n  t h e  m ic e l l e o  B ecause  o f  t h e  s m a l l  s o l u b i l i s a t i o n  r a t i o s  

o b s e r v e d  fox* t h e  b is« = q u a te rn a ry  ammonium compounds^ no 

s o l u b i l i s a t e - m i c e l l e  s t r u c t u r e  was s u g g e s te d »

A s tu d y  was made o f  t h e  i n t e r a c t i o n  o f  w a t e r  and  l e c i t h i n  

m i c e l l e s  i n  b e n z e n e « l i g h t - s c a t t e r i n g  and d i f f u s i o n - v i s c o s i t y  

m ea su re m e n ts  i n d i c a t e d  t h a t  t h e  number o f  monomers p e r  m ic e l l e  

re m a in e d  c o n s t a n t  a s  t h e  m i o e l l a r  w a te r  c o n t e n t  i n c r e a s e d *  I n  

su ch  s y s te m s  i t  was shown t h a t  a l l  t h e  w a te r  p r e s e n t  c o u ld  be 

assum ed t o  be s o l u b i l i s e d  * V i s c o s i t y  i n t e r c e p t s  showed an  

i n c r e a s e  from  2 ®8 7 ? a t  z e ro  w a te r  c o n t e n t ;  t o  a p e ak  o f  4*00 

a t  0*058 g* w a te r /g o  l e c i t h i n *  F u r t h e r  a d d i t i o n  o f  w a te r  t o  

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

t i l l  a t  0*33 go w a te r /g o  l e c i t h i n  t h e  v a lu e  was 3*33o T h i s  

l a t t e r  i n t e r c e p t  was c h a r a c t e r i s t i c  o f  h y d r a t e d  s p h e r e s  h a v in g  

a  c a l c u l a t e d  w a te r  c o n te n t  o f  O*33go w a te r /g *  l e c i t h i n *

C om parison  t o  m o le c u l a r  m odels  seemed t o  i n d i c a t e  t h a t  th e  

m i c e l l e s  r e s e m b le d  o b l a t e  e l l i p s o i d s ^  and t h a t  t h e  a d d i t i o n  o f  

w a t e r  i n i t i a l l y  i n c r e a s e d  t h e i r  asym m etry (up  t o  0 *058 g o / g o )5 

w h i l e  f u r t h e r  w a te r  t e n d e d  t o  c a u se  t h e  p a r t i c l e s  t o  become 

s p h e r i c a l *  The maximum u p ta k e  o f  w a te r  by  Vja l e c i t h i n  s o l u t i o n s  

i n  b e n z e n e  v/as shown t o  be 0®33go w a te r /g *  l e c i t h i n o
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PART 1

lOTHOHJCTIOHs M P  THEORY OP EXPERIMEÎTTAL TECHNIQUES



STRUCTURE OF LECITHIN*

The f i r s t  p r o o f  o f  t h e  e x i s t e n c e  o f  com plex  f a t t y
1

compounda l a  g e n e r a l l y  c r e d i t e d  t o  P o u rc royg  who worked a t

t h e  end o f  t h e  e i g h t e e n t h  c e n tu ry *  A f t e r  t h e  t u r n  o f  t h a t
2

c e n t u r y  V a u q u e l i a  became t h e  i n i t i a l  i n v e s t i g a t o r  t o  show 

t h e  p r e s e n c e  o f  bound p h o s p h o ru s  i n  t h e  f a t —l i k e  m a t e r i a l  o f
3 9 4 9 5

t h e  b r a in *  F o l lo w in g  t h i s  w ork; G ob ley ; i n  t h e  mid

n i n e t e e n t h  c e n t u r y 9 showed t h a t  eg g  y o l k  c o n ta in e d  what i s  

now known a s  a p h o s p h a t id e *  T h is  p h o s p h a t id e  was l a t e r  c a l l e d  

l e c i t h i n ;  t h e  name b e in g  d e r i v e d  from  t h e  G reek  e q u i v a l e n t  f o r  

e gg  y o lk o  E l u c i d a t i o n  o f  t h e  s t r u c t u r e  o f  l e c i t h i n  t h e n

commenced » I n  1868 Diakonow showed t h a t  c h o l i n e  was i t s
8

n i t r o g e n o u s  b a se *  As a  r e s u l t  o f  h i s  f u r t h e r  w ork; and
9

t h a t  o f  S t r a c k e r ;  i t  was p ro v e d  t h a t  l e c i t h i n  c o n t a i n e d

g l y c e r o l  and  two f a t t y  a c i d s ; e i t h e r  s i m i l a r  o r  d i f f e r e n t ;

a n d  t h a t  t h e  f a t t y  a c i d s  w ere e s t e r i f i e d  w i t h  t h e  g l y c e r o l*

Though b o t h  t h e s e  w o rk e r s  a g re e d  t h a t  a p h o s p h o r i c  a c i d  m o le c u le

was a t t a c h e d  b o t h  t o  t h e  t h i r d  h y d ro x y l  o f  g l y c e r o l  and  t o  a

c h o l i n e  m o le c u l e ; t h e y  d i s a g r e e d  a s  t o  t h e  n a t u r e  o f  t h e

p h o s p h o r i c  a c i d —ch o lin®  l in k *  Biakonow s t a t e d  t h e  l i n k a g e

was v i a  t h e  h yd ro :cy l g ro u p  o f  t h e  c h o l in e  n i t r o g e n ;  S t r e o k o r

s t a t i n g  i t  t o  be  v i a  t h e  o t h e r  h y d ro x y l  g ro u p  o f  t h e  c h o l in e *
10 11

S u b s e q u e n t  w ork o f  H undoshagen  and  G i l s o n  showed S t r e c k o r  

t o  be c o r .re c to



From t h i s  e a r l y  w ork ; i t  was c l e a r  th a t ,  l e c i t h i n  c o u ld  

e x i s t  I n  two form©; t h o s e  fo rm s a r i s i n g  from  t h e  p o s s i b i l i t y  

o f  t h e  p h o s p h a te  e s t e r  g r o u p in g  b e in g  a t t a c h e d  e i t h e r  t o  th e  

o r  t h e  ^ - c a r b o n  o f  g l y c e r o l *  T h is  p r o v id e d  w o rk e r s  w i t h  

t h e  p ro b le m  o f  i n v e s t i g a t i n g  l e c i t h i n  t o  t r y  and  e s t a b l i s h ?  

f i r s t l y ;  w hich  g l y c e r o l  c a rb o n  atom  t h e  p h o s p h a te  e s t e r  

g i 'ou p in g  was a t t a c h e d  to ?  o r  i f  i t  c o u ld  b e  a t t a c h e d  t o  e i t h e r ;  

a nd  s e c o n d ly ;  i f  i t  was a t t a c h e d  t o  t h e  ©t— c a rb o n  atom? t h e  

n a t u r e  o f  th e  s t e r e o c h e m ic a l  c o n f i g u r a t i o n ;  t h e r e  b e in g  an  

a sy m m e tr ic  c a rb o n  atom*

GEoOCOa^
GEgOCO&a GEgUuu^

0
CHOCOEg C H O Ç O C H 2C H 2?( G H 3 ) 3

OH OH
cHgOPocHgCHg^Xcaa) 3 GH2 OCOS2

OH ■ ” 0H

cX— L e c i th in o  p  -  L e c i t h i n ^

12
As e a r l y  a s  19OX; U l p i a n i  d e m o n s t r a te d  o p t i c a l  a c t i v i t y  

a s  a  c h a r a c t e r i s t i c  o f  m ost sa m p le s  o f  n a t u r a l l y  o c c u r r i n g  

l e c i t h i n ;  i n d i c a t i n g  i t  t o  be  l e c i t h i n *  F o l lo w in g  t h i s  work 

many c o n f l i c t i n g  c o n c l u s i o n s  were drawn by  w orke i's?  t h e  p ro b lem  

n o t  b e i n g  r e s o l v e d  t i l l  t h e  l a s t  decade*  I t  was t h e  p r o d u c t i o n  

o f  p u re  s y n t h e t i c  m a t e r i a l s  and  t h e i r  c o m p a r iso n  t o  t h e  

n a t u r a l  m a t e r i a l  t h a t  p ro v id e d  t h e  r e s u l t s  sho w in g  t h e  e x i s t a n c e § 

i n  n a t u r e  » o f  o n ly  t h e  form* T h is  c o m p a r is o n  o f  t h e  n a t u r a l  

w i th  t h e  s y n t h e t i c  s u b s t a n c e s  h a s  b e a n  due l a r g e l y  t o  t h e  w ork 

o f  B a e r  and  h i s  c o l l e a g u e s  s in c e  i t  was t h e y  who o b t a i n e d  th e  

s y n t h e t i c  p r o d u c t s  t h a t  were used *  U s in g  t h e i r  own s y n t h e t i c
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m a t e r i a l  t h e y  e s t a b l i s h e d  a g a i n  by  c o m p a r is o n  t o  n a t u r a l

p r o d u c t s ?  t h a t  t h e  n a t u r a l  m a t e r i a l  b e lo n g e d  t o  t h e  
13

So

H aving  o b t a i n e d  t h e  g e n e r a l  s t r u c t e e  o f  n a t u r a l  l e c i t h i n ?

t h e r e  s t i l l  re m a in e d  t h e  p ro b lem  o f  d e t e r m i n i n g  I t s  f a t t y  a c i d

c o m p o s i t io n ^  From t h e  r e s u l t s  o f  many a t t e m p t s  t o  s o lv e  t h i s

p ro b le m ; i t  a p p e a re d  t h a t  t h e  l e c i t h i n  was a m ix tu r e  o f

s e v e r a l  l e c i t h i n s  o f  v a r y i n g  f a t t y  a c i d  c o m p o s it io n »  To

i l l u s t r a t e  t h i s ?  l e c i t h i n  i s o l a t e d  from  e g g  y o l k  can  be  c i t e d

a s  a n  exam ple »
14

I n  1903 egg  l e c i t h i n  wa© shown t o  c o n t a i n  t h e  s a t u r a t e d  

ac id©  p a l m i t i c  and  s t e a r i c  and  th e  u n s a t u r a t e d  a c i d s  o l e i c  and 

l l n o l e i C o  S in c e  th e n ?  num erous w o rk e rs  have  s t a t e d  t h e i r  

f i n d i n g s ?  and  I n  t h e  l i g h t  o f  t h e  more r e c e n t  w ork  t h e s e  f o u r  

a c i d s  w ould  seem  a lw a y s  t o  be p r e s e n t  « The p r e s e n c e  o f  o t h e r  

s a t u r a t e d  and  i m s a t u r a t e d  a c i d s  h a s  b e e n  r e p o r t e d  lea©
15,16

r e g u l a r l y *

I t  was n o t  u n t i l  t h e  n i n o t e e n - t h 1r t l a s  t h a t  t h e  r e l a t i v e

p r o p o r t i o n s  o f  t h e  I n d i v i d u a l  a c i d s  w are e s t im a te d *  From t h e
16

f i g u r e s  o f  R e lm enschnaxder?  F i l l©  and T a t i S ;  ( p a l m i t i c  31*8^;

s t e a r i c  4*1? o l e i c  4 2 *6 ? l i n o l e i c  6*2 and c lu p a n o d o n ic  13*3)?
17918, 1 9 , 2 0 , 2 1 ,2 2

and t h o s e  ^ subseq uen tly  p u b l i s h e d ,  i t  a p p e a r e d  t h a t  t h e

p r o p o r t i o n  o f  p a l m i t i c  a c i d  was f a i r l y  c o n s t a n t  a t  a p p r o x im a te ly  

30^  (T a b le  l ) o  Gas c h ro m a to g ra p h y  h a s  b e e n  a  u s e f u l  t e c h n i q u e
23

f o r  t h i s  work* Rhodes h a s  r e c e n t l y  shown t h a t  by  f e e d i n g  hone 

a d i e t  t h a t  c o n t a in e d  a h ig h  p r o p o r t i o n  o f  u n s a t u r a t e d  a c i d s ?  by



means o f  cod l i v e r  o i l ?  t h e r e  was an  i n c r e a s e  i n  t h e  

u n s a t u r a t i o n  o f  t h e  l e c i t h i n  f a t t y  a c id s *  T h is  s u g g e s t e d  

t h a t  th e  f a t t y  a c i d  c o m p o s i t io n  was v a r i a b l e  ? d e p e n d in g  

e s s e n t i a l l y  on t h e  d i e t *  However? i t  would seem t h a t  t h e  

p r o p o r t i o n  o f  p a l m i t i c  a c i d  i s  i n f l u e n c e d  l i t t l e  by  d i e t *

A f u r t h e r  a s p e c t  o f  t h e  s t r u c t u r e  o f  l e c i t h i n  w hich  

haa o n ly  r e c e n t l y  b e e n  worked o u t  l a  t h e  d i s t r i b u t i o n  o f  

t h e  s a t u r a t e d  and  u n s a t u r a t e d  a c i d s  b e tw een  t h e  <x- a n d ^ » -  

c a rb o n  a tom s o f  g l y c e r o l *  T h is  h a s  b e e n  s t u d i e d  on s e v e r a l
1 7 *1 8 , 1 9 ,2 0 9 2 4

o c c a s i o n s  a n d  i t  h a s  b e en  known f o r  a b o u t  t e n

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

c e r t a i n  f a t t y  a c id s *  D u r in g  t h i s  w ork , t h e  i n v e s t i g a t o r s

r e l i e d  on t h e  f a c t  t h a t  p h o s p h o l lp a s e  A fro m  sn a k e  venom

h y d r o l y s e d  t h e  ester l i n k  i n  t h e  p o s i t i o n *  O b ta in in g  from

t h i s  h y d r o l y s i s  an  u n s a t u r a t e d  a c i d ,  t h e y  c o n c lu d e d  t h a t  t h e

oir p o s i t i o n  was s p e c i f i c  f o r  u n s a t u r a t e d  a c i d s *
20

I n  1959 T a t t r i ©  e n z ^ rm a t ie a l ly  h y d r o ly s e d  e g g  l e c i t h i n

w i th  l e c i t h l n a s e  D, o b t a i n i n g  a m ix tu r e  o f  d ig X y c e r id e s *

% - r i s t i o  a c i d  was t h e n  i n c o r p o r a t e d  i n t o  t h e  f r e e  oC p o s i t i o n

a n d  t h e  r e s u l t i n g  t r i g l y c e r i d e s  were h y d r o l y s e d  w i th  p a n c r e a t i c

l i p a s e o  T h is  ensym© s p e c i f i c a l l y  r e l e a s e s  t h e  f a t t y  a c i d s  from

t h e  Gi- and  ei®- p o s i t i o n s ?  and  t h e s e  r e l e a s e d  a c i d s  w ere i d e n t i f i e d

a s  p a l m i t i c ,  s t e a r i c  and  m y r i s t i o *  C o n t r a ry  t o  t h e  e a r l y

f i n d i n g s ,  t h i s  i n d i c a t e d  t h a t  l e c i t h i n a s e  A h y d r o ly s e d  t h e ^  ™

e s t e r  l in k a g e *  T h i s  l a t t e r  o b s e r v a t i o n  was soon  t o  be  s u p p o r te d
21

by  H anahan , B r o o k e rh o f f  and B a r ro n ,  am i d® H a as ,  M?*ld©r and  v an



25
Deenen* The e f f e c t  o f  t h i s  c o r r e c t i o n  d o e s  n o t  d e t r a c t  f ro m  

t h e  e a r l i e r  w ork  on t h e  f a t t y  a c i d  p o s i t i o n a l  d i s t r i b u t i o n ,  i t

m e re ly  r e v e r s e s  t h e  c o n c lu s io n s *  F o l lo w in g  T a t t r i e '^ e  w o rk , and
21

t h a t  o f  H anahan w hich  showed o n ly  4^  o f  t h e  y ^ - a t t a c h e d  a c i d s
22  ̂

t o  he  s a t u r a t e d ?  Hawk© s t a t e d  t h a t  t h e  d i s t r i b u t i o n  o f

p a l m i t i c  a c i d  b e tw e e n  t h e  ^C-and ^ —p o s i t i o n s  a lm o s t  e n t i r e l y

f a v o u r s  t h e  fo rm er*  S in c e  t h e  p r o p o r t i o n  o f  p a l m i t i c  i s

a p p r o x im a te ly  30^  o f  t h e  t o t a l  f a t t y  acid®  p r e s e n t ?  a b o u t  60^

o f  t h e  l e c i t h i n  m olecu le®  have  t h i s  a c i d  i n  t h e  g ^ ^ p o e i t io n *

The 4 0 ^  o f  t h e  &4™po®ition8 t h a t  r e m a in  w i l l  t h e n  p o s s e s s  t h e

s a t u r a t e d  s t e a r i c  a c i d  and  be c o m p le te d  w i t h  u n s a t u r a t e d  a c id s *

I t  c an  t h e r e f o r e  b© s t a t e d  t h a t  t h e  s a t u r a t e d  a c i d s  p re d o m in a te

i n ,  an d  f a v o u r ,  t h e  cc?(-posltion , w h i le  t h e  u n s a t u r a t e d  a c i d s

f a v o u r  t h e  ^ f - p o s i t i o n *

W ith t h e  e l u c i d a t i o n  o f  t h e  f a t t y  a c i d  c o m p o s i t io n  o f  egg

l e c i t h i n  i t  become® c l e a r  t h a t  p u r i f i e d  n a t u r a l  egg  l e c i t h i n

c o n s i s t s ?  n o t  o f  a  s i n g l e  c h e m ic a l  e n t i t y ?  b u t  o f  a  m ix tu re  o f

compounds v a r y i n g  i n  t h e i r  f a t t y  a c i d  c o n t e n t *
26

Grun and  M m pacher?  i n  19^3? s u g g e s t e d  t h a t  t h e  p h o sp h o ry l-

c h o l i n e  g r o u p in g  o f  t h e  l e c i t h i n  c o u ld  e x i s t  i n  one o f  two form s
27

-  am a îïhydfo  o r  h y d r a t e d  form* T h e i r  f u r t h e r  w ork  s u g g e s t e d  t h e
28

a n h y d ro  a s  t h e  more l i k e l y *  Juke© s u b s e q u e n t ly  r e j e c t e d  th© 

a n h y d re  fo rm  on t h e  g ro u n d s  t h a t  th e  c o n c e p t  o f  a  n i t r o g e n  atom  

w i t h  f i v e  b o n d s  was n o t  i n  a g re e m e n t  w i t h  th® c u r r e n t  v a le n c y  

t h e o r i e s *  He s u g g e s te d  t h e  fo rm u la  s h o u ld  b e  w r i t t e n  a® a  

z w l t t e r l o n i c  ^ txn c kn re  s u b s t a n t i a t i n g  hi© #& gge® tion by



© l e c t o m e t r io  t i t r â t io n .

0  j) 0
R -0f 0CH2 CHgf(CH3 )3  S»0P0GH2 CHgf( ^ 3 )3  a - 0P0 Ca2GH2M(CH3 ) 3

0.H ïrfTX 0
Anhydro H y d ra te d  Z v / i t te r io m

E “ gljQ BT^l d i f a t t y  a c i d  r e s id u e *

B h r t h e r  e v id e n c e  f o r  t h i s  s t r u c t u r e  cam© from  d i e l e o t r i o
29 30

c o n s t a n t  s t u d i e s  i n  t h r e e  s o l v e n t s  * I n  a l c o h o l  a n d  i n  w a te r?  

l e c i t h i n  s o l u t i o n s  had  a  g r e a t e r  d i e l e c t r i c  c o n s t a n t  t h a n  t h e  

s o l v e n t  g w h i le  no change  i n  d i e l e c t r i c  c o n s t a n t  was found  

b e tw ee n  b e n ze n e  and  l e c i t h i n  s o l u t i o n s  i n  b e n zen e*
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PORIPICATION OP HATU8AL LECITHIN.

L e c i t h i n  i s  known t o  he w id e ly  d i s t r i b u t e d  i n  b o th  t h e  

a n im a l  and  v e g e t a b l e  k in g d o m s* I t s  e x t r a c t i o n  from  many

s o u r c e s  h a s  b e e n  t h e  s u b j e c t  o f  many p a p e r s  and  s e v e r a l  t e x t s  
31?32?33

and a s  a  r e s u l t  t h e r e  i s  a w e a l th  o f  i n f o r m a t i o n  on 

t h e  p r e p a r a t i v e  p ro c e d u r e s *  I t  was d e c i d e d ,  t h e r e f o r e ,  t h a t  

t h i s  r e v ie w  o f  t h e  p u r i f i c a t i o n  be  r e s t r i c t e d  to  l e c i t h i n  

o b t a i n e d  from  hens*  egg  y o lk ?  and i n  o r d e r  t o  e m p h a s ise  t h e  

more r e c e n t  d e v e lo p m e n ts?  much more a t t e n t i o n  h a s  b e e n  d i r e c t e d  

to  t h e  work p u b l i s h e d  from  t h e  l a t e  1 9 5 0 *s onw ards t h a n  t o  th e  

e a r l i e r  f i n d in g s *

O c c u r r in g  n a t u r a l l y  w i th  l e c i t h i n  a r e  s e v e r a l  o t h e r  

p h o s p h a t id e ®  whose s i m i l a r  c h em ica l  n a t u r e  and p h y s i c a l  p r o p e r t i e s  

have  p r o v id e d  d i f f i c u l t i e s  i n  t h e  s e p a r a t i o n  o f  l e c i t h i n ,  Most 

c l o s e l y  a s s o c i a t e d  w i th  l e c i t h i n  a r e  t h e  two o t h e r  members o f  th e  

l e c i t h i n  g roup?  h y d r o l e c i t h i n  which c o n t a i n s  o n ly  s a t u r a t e d  f a t t y  

a c i d s ,  and l y s o l e c l t h i n  w hich c o n t a i n s  o n ly  one f a t t y  a c i d  

r e s i d u e .  The o t h e r  m a jo r  a s s o c i a t e d  p h o s p h a t i d è s  may be  d i v i d e d  

i n t o  two g ro u p s?  t h e  c e p h a l l n s  and t h e  sp h in g o m y e l in s?  e a c h  g ro u p  

c o n t a i n i n g  two m ain  members*

The C e p h a l in s ,

CHgOeOR^ CH^OCOK^

CHOCOEo CHOCORp
' 9  ^  1 9
CH20 ^ 0CH2 CH2 MH2 CHgOPOCHgÇHCOOH

Phosphatidylethanolamine (Cephalin) Phosphatidylserine



8

Tîi© S p h in g o m y e lin s*

CH3 ( CH2 >j2Cïï=^CHÇH-ÇH-ÇH2 CH3 ( CHr) 12CH-CHCH-CH-ÇÏÏ2
ÔH NH 0 ÔB

GO P(0)OH 
H ÔCH2CH2B(CH3)3

OH

S p h in g o m y e l in  S ph ingos in©

I n  a d d i t i o n  t o  t h e s e  s u b s t a n c e s  many o t h e r s  o c c u r ,  b u t  i n

much s m a l l e r  q u a n t i t i e s *  Thus t h e r e  a r e  l y s o e e p h a l i n a ?  a c e t a l

p h o s p h a t l d e s  and  many breakdow n p r o d u c t s  o r  p r e c u r s o r s  o f  t h e

above? su ch  a s  p h o s p h a t i d i c  a c id s *

S o lv e n t  E x t r a c t i o n ,

I s o l a t i o n  o f  l e c i t h i n  by u s i n g  o n ly  s o l v e n t s  i s  nov/ a

m ethod o f  t h e  p a s t*  Due t o  t h e  v e ry  s i m i l a r  s o l v e n t

c h a r a c t e r i s t i c s  o f  l e c i t h i n  and many o f  t h e  o t h e r  compounds

a s s o c i a t e d  w i th  i t  i n  n a tu r e ?  su ch  a s  t h o s e  m e n t io n e d  above? th e
34,35,36

m ethod s  w ere  awkward and  t e d io u s *  The f a c t  t h a t

ch ro m a to g ra p h y  h a s  p ro v e d  r a p i d  and s u c c e s s f u l  f o r  t h i s  s e p a r a t i o n  

h a s  a l s o  c o n t r i b u t e d  t o  t h e i r  f a l l i n g  i n t o  d i s u s e *  Today? l e c i t h i n  

p u r i f i c a t i o n  u s u a l l y  c o n s i s t s  o f  a p a r t i a l  s o l v e n t  f r a c t i o n a t i o n ?  

t h i s  b e in g  f o l lo w e d  b y  c h ro m a to g ra p h ic  t e c h n iq u e s *

I n i t i a l l y  e g g  y o l k s  a r e  v e ry  o f t e n  e x t r a c t e d  w i th  a c e to n e  

s i n c e  l e c i t h i n  and  o t h e r  p h o sp h a t id e ®  a r e  a lm o s t  i n s o l u b l e  i n  

a c e to n e *  T h is  f r a c t i o n a t i o n  rem oves su ch  u n w an ted  m a t e r i a l  a s  

w a te r?  f a t s  and s t e r o l s * However? i t  h a s  b e en  shown t h a t  

c o n s i d e r a b l e  q u a n t i t i e s  o f  p h o s p h a t id e  a r e  t a k e n  up  by  th e  a c e to n e  

i n  t h i s  p r e l i m i n a r y  e x t r a c t i o n  s t a g e ,  a s  much a s  31^  o f  t h e  t o t a l
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37

p h o s p h a t id e  a v a i l a b l e  being* q u o te d  by some w ork e rs*  T M s  

u p ta k e  was c r e d i t e d  to  t h e  w a te r  p r e s e n t  i n  th e  system * When 

s y n t h e t i c  l e c i t h i n s  w ere  p re p a re d ?  an i n v e s t i g a t i o n  o f  t h e  

a c e to n e  s o l u b i l i t y  o f  l e c i t h i n  showed t h a t  an  I n c r e a s e  i n  

s o l u b i l i t y  was o b t a i n e d  by d e c r e a s i n g  th e  l e n g t h  o f  t h e
38

h y d ro c a rb o n  c h a i n s  and a l s o  by  th e  p r e s e n c e  o f  u n s a t u r a t i o n ,  

t r a c e s  o f  w a te r  a l s o  c o n s i d e r a b l y  i n c r e a s i n g  t h e  s o l u b i l i t y ,

T h is  l a t t e r  f a c t  was b o r n e  o u t  by t h e  f i n d i n g  t h a t  when f r e e z e -  

d r i e d  egg  y o l k s  w ere  u s e d  a s  t h e  s t a r t i n g  m a t e r i a l ,  o n ly  4 ®3/S
39

o f  t h e  t o t a l  p h o s p h a t id e  was rem oved by t h e  a c e to n e *

A f t e r  t h i s  I n i t i a l  a c e to n e  f r a c t i o n a t i o n , t h e  r e s i d u e  c a n  

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

e th a n o l*  H av ing  t h e r e f o r e  o b t a i n e d  an  e x t r a c t  o f  m ixed 

p h o sp h a tid e ® ?  t h e  s o l v e n t  f r a c t i o n a t i o n  m ethod i s  d i s c a r d e d  i n  

p r e f e r e n c e  t o  t h e  more s e n s i t i v e  c h ro m a to g ra p h ic  t e c h n iq u e s *

A f u r t h e r  p ro b lem  w i th  s o l v e n t  e x t r a c t i o n  m ethods I s  t h a t  

t h e  s t a r t i n g  m a t e r i a l  i s  v e ry  complex* Thus c e r t a i n  s u b s t a n c e s  

w hich  by th e m s e lv e s  would be i n s o l u b l e  i n  t h e  e x t r a c t i o n  s o l v e n t  

may w e l l  be  e x t r a c t e d  b y  a s o l u b i l i s a t i o n  e f f e c t *  On e x t r a c t i n g  

f r e s h  egg  y o l k s  w i t h  a c e to n e ?  th e  s o l v e n t  i s  i n  a f f e c t  a c e to n e  

c o n t a i n i n g  a c e r t a i n  amount o f  w a te r*  th o u g h  t h e  s o l u b i l i t y  o f  

some compounds i n  w et a c e to n e  can  be a v o id e d  b y  f r e e z e - d r y i n g ?  

m u tu a l  s o l u b i l i t y  e f f e c t s  a r e  more d i f f i c u l t  t o  overcome* 

How ever, a s  was s t a t e d  e a r l i e r ?  t h e  m ain  d i f f i c u l t y  o f  a  p u re  

s o l v e n t  e x t r a c t i o n  p r o c e s s  i s  t h e  v e ry  s i m i l a r  s o l v e n t  

c h a r a c t e r i s t i c s  o f  c l o s e l y  r e l a t e d  com pounds^
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T h is  a i m i l a r i t y  h a s  b e e n  overcom e by c o u n t e r c u r r e n t  
4 0 9 4 1 0 4 2 ,4 3
d i s t r i b u t i o n ^  W orking w i th  eg g  l e c i t h i n  t h a t  h a d  b e e n  p r e v i o u s l y

p u r i f i e d  by colum n c h ro m a to g ra p h y ,  i t  wae d e m o n s t r a te d  t h a t  t h e r e

was a p o s s i b i l i t y  o f  f u r t h e r  l e c i t h i n  s e p a r a t i o n  i n t o  i n d i v i d u a l
43

l e c i t h i n s  by  means o f  countercurrent d i s t r i b u t  ion»  To obtain 
t h i s ,  f i f t y  t r a n s f e r s  war© d o n e ,  u s i n g  a s  t h e  p o l a r  p h a se  a  

m ix tu r e  o f  a c e t i c  a c i d ,  w a te r  and m e th a n o l ,  an d  a e  t h e  n o n - p o l a r  

p h a s e  a  p e t r o l e u m  © th e r- 'C h lo ro fo rm  m ix tu re *  Though t h i s  t e c h n iq u e  

i s  r a t h e r  l a b o r i o u s ,  i t  h a s  on i t s  c r e d i t  s i d e  a  n e g l i g i b l e  loss 
and d e s t r u c t i o n  o f  s o l u t e  «

S a l t  F o rm a tio n o

A® w i t h  p u r e  s o l v e n t  f r a c t i o n a t i o n ,  t h e  a d d i t i o n  o f  certain
compounds t o  fo rm  s a l t s  w i th  s p e c i f i c  p h o sp h a t id e ©  and  t h e r e b y

a i d  t h e i r  s e p a r a t i o n ,  i s  now becom ing  o u td a te d *  C h ro m a to g ra p h ic

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

y i e l d  p u r e r  p ro d u c tS o
9 44

S t r e c k e r  and  B erg®11 fo u n d  t h a t  p h o s p h a t id e ®  c o u ld  be

p r e c i p i t a t e d  from  a l c o h o l i c  s o l u t i o n  by c e r t a i n  m e t a l l i c  s a l t s ,

and  i t  was t h e i r  e a r l y  w ork  t h a t  l e d  t o  t h e  d e v e lo p m e n t o f  th e

:m ch u s e d  cadmium c h l o r i d e  com plex  p r e c i p i t a t i o n  te c h n iq u e *
45

haven© a n d  H o l f ,  u s i n g  t h i s  m ethod , p r e c i p i t a t e d  t h e  l e c i t h i n  

from  an  e t h a n o l i c  egg  y o l k  e x t r a c t  by a d d i t i o n  o f  a  s a t u r a t e d  

s o l u t i o n  o f  cadmium c h l o r i d e  i n  m e th a n o l* The com plex  was f r e e d  

o f  c e p h a l i n  by s h a k in g  w i th  8 -1 0  s e p a r a t e  p o r t i o n s  o f  e t h e r ,  t h e  

p u r i f i e d  com plex b e i n g  s p l i t  w i th  ammonia i n  m e th an o l*  I t  was 

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

p r e c i p i t a t i o n  t o  o b t a i n  l e c i t h i n  o f  t h e  r e q u i r e d  p u r i t y  *



46p47p48
P an g b o rn  h a s  on s e v e r a l  o c c a s i o n s  m o d i f i e d  t]

p ro c e d u re *  %  s u s p e n d in g  t h e  l e c i t h i n - s a l t  com plex  

p e t r o l e u m  e t h e r  and  e x t r a c t i n g  m t h  1 0 -1 2  p o r t i o n s  < 

e t h a n o l ,  t h e  l e c i t h i n  was s u f f i c i e n t l y  p u r e  n o t  t o  : 

se co n d  p r é c i p i t â t ion*  Complex f o r m a t io n  was a l s o  ol 

a d d in g  ^0% a q u e o u s  cadmium c h l o r i d e  t o  t h e  e t h a n o l ! '  

p h o s p h a t id e  e x t r a c t ,  w i th  i t s  s u b s e q u e n t  b reakdow n  : 

©hXoroform s o l u t i o n  b y  s h a k in g  w i th  a n  e q u a l  volum e 

e t h a n o l ;  t h e  cadmium c h l o r i d e  b e in g  rem oved i n  t h e  < 

I n  a  s y s t e m a t i c  s tu d y  o f  s u b s t a n c e s  th o u g h t  ca] 

s e l e c t i v e l y  p r e c i p i t a t i n g  d i a m in o p h o s p h a t id o s ,  Thani
49

an d  S e t s  fo u n d  Reinock© a c i d  t o  be s u i t a b l e ,  l e o i t h :

G o p h a l in  b e in g  u n a f f e c t e d *

To e f f e c t ,  a  s e p a r a t i o n  o f  l e c i t h i n  from  t h e  cej
50

C o l l i n s  and  W heeldon u s e d  t h e  s t r u c t u r a l  d i f f e r e n c e  

amino g ro u p  o f  t h e  c e p h a l l n s <> T h i s  g ro u p  was fo u n d  

w i th  l - f l u o r o - 2 g4™ d in i t ro  b e n z e n e  fo rm in g  a  c o lo u ro t  

compound w hich  was t h e n  m e th y la t e d  u s i n g  d iazo rn e th a i  

was u n a f f e c t e d *  The e g g  y o l k  p h o s p h a t id e ® , a f t e r  t l  

w ere  s e p a r a t e d  by c h ro m a to g ra p h y  on ]%rflo S u p e r -C e l ,  

o f  t h e  o e p h a l in  b a n d s  h e l p i n g  t o  i n d i c a t e  t h e  f r a o t :

C hrom atogr a p h y*

I t  i s  a p p r o p r i a t e  t o  r e p e a t  at. t h i s  p o i n t  t h a t  

u t i l i s i n g  a  ch^  ^ a t o g r a p h i c  p r o c e d u r e  f o r  l e c i t h i n  ;

_ ^ m in a ry  s o l v e n t  f r a c t i o n a t i o n  w i l l  a lm o s t  c e r  

b e e n  c a r r i e d  o u t*  T hus i t  i s  e s s e n t i a l l y  a m ix tu r e
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p h o a p h a t id e s  t h a t  h a s  t o  be  s e p a r a te d *

( a )  P a p e r  C h ro m a to g ra p h y *

F o l lo w in g  t h e  s e p a r a t i o n s  o f  phospha tidL es  on
5 1 ,5 2 ,5 3 ,5 4

u n im p r e g n a te d  p a p e r ,  and  due t o  t h e  s u c c e s s  o f  column

c h ro m a to g ra p h y ,  im p r e g n a t io n  o f  t h e  p a p e r  w i t h  m a t e r i a l s

s i m i l a r  t o  t h o s e  u s e d  i n  co lum ns was shown t o  e f f e c t  u s e f u l

s e p a r a t i o n s o  T hus s i l i c i c  a c i d  was a p p l i e d  t o  t h e  p a p e r  and
5 5 , 5 6 ,5 7 ,5 8

many im prov ed  s e p a r a t i o n s  were o b t a i n e d * The

i n t r o d u c t i o n  o f  g l a s s  f i b r e  p a p e r  which was s i m i l a r l y  
59 60,61  62 

im p r e g n a te d  a l s o  met w i th  s u c c e s s *  M a r i n e t t i  h a s  s t u d i e d

t h e  f a c t o r s  t h a t  a f f e c t e d  t h e  c h ro m a to g ra p h y  o f  p h o sp h a t id e ®

on s i l i c i c  a c i d  im p r e g n a te d  p a p e r*  From h i s  w o rk ,

r e p r o d u c i b i l i t y  o f  ch ro m a to g ram s was shown t o  dep en d  m a in ly  upon

u n i f o r m i t y  o f  t h e  p a p e r  im p r e g n a t i o n ,  t h e  t e m p e r a t u r e  and  r e l a t i v e

h u m id i ty *  I n  a d d i t i o n  t h e r e  was an  optimum f o r  t h e  amount o f

m a t e r i a l  s p o t t e d  on t h e  p a p e r  s i n c e  o v e r l o a d i n g  l e d  t o  e l o n g a t i o n

o f  t h e  s p o ts *  B ecause  o f  t h e s e  and o t h e r  m in o r  f a c t o r s ,

r e p r o d u c i b i l i t y  was d i f f i c u l t ,  th o u g h  t h e  a c t u a l  s e p a r a t i o n s

w ere good*

E a s i e r  r e p r o d u c i b i l i t y  h a s  b e e n  s t a t e d  t o  b e  o b t a i n e d  by
63

t h e  i m p r e g n a t i o n  o f  g l a s s  f i b r e  p a p e r  w i th  sod ium  s i l i c a t e *

O th e r  a d v a n ta g e s  o f  sodium  s i l i c a t e  o v e r  s i l i c i c  a c i d  were t h e  

e a s i e r  p r e p a r a t i o n  o f  p a p e r s ,  f a s t e r  p h o s p h a t id e  s e p a r a t i o n s  and  

t h e  a b i l i t y  t o  d e te r m in e  l e c i t h i n  and s p h in g o m y e l in  

q u a n t i t a t i v e l y  from  s o l u t i o n s *  B ecause  o f  t h e  d i f f i c u l t y  o f  

r e p r o d u c i b i l i t y  o f  r e s u l t s  w i th  s i l i c i c  a c i d  im p r e g n a te d  p a p e r ,
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C o l l i e r  i n v e s t i g a t e d  s e v e r a l  i n o r g a n i c  m e t a l l i c  s a l t s  a s
64

p o s s i b l e  im p r e g n a t i n g  a g e n t s *  Z in c  c h l o r i d e  was t h e  m ost

s a t i s f a c t o r y  o f  t h o s e  t e s t e d *  For t h e  s e p a r a t i o n  o f  com plex

l i p i d  m ix t u r e s  u s i n g  sodium  s i l l o a t © ,  an  i n i t i a l  ch rom ato g ram
63

r u n  w i th  b e n z e n e  was c a r r i e d  o u t ,  t h e  n e u t r a l  l i p i d s  m oving

w i th  t h e  s o l v e n t  f r o n t ?  t h e  p h o sp h a t id e ®  r e m a in in g  a t  t h e

o r i g i n *  A f t e r  t h e  p a p e r  was d r i e d  a se co n d  r u n  was made

u s i n g  a b a s i c  s o l v e n t ,  u s u a l l y  c o n t a i n i n g  p y r i d in e *  The

p r e v i o u s l y  s t a t i o n a r y  m a t e r i a l  t h e n  m ig r a te d  and  was s e p a r a t e d ,

any  m u tu a l  s o l u b i l i t y  e f f e c t s  t h a t  c o u ld  h av e  i n t e r f e r e d  h a v in g

b e e n  e l i m i n a t e d  by t h e  b e n z e n e  run* I f  a  g r e a t e r  s e p a r a t i o n

was p o s s i b l e  o r  d e s i r e d ,  a f u r t h e r  r u n  a t  r i g h t  a n g l e s  t o  t h e

f i r s t  two c o u ld  t h e n  be  made*

Te overcom e t h e  d i f f i c u l t y  o f  s e p a r a t i n g  i n d i v i d u a l  l e c i t h i n s

fro m  n a t u r a l  l e c i t h i n ,  In o u y e  and Noda, b e f o r e  r u n n in g  t h e

ch ro m a to g ra m , c o n v e r t e d  t h e  n a t u r a l  l e c i t h i n  t o  m e r c u r i c  a c e t a t e
18

a d d i t i o n  compounds* The m e r c u r i c  a c e t a t e  a d d e d  on t o  d o u b le  

bo n d s  o f  u n s a t u r a t e d  f a t t y  a c i d  c h a in s?  and  b e c a u s e  t h e  d e g re e  o f  

u n s a t u r a t i o n  v a r i e d  so  d id  t h e  d e g re e  o f  a c e t a t e  a d d i t i o n * T h is  

r e s u l t e d  I n  much g r e a t e r  s o l u b i l i t y  d i f f e r e n c e s  b e tw e e n  t h e  

l e c i t h i n ©  i n  o r g a n i c  s o l v e n t s ?  t h e s e  d i f f e r e n c e s  b e in g  s u g g e s t e d  

a s  a  r e a s o n  f o r  t h e  s e p a r a t i o n  o b ta in e d *  By s u c h  a p r o c e s s  

f i v e  s p o t s  w ere  d i s t i n g u i s h a b l e  from  a  sam p le  o f  e g g  l e c i t h i n *  

T h im - la y e r  Chrom at o g ra p h y  *

T h i s  t e c h n i q u e  was d e v e lo p e d  i n  195% by  K a rc h n o r ,  M i l l e r
65

and  K e l l e r ,  and  due t o  i t s  f a i r l y  r e c e n t  d e v e lo p m e n t  few
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p h o s p h a t id e  s e p a r a t io n ®  have  so f a r  b e e n  a t t e m p te d *  S x l i o i c  

a o l d  ha® been  t h e  a d s o r b e n t  u se d ?  i t  b e i n g  m ixed w i th  u p  t o

15/& o f  p l a s t e r  o f  P a r i s  t o  b in d  i t  when d r i e d  on t h e  n i â t e s *
66

V o g e l ;  D o iz a k i  an d  2i e v e  h av e  r e p o r t e d  a  s e p a r a t i o n  o f  some 

©gg y o l k  p h o s p h a t ld e s o  U s in g  a  c h lo r o f o r m - m e th a n o l - w a te r  

( 8 0 §2 0 § l)  m ix tu r e  a© s o l v e n t ,  t h e y  s e p a r a t e d  

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

l y s o l o o i t h i n  from  a m ix tu r e  o f  t h e  fo u r?  i n  a p p r o x i m a t e ly  30 

m in u te s*  A s e p a r a t i o n  o f  some g l y o e r i d e s g  f r e e  f a t t y  a c i d s  amd
67

e g g  y o l k  d e r i v e d  p h o s p h a t i d e s  h a s  a l s o  b e e n  o b t a i n e d ,  t h e
68

p h o s p h a t id e ©  r e m a in in g  a t  t h e  o r i g i n *  P r i v e t t  a n d  B lan k  h a v e

fo u n d  t h e  t e c h n i q u e  c o u ld  be u s e d  t o  d i s t i n g u i s h  b e tw e e n  f o u r

d i f f e r e n t  l e c i t h i n s  an d  t h a t  t h e y  c o u ld  a l s o  be d e te r m in e d

qu a n t  i t  a t  i v e l y  *

S e v e r a l  o f  t h e  a d v a n t a g e s  o f  t h i s  new t e c h n iq u e  h a v e
69

r a o e n t l j  b e e n  i n d i c a t e d *  On c o m p a r iso n  t o  t h e  o l d e r  e s t a b l i s h e d  

m e th o d s ,  t h i n —l a y e r  c h ro m a to g ra p h y  p r o v i d e s  a r a p i d ,  e f f i c i e n t  

s e p a r a t i o n *  Complex m i x t u r e s  can  be r e s o l v e d  I n  h a l f  an  h o u r  

com pared  t o  t h e  s e v e r a l  h o u r s  r e q u i r e d  by t h e  o t h e r  t e c h n i q u e s ,  

and  i n  a d d i t i o n  s h a r p e r  s e p a r a t i o n s  a r e  o b ta in e d *  The spot®  

a r e  e a s i e r  t o  i d e n t i f y  s i n c e  t h e y  t e n d  t o  be more compact*

P l a t e  c a p a c i t y  i s  such  t h a t  m i l l i g r a m  q u a n t i t i e s  can  be  s p o t t e d  

i n s t e a d  o f  t h e  m ic ro g ram  am ounts  f o r  p a p e r  c h ro m a to g ra p h y * Not 

l e a s t ,  t h e  t e c h n iq u e  i s  s im p le  t o  o p e r a t e *



( e )  L a r g e - s c a l e  C hrom âto g r a p h y «

One o f  t h e  e a r l i e s t  s u c c e s s f u l  a d s o r p t i o n  m a t e r i a l s  
70

was m agnésium  o x i d e g w hich  rem oved n o n - c h o l i n e  c o n t a i n i n g  

p h o s p h a t i d e s  f roM  a m ix tu r e  o f  p h o s p h a t id e s o  I t  a d s o r b e d  a l l  

t h e  p h o s p h a t id e  from  s o l u t i o n g b u t  u n d e r  c e r t a i n  c o n d i t i o n s ^  

f o r  exam ple  i n  m e th a n o lg t h e  o h o l i n e - c o n t a i n i n g  p h o s p h a t id e #  

w ere  e lu t e d g  t h e s e  h a v in g  a c h o l i n e / p h o e p h o r u s  r a t i o  o f  o v e r  

0 *9 6 *

Alum ina was s u b s e q u e n t ly  foun d  t o  s e p a r a t e  more

e f f i c i e n t l y  t h e  same two c l a s s e s  o f  p h o s p h a t id e *  Hanahaug
71

T u rn e r  and  J a y  ko c h ro m a to g ra p h e d  a  3^  s o l u t i o n  o f  egg

p h o s p h a t id e  i n  e t h a n o l  u s i n g  a  colum n o f  a lu m in a  and

r e c y c l e d  t h e  e l u t e d  p h o s p h a t id e  s o l u t i o n *  T h i s  gave  a  l e c i t h i n

f r a c t i o n  o f  o v e r  995  ̂ p u r i t y ,  w i t h  f reed o m  f ro m  b reakdow n

p r o d u c t s *  S u b s e q u e n t ly  H anahan s u g g e s t e d  a  colum n l o a d i n g  o f
72

o f  m ixed  p h o s p h a t id e  p e r  125g* o f  a lu m in a g b u t  b e f o r e  a l l

t h e  l e c i t h i n  f r a c t i o n  was e l u t e d  t h e  a m in o p h o s p h a t id e s  s t a r t e d
39

t o  a p p e a r  and  some l e c i t h i n  l o s s  r e s u l t e d *  K hodes and  L ea ,

w i th  a  l o a d i n g  o f  2 go p e r  40g*g a p p l i e d  t h e  m ixed p h o s p h a t id e #

a s  a  10^  s o l u t i o n  i n  a n  e q u a l  volume c h lo r o f o r m -m e th a n o l  s o lv e n t*

On e l u t i o n  w i th  t h i s  s o l v e n t ,  t h e  c h o l i n e - c o n t a i n i n g  p h o s p h a t id e #

w ere  r a p i d l y  r e c o v e r e d ,  t h e  a d s o r b e d  p h o s p h a t i d e s  o n ly  b e in g

e l u t e d  on c h a n g in g  t h e  s o lv e n t*  T h i s  e n a b le d  a l l  t h e  l e c i t h i n ,

and  t h e  a d s o r b e d  f r a c t i o n  i f  d e s i r e d ,  to  be  r e c o v e r e d  s e p a r a t e l y *
73 74

I n  a g re e m e n t  w i t h  t h e  e a r l y  f i n d i n g s  o f  T r a p p e ,  Renkonon''
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d e t e c t e d  a  s lo w  d e g r e d a t i o n  o f  l e c i t h i n  on a lu m in a  colum ns*

U s in g  a  s y n t h e t i c  l e c i t h i n  and  a ssu m in g  t h e  breakdow n t o  be 

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

a t  l® ! ^  o f  l e c i t h i n  p e r  h o u r  a t  22®* At 2^ t h i s  r e a c t i o n  was 

m a rk e d ly  r e t a r d e d  w h i l e  t h e  a lum ina® # a d s o r b i n g  power was 

u n a l t e r e d ,  and he  recommended work w i t h  t h i s  a d s o r b e n t  t o  be 

done a t  low  t e m p e r a t u r e

At t h e  same t im e  a s  Lea an d  Rhodes s t a t e d  s i l i c i c  a c i d  

im p r e g n a te d  p a p e r  p ro d u c e d  good p h o s p h a t id e  s e p a r a t i o n s  th e y  

a l s o  s t a t e d  t h a t  s i l i c i c  a c i d  colum ns c o u ld  e f f e c t  t h e  same
55

s e p a r a t i o n s ,  t h e  s e p a r a t i o n s  v a r y i n g  w i t h  t h e  s o u r c e  o f  t h e  
56

s i l i c i c  a c id o  U s in g  a  s i n g l e  c h lo r o f o r m - m e th a n o l  s o l v e n t  

m i x t u r e ,  t h e y  s e p a r a t e d  t h e  m ixed p h o s p h a t id e #  o f  an  egg  

y o l k  e t h e r  e x t r a c t ,  t h e  a m i n o - c o n t a in i n g  p h o s p h a t i d e b b e in g  

e l u t e d  f i r s t ,  f o l lo w e d  by l e c i t h i n  and t h e n  l y s o l e c i t h i n *

S h a r p e r  s e p a r a t i o n s  w ere  o b t a i n e d  i f  t h e  s o l v e n t  m ix tu r e  was
39 75

a l t e r e d  d u r i n g  t h e  run* Wren h a s  d e s c r i b e d  a s im p le  a p p a r a t u s

w hereby  th e  c o m p o s i t io n  o f  t h e  s o l v e n t  was g r a d u a l l y  and sm o o th ly
74

c h a n g e d ,  t h i s  p r o d u c in g  s h a r p e r  peaks*  Renkonen fo u n d  no

d e g r a d a t i o n  o f  s y n t h e t i c  d i p a l m i t o y l - l o c i t h i n  by  s i l i c i c  a c id o

For l a r g e - s c a l e  l e c i t h i n  p u r i f i c a t i o n ,  s i l i c i c  a c i d  now t e n d s

t o  be  u s e d  o n ly  f o r  t h e  f i n a l  l e c l t h i n - l y s o l e c i t h i n  s e p a r a t i o n *

H av in g  o b t a i n e d  a  s e p a r a t i o n  o f  t h e  c h o l i n e - p h o s p h a t i d e s

from  t h e  am ine—p h o a p h a t i d e s  on n o n - im p r e g n a te d  p a p e r ,  Hevan and  
76

h i s  c o l l e a g u e s  u s i n g  a  column o f  pow dered c e l l u l o s e ,  r e p o r t e d
77

t h e  same s e p a r a t i o n *  Lea a n d  Rhodes w ere u n a b le  t o  c o n f i rm  th i s ^
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o b t a i n i n g  o n ly  a  p h o s p b a t id e - f r o ©  amino a c i d  s é p a r a t i o n *

The u s e  o f  a n  lo n -ex c h an g ©  r e s i n  f o r  p r e p a r a t i v e  work

h a s  b e e n  I n v e s t i g a t e d  by s e v e r a l  w o rk e rs*  U s in g  ® A m berlite
78

MB“ 3 % M aePherson  s p l i t  t h e  cadmium c h l o r i d e - X e c l t h i n
56

complex* L ea , Rhodes and  S t o l l  wore u n s u c c e s s f u l  i n  

s e p a r a t i n g  l e c i t h i n  and p h o s p h a t id y l e t h a n o la m in e  w i th  a c i d i c  

and  b a s i c  r e s i n s  b e c a u s e  o f  t h e  p o o r  c a p a c i t y  o f  t h e  r e s i n s  and
79

h y d r o l y s i s  o f  t h e  p h o s p h a t id e s *  P e r r i n  and  S a u n d e r s ,  u s i n g  

a  m i l d  ®Powex® b i c a r b o n a t e  r e s i n  s e p a r a t e d  t h e  c h o l i n e  from  t h e  

n o n - c h o l i n e  c o n t a i n i n g  p h o s p h a t i d e s  w i th o u t  h y d r o l y s i s ,  t h e  

m ethod  b e in g  q u i c k e r  t h a n  w i th  a lu m ina*

F o r  p r e p a r a t i v e  w ork t h e s e  l a r g e - s c a l e  m e th o d s  a r e  now 

t e n d i n g  t o  be  u s e d  a lm o s t  e n t i r e l y  i n s t e a d  o f  t h e  cadmium 

c h l o r i d e  com plex  method* H av ing  o b t a i n e d  an  a l c o h o l i c  m ixed 

p h o s p h a t id e  e x t r a c t  f ro m  t h e  ©gg y o l k s ,  a lu m in a  i s  commonly 

u s e d  t o  rem ove t h e  n o n - c h o l i n e  c o n t a i n i n g  ph oaphatid© S o  T h i s  

s t a g e  c a n  t h e n  be  f o l lo w e d  by s i l i c i c  a c i d  c h ro m a to g ra p h y  t o  

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

>©r E l e c t r o p h o r e s i s »
80

W alla ch  and  G a rv in  s e p a r a t e d  l e c i t h i n ,  p h o s p h a t i d y l e t h -

a n o la m ln a  and  p h o s p h a t i d y l s e r i n e  from  b o t h  n a t u r a l  and

s y n t h e t i c  m isc tu reso  At pH w i th  a  p o t e n t i a l  g r a d i e n t  o f  1

v o l t / c m *  f o r  30 m in u te s  t h e i r  r e s p e c t i v e  r a t e s  o f  movement were

0®26, 0*56  a n d  I 089 mm©*/h o u r*  The s o l v e n t  was a  m ix tu r e  o f

t r i c h l o r e t h y l e n e ,  m e th a n o l  a n d  w a t e r ,  whose w a t e r  c o n t e n t  was
81

more t h a n  3^o Z ip p e r  a n d  G ia n ts  s e p a r a t e d  t h e  same p h o s p h a t id e #



u s i n g  t h e  n o n - a q u a o u 8 s o l v e n t  s y s te m s  o f  m e t h a n o l - p y r l d i n e  

m ix tu re©  c o n t a i n i n g  ©odium a c e t a t e  w i t h  a n d  w i t h o u t

g l a c i a l  a c e t i c  a c id *
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By s t a r t i n g  w i th  a  B -  o<, Æ -  d i g l y c e r i d ® ,  w h ich  was

8 2 ,8 3  84
p r e p a r e d  by a s l i g h t l y  m o d i f i e d  Sowden and  F i s c h e r  method^ 

13
B aer  a n d  K a te#  ±n 1950 r e p o r t e d  t h e  f i r s t  s y n t h e s i s  o f  a

85
l e c i t h i n *  Soon a f t e r  t h i s  i n i t i a l  w ork B aer a n d  M aurukas 

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

ammonium r e l n e c k a t e  b y  t h e  u a e  o f  s o l u b i l i t y  d i f f e r e n c e s  f o r  

s e p a r a t i n g  t h e  p h o s p h o r y l a t e d  p r o d u c ts *  The s l o w e r ,  o r i g i n a l  

p r o c e d u r e ,  h o w e v e r ,  h a d  t o  be r e s o r t e d  t o  by B a e r  and  Mahadevmn 

when t h e y  p r e p a r e d  a s e r i e s  o f  l e c i t h i n s  w i t h  s h o r t  c h a i n  f a t t y  

a c i d  r a d i c a l ® ,  s i n c e  t h e  s o l u b i l i t y  d i f f e r e n c e ©  w ere  to o  s m a l l  

t o  a l l o w  s e p a r a t i o n s  t o  be made* The o r i g i n a l  B a e r  and  K a te s  

scheme w as a s  f o l l o w s g
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By s t a r t i n g  w i th  L- o r  -'(74^  ™ d ig ly o e r id © #  t h e

D- o r  D,L l e c i t h i n s  wer© o b ta in e d *

Two y e a r s  b e f o r e  t h e i r  l e c i t h i n  s y n t h e s i s ,  B aer  and
83

K a te s  s y n t h e s i s e d  g l y c e r y l p h o s p h o r y l c h o l i n e  (L«©{-GPC)

b u t  w ere  u n a b le  t o  a c y la t©  i t  t o  l e c i t h i n *  I t  was n o t  u n t i l
87

1957 t h a t  a  d i r e c t  a c y l a t i o n  method was s u c c e s s f u l ,  t h e

r e a c t i o n  b e i n g  c a r r i e d  o u t  i n  a m in e - f r e e  d r y  s o l v e n t s  i n s t e a d
33

o f  p y r i d i n e  w h ich  was f i r s t  u sed *  The s u c c e s s f u l  a c y l a t i o n

h o w e v e r ,  had  t h e  d i s a d v a n t a g e  o f  r e q u i r i n g  t h r e e  d a y s  t o  c a r r y

o u t  t h e  r e a c t i o n *  By u s i n g  th e  cadmium c h l o r i d e  compound o f
88

L -o(™8PC, B a e r  a n d  Buchnea fo u n d  i t  was p o s s i b l e  t o  a o y l a t e  t o

l e c i t h i n  i n  two h o u rs*

I n  t h e  o r i g i n a l  B aer and  K a te s  s y n t h e s i s ,  t h e  f i n a l  s t a g e s

i n c l u d e d  a  h y d ro g é n a t io n *  T h e i r  p r o c e s s ,  t h e r e f o r e ,  c o u ld  o n ly

be u s e d  t o  p r e p a r e  f u l l y  s a t u r a t e d  l e c i t h i n s *  How ever, w i th  t h e

a c y l a t i o n  o f  GPC u n s a t u r a t e d  c h a in s  c o u ld  b e  i n c o r p o r a t e d *

B e fo re  t h i s  a c y l a t i o n  p r o c e s s  had  b e e n  d e v i s e d ,  a  s u c c e s s f u l

s y n t h e s i s  f o r  u n s a t u r a t e d  l e c i t h i n s ,  s t a r t i n g  fro m  a c e t o n e -
38

g l y c e r o l ,  was r e p o r t e d »  H ere  t h e  r é a c t i o n  scheme wass
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A f u r t h e r  r o u t e  t o  b o t h  s a t u r a t e d  and  u n s a t u r a t e d

89
l e c i t h i n s  was d e v i s e d  b y  H i r t  and  B e rc h to ld *  They s t a r t e d  from  

t h e  a p p r o p r i a t e  d i g l y c e r i d e , and  s in c e  o n ly  s a t u r a t e d  d i g l y c e r i d e s  

w ere  a v a i l a b l e , t h e y  c o u ld  o n ly  p r e p a r e  t h e  f u l l y  s a t u r a t e d  

l e c i t h i n s *  They d i d ,  h o w e v e r .  I n d i c a t e  t h a t  on  t h e  a v a i l a b i l i t y  

o f  u n s a t u r a t e d  d ig ly o e r id © ®  t h e  m ethod c o u ld  p r o b a b l y  be  u s e d

t o  p r e p a r e  t h e  c o r r e s p o n d i n g  u n e a t u r a t e d  l e c i t h i n s *  T h is
90

s u b s e q u e n t ly  fo u n d  t o  be  p o s s i b l e *
9 1 ,9 2

M a lk in  and  hi® c o - w o r k e r s  have s u g g e s t e d  a  mean® o f  

p r e v e n t i n g  m i g r a t i o n  w i th  t h e  d ig ly c a r id ©  an d  t h e  r e s u l t a n t  

f o r m a t i o n  o f  u n w a n ted  b i ^ - p h o a p h a t i d i c  d e r i v a t i v e s *  T h i s  

i n v o lv e d  t h e  u s e  o f  a  d i a c y l  g l y c e r o l - l o d o h y d r l n  p r e p a r e d  fro m  

g l y  c e r o l - i o  dohy d r  i n  *

I n  i9 6 0  t h e  D utch  c h e m is t s ,  d® H aas and v a n  B eenen ,
93

s y n t h e s i s e d  a  l e c i t h i n  w i th  two d i f f e r i n g  h y d r o c a rb o n  c h a in s o  

T h e i r  r o u t e  t o  l e c i t h i n  s t a r t e d  w i th  a m o n o g ly c e r id e  and
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iso m er?  ^  -d o d e c a n o y l -^ -o c ta d e c a n o y l -û C ^ X e o l th in o

Soon a f t e r ?  t h e r e  f o l lo w e d  a p a r t i a l  s y n t h e s i s  o f  l e c i t h i n
94

p o s s e s s i n g  on© s a t u r a t e d  and  one u n s a t u r a t e d  h y d r o c a r b o n  ch a in *  

S t a r t i n g  fro m  a l e c i t h i n  w i t h  two i d e n t i c a l  u n s a t u r a t e d  

h y d r o c a rb o n  c h a in s ?  d© H aas and  v an  Deenon p r o d u c e d  t h e  

l y s o l e c i t h i n  e n z y m a t i c a l l y  t h i s  b e i n g  t h e n  a c y l a t e d  w i t h  a 

s a t u r a t e d  a c i d  c h lo r i d e o  The i s o m e r  was o b t a i n e d  by  h y d r o g e n a t in g  

t h e  l y s o l e c i t h i n  and  a d d in g  t h e  o o x re s p o n d in g  u n s a t u r a t e d  a c i d  

c h lo r i d e o

E ventually  th ese  same workers developed a complete sy n th es is  

o f such a saturated-^unaaturated le c ith in ?  Ij-4)^(A-oleoyl«=%^
95 ^

s t e a r o y l ) “4 e o i t h i n o  T h is  w ork  e n t a i l e d  t h e  s y n t h e s i s ?  f ro m  t h e  

a c e t o n e - g l y c e r o l ?  o f  t h e  a p p r o p r i a t e  d i a o y l  g l y o e r o l - i o d o h y d r i n o  

T h i s  p r o d u c t  w as t h s n  t r e a t e d  i n  e s s e n t i a l l y  t h e  same way a s  t h e  

s a t u r a t e d  d i a c y l  g ly o e ro l -> io d o h y d r in ?  r e s u l t i n g  i n  t h e  p r o d u c t i o n  

o f  t h e  d e s i r e d  l e c i t h i r i o  T h e i r  d i a c y l  g l y c e r o l ^ i o d o h y d r i n  was 

p r e p a r e d  a s  f o l lo w s s

CH2 OH CHgOH CEgOGOCi7H35
I I C 17H 35C O C 1 1 ■ C 17H 33C O C Î
ÇHO'»». CHOH OHOH
I .c(GH3 )g I Chloroform | Chloroform
GHgO ' CHgX Pyridine CEgl Pyrid ine

CHgOCOC^^yH^j 

CHOGOCX7H33 

CHgl

To o b t a i n  t h e  g l y o e r o l  i o d o h y d r in  from  D - a o e t o n e - g l y c e r o l ,



th e  method of Baer and Fincher was useels
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MïCHLLISATïOWo

From t h e  r e s u l t s  o f  w ork  done i n  t h e  e a r l y  y e a r s  o f  t h i s

c e n t u r y  i t  becam e i n c r e a s i n g l y  obvlou© t h a t  c e r t a i n  type©  o f

m h s ta n o e © ?  when i n  s o l u t i o n  and u n d e r  c e r t a i n  c o n d i t i o n s ?

e x i s t e d  a© a g g re g a te ©  o f  t h e i r  m ost s im p le ?  © in g le  u n i t s ?  o r

monomerso T hese  a g g re g a te ©  w ere soon  t o  he  c a l l e d  m i c e l l e s ?

t h e i r  a g g r e g a t i o n  p r o c e s s  t h e r e f o r e  b e in g  m i c e l l i s a t i o n o  Work

h a s  m a in ly  b e e n  d i r e c t e d  t o  m i c e l l i s a t i o n  i n  a q u e o u s  s o l v e n t s ?

r e l a t i v e l y  few  i n v e s t i g a t i o n s  h a v in g  b e e n  mad© i n  non-^aqueous

m ediao I t  i s  o n ly  i n  t h e  l a s t  t e n  t o  f i f t e e n  y e a r s  t h a t

i n t e r e s t  i n  non-=»aqueous m i c e l l i s a t i o n  h a s  d e v e lo p e d *

T h is  phenomenon o f  m i c e l l i s a t i o n  i s  e x h i b i t e d  by compounds

whose s t r u c t u r e  c o n s i s t s  o f  a n o n - p o l a r  h y d r o c a rb o n  p o r t i o n  p l u s  €

p o l a r  g ro u p in g *  T hese  two p a r t s  o f  t h e  m o le c u le  d i f f e r  i n  t h e i r

a f f i n i t y  f o r  w a te r?  t h e  h y d ro c a rb o n  p o r t i o n  h a v in g  l i t t l e  o r  no

a f f i n i t y  ( h y d r o p h o b ic  p o r t i o n )  t h e  p o l a r  g r o u p in g  h a v in g  a  s t r o n g

a f f i n i t y  ( h y d r o p h i l i c  p o r t i o n ) *  I t  I s  t h i s  d u a l?  o r  a m p h ip a th ic ?

m a tu re  o f  t h e  m o le c u le  t h a t  enab le©  I t  t o  fo rm  m i c e l l e s *

M i c e l l i s a t i o n  i n  Aqueous S o lu t io n *

S in c e  m i c e l l i s a t i o n  i n  a q u e o u s  s o l u t i o n  h a s  b e e n
97»98,99,100

c o m p r e h e n s iv e ly  r e v ie w e d  by s e v e r a l  a u th o r s ?  i t  w i l l

o n ly  be b r i e f l y  m e n t io n e d  h e re *  More e m p h a s is  w i l l  be  g i v e n  t© 

m i c e l l i s a t i o n  i n  n o n ^ aq u o o u s  s o l u t i o n *

( a )  M i c e l l e  S t r u c t u r e *

Towards t h e  a im  o f  i d e n t i f y i n g  t h e  s t r a c tu i* e  o f  m i c e l l e s ?



t h e  work o f  McBaiii an d  o f  H a r t l e y  i s  u n d o u b te d ly  t h e  moot
98

p ro m in e n t  o f  t h e  e a r l y  days*  MoBain p o s t u l a t e d  t h e

e x i s t e n c e  t o  two t y p e s  o f  m ic e l l e ?  s m a l l  s p h e r i c a l  m i c e l l e s

e x i s t i n g  b e low  t h e  c r i t i c a l  m i c e l l e  c o n c e n t r a t i o n  (cmo) and
97

l a m e l l a r  m i c e l l e s  above t h e  cmc* H a r t l e y  s u g g e s te d  o n ly  

one ty p e ?  w h ic h  was s p h e r i c a l ?  and t h a t  s i n g l e  m o le c u le s  

w ere  p r e s e n t  be low  t h e  cmc* Today i t  i s  known t h a t  m i c e l l e s  

may a d o p t  any  one o f  s e v e r a l  s t r u c t u r e s ?  t h e  s t r u c t u r e  fo rm ed 

d e p e n d in g  u p o n  s e v e r a l  f a c t o r s ?  n o t  t h e  l e a s t  o f  w hich  a r e  t h e  

n a t u r e  o f  t h e  monomer and  t h e  s o l v e n t  and  t h e  num ber o f  monomers 

i n  t h e  m i c e l l e * I n  a q u e o u s  m i c e l l a r  sy s te m s  t h e  p o l a r  g r o u p s  

a r e  on t h e  m i c e l l e  s u r f a c e *

M c e l l e  F o rm ation*

I n  t h e i r  d e s c r i p t i o n ©  o f  t h e  p r o c e s s  o f  m i c e l l i s a t i o n ?
101 102 

Debye and  a l s o  H e r z f e ld ?  C o r r i n  and H a r k in s  c o n s i d e r e d  t h a t

t h e r e  w ere two e n e rg y  t e r m s  o f  m a jo r  im p o r ta n c e  « F i r s t l y ?  a

d e c r e a s e  i n  f r e e  e n e rg y  was o b t a i n e d  by re m o v in g  th e  n o n - p o l a r

p a r a f f i n  c h a i n s  from  t h e i r  a q u eo u s  e n v iro n m e n t  i n t o  t h e  m i c e l l e

i n t e r i o r *  T h is  was te rm ed  e n v i r o n m e n ta l  enexgyo T h is  d e c r e a s e

i n  f r e e  e n e rg y  would be  m axim al when t h e  s h i e l d i n g  o f  t h e  c h a i n s

f ro m  t h e  w a te r  was a s  c o m p le te  a s  p o s s i b l e *  S eco nd ly ?  when t h e

m o le c u le s  w ere  b r o u g h t  t o g e t h e r  s h o r t  ra n g e  r e p u l s i v e  f o r c e s

b e tw e e n  p o l a r  h e ad  g ro u p s  came i n t o  p l a y  and  a  c o r r e s p o n d i n g

f r e e  e n e r g y  i n c r e a s e  had t o  be  c o n s id e r e d *  T h is  was te rm e d

r e p u l s i v e  e n e rg y *  A g g r e g a t io n  would t h e r e f o r e  t a k e  p l a c e  i f  t h e
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e n v i r o n m e n ta l  e n e rg y  o r?  a s  i t  i s  more commonly c a l l e d ?  

I n t a r f a c i a l  e n e rg y  made a v a i l a b l e  f ro m  t h e  d e s t r u c t i o n  o f  t h e

p a r a f f i n  c h a i n  -  a d v e n t  i n t e r f a c e e  i s  g r e a t e r  t h a n  t h e  work
103

t o  h e  don© a g a i n s t  t h e  e l e c t r i c a l  r e p u l s i v e  en erg y *

Below t h e  cmc m olecu le©  a r e  so d i s t a n t  f ro m  e a c h  o t h e r  

t h a t  t h e  w ork  n e e d e d  t o  overcom e t h e  r e p u l s i v e  f o r c e s  t o  b r i n g  

t h e  m o le c u le s  t o g e t h e r  i s  g r e a t e r  t h a n  t h e  a v a i l a b l e  i n t e r f ^ i a l  

energ y*  On i n c r e a s i n g  t h e  s o l u t e  c o n c e n t r a t i o n ?  t h e  i n t e r f a c i a l  

e n e rg y  p e r  m o le c u le  d o e s  n o t  a l t e r ?  b u t  t h e  a v e r a g e  d i s t a n c e  

a p a r t  o f  t h e  m o le c u le s  i s  l e s s *  L ess  e n e r g y  i s  t h e r e f o r e  

r e q u i r e d  t o  b r i n g  t h e  m o le c u le s  t o g e t h e r *  W ith f u r t h e r  

c o n c e n t r a t i o n  i n c r e a s e ?  t h e  s t a t e  i s  r e a c h e d  e v e n t u a l l y  when t h e  

a v a i l a b l e  I n t e r f a c i a l  e n e r g y  e x c e e d s  t h e  r e p u lm iv e  e n e r g y  and 

m i c e l l e s  form* I n  fo rm ing?  t h e  m i c e l l e s  p r o b a b l y  s t a r t  w i th  a  

few  m o le c u le s  j o i n i n g  t o g e t h e r  s u f f i c i e n t l y  l o n g  t o  fo rm  a  

n u c le u s ?  t h i s  n u c l e u s  t h e n  i n c o r p o r a t i n g  any  c o l l i d i n g  m o le c u le  

t i l l  t h e  f u l l  m ic e l i a r  s i z e  i s  a t t a i n e d *  I n  a q u e o u s  sy s tem s?  

so ap  m i c e l l e  s i z e  i s  c o n s i d e r e d  t o  be l i m i t e d  by t h e  

a c c u m u la t io n  o f  c h a rg e d  i o n s  i n  t h e  m ic e l l e ?  w hich  p r e v e n t s  t h e  

a p p ro a c h  o f  f u r t h e r  io n s*  Thus t h e  w ork n e e d e d  t o  add  a 

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

f ro m  s h i e l d i n g  t h e  unit® ©  p a r a f f i n  c h a i n  f ro m  t h e  s o lv e n t*

The f o r e g o i n g  e n e r ^  and  a g g r e g a t i o n  c o n s i d e r a t i o n s  

i n d i c a t e  t h a t  t h e  omc i s  n o t  a  d e f i n i t e  c o n c e n t r a t i o n ^  b u t  a  

c o n c e n t r a t i o n  ra n g e ?  t h e  ra n g e  u s u a l l y  b e in g  so  n a r ro w  t h a t  i t
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c a n  o n ly  be m ea su re d  as a s i n g l e  c o n c e n t r a t i o n *  The cmc
104

d e f i n e d  by W il3.iamsp P h i l l i p s  and  B ^ s e l s  i s  t h e  

c o n c e n t r a t i o n  o f  s o l u t e  a t  w h ich  t h e  c o n c e n t r a t i o n  o f  s o l u t e  

i n  m i c e l l a r  fo rm  would become z e ro  i f  t h e  r a t e  o f  change  i n  

s o l u t e  m i c e l l e  c o n c e n t r a t i o n  w i th  t o t a l  s o l u t e  c o n c e n t r a t i o n  

was a ssum ed  t o  be  t h e  same a t  low  m l c e l l a r  c o n c e n t r a t i o n s  a© 

a t  h ig h  m l c e l l a r  c o n c e n t r a t io n © *  As o b t a i n e d  p r a c t i c a l l y ?  

t h e r e f o r e ?  t h e  cmc i s  t h e  p o i n t  o f  i n t e r s e c t i o n  o f  two l i n e s ?  

one l i n e  r e p r e s e n t in g *  t h e  p r o p e r t i e s  o f  monomers? t h e  o t h e r  t h e  

p r o p e r t i e s  o f  t h e  c o m p le te  m ic e l l e s *
105?106?107

B ury  and h i s  co*-worlcers c o n s i d e r e d  t h e  a g g r e g a t i o n

p r o c e s s  on t h e  b a s i s  o f  t h e  law  o f  m ass a c t io n *  The 

e q u i l i b r i u m  was K ^ p r e s e n te d  by

g i v i n g

w here  S a n d  r e f e r  t o  monomer and m i c e l l e ?  n  b e i n g  t h e  number 

o f  monomers i n  t h e  m i c e l l e ;  K i s  t h e  e q u i l i b r i u m  c o n s t a n t  and 

b r a c k e t s  i n d i c a t e  c o n c e n t r a t i o n s *  U s in g  t h e i r  r e l a t i o n s h i p s  t o  

c o n s i d e r  a  sub-cm c s o l u t i o n  o f  a  m i c e l l e - f o r m i n g  s o l u t e ?  w here  

n  i s  l a r g o  (©og* 509 60? oo**)? j s |  w i l l  be  s m a l l  and  

n e g l i g i b l e *  On i n c r e a s i n g  t h e  c o n c e n t r a t i o n  above  t h e  cmc? b o th

and  |S. 

i n c r e a s e  i n

i n c r e a s e ?  b u t  s i n c e ^  i s  c o n s t a n t*  t h e

w i l l  be  much g r e a t e r  t h a n  s i n c e

i s  p r e s e n t  t o  t h e  power* The l a r g e r  t h e  v a lu e  o f  n?

t h e r e f o r e ?  t h e  g r e a t e r  w i l l  be  ( ) f o r  a  g i v e n  change

i n  s o l u t e  c o n c e n t r a t i o n ?  an d  a l s o  t h e  s m a l l e r  w i l l  be  t h e  s o l u t e
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c o n c e n t r a t i o n  chang e  n e e d e d  t o  c o n v e r t  t h e  e s s e n t i a l l y  

m onom eric  s o l u t e  i n t o  a n  e s s e n t i a l l y  m i c e l l a r  s o l u t e * Thus 

t h e  l a r g e r  t h e  valu©  o f  n  t h e  n a r ro w e r  i s  t h e  cmc ran g e *

A s e c o n d  a p p ro a c h  t o  t h e  a g g r e g a t i o n  p r o c e s s  t r e a t e d
97

i t  a s  s i m i l a r  t o  a  p h a se  s e p a r a t i o n ?  t h e  s e p a r a t i o n

o c c u r r i n g  a t  t h e  cmco T h i s  i d e a  was p ro m p te d  by  t h e  sh ap e

o f  t h e  s p e c i f i c  c o n d u c t i v i t y  a g a i n s t  c o n c e n t r a t i o n  g ra p h

o f  a  c o l l o i d a l  e l e c t r o l y t e  w h ich  showed a  s h a r p  b r e a k  a t  t h e

omc? a  b r e a k  a l s o  b e i n g  fo u n d  i n  t h e  same g r a p h  f o r  a s a l t

i n  w a t e r  when t h e  s a l t  s a t u r a t i o n  c o n c e n t r a t i o n  was

re a c h e d *  I n  t h e  m l c e l l a r  sy s te m s?  b r e a k s  w ere  a l s o  o b t a i n e d

i n  g r a p h s  o f  c o l l i g a t l v ®  p r o p e r t i e s  a g a i n s t  c o n c e n t r a t i o n *

T h is  l e d  t o  m l c e l l a r  s o lu t io n ©  b e i n g  c o n s i d e r e d  a© s a t u r a t e d
108

monomer s o l u t i o n s ?  su ch  t h a t  i f  t h e r e  was any  l o s s  o f  monomer 

f ro m  super-om o  s o l u t i o n s  (©«g* by a d s o r p t i o n )  t h e  monomer l o s s  

was r e p l a c e d  from  t h e  m l c e l l a r  r e s e r v e * 

a l l i g a t i o n  i n  ¥on«’aaueou@ S o lu t io n »

Mi c e l l©  S t r u c t u r e  a n d  F o rm ation *

I n  a q u e o u s  s y s te m s  t h e  a m p h ip a th lo  n a t u r e  o f  c e r t a i n  

m o le c u le s  cause© th em  t o  fo rm  m i c e l l e s ?  t h e  m i c e l l e  s u r f a c e  

p o s s e s s i n g  t h e  p o l a r  g rouping© * I n  non-^^aqueou® s y s te m s  t h i s  

a r r a n g e m e n t  I s  r e v e r s e d ?  t h e  m i c e l l e s  h a v in g  t h e  p o l a r  group© 

d i r e c t e d  to w a rd s  t h e i r  c e n t r e *  I n  t h e s e  r e v e r s e d  m c e l 3.es? 

i o n i c  m o le c u le s  a r e  u n d i s s o c i a t e d  and  a s  a  r e s u l t  t h e  m i c e l l e  

d o e s  n o t  p o s s e s s  a  s i g n i f i c a n t  n e t  c h a rg e*  As w i t h  a q u e o u s
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m l c e l l a r  sy s te m s?  t h e r e  i s  i n  t h e  non-aqu© ous a  v a r i a t i o n  

i n  t h e  p o s s i b l e  s tx ^ ie tu r e  o f  m i c e l l e s ?  a g a i n  d e p e n d e n t  u p o n  

t h e  p r e v a i l i n g  c o n d i t i o n s ?  th o u g h  one d im e n s io n  o f  t h e  

m i c e l l e s  u s u a l l y  r e m a in s  a p p r o x im a te ly  tw ic e  t h e  monomer 

l e n g th *
108

S i n g l e t e r r y ?  i n  a co m p re h en s iv e  r e v i e w  o f  n o n -a q u e o u s  

m i c e l l i s a t i o n ?  h a s  i n d i c a t e d  t h a t  m ost o f  t h e  s o l u t e s  i n  such  

s y s te m s  have  h y d r o c a r b o n  p a r t s  whose c r o s s - s e c t i o n a l  a r e a  i s  

g r e a t e r  t h a n  t h e  c o r r e s p o n d in g  d im e n s io n  o f  t h e  p o l a r  head*

F o r  su c h  m o le c u le s ?  s p h e r i c a l  m i c e l l e s  a l l o w  t h e  t i g h t e s t  

p a c k in g  o f  t h e  h e a d s  a b o u t  a  c o re  o f  g i v e n  volum e? t h i s  volume 

b e i n g  d e p e n d e n t  u p o n  t h e  s i z e  o f  t h e  p o l a r  g ro u p in g »  On 

d e v i a t i o n  from  s p h e r i c a l  shape?  t h e  p r o l a t e  e l l i p s o i d  w ould  

be t h e  more l i k e l y  shape?  s i n c e  i t  p r o v i d e s  t i g h t e r  pacIcing  

o f  t h e  h e a d s  t h a n  t h e  o b l a t e  e l l i p s o i d  © Yshere t h e  m olecu le©  

have  p o l a r  g r o u p s  and  p a r a f f i n  c h a in s  o f  t h e  same c r o s s -  

s e c t i o n a l  a r e s p  a  l a m e l l a r  m i c e l l e  i s  p r o b a b ly  t h e  p r e f e r r e d
109

shape*  P i l p a l  h a s  s t a t e d  t h a t  t h e  g e o m e t r i c a l  f a c t o r s  a r e

o f  im p o r ta n c e  i n  c o n t r o l l i n g  t h e  m i c e l l e  sh ap e  and s i z e  o f  t h e

h e a v y  m e ta l  soap© i n  o r g a n i c  so lven t© »
110

G o p e n h a fe r  and  K raus  th o u g h t  t h a t  t h e  a g g r e g a t i o n  o f

q u a t e r n a r y  ammonium s a l t s  i n  b e n ze n e  was t h e  r e s u l t  o f  

d i p o l e —d i p o l e  i n t e r a c t i o n  b e tw ee n  io n  p a i r s ?  w h e re a s  w i th

n o n a e th y le n e  g l y c o l  m o n o la u r a te  i n  ben zen e?  h y d ro g e n  b o n d in g
108 111 

was p r o b a b ly  t h e  m echanism  o f  a d h e s io n »  M eIson and  P ink?



s t u d y i n g  c o p p e r  so a p s  i n  t o lu e n e ?  s u g g e s t e d  t h a t  t h e  d i p o l e

I n t e r a c t i o n  was i n s u f f i c i e n t  t o  a c c o u n t  f o r  t h e  a g g r e g a t i o n ?

s u g g e s t i n g  t h a t  c o - o r d i n a t i o n  b o n d in g  p l a y e d  an. im p o r t a n t
109

r o l e *  P i l p e l  i n  h i s  r e c e n t  r e v ie w  o f  o r g a n i c  s o l u t i o n s  o f

h e av y  m e ta l  so a p s  d i s c u s s e d  th e  n a t u r e  and  m a g n i tu d e  o f  t h e

f o r c e s  i n v o lv e d  i n  m i c e l l e  s t a b i l i s a t i o n  i n  o r g a n i c  s o lv e n t s »
112

He assum ed t h e r e  t o  be  t h r e e  m ain  f  a c t o r s  t h a t  c o n t r i b u t e d

t o  t h e  e n e r ^  change a t  m i c e l l i s a t i o n »  F i r s t l y  t h e r e  was a

change i n  i n t e r f a c i a l  e n e rg y ?  Æ ?  on a g g r e g a t i o n ?  se co n d ly ?

d i p o l e - d i p o l e  i n t e r a c t i o n s  w hich  p ro d u c e d  a change? AW? I yi

d i p o l e  i n t e r a c t i o n  en e rg y ?  and  t h i r d l y ?  i n  t h e  c a s e  o f  such

com plex  s t r u c t u r e s  a s  t h e  h e av y  m e ta l  soap s?  t h e r e  was

p r o b a b l y  h y d ro g en ?  o r  s i m i l a r  b o n d in g  w hich  p r o v id e d  a

bydx'ogen b o n d in g  e n e rg y  f a c t o r ?  AH» C o n s id e r in g '  t h e s e  t h r e e

e n e r g i e s  t o g e t h e r ?  he d e n o te d  t h e  t o t a l  e n e r ^  change  on

m i c e l l i s a t i o n ?  ? by “ AE -h ^  a n d  by  m aking

some a s s u m p t io n s  he was a b l e  t o  e v a l u a t e  ? and  u s e  t h e

r e s u l t s  t o  show t h a t  t h e  m i c e l l e s  e x i s t e d  down t o  e x t r e m e ly

low c o n c e n t r a t i o n s »  T h i s  was i n  a g re e m e n t  w i th  e x p e r i m e n t a l
112

d a ta »  To e v a l u a t e  A e?  P i l p e l  assum ed t h e  soap  monomer t® 

h a v e  a  s p h e r i c a l  head  g ro u p  ( r a d i u s  R) and  c y l i n d r i c a l  

h y d ro c a r b o n  t a i l  ( l e n g t h  L? r a d i u s  r )  w i t h  h a l f  t h e  s u r f a c e  

o f  t h e  h e a d  g ro u p  c o v e re d  by t h e  t a i l »  The e x p o se d  h e ad  g rou p  

s u r f a c e  a r e a  was 2wE^? and t h e  e x p o se d  h y d r o c a r b o n  s u r f a c e  

a r e a ?  2toL o S p h e r i c a l  m i c e l l e s  were assum ed t o  be  fo rm ed  w i th
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t h e  h e a d  g r o u p s  c o m p le te ly  s h i e l d e d  from  s o l v e n t»  Monomers 

h a d  t h e i r  c o m p le te  su rfao©  e x p o se d  t o  t h e  s o l v e n t » The 

i n t o r f & o i a l  e n e r g y  o f  t h e  m ic e l l e ?

•^mi© “ 2 rwT L n ^ t t  4- X

where n  i s  t h e  num ber o f  monomers i n  t h e  m ic e l l e ?

Y h h  c o h e s i o n a l  e n e rg y  o f  t h e  t a i l s  and  h e a d s?  an d  X a 

f a c t o r  i n t r o d u c e d  t o  a l l o w  f o r  some h y d ro c a rb o n —s o l v e n t  

c o n ta c t*  On d i s s o c i a t i o n  t o  monomers? t h e  i n t e r f a c i a l  © n e r ^ ?

% 0JJ « 2 ft

w here  and  ^ h e  a r e  t h e  i n t e r  f a c i a l  e n e r g i e s  b e tw e e n  s o l v e n t  

and  t h e  t a i l  and  h e a d  g ro u p s»  The d i f f e r e n c e  i n  t h e s e  tw© 

© n e r g ie s  was t h e  I n t e r f a c i a l  e n e rg y  change  on m i c e l l i s a t i o n ?

A'B ^ -  Ernie ® 2]RfrLn(^ts - ^ t )  4- 2nR^n(^h.B '“J h h )  -  ^

l i m i t i n g  f a c t o r s  w hich  a r r e s t  m i c e l l e  g ro w th  a t  a

p a r t i c u l a r  l e v e l  h av e  b e e n  l i t t l e  d i s c u s s e d  i n  n o n -a q u e o u s
108

m edia* I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  l i m i t  a r i s e s  due t o  a 

b a l a n c e  be ing ; o b t a i n e d  b e tw e e n  g e o m e t r i c a l  f a c t o r s  and  t h e  

a t t r a c t i v e  p o l a r  c o r e  f o r c e s *  Most a m p h ip a th ic  m o le c u le s  

t h a t  a r e  s o l u b l e  i n  o r g a n i c  s o l v e n t s  g e n e r a l l y  h a v e  h y d ro c a rb o n  

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

he n ce  i n  s m a l l  m i c e l l e s  t h e  c o re  i s  b e s t  s h i e l d e d  from  t h e  

s o l v e n t  when t h e  m i c e l l e  i s  s p h e r i c a l o  To add  a  f u r t h e r  

m o le c u le ?  t h e  a t t r a c t i v e  fo rce©  b e tw e e n  t h e  m olecule®© p o l a r  

g ro u p  and  t h e  m i c e l l e  c o re  m ust b e  s u f f i c i e n t  t o  ex p an d  t h e  

m i c e l l e  i n  o r d e r  t o  p e rm i t  t h i s  a d d i t i o n a l  m o le c u le  t o  j o i n
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t h e  m i c e l l e o I f  t h e  a t t r a c t i v e  f o r c e s  a r e  i n s u f f i c i e n t ?  t h e

m i c e l l e  w i l l  n o t  grow f u r t h e r »

The law  o f  m ass a c t i o n  can a g a in  b e  a p p l i e d  t o  t h e

e q u i l i b r i u m  b e tw e e n  monomer and  m i c e l l e  i n  n c n -a q u e o u e  sy s te m s ,

D e t e r m in a t io n  o f  M i c e l l e  S iz e  and Shape i n  M on-aqueous 
S o lv e n ts *

M i c e l l e  f o r m a t i o n  may be d e t e c t e d  and  t h e  s i z e  o f  t h e  

m i c e l l e s  d e te r m in e d  by many p h y s i c o - c h e m ic a l  m eth o d s  (T a b le  2 )*

F l u o r e s c e n c e  d e p o l a r i s a t i o n  h a s  b e e n  fo u n d  c a p a b le  o f
«»! 113

d e t e r m i n i n g  omc®s a t  a s  low a s  10 m o la r  c o n c e n t r a t i o n s ?

b u t  i t  h a s  t h e  d i s a d v a n t a g e  o f  t h e  p r e s e n c e  o f  a  dye i n  t h e
114; 115

sy s te m  w h ich  c a n  a l t e r  t h e  cmc? g i v i n g  o n 3.y a n

a p p r o x im a t io n  o f  t h e  t r u e  cmc*

To e s t i m a t e  m i o e l l a r  shape?  l i g h t - s c a t t e r i n g ?  v i s c o s i t y  

a n d  s t r e a m in g  b i r e f r i n g e n c e  m e th o d s  h a v e  b e e n  u se d *  T hese  

l a t t e r  two t e c h n i q u e s  a r e  n e c e s s a r y  s i n c e  o t h e r  t e c h n i q u e s  

s u c h  a s  d i f f u s i o n  and  f l u o r e s c e n c e  d e p o l a r i s a t i o n  p r o v i d e  

m l c e l l a r  s i z e s  o n ly  o f  s p h e r e s  w hich  a c t  i n  a  m anner e q u i v a l e n t  

t o  t h e  a c t u a l ?  p r o b a b ly  n o n ™ sp h e r ic a l  p a r t i c l e s *  Thus i n  many 

i n s t a n c e s  t h e  d a t a  o b t a i n e d  from  tv/o t e c h n i q u e s  h a s  t o  be  

c o r r e l a t e d  b e f o r e  a  t r u e  p i c t u r e  o f  t h e  m l c e l l a r  p a r t i c l e  c an  

b e  o b ta in e d o

F a c t o r s  A f f e c t i n g  M on-aqueous M i c e l l i s a t i o n *

S e v e r a l  f a c t o r s  have  b e e n  shown t o  a f f e c t  t h e  m i c e l l i s a t i o n  

o f  s o l u t e s  i n  o r g a n i c  s o lv e n tS o  l u r k i n g  w i th  t h r e e  6^- 

m o n o g ly c e r id e ©  (G%0? %  and  G%g) i n  benssen© a n d  c h lo r o b e n a e n e ?



124
VehjB  and  P r im s  showed t h a t  i n c r e a s i n g  t h e  number o f

c a r b o n  a to m s i n  t h e  h y d ro c a r b o n  c h a in  d e c r e a s e d  t h e  m l c e l l a r

w e ig h to  A lso? t h e  m l c e l l a r  w e ig h ts  w ere  h i g h e r  I n  b e n zen e»

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

t h e  m i c e l l e  Biss© f o r  any  s i n g l e  f a t t y  a c i d  v a r i e d  w i th  t h e
111 119 

m e t a l l i c  c a t io n »  I n  c o n t r a s t ?  Kaufman and  S x n g l e t e r r y ?

w o rk in g  w i t h  a s e r i e s  o f  d in o n y ln a p h th a X e n e su lp h o n a t© ®  whose

c a t i o n s  w ere  v a r i e d ?  fo u n d  l i t t l e  v a r i a t i o n  i n  t h e  a g g r e g a t e
116

w e ig h ts »  A rk in  a n d  S in g l© ta r r y ?  u s i n g  b e n z e n e  eol u t i o n s  o f

some a r y l s t a a r a t ©  so ap s?  fo u n d  t h a t  t h e  a d d i t i o n  o f  s m a l l

am o u n ts  o f  w a t e r  g r e a t l y  d e c r e a s e d  t h e  v i s c o s i t y  o f  t h e  v e r y

v i s c o u s  a n h y d ro u s  ©ystems* T h is  was i n t e r p r e t e d  a s  b e i n g  due

t o  h i g h l y  e l o n g a t e d  m ic e l le ©  becom in g  s p h e r i c a l *  I n  c o n t r a s t ?

t h e  m i c e l l e  s i z e  o f  some d i n o r ^ l n a p h t h a l e n e m l p h o n a t e s  was
119

fo u n d  t o  v a r y  l i t t l e  on i n t r o d u c i n g  w a te r*  I t  was s u g g e s t e d

t h i s  l a t t e r  b e h a v io u r  was du© t o  t h e  m i c e l l e  s i z e  b e in g

d e p e n d e n t  m a in ly  on t h e  g eo m e try  o f  t h e  a c i d  r e s i d u e »  The

s is©  o f  A e ro so l  OT m i c e l l e s  h a s  b e e n  o b s e r v e d  t o  r i s e  on
127

i n c r e a s i n g  t h e  h y d r a t i o n  o f  t h e  system *

T e m p e ra tu re  h a s  b e en  shown t o  a f f e c t  t h e  a g g r e g a t i o n  o f

l e c i t h i n ?  s i n c e  i n  b e n z e n e  i t  h a s  b e e n  f o u n d  t h a t  g r e a t e r
130,131

a g g r e g a t i o n  o c c u r b on l o w e r i n g  t h e  t e m p e r a tu r e »

The a d d i t i o n  o f  a  s e c o n d  s o l u t e  t o  t h e  sys tem ? w h ic h  i s  

i n s o l u b l e  i n  t h e  s o l v e n t  by i t s e l f  b u t  s o l u b l e  i n  t h e  p r e s e n c e  

o f  t h e  m l c e l l a r  s p e c i e s ?  a f f e c t s  t h e  m i c e l l e  s i s e »  T h i s



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

30l u b 11i  e a t  i o n  *

Ml G e m m a t i o n  o f  L e c i th in *

I n  1929 t h e  f i r s t  v a l u e s  o f  t h e  a g g r e g a t i o n  o f  l e c i t h i n
130

i n  c e r t a i n  s o l v e n t s  w ere  p u b l i s h e d  b y  P r i c e  and  Lewis*

From t h e i r  © 'b u l l io e c o p ic  mea s u r  erne Yits? t h e  o b s e r v e d  m o le c u l a r  

w e i g h t s  o f  l e c i t h i n  i n  e t h a n o l  a n d  b e n z e n e  w ere  q u o te d  a s  797 

a n d  3?388 r e s p e c t i v e l y *  T h i s  m ean t t h a t  monomers w ere p r e s e n t  

i n  e t h a n o l  w h i le  i n  b e n z e n e  s m a l l  a g g r e g a t e s  w ere  form ed* I t ' 

was n o t  u n t i l  195Û t h a t  f u r t h e r  e s t i m a t i o n s  o f  t h e  a g g r e g a t i o n

o f  l e c i t h i n  w ere  mad©» W orking w i t h  t h r e e  n o n - p o l a r  s o l v e n t s ?
132

h e p ta n e ?  b e n z e n e  a n d  i s o a m y l  e t h e r ?  Faur© and  L egault-D em ar©  

fo u n d  fro m  v a p o u r  p r e s s u r e  s t u d i e s  t h a t  l e c i t h i n  e x i s t e d  a© 

a g g r e g a t e s  v a r y i n g  i n  s i z e  f rom  8?000 t o  l 6?000 d e p e n d in g  

u p o n  t h e  s o lv e n t*  On u s i n g  t h r e e  s o l v e n t s  t h a t  war© more p o l a r ?  

g l a c i a l  a c e t i c  a c id ?  e t h a n o l  and b u ta n o l?  t h e  l e c i t h i n  d id  n o t  

a p p e a r  t o  a g g r e g a te *  Mo p r e c i s ©  d e t a i l s  w ere  p r e s e n t e d  f o r  t h e  

m i c e l l e  s i z e  i n  e a c h  s o l v e n t ?  t h e  f i g u r e s  m e r e ly  r e f e r r i n g  t o  t h e  

two g r o u p s  o f  n o n -p @ la r  and  more p o l a r  s o lv e n tS o  When a  

c o l l o d i o n  membrane was su sp en d e d  i n  t h e  s o l v e n t?  t h e  l e c i t h i n  

was fo u n d  t o  d i f f u s e  t h r o u g h  i t  when t h e  more p o l a r  s o l v e n t s  

w ere  u s e d ?  b u t  no d i f f u s i o n  o c c u r r e d  w i th  t h e  n o n - p o l a r  s o lv e n t s *  

I f ?  how ever?  t h e  l e c i t h i n  s o l u t i o n  i n  i s o a m y l  e t h e r  h ad  20^  

b u t a n o l  a d d e d  t o  i t ?  d i f f u s i o n  t o o k  p la c e *  T h ese  r e s u l t ®  w ere 

I n t e r p r e t e d  a s  b e in g  due  t o  t h e  l e c i t h i n  fo rm in g  com plex
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m i c e l l a e  i n  t h e  non—p o l a r  so lven ts?  and t h e  a d d i t i o n  o f  the

butanol t o  t h e  la oaq y l o ther s e r v i n g  t o  d ec reao ©  the e l m  o f

t h e  l e c i t h i n  m io e l le e ®
131

E l w o rthy?  i n  1959? p u b l i s h e d  d a t a  on  th© m i c o l l i e a t i o n  

@f l e c i t h i n  i n  benzen© a t  25 an d  40^» U s in g  a n  o s m o t ic  

p r e s s u r e  t e c h n i q u e  i t  was f o u n d  t h a t  a t  b o th  te m p e ra tu re ©  

l e c i t h i n  fo rm ed  s m a l l  a g g r e g a t e s  b e lo w  a  c e r t a i n  c r i t i c a l  

c o n c e n t  r a t  i o n  » On p a s s i n g  t h i s  c o n c e n t r a t i o n ?  t h e  s m a l l e r  

m ic e l l e ©  a g g r e g a t e d  i n t o  l a r g e r  one©* The ©lz@s o f  t h e  s m a l l  

a g g r e g a t e s  war© 3 ? l8 0  and  1?830? and  t h e  c r i t i c a l  c o n c e n t r a t i o n ©  

0*73 an d  O o 6 8 g o / l l t r ©  a t  25 and  40® r e s p e c t i v e l y * An 

a p p ro x im a te  i d e a  o f  t h e  m l c e l l a r  s i z e  o f  t h e  l a r g e r  p a r t i a l© ®  

was e v a l u a t e d  a s su m in g  t h e  law  o f  mas© a c t i o n  a p p l i e d  t o  t h e  

a g g r e g a t i o n  p r o c e s s *  On f i t t i n g  a  m ass a c t i o n  e q u a t i o n  t o  t h e  

r e s u l t s ?  va lue©  w ere  o b t a i n e d  f o r  t h e  number o f  s m l l  m i c e l l e s  

a g g r e g a t i n g  t o  fo rm  t h e  l a r g e  m i c e l l a ©» U s in g  t h e s e  v a lu e s ?  

t h e  l a r g e r  m l c e l l a r  w e ig h t  a were fo u n d  t o  be  5 7 ,0 0 0  and  43?000  

a t  25 and  40®» C om paring  t h e s e  f i g u r e s  t o  t h a t  o f  P r i c e  a n d  

L ew is  i t  w ould  seem t h a t  t h e  m l c e l l a r  s i z e  d e c r e a s e d  on 

i n c r e a s i n g  t h e  t e m p e r a t u r e  o f  th e  system*

I n  w a te r ?  l e c i t h i n  d isp e r se s  t o  fo rm  s o l a  c o n t a i n i n g  

p a r t i c l e ©  o f  h i g h  m o le c u l a r  w e ig h t*  A© e a r l y  a s  1915 "^he
133

p a r t i a l ©  s i z e  i n  w a t e r  w as e s t i m a t e d  a s  3 50 ,000*  The f a c t  

t h a t  t h e  p a r t i a l© ©  w ere la rg e  wa® f u r t h e r  I n d i c a t e d  l a t e r  by
134 135

u l t r a f i l t r a t i o n  a n d  d l f f u B io u o  From l i g h t —s c a t t e r i n g  d a t a



lo'biîasoïig In  I9 6 0 , m easured th e  p a r t i c l e  s iz e  ae  2°7 10^

a t  20®o T h is work was dome w ith  c lilu te  sol® where th e  

G onoentr& tlo# was l e s s  th a n  0 °3 g o /litr@ o  Mo ev id en ce  wae 

o b ta in e d  to  in d ic a te  th e  p re se n ce  o f a erne, @vem a t  a 

c o n c e n tra t io n  a s  low a s  5 % 10"“^ g o / l i t r e »  F o llow ing  Hobinson®© 

w ork, and w orking w ith  c o n c e n tra te d  sol® in  th e  $0 to  X50g « /  

l i t r e  range? Saunders? P e r r in  and Gammée o b ta in e d  

m ic ro s c o p ic a lly  v i s i b l e  p a r t ic le # »  %r u l t r a s o n i c  i r r a d i a t i o n  

o f th o se  sol®? th e  p a r t i c l e s  were broken doTO to  g iv e  s ta b le
j

m ic e l le s  o f m o le cu la r  w eight 10 * From prelim inary in v e s tig a tio n ®  

@f th e  more d i lu t e  sol® , d is p e r s io n  o f  th e  l e c i t h i n  by 

u l t r a s o n ic  i r r a d i a t i o n  a g a in  p ro v id ed  p a r t i c l e s  o f  abou t th e  

same ®iz© a© th a t  found by Robinsouo

These in v e s t ig a t io n s  o f  l e c i t h i n  in  w a te r war© a l l  c a r r ie d  

ou t w ith  n a t u r a l ly  d e r iv e d  m a te r ia l* S ince such p rep ara tio n ©  were 

known to  c o n s is t  o f  a v a r ia b le  m ix tu re  of s e v e ra l  l e c i t h i n s ,  

some p re lim in a ry  in v e s t ig a t io n s  o f  s in g le  s y n th e t ic  le c ith in ©
138

©oon fo llow ed» Working w ith  f u l l y  s a tu ra te d  le c i th in ® , Sm m ders

found t h a t  th e  l e c i t h i n  w ith  th e  lo n g e s t ch a in  th a t  p ro v id ed  a

s ta b le  agueou0 d is p e r s io n  was d i l a u r y l  le c i th in *  With acid© o f

lo n g e r  c h a in  le n g th  th e  l e c i t h i n s  were no t d isp e rs a b lo o

C o n sid erin g  th e  u n s a tu ra te d  le c ith in s *  d i l i n o l e y l  l e c i t h i n  gave
137

a c l e a r  s ta b le  s o l  when ultra@ oni c a l ly  i r r a d ia t e d *  With d io le y l  

and s t e a r o y l-o le y l  le c ith in ®  d is p e rs io n  was more d i f f i c u l t *

They b o th  formed- tu rM d  s o ls  and even on ir r& d la tio m , th e  c l a r i t y



o b t a i n e d  w i th  t h e  d l o l e y l  l e c i t h i n  was o n ly  te m p o ra ry »

I d. a d d i t i o n  to  th e  s i z e  o f  l e c i t h i n  i n  v a r i o u s  s o l v e n t  

s y s t e m s g i t s  s t r u c t u r e  and  shape  have b e e n  i n v e s t i g a t e d *

P a u re  and L e g a u l t —Demare c o n s i d e r e d  t h a t  i n  w a te r  t h e  p o l a r  

g r o u p in g  o f  t h e  m o le c u le  l a y  on t h e  o u t s i d e  o f  t h e  m ic e l l e ?  

w h i le  i n  th e  non-polax- o r g a n i c  s o l v e n t s  t h i s  g r o u p in g  was a t  

t h e  m i c e l l e  c e n t r e »  Elworthy®© work a g r e e d  w i th  t h i s  f o r  b o th  

t h e  s m a l l  and l a r g e  a g g r e g a t e s  i n  b e n ze n e  ? w h i l e  Saunders®
135

w ork a g re e d  w i th  r e s p e c t  t o  w a te r*
139

a& ing  A -ra y  d i f f r a c t i o n  s t u d i e s ?  B e a r ,  P a lm e r  and  S c h m i t t  

I d e n t i f i e d  l e c i t h i n  i n  b o t h  t h e  d ry  and wet s t a t e s  a s  e x i s t i n g  

a s  b i m o l e o u l a r  l e a f l e t s *  With a m o le c u la r  model o f  l e o i t h i n ?
135

S a u n d e rs  showed i t  was p o s s i b l e  f o r  th e  l e c i t h i n  to  assum e a 

c o n f i g u r a t i o n  w here th e  two f a t t y  a c i d  c h a i n s  l a y  p a r a l l e l  t o  

e a c h  o t h e r  w h i le  th e  n e g a t i v e l y  ch a rg ed  oxygen  o f  t h e  p h o s p h a te  

g ro u p  l a y  d i r e c t l y  be low  one o f  t h e  f a t t y  a c i d  c h a in s  and  t h e  

p o s i t i v e l y  c h a rg e d  n i t r o g e n  o f  th e  c h o l i n e  g ro u p  l a y  b e lo w  th e  

o th e r *  T h i s  a r r a n g e m e n t  w hereby t h e  c r o s s - s e c t i o n s  o f  th e  p o l a r  

h e ad  and h y d ro c a r b o n  t a i l  were n e a r l y  e q u a l  would t e n d  t o  make 

t h e  l e c i t h i n  fo rm  a l a m in a r  m ic e l l e o  I n  a d d i t i o n ?  i t  was 

s u g g e s t e d  t h a t  t h e  m i c e l l e  c o u ld  be  f u r t h e r  s t a b i l i s e d  by t h e  

c h o l i n e  g ro u p  o f  one m o le c u le  i n t e r a c t i n g  w i th  t h e  p h o s p h a te  

g ro u p  o f  t h e  a d j a c e n t  m o lecu le*  The l i g h t  « - s c a t t e r i n g  

d is sy m m e try  m ea su re m e n ts  o f  R ob inson  i n d i c a t e d  t h a t  i n  w a te r  t h e  

m i c e l l e s  c o u ld  be ro d ^ sh a p e d ?  b u t  t h a t  t h e  r e s u l t s  b e s t  f i t t e d



a m i c e l l e  h a v in g  t h e  sh ap e  o f  a  l a m in a t e d  c y l i n d e r  o f
@

d i a m e t e r  910A w ith , a  t h i c k n e s s  e q u i v a l e n t  t o  a 'fo im o lacu la r  

l e a f l e t o  From t h e  v i s c o s i t y  o f  t h e  u X t r a s o n i c a l l y  i r r a d i a t e d  

so lS g  asym m etry  was i n d i c a t e d ^  and i t  was c a l c u l a t e d  t h a t  a  

sh ape  c o r r e s p o n d i n g  t o  an  o h l a t e  e l l i p s o i d  o f  t h i c k n e s s  

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

r e s u i t S o

I n  t r y i n g  t o  a s c r i b e  a  s t r u c t u r e  t o  l e c i t h i n  m i c e l l e s  i n
140

benaenej, El w o r th y  u s e d  v i s c o s i t y  and  d i f f u s i o n  t e c h n iq u e S e  

W orking a t  25® an d  t r e a t i n g  t h e  m i c e l l e s  a s  e l l i p s o i d s ;  m i c e l l a r  

w e i g h t s  o f  55j?000 ( p r o l a t e )  and  54^000 ( o b l a t e )  w ere o b ta in e d o  

E© assum ed t h a t  t h e  m i c e l l a r  s t r u c t u r e  was e i t h e r  l a m i n a r  o r  

s p h e r i c a l ;  t h o s e  two s t r u c t u r e s  b e in g  t h e  g e n e r a l l y  a c c e p t e d  

m i c e l l a r  fo rm s*  Then by  b a s i n g  c a l c u l a t i o n s  on a  m o le c u la r  

m odel and  c o m p a r in g  t h e  f i g u r e s  t o  t h e  e x p e r i m e n t a l  d a ts j ,  t h e  

l a m i n a r  s t r u c t u r e  was I n d i c a t e d  a s  t h e  more l ik e ly ©



40

s o h î b i l ï s a t i o n .
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S o l u b i l i s a t i o n  may be d e f i n e d  a s  t h e  s p o n ta n e o u s

s o l u t i o n  o f  a n o rm a l ly  s o l v e n t - i n s o l u b l e  s u b s t a n c e  ( t h e

s o l u b i l i s â t © )  by d i l u t e  s o l u t i o n s  o f  a se c o n d  s u b s ta n c e  ( t h e

s o l u b i l i s e r )  w h ic h  e x i s t s  a s  m i c e l l e s  i n  t h e  s o lv e n t*  As

w i th  m i c e l l i s a t i o n ;  m ost s o l u b i l i s a t i o n  s t u d i e s  have  b e e n

made i n  a q u e o u s  s o l u t i o n s ,  t h e  i n t e r e s t  i n  n o n -a q u e o u s

s o l u t i o n s  b e i n g  s lo w e r  t o  d e v e lo p *  I n  s o l u t i o n s  o f

a m p h ip a th ic  com pounds, s o l u b i l i s a t i o n  u s u a l l y  o n ly  b e g i n s  t o

become n o t i c e a b l e  on r e a c h i n g  t h e  crac, t h e  e f f e c t  t h e r e f o r e

b e in g  d i r e c t l y  d e p e n d e n t  u p on  t h e  p r e s e n c e  o f  m i c e l l e s *

How ever, b e c a u s e  o f  t h e  v e r y  s m a l l  m i c e l l e s  p r e s e n t  b e low  t h e
141,142

cmcg sub-cm a s o l u b i l i s a t i o n  h a s  b e e n  d e t e c t e d  i n  some

c a s e s *

S o lu b i l i s a t i o n  i n  Aqueous S o lu t io n *

T h ree  m ain  s o l u b i l i s a t i o n  m echan ism s have  b e en  s u g g e s te d o

F i r s t l y ,  t h e  a d s o r p t i o n  o f  t h e  s o l u b i l i s â t ©  on t h e  m i c e l l e  
144

s u r f a c e ;  s e c o n d ly ,  i t s  i n c o r p o r a t i o n  i n t o  t h e  m i c e l l e  
145,146,147

h y d r o c a rb o n  c o r e ,  a n d  t h i r d l y ,  i t s  o r i e n t a t i o n  I n  t h e  m i c e l l e
I4 8 9 I4 9 9 I5 O

w a l l*  E v id e n c e  s u g g e s t s  t h a t  t h e  f i r s t  m ethod c o u ld
1 5 1 ,1 5 2 ,1 5 3

be  c o n s i d e r e d  a s  a  s u b - c l a s s  o f  t h e  t h i r d  s i n c e  t h e  s o l u b i l i s â t e s  

a d s o r b e d  show some p e n e t r a t i o n  i n t o  t h e  m i c e l l e  w a l l*  The 

l a t t e r  two m e th o d s  a r e  c o n s i d e r e d  as t h e  m ain  m echanism s* S e v e r a l  

o t h e r  more s p e c i f i c  m e th o d s  h av e  b e e n  s u g g e s t e d ,  t h e s e  i n v o l v i n g
154

a  change  i n  m i c e l l a r  s t r u c t u r e  on s o l u b i l i s a t i o n ,  com plex
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1 5 5 9 I 5 6  157

form ation and ©

The fa c to rs  a f fe e t ln g  s o lu b il is a t io n  are  d i f f i c u l t  to  

g e n e ra lise  duo to  the  uniqueness of many s o lu b ilis e d  Systems*

Some g e n e ra lis a tio n s  may however, b® madeg d e ta ile d  accounts
I 4 3 9 I5 8 9  143

being given elsewhere * Kl.@vemB s ta te d  th a t  most

fa c to rs  which decrease the cmc and in c rease  m ic e lla r  ©isse 

w il l  cause in c reased  so lu h ilisa tio n o  Thus, considering  the  

chemical na tu re  of th e  s o lu b i l i s e r ,  as i t s  chain leiagth 

In c rea se s , on ascending a homologous s e r ie s ,  i t s  a o lu b ilis ln g
1 4 3 9 1 5 9 , 1 6 0

power a lso  increases© A s im ila r chain  leng th  change
159,161

fo r  the  so lu b ilisâ t©  decreases s o lu b i l is a t io n , a decrease
I4 3 9 I 6 2

a lso  'being ob tained  by decreasing  i t s  polarity©
I6 O 9IG 39I64 9 I65

T e m p e ra tu re  i n c r e a s e  c a u s e s  i n c r e a s e d  s o l u b i l i s a t l o n o

There a re , o f course, exceptions to  these  generalisations©

The concen tra tion  of so lu b ilisâ t©  in  m ice lle s  :1s thought
999146,166

not to  in c rease  g re a tly  above a p la teau  concentration© 

I f  th e  so lu b ilisâ t©  i s  a so lid , the  micelle© w ill  become and 

remain sa tu ra te d , the  excess so lid  rem aining ae a separa ta  

so lid  phase* I f  th e  so lu b ilisâ t©  i s  l iq u id ,  th a t  in  excess of 

s a tu ra tio n  may e i th e r  remain as a second (unchanged) phase or 
i t  may oaue® the  sep ara tio n  of two phase© (aqueous and non—

143
aquema®) each possessing  micelle© and so lu b ilis â t© * Th© 

e n tir e  range o f behaviour of the  te rn a ry  system of w ater,
1 5 8

gmphlpath and non-aqu©ouB so lvent ha© been describ©do
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S o l u b i l i s a t i o n  i n  ï ïo n -a q u e o u s  S o lu t io n *

The m echanism  o f  s o l u b i l i s a t i o n  i n  n o n -a q u e o u a  s o l v e n t s  

i s  c o n s i d e r e d  t o  b e  s i m i l a r  t o  t h e  g e n e r a l  p a t t e r n  i n  w a te r*

The s o l u b i l i s â t ©  may t h e r e f o r e  e n t e r  t h e  m i c e l l e  c o r e  o r  be 

o r i e n t a t e d  i n  t h e  u n i t©  f o r m in g  t h e  m ic e l l e *  W ater i s  t h e  

b e a t  exam ple  o f  c o re  s o l u b i l i s a t i o n ,  w h i le  many d y e s  have  

s t r u c t u r e s  s i m i l a r  t o  a m p h ip a th s  w hich  e n a b le  them  t o  f i t  i n t o  

t h e  m i c e l l e  w a ll*  I t  i s  t h e  s o l u b i l i s a t i o n  o f  w a t e r  an d  d y e s  

t h a t  h a s  commanded most a t t e n t i o n  i n  n o n -a q u e o u s  s o l v e n t s *

The f a c t  t h a t  w a te r  i s  s t r o n g l y  s o l u b i l i s e d  by  so ap  i n
127

o i l  was fo u n d  by Mathews and  H i r s c h o r n  who o b t a i n e d  a w a te r  

u p t a k e  o f  50 m o le c u le s  p e r  m o le c u le  o f  A e ro so l  OT* I t  was 

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

w a t e r  c o v e r e d  by a m o n o m o lecu la r  l a y e r  o f  soap* Sodium 

d in o n y ln a p h th a le n ©  s u l p h o n a te  i n  b en ze n e  s o l u b i l i s e d  10
117

m o le c u le s  o f  w a t e r  p e r  m o lecu le*  S in c e  t h i s  l a t t e r  r a t i o

d e c r e a s e d  s h a r p l y  on i n c r e a s i n g '  t h e  t e m p e r a t u r e , i t  was s u g g e s te d

t h a t  t h e  w a te r  was h e l d  by h y d ro g en  b o n d in g  r a t h e r  t h a n  a s  a

c o re  d r o p l e t .  The e f f e c t  o f  t e m p e r a t u r e  change  h a s  a c o n s i d e r a b l e ,
167,168,169

b u t  I r r e g u l a r ,  e f f e c t  on t h e  s o l u b i l i s a t i o n  o f  w a te r  by so a p ,
170

P a l i t  fo u n d  t h a t  when so a p  was d i s s o l v e d  i n  a m ix tu r e  o f  two 

s o l v e n t s ,  i t  s o l u b i l i s e d  more w a te r  t h a n  when d i s s o l v e d  i n  

e i t h e r  s i n g l e  s o lv e n t*  When p r e s e n t  i n  n e a r  t r a c e  q u a n t i t i e s ,  

w a t e r  can  h av e  a p ro n o u n c e d  e f f e c t  on c e r t a i n  sy s tem s*  T h u s , 

on a d d in g  Q°Q^fo w a te r  t o  b e n z e n e  s o l u t i o n s  o f  sodium  and  

l i t h i u m  s o a p s ,  Arlcin and S i n g l e t e r r y  fo u n d  t h e  V i s c o s i t y  was



116
g r e a t l y  d e c r e a s e d c  T h i s  was assum ed t o  be due t o  t h e  b reakdow n  

o f  t h e  l o n g  t h r e a d - l i k e  a n h y d ro u s  m i c e l l e s  t o  s m a l l e r  u n i t s *  I n  

d i r e c t  c o n t r a s t  g a lu m in iu m  a lk o x id ®  s o a p s  i n  b e n z e n e  showed a 

m arked i n c r e a s e  i n  v i s c o s i t y  when s m a l l  q u a n t i t i e s  o f  w a te r  w ere
1 7 1 ,1 7 2

ad d ed  t o  th e  d ry  system * T h is  was e x p l a i n e d  by s m a l l  m i c e l l e s

a g g r e g a t i n g  t o  l o n g  t h i n  t h r e a d s *
173

M eBaing M e r r i l l  and  V in o g rad  e f f e c t i v e l y  s o l u b i l i s e d  

s e v e r a l  d y e s ,  i n c l u d i n g  e o s i n ,  f l u o r e s c e i n  a n d  c r y s t a l  v i o l e t ;  i n  

b e n z e n e ;  t o l u e n e  and  i i - h e p ta n e  u s i n g  some f a t t y  a c i d  e s t e r s  o f  

g l y c o l s  a s  s o l u b i l i s e r s *  Though s e v e r a l  o f  t h e  s o l u b i l i s e r s  w ere  

v e r y  s e l e c t i v e ,  s o l u b i l i s a t i o n  was e n h a n c e d  by u s i n g  s o l u b i l i s e r s  

c o n t a i n i n g  h i g h e r  f a t t y  a c i d s  and by i n c r e a s i n g  t h e  t e m p e r a tu r e *  

Rhodamine B h a s  b e e n  u s e d  s u c c e s s f u l l y  f o r  m i c e l l e  d e t e c t i o n  and  omc
174 .

d e t e r m i n a t i o n  i n  b e n z e n e ,  s i n c e  i t s  f l u o r e s c e n c e  i n  m i c e l l a r  

s o lu t io n ©  i n  b e n z e n e  i s  v e ry  much g r e a t e r  t h a n  t h a t  i n  sub-cm c
175

s o l u t i o n s *  R o ss ,  w o rk in g  w i th  s e v e r a l  d y e s  i n  o i l ,  t e s t e d  t h e  

s o l u b i l i s i n g  a c t i o n  o f  s e v e r a l  m a t e r i a l s *  H av in g  fo u n d  m a n n i ta n  

m o n o o le a te  t o  have  th e  w id e s t  s o l u b i l i s i n g  r a n g e ,  he  s u b s e q u e n t ly  

fo u n d  t h a t  v a r y i n g  t h e  o l e a t e  c o n c e n t r a t i o n  p ro d u c e d  a  v a r i a t i o n  

i n  t h e  d e g re e  o f  dye s o l u b i l i s a t i o n *  k minimum was fo u n d  f o r  

t h r e e  d y e s  t e s t e d ,  t h i s  minimum o c c u r r i n g  a t  a p p r o x im a te ly  t h e  same 

o l e a t e  c o n c e n t r a t i o n *  T h i s  Ro©s t o o k  t o  be i t s  cmco 

S o lu b i l i s a t i o n  by L e c i t h i n *

I t  was o v e r  f i f t y  y e a r s  ago  t h a t  t h e  f i r s t  o b s e r v a t i o n s  w ere  

made w hich  to d a y  w ould  be i n t e r p r e t e d  i n  t e r r a s  o f
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s o l u b i X l s a t i o î i o  As e a r l y  a s  1901 , B in g ,  u s i n g  e t h e r e ^ .

a l c o h o l i c  p h o s p h a t id e  s o l u t i o n s  d i s s o l v e d  v a r i o u s  o r g a n i c  

a n d  I n o r g a n i c  compounds su c h  a s  sodium  c h l o r i d e ,  sodium  

l a c t a t e ,  s t r y c h n i n e  h y d r o c h l o r i d e  and  s u g a r  t h a t  war© by  

th e m s e lv e s  i n s o l u b l e  i n  t h e  two s o l v e n t s *  He c o n s i d e r e d  t h i s  

e f f e c t  t o  be  t h e  r e s u l t  o f  a  m o le c u l a r  c o m b in a t io n *  Soon 

a f t e r  t h i s  a  m ixed  b r a i n  l i p i d  e x t r a c t  i n  c h lo r o f o r m  was s e e n  

on  s l ia k in g  w i t h  a n  a q u e o u s  m e th y le n e  b l u e  s o l u t i o n  t o  d e v e lo p
177

a  b l u e  c o l o u r ,  t h e  dj© b e i n g  i n s o l u b l e  i n  c h lo ro fo rm *
178

F u r t h e r  e a r l y  o b s e r v a t i o n s  w ere  t h a t  I n  e t h e r ,  u s i n g  what 

w as p r o b a b ly  a  m ixed  p h o s p h a t id e  p r e p a r a t i o n ,  c e r t a i n  o t h e r  

s u b s t a n c e s  t h a t  w ere  th e m s e lv e s  s o l v e n t - i n s o l u b l e  d i s s o l v e d  

i n  t h e  s o l v e n t  when i t  c o n t a i n e d  m ixed p h o s p h a t i d e  * iSxaraplee 

o f  su c h  s u b s t a n c e s  i n c l u d e d  g l u c o s e ,  t r y p s i n  and  o x i d e s  o f  i r o n *
179

Bod© and  Ludwig have  shown t h a t  b e c a u s o  o f  l e c i th in ® ®

a m p h ip a th i c  n a t u r e  i t  can  s o l u b i l i s e  i n  a q u e o u s  and  non-aqu© oiis

so lv e n ts ®  They p r e p a r e d  a a e r i e s  o f  s o l u t i o n s  o f  v a r y i n g

c o n c e n t r a t i o n s  o f  l e c i t h i n  I n  c h lo ro f o rm  and  ad d ed  e x c e s s  u r e a

t o  each*  The maximum u p t a k e  o f  u r e a  waa fo u n d  t o  i n c r e a s e  l i n e a r l y

w i t h  i n c r e a s i n g  l e c i t h i n  c o n c e n t r a t i o n ,  i n  t h e  rassg© 0®1 t o

l e c i t h i n  i n  c h lo ro fo rm *  F o r  c h o l e s t e r o l  s o l u b i l i s a t i o n  by

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

i n  t h e  c o n c e n t r a t i o n  r a n g e  0®05 t o  0 *8^ , l e c i t h i n ®  The r e l a t i v e

©as© w i t h  w h ich  l e c i t h i n  s o l u b i l i s e s  c h o l e s t e r o l  i n  w a t e r  h a s
100

b e e n  n o te d  by o t h e r  w o rk e rs*  I n  p e t r o l e u m  e t h e r  i t  h a s  b e e n



s t a t e d  t h a t  n e i t h e r  l e c i t h i n  n o r  c h o l e s t e r o l  a lo n e  w ere c a p a b le

@f s o l u b i l i s i n g  u r e a ,  b u t  when b o th  w ere  p r e s e n t  th e  u r e a  was
181 137 

n o t i c e a b l y  t a k e n  up* S a u n d e r s ,  P e r r i n  and Gamraak u l t r a s o n i c a l l y

i r r a d i a t e d  l e o i t h i n - o h o l e s t e r o l  aq u eo u s  s o l s  an d  o b t a i n e d  a

c o n c e n t r a t i o n  o f  10^ c h o l e s t e r o l  i n  w a te r  i n  t h e  p r e s e n c e  o f  2 0^

l e c i t h i n ®  T h is  sy s te m  fo rm ed  a c l e a r  g e l ,  b u t  when t h e

c o n c e n t r a t i o n s  w ere  d e c r e a s e d  t o  8 a n d  16/? no  g e l a t i o n  o c c u r r e d *

On e x t r a c t i n g  p h o s p h a t id e ©  from  n a t u r a l  s o u r c e s ?  u s i n g  e t h e r

a n d  c h lo r o f o r m ,  many o t h e r  s u b s t a n c e a a r e  e x t r a c t e d  t h a t  a r e

n o r m a l ly  i n s o l u b l e  i n  t h e s e  s o l v e n t s *  I n  a s t u d y  o f  t h e

s o l u b i l i s a t i o n  o f  s e v e r a l  o f  t h e  l i k e l y  c o n ta m i n a n t s ,  B a e r  and

h i s  c o l l e a g u e s  u s e d  p u re  s y n t h e t i c  p h o sp h a tid e © *  T h is  work was

s t a r t e d  u s i n g  f u l l y  s a t u r a t e d  ^ - l e c i t h i n s ,  w i t h  e t h e r  and
182

c h lo r o f o r m  a s  so lv e n ts ®  I n  c h lo r o fo r m  a n  u p t a k e  o f  sodium

c h l o r i d e ,  sodium  s u l p h a t e  and g l u c o s e  was o b ta in e d *  I n  e t h e r ,  t h e

s a t u r a t e d  l e c i t h i n s  w ere  i n s o l u b l e ,  b u t  i n  t h e  p r e s e n c e  o f  Vfo

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

u p t a k e  o f  sodium  c h l o r i d e  t o  be d e m o n s tra te d *  On c h a n g in g  t o  t h o
38

e t h e r —s o l u b l e  u n s a t u r a t e d  d i o l e y l —l e c i t h i n  i t  was fo u n d  t h a t  

g l u c o s e  and  s a c c h a r o s e  were s o l u b i l i s e d  i n  m o is t  and d ry  e t h e r  

and  c h lo r o f o r m ,  w h i le  sodium  c h l o r i d e  and  s e r i n e  were o n ly  

s o l u b i l i s e d  i n  m o is t  e th e r®  Prom t h i s  i t  was assum ed  t h a t  t h e  

s o l u b i l i s i n g  a c t i o n  o f  l e c i t h i n  c o n t r i b u t e d  t o  t h e  u n e x p e c te d  

e x t r a c t i o n  o f  c e r t a i n  s u b s t a n c e s  i n  p h o s p h a t id e  p u r l f i c a t l o n o  

S lw o r th y  h a s  i n v e s t i g a t e d  t h e  s o l u b i l i s a t i o n  o f  a  s e r i e s
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o f  tw e lv e  d i b a s i c  f a t t y  a c i d s  i n  b en zen e*  From t h i s  work 

s e v e r a l  t r e n d s  have b e e n  i n d i c a t e d *  Thus t h e  a c i d s  w i th  an  odd 

num ber o f  c a r b o n  a tom s were s o l u b i l i s e d  i n  g r e a t e r  amount t h a n  

t h o s e  w i t h  e v en  numbers* As t h e  s e r i e s  was a s c e n d e d ,  t h e  

volum e o f  a o l u b i l i s a t e  i n c r e a s e d  th o u g h  t h e  r a t i o  o f  m o le c u le s  

o f  a c i d  t o  m o lecu le®  o f  l e c i t h i n  d e c r e a s e d  fro m  2 o l 5 f o r  t h e  

Gg &Gid t o  0*629 f o r  t h e  T hese  f a c t©  a l l  r e f e r  t o  t h e

l a r g e  m ic e l l e ® ;  and  s i n c e  some s o l u b i l i s a t i o n  was o b s e r v e d  by  

t h e  s m a l l  m i c e l l e s ? a  c o r r e c t i o n  had t o  be  a p p l i e d  i n  a l l  c a s e s .  

I n  t h e  e x p l a n a t i o n  o f  a p o s s i b l e  m ethod o f  t h e  p a c k in g  o f  t h e  

f a t t y  a c i d  m o le c u le s ?  i t  was assum ed t h a t  t h e  m o le c u le s  were 

a t  t h e  p o l a r  h e a d  c o re  o f  t h e  m i c e l l e  and  t h a t  t h e y  c o u ld  

p r o t r u d e  i n t o  t h e  b e n ze n e  * Such a  p r o t r u d i n g  m o le c u le  would 

s i m u l a t e  a  m o n o c a rb o x y l ic  a c id ?  t h i s  s e r i e s  o f  a c i d s  b e i n g  

b e n z e n e - s o l u b l e *  The d i f f e r e n c e  i n  d e g re e  o f  s o l u b i l i s a t i o n  

b e tw e e n  t h e  odd and  ev en  num bered s e r i e s  was e x p la in e d  on t h e  

b a s i s  o f  a d i f f e r e n t  m ethod o f  p a c k i n g  f o r  e a c h  s e r i e s *  Thu® 

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

t h e  a c i d s  o f  one s e r i e s  p a c k e d  p a r a l l e l  t o  t h e  l o n g e r  a id e  o f  

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

r i g h t  a n g l e s  t o  th is®

W ater s o l u b i l i s a t i o n  h a s  b e e n  i n v e s t i g a t e d  i n  t h r e e
184

h y d r o c a rb o n  s o l v e n t s ?  b e n z e n e ,  t o l u e n e  and xylene®  W ith 

t h r e e  d i f f e r e n t  c o n c e n t r a t i o n s  o f  l e c i t h i n ,  b e tw e e n  Oo4 a n d  6/  

i n  e a c h  s o l v e n t ?  t h e  u p t a k e  o f  w a te r  p r o v i d e d  a  n e a r l y  c o n s t a n t



r a t i o  ©f w e ig h t  o f  w a to r  t o  w e ig h t  o f  l e c i t h i n ®  T h is  r a t i ®  l a y

b e tw e e n  0*32 and  0*33 g®/g© and was s t a t e d  t o  b e  e q u i v a l e n t  t@

a b o u t  14 m o le c u le s  o f  w a te r  p e r  m o le c u le  o f  l e c i t h i n ®  T h is

s o l u b i l i s a t i o n ÿ w h ic h  seemed t o  be  in d e p e n d e n t  o f  t h e  s o l v e n t

u s e d  i n  t h e  w ork , was s t a t e d  t o  be c a u s e d  by  I n t e r a c t i o n  o f  t h e

l e c i t h i n  p o l a r  g r o u p in g  w i th  t h e  w a te r  molecule©®

Wot l o n g  a f t e r  t h i s  i t  was shown t h a t  t h e  a d s o r p t i o n  o f

w a t e r  by  d ry  l e c i t h i n  was due to  th e  p o l a r  p h o s p h o ry lo h o l in ©

g r o u p i n g ,  s i n c e  by c o m p a r iso n  t o  l e c i t h i n ,  t r i o l e i n  and  t r i s t e a r i n  
185

a d s o r b e d  poorly®  On c o m p a r is o n  t o  t h e  s a t u r a t e d  s y n t h e t i c

d i p a l m i t o y l  l e c i t h i n ,  n a t u r a l  l e c i t h i n  c o n t a i n i n g  a p p r o x im a te ly
186

one d o u b le  bond  p e r  f a t t y  a c i d  was shown t o  a d s o r b  w a te r  b e t t e r ®

I t  was fo u n d  t h a t  a t  25®j? on s a t u r a t i o n  o f  t h e  l e c i t h i n  w i th  w a t e r ,  

a  m o le c u le  o f  n a t u r a l  l e c i t h i n  was a s s o c i a t e d  w i t h  19®5 w a t e r  

m o l e c u l e s ,  w h i l e  t h e  s y n t h e t i c  m a t e r i a l  was a s s o c i a t e d  w i t h  10*5 

m o le c u le s *  T h is  was e x p l a i n e d  by an  i n c r e a s e  i n  t h e  c r o s s -  

s e c t i o n a l  a r e a  o f  l e c i t h i n  when u n s a t u r a t i o n  w as p r e s e n t ?  a l l o w i n g  

a  l a r g e r  e f f e c t i v e  a r e a  f o r  a d s o r p t i o n  a t  t h e  h e a d  g ro u p s*

R e c e n t l y ,  t h e  s o l u b i l i s a t i o n  o f  t h e  sodium  and  p o ta s s iu m

s a l t s  o f  t h e  dye m -(p -a n l l in o ) -p h e n y la ! s o b © n z e n © s u lp h o n io  a c i d
18?

by l e c i t h i n  m i c e l l e s  i n  b e n z e n e  h a s  b e e n  i n v e s t i g a t e d ®  Th© d y e s ,  

i n s o l u b l e  i n  b e n z e n e ,  w ere  t a k e n  up  by l e c i t h i n  s o l u t i o n s  and  

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

t h e  m ic e l l e e *  The amount o f  dye s o l u b i l i s e d  was e s t i m a t e d  

c o l o u r i m e t r i c a l l y j )  and  t h e  amount o f  dye s o l u b i l i s e d  was p l o t t e d



a g a i n s t  l e c i t h i n  c o n c e n t r a t i o n  a t  b o th  25 and  40®o A ll  f o u r

p l o t s  h a d  two b re a k s ?  one c o i n c i d i n g  m t h  t h e  c o n c e n t r a t i o n

fo u n d  by E lw o r th y  f o r  t h e  a g g r e g a t i o n  o f  s m a l l  m i c e l l e s  i n t o  
131

l a r g e  m i c e l l e s ,  t h e  o t h e r  i n  more d i l u t e  s o l u t i o n *  T hese

lo w e r  b r e a k s  wore p resum ed  t o  be t h e  erne'*©, t h e i r  v a l u e s  b e i n g ,
«=>4 c=4

a t  25^9 3®3 % 10 and  a t  40®, 7*5 % 10 % f ro m  t h e  sodium
—4

dye a n d  9*8 % 10 /  f ro m  t h e  p o ta s s iu m  dye®
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P e r i p h e r a l  n e rv e  f i b r e s  a r e  known to  c o n s i s t  o f  two m ain 

s t r u c t u r a l  f e a t u r e s  ? t h e  sa b e i n g  t h e  a x o n ,  o r  f i b r e  c o r e ,  and 

I t s  c o v e r in g ?  t h e  m e d u l l a r y  ? o r  sQ relin  s h e a th *  The m o le c u l a r  

s t r u c t u r e  o f  t h i s  s h e a t h  h a s  n o t  y e t  b e e n  c o m p le te ly  d e te rm in e d *  

H ow ever, i t  seems t h a t  t h e  c o n s t i t u e n t  m o le c u le s  a r e  o r i e n t a t e d  

i n  r e l a t i o n  t o  t h e  f i b r e  d i r e c t i o n  s u g g e s t i n g  t h a t  t h e  s h e a th ?  

o r  m y e l in ?  h a s  a s t r u c t u r a l  r a t h e r  t h a n  a  m e t a b o l i c  f u n c t io n *

T h is  s u g g e s t i o n  i s  a l s o  b o rn e  o u t  by t h e  f a c t  t h a t  i n  a b n o rm a l 

bodjr c o n d i t i o n s ?  such  a s  s t a r v a t i o n ?  t h e  c o n s t i t u e n t  m o le c u le s  

o f  t h e  m y e l in  do n o t  u n d e rg o  any change w h i l e  s i m i l a r  m o le c u le s  

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

X -ra y  d i f f r a c t i o n  s t u d i e s  have  p ro v e d  s u c c e s s f u l  i n
1 3 9 .1 8 8

e l u c i d a t i n g  t h e  f i n e r  s trucbu re  o f  H^yelin® Thus on

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

i t  was s e e n  t o  c o n s i s t  o f  s e v e r a l  s i m i l a r  r e p e a t i n g  u n i t s ,  t h o s e  

u n i t s  s u b s e q u e n t ly  b e in g  foun d  t o  be composed o f  two b im o lo c ix la r  

l i p i d  l a y e r s  p l u s  two l a y e r s  o f  p r o t e i n ?  th e  l i p i d  and  p r o t e i n  

l a y e r s  a l t e r n a t i n g  w i th  each  other®  The t h i c k n e s s  o f  t h e  p r o t o i n

and  l i p i d  l a y e r s  have  b e e n  e s t i m a t e d  a s  30 and  55A r e s p e c t i v e l y ,
@

t h e  whole u n i t  b e in g  1?D -  171 A th ic k *  T h ese  f i n d i n g s  f o r  t h e  

m y e l in  s h e a t h  r e s u l t  i n  th e  m y e l in  s t r u c t u r e  s i m u l a t i n g  a  c e l l  

membrane r o l l e d  on i t s e l f  many t im e s*  The s h e a th ,  o r  o t h e r  

s i m i l a r  s t r u c t u r e  su c h  a s  a p h o s p h a t id e  m i c e l l a r  s y s te m ,  would  

t h e r e f o r e  seem t o  b e  a  c o n v e n ie n t  medium w i th  w hich  t o  s tu d y  c e l l
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membrane c h a r a c t e r i s t i c s  i n  v i t r o *

On a n a l y s i s ,  m y e l in  h a s  b e e n  show n t o  c o n t a i n  s e v e r a l

p h o s p h a t id e a  and  c h o l e s t e r o l  b o th  i n  a p p ro x im a te ly *

© q u im o le o u la r  am ounts?  t h e  c h o l e s t e r o l  b e i n g  p r e s e n t  a s  t h e

f r e e  a lc o h o l®  I t  was s u g g e s t e d  t h a t  a  s t a b l e  com plex  o f
188

c h o l e s t e r o l  and  p h o s p h a t id e  was form ed i n  t h e  m y elin*  To 

fo rm  t h i s  complex? t h e  p h o sp h a t id e ® a  two f a t t y  a c i d  c h a in s  

l a y  p a r a l l e l ;  and a l o n g s i d e  them  l a y  t h e  c h o l e s t e r o l  a d h e r i n g  

b y  Van d e r  Waal'‘s  fo rces®  The p o l a r  g r o u p in g  o f  t h e  p h o s p h a t id e  

was c u r l e d  o v e r  e n a b l i n g  i t s  t e r m i n a l  g ro u p  t o  l i e  c lo s e  t o  t h e  

c h o l e s t e r o l ® s  f r e e  h y d ro x y l  group* Where t h i s  p h o s p h a t id e  

t e r m i n a l  g ro u p  was a n  amino g ro u p ,  t h e r e  was t h e  p o s s i b i l i t y  

o f  h y d ro g en  b o n d in g ,  w i th  p e r h a p s  o t h e r  l e s s  s p e c i f i c  i o n i c  

r e l a t i o n s h i p s  f o r  o t h e r  p h o s p h a t id e  t e r m i n a l  g ro u p s*  T h i s  would  

h e lp  t o  s t a b i l i s e  t h e  complex* The f a c t  t h a t  t h e  t h i c k n e s s  o f  

t h e  l i p i d  l a y e r  was l e s s  t h a n  tw ic e  t h e  e x te n d e d  l e n g t h  o f  t h e  

a v e r a g e  m y e l in  p h o s p h a t id e  was e x p la in e d  by  t h i s  c u r l i n g  e f f e c t ,  

and  a l s o  b y  t h e  p a c k i n g  o f  lo n g  c h a i n  a c i d s  o p p o s i t e  s h o r t  c h a in  

a c id s *

From t h e  t h i c k n e s s  o f  t h e  p r o t e i n  l a y e r  I t  was th o u g h t  t o  

c o n s i s t  o f  two p r o t e i n  m o n o la y e rs*  W ith t h e  c u r l i n g  o f  t h e  

p h o s p h a t id e  m o le c u le s  t h e  p h o s p h a te  g ro u p  l a y  n e x t  t o  t h e  

p r o t e i n  l a y e r  p r o v i d i n g  t h e  p o s s i b i l i t y  o f  a n  a s s o c i a t i o n  b e tw e e n  

t h e  tw o , w i th  j je r h a p s  f u r t h e r  m y e l in  s t a b i l i s a t i o n o  At p r e s e n t  

t h e  n a t u r e  o f  t h e  p r o t e i n  i s  unknown*
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In  a d d i t io n  to  p r o t e in  and l i p i d , m yelin  contain© some 

water* The amount o f  w a te r  p re s e n t  i s  u n c e r t a in  o r  ve ry  

v a r i a b l e ;  th e  range of v a lu e s  so f a r  o b ta in e d  b e in g  30 to  65/
I 89

by weight® I t s  method of in c o rp o r a t io n  I n to  th e  s t r u c t u r a l

u n i t  i s  a l s o  s p e c u l a t i v e *  From X -ray  d i f f r a c t i o n  d a t a ,  i t

w ould  seem t o  be  h e ld  i n  an  o r g a n i s e d  m anner a t  t h e  i o n i c

i n t e r f a c e s  a id in g  th e  s t a b i l i t y  of any l i p i d - p r o t e i n  a s s o c i a t i o n s *
190

J o h n s o n ,  MoHabb and R o a s l t e r ,  i n  a n  a n a l y s i s  o f  t h e  

l i p i d  o f  p e r i p h e r a l  n e r v e ,  o b t a i n e d  o e r e b r o s id ® ,  c h o l e s t e r o l  and  

p h o s p h a t id e  i n  a  m o le c u l a r  r a t i o  o f  l s 2 s 2 o  On f u r t h e r  e x a m in a t io n  

t h e  p h o s p h a t id e  was found t o  b e  m o s t ly  s p h in g o m y e l in ,  w i t h  some 

o e p h a l i n  and  l e c i t h i n ®  A c e ta l  p h o s p h a t i d e ,  i n o s i t o l  p h o s p h a t i d e ,  

g a n g l i o s i d © ,  a t r a n d i n  and  p r o t e o l i p i d a  h av e  a l s o  b e e n  e x t r a c t e d  

fro m  m y e l in  and  i d e n t i f i e d ,  how ever t h e i r  e x a c t  r o l e s  i n  t h e  

s h e a t h  a r e  s t i l l  unlcnowm* I n  t h e  l i g h t  o f  t h e  s t r u c t u r a l  d a t a  

a v a i l a b l e ,  p e r i p h e r a l  n e rv e  m y e l in  was r e p r e s e n t e d  d i a g r a m a t i c s l l y
191

by F lnean  (figoX)*
192

H i r t  and  B e r c h t o ld  hav e  s u g g e s te d  t h a t  t h e  c o n d u c t io n  o f  

n e rv o u s  im p u l s e s  c o u ld  be  c a r r i e d  o u t  by  l e c i t h i n *  T h is  was 

b a s e d  on t h e  t r a n s f o r m a t i o n  o f  t h e  l e c i t h i n ,  d u r i n g  c o n d u c t io n ,  

from  a n  in t r a m o le c u la r *  z w i t t e r i o n i c  fo rm  t o  an  i n t e r m o l e  c u l a r  

form* T h is  was r e p r e s e n t e d  t h u s s
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ThB G o n d u o tio n  o f  a  ©ingl© im puls© i n v o lv e d  a  s l i g h t  movement 

o f  t h e  z w i t t o r i o n i o  c h a rg e  c a r r i e r ,  t h e  © trac tu r© *

T h is  movement was u s e d  t o  e x p l a i n  why t h e  v e l o c i t y  o f  n e rv o u s  

c o n d u c t io n  was s lo w e r  t h a n  m e t a l l i c  c o n d u c t io n *  I t  was a l e #  

th o u g h t  t o  h© B p a s s i b l e  e x p l a n a t i o n  f o r  t h e  n e rv e  o n ly  

c o n d u c t in g  im p u l s e s  o f  a  c e r t a i n  i n t e n s i t y ;  and  th e  c o n d u c t io n  

o n l y  t a k i n g  p l a c e  when t h e  im p u ls e  e x c e e d e d  a  c e r t a i n  i n t e n s i t y  

miniimmo
193

Wolman and  W iener v e r y  r e c e n t l y  i n v e s t i g a t e d  t h e  e f f e c t s  

©f h i g h  c o n c e n t r a t i o n s  o f  sodium  an d  c a lc iu m  i o n s  on  m y e l in  

s t r u c t u r e Q  P e r i p h e r a l  m y e l in ,  a f t e r  h o m o g e n i s a t io n  w i t h  IM 

sod ium  c h l o r i d e  fo rm e d  an  “o i l  i n  water® e m u l s i o n ,  a n d  e x t r a c t i o n  

w i t h  w a t e r  y i e l d e d  a b o u t  $ 0 /  o f  t h e  m y e l in  c e r e b r o s id © ;  

p h o s p h a t id e  a n d  c h o le s t e r o l ®  H o m o g e n is a t io n  w i t h  0<^5^ c a lc iu m  

c h l o r i d e  gave  a  “w a te r  i n  o il®  © im ls io n  w h ich  y i e l d e d  l i t t l e
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l i p i d  on aqueous e x t r a c t i o n *  T h i s  change  i n  t h e  h y d ro p h ilic -  

I x p o p b y l l c  balance o f  t h e  p h o sp h a t id e ©  ( t h e  em u lsify in g  a g e n t s )  

w i t h  i o n i c  en v ii^o n m en ta l  c h a n g e ,  p rom pted  t h e  a s s u m p t io n  t h a t  

I n  vxYOg i o n s  and any  o t h e r  f a c t o r s  c a p a b le  o f  e f f e c t i n g  t h e  

same change  i n  t h e  p h o s p h a t id e  c o u ld  have  a  s i m i l a r  a c t i o n  

on  t h e  c e l l  membrane p h o sp h a t id e ®

A p o s s i b l e  m echanism  o f  c e l l  p e r m e a b i l i t y , b a s e d  on t h e s e  

f i n d i n g s ,  wes s u g g e s te d o  Thus a f a c t o r  p r o d u c i n g  a  change  o f  

an  a r e a  o f  c e l l  membrane i n t o  an  “o i l  i n  water® e m u ls io n  would 

p ro d u c e  a q u e o u s  c h a n n e l s  th r o u g h  w h ich  t h e  c y to p la s m  c o u ld  

com m unicate  w i t h  t h e  o u t  s i d e  (fig®  2)» A ch an g e  t o  a  “w a t e r  

i n  o i l ' e m u ls io n  m igh t a l l o w  l i p i d - a o l u b l e  s u b s t a n c e s  t o  o r o e s  

t h e  c e l l  w a l lo  I n  a n  e q u i l i b r a t e d  a r e a ,  t h e  l i p i d  and  a q u e o u s  

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

com m unicate  w i th  t h e  o u t s i d e  *

I t  was f u r t h e r  s u g g e s t e d  t h a t  t h e  b e n d in g  o f  t h e  p h o s p h o l i p id  

l a y e r ,  f rom  t h e  e q u i l i b r a t e d  s t a t e  ? i n  t h e  d i r e c t i o n  o f  a 

“w a te r  i n  o il®  © m ulsion  w ould  p ro d u ce  an  i n c r e a s e d  d e n s i t y  o f  

c h a r g e s  on t h e  s u r f a c e ,  t h i s  c h a rg e  d e n s i t y  i n c r e a s e  perhaps 
b e i n g  r e l a t e d  t o  n e rv e  im p u ls e  tx^ansm isaloiio
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THBOEX OP EXPERÎMEÎWAL IffiTHODSo

Ac LICHÎT-SG ATTEOT0 ,

S in c e  t h e  t h e o s y  o f  l i g h t - s c a t i t a r i n g  h a s  b e e n  r e v ie w e d
1 9 4 -2 0 0

b y  a  number o f  a u t h o r s ,  o n ly  a  b r i e f  o u t l i n e  w i l l  be

p r o s e n t e d o

( a )  D i l u t e  G ases*

H e r e ,  a  num ber o f  in d e p e n d e n t  p a r t i c l e s  a r e  c o n s i d e r e d ;  

e a c h  p a r t i c l e  b e i n g  s m a l l  com pared  t o  t h e  w a v e le n g th  o f  l i g h t *

The i n c i d e n t  e l e c t r i c  f i e l d  (s tren g^b h , G) i n d u c e s  a n  o s c i l l a t i n g  

d i p o l e  (moment; p ) ,  i n  e a c h  p a r t i c l e ,  w h ich  a c t s  a s  a  s o u r c e  o f  

s c a t t e r e d  l ig h t®  The m a g n i tu d e  o f  t h e  d i p o l e  moment i s  d e p e n d e n t  

on t h e  p o l a r i s a b l l i t y ;  ^4, so  g

p a t 6  ( i )

On s u b s t i t u t i n g  e q u a t i o n  ( l )  i n  t h e  e q u a t i o n  f o r  t h e  e l e c t r i c  

f i e l d  o f  a  l i g h t  w ave,

Ê o oo 82 n(vt<=%/% C 2 )

P =;WS@0082n(Tb-%/%) (3)

w here  E@ 18 t h e  maximum a m p l i t u d e ,  v  t h e  f r e q u e n c y ,  9 l t h e  

w a v e le n g th ;  t  t h e  t im e  and  x  t h e  l o c a t i o n  a lo n g  t h e  l i n e  o f  

p ro p a g a t io n ®  The f i e l d  s t r e n g t h  o f  t h e  s c a t t e r e d  r a d i a t i o n  i s  

p r o p o r t i o n a l  t o  d % / d t ^ g  t e  l / r  ( r  l a  t h e  d i s t a n c e  f ro m  d i p o l e  

t o  o b s e r v e r )  a n d  t o  s i n  0^ i s  t h e  a n g le  b e tw e e n  t h e  d i p o l e  

a x i s  an d  t h e  l i n e  o f  o b s e r v a t io n ) ®  D i v i d i n g  by  e  f o r  

d im e n s io n a l  c o r r e c t n e s s  ( c  i s  t h e  v e l o c i t y  o f  l i g h t ) ,  f rom  

e q u a t i o n  (3 )  t h e  f i e l d  s t r e n g t h  o f  s c a t t e r e d  l i g h t  i s ,
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©<r
S q u a r in g  e q u a t i o n  (4 )  t o  g iv e  t h e  i n t e n s i t y  o f  s c a t t e r e d  

l i g h t  ( i g )  a n d  e q u a t i o n  ( l )  t o  g iv e  t h e  I n t e n s i t y  o f  i n c i d e n t

l i g h t

%
ï „  7 f ^

The p o l a x ' i s a h i l i t y  o f  a medium i s  r e l a t e d  t o  i t s  d i e l e c t r i c
201

c o n s t a n t  ( ^ )  and  h e n ce  t o  i t s  r e f r a c t i v e  i n d e x  ( n ) ,

Û —1 53 1 ÎK 4^Eôî ( 6 )

E x p r e s s i n g  e q u a t i o n  (6 )  i n  t e rm s  o f  s p e c i f i c  r e f r a c t i v e  

in d e x  In c re m e n t  ( d n / d c ) ,

oC^ ^ c 2 (d n /d a )^ /4 ? i^ ® ^  ( 6 a )

w here  F  i s  t h e  num har o f  p a r t i c l e s  p e r  CoC® and  c t h e  

c o n c e n t r a t i o n  i n  go /m lo  F o r  t h e  g a s  m o le c u l a r  w e ig h t  (m ) and 

Avogadro ® a number (ïT ) ,  M/kr =: c / ï f ,  t h e r e f o r e  r e w r i t i n g  e q u a t i o n  

(5 )  f o r  N p a r t i c l e s  and  i n t r o d u c i n g  e q u a t i o n  ( 6 a ) ,

i@ 4 ? ^ o ( d n / d c ) % s i n ^ 8 i
crgaJSJ.» 5 3  C3îœ>îUïTnsï»tt*iasj:»tWjie<w^*i**^«^mta#«*3if«evïîiSCïircttMircœïsa

E q u a t io n  ( ? )  i s  f o r  p o l a r i s e d  i n c i d e n t  l i g h t ,  h e n c e  f o r  

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

( d n / d o ) % e (  1-1-00 B^©}
to .'aiSTO  c a Æ>»tctTt tmifccv;-/  aeuTw ax-t/wn T̂M art txiAfcVÆu

w here  0 i® t h e  a n g le  b e tw e e n  th e  l i n e  o f  o b s e r v a t i o n  an d  t h e  

d i r e c t i o n  o f  t h e  i n c i d e n t  l ig h t®

(b )  S c a t t e r i n g  from  S o lu t io n s®
e j L i; ig? fnu .i'; ju.u*r.*a trm K W i- v  .'i ' n a rrtnacw m m  ?arr;t.T rrJ-!̂ s^ - s J

F o r a  s o l u t e  i ï i  a medium o f  r e f r a c t i v e  i n d e x  e q u a t i o n



(6) iSg = 4'/ffe (9

w h ic h  l e a d s  t o

l 0  2Trm ^^(dn/dG )^M G (l^G o0^8) 

i g  T â w x

E q u a t io n  ( lO )  o n ly  a p p l i e s  t o  an  i d e a l  s o lu t io n ®  Where 

t h e  s c a t t e r i n g  e le m e n t s  a r e  f i x e d  i n  s p a c e  ( a s  i n  a  t r a n s p a r e n t  

c r y s t a l ) ,  d e s t r u c t i v e  i n t e r f e r e n c e  b e tw ee n  s c a t t e r e d  r a y s  

r e s u l t s ®  I n  l i q u i d s  and  s o l u t i o n s ?  f l u c t u a t i o n s  o f  c o m p o s i t io n  

o c c u r ,  a n d  c o n s i d e r i n g  t h e  e x c e s s  s c a t t e r i n g  o f  a s o l u t i o n  o v e r  

t h a t  o f  p u re  s o l v e n t ?  a c o n c e n t r a t i o n  f l u c t u a t i o n  ( So)  c a n  be 

r e g a r d e d  a s  r e s p o n s i b l e  f o r  t h e  s c a t t e r i n g *  T h ere  i s  a l s o  a 

c o r r e s p o n d i n g  f l u c t u a t i o n  i n  p o l a r i s a b i l i t y  (6ei)o Thus from  

e q u a t i o n  ( 5)9 c o n s i d e r i n g  an  e le m e n t  o f  s o l u t i o n ,  o f  volume «y, 

su ch  t h a t  N = l / ip .

16^ ' (do<) s i n
2

I

The f l u c t u a t i o n  I n  p o l a r i s a b i l i t y  can  be e x p r e s s e d  i n  t e r m s  o f

c o n c e n t r a t i o n  f l u c t u a t i o n  t o  g i v e ,  ' f o r  u n p o l a r i s e d  I n c i d e n t  l i g h t ,
2

l a  2 n ^ n  ( d n /d c )  ®) ( d c )

The c o n c e n t r a t i o n  f l u c t u a t i o n  can  be  r e l a t e d  to  t h e  change 

f r e e  e n e rg y  w i th  c o n c e n t r a t i o n ,

C Ïô )^  = w / C

and  t o  t h e  c h e m ic a l  p o t e n t i a l  ^ ^ )  and  p a r t i a l  m o la r  volume

s o l v e n t  (V ^ ) ,



| 1|  I .  ™ I . â f ü  I  (;
c V i  U r .  /

I n t r o d u c i n g  e q u a t io n ®  ( l 3 )  and  ( I 4 ) I n t o  (1 2 )  t h e n  g ive®

_  2 ^ ^ n ^ ( d n /d o ) ^ ( l4 0 o 8 ^ 9 ) e
tvnvAua-u $Æùeï*iin%%4«w%»%M»s%pf^srsc%fit%wa;

Ig
T 9P

Ab t h e  d e p en d e n ce  o f  s o l v e n t  c h e m ic a l  p o t e n t i a l  on s o l u t e  

o o n e e n t r a t i o n  i s  g i v e n  by
ÇÎ3> X O

O O 0

w here  B a n d  C a r e  t h e  se co n d  and  t h i r d  v l r l a l  c o e f f i c i e n t s  

r e  s p e c t i v e l y ,

i g  2 ïT^ng® (da/do)^(î+ooB  ^ 0 ) e  . .

CCsera» C3S^^Tiaa’Sï3a^^g:iirtMwfi™j'v^;:ÿtfcTiStü(iaï«3rtii»rfrt̂ ®«a*icta^n^^UAfcftwnî=Œ^ % »=» |  J
I@ À t e  ’(l/to-i-2Be+3G<s

s u b s t i t u t i n g  %  f o r  n  s i n c e  t h e i r  d i f f e r e n c e  i s  n e g l i g i b l e  i n  

d i l u t e  s o lu t io n ®

D e f in in g  R a y l e i g h “s  r a t i o .  Eg, a s

“  Io(l4C08&@)

and  t h e  t u r b i d i t y ,  T a s

T l6 rrE 0 /3

e q u a t i o n  ( 17) becom es

cf£. # 1 - ^ 2  Be*3Gc^^( 
r m

w here  t h e  o p t i c a l  c o n s t a n t ,  H i s

32Ts^»g^(dn/do)^  .

3X*I
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E q u a t io n  (19 ) g i v e s  t h e  r e l a t i o n s h i p  b e tw e e n  t h e  m e a s u ra b le

t u r b i d i t y  an d  o p t i c a l  c o n s t a n t  an d  t h e  m o le c u l a r  w e ig h t  and

V 3 .r ia l  c o e f f i c i e n t s  a t  f i n i t e  c o n c e n t r a t io n s ®  The seco n d

v i r i a l  c o e f f i c i e n t  c a n  be i n t e r p r e t e d  i n  term® o f  m o le c u l a r  
202

p r o p e r t i e s ®

Q) D e p o l a r i s a t i o n s
rgrsaisyxairnf.TlVJSMSU^

H aving? so  f a r ,  o n ly  c o n s i d e r e d  s m a l l  o p t i c a l l y  i s o t r o p i c  

p a r t i c l e s ?  i f  s m a l l  a n i s o t r o p i c  p a r t i c l e s  a r e  c o n s i d e r e d ,  a  

c o r r e c t i o n  t o  t h e  o b s e rv e d  s c a t t e r i n g  may h av e  t o  b© i n t r o d u c e d  

b e c a u s e  o f  random  p a r t i c l e  o r i e n t a t i o n s  When a  d i p o l e  i s  I n d u c e d  

i n  a n  o p t i c a l l y  I s o t r o p i c  p a r t i c l e ,  t h e  d i p o l e  i s  a l i g n e d  

p a r a l l e l  t o  t h e  e l e c t r i c  v e c t o r  o f  t h e  i n c i d e n t  l ig h t®  % e  to  

t h e  i s o t r o p y  o f  t h e  p a r t i c l e ,  no m a t t e r  i t s  o r i e n t a t i o n ?  th e  

d i p o l e  a n d  e l e c t r i c  v e c t o r  re m a in  p a r a l l e l ®  I n  t h e  c a s e  o f  

a n i s o t r o p i c  p a r t i c l e s ^  t h e  d i p o l e  i s  u n l i k e l y  t o  be  p a r a l l e l  t o  

t h e  v e c t o r  (due  t o  random  o r i e n t a t i o n  a n d  a n i s o t r o p y )  t h i s  

b e i n g  l i a b l e  t o  c a u s e  e x c e s s  s c a t t e r i n g  w hich  w ould  h av e  t o  be 

c o r r e c t e d  f o r  when u s i n g  t h e  above  e q u a t i o n s  t o  d e te r m in e  M®

F o r  a n  i s o t r o p i c  p a r t i e l ©  s c a t t e r i n g  fro m  i n c i d e n t  

u n p o l a r i s e d  l i g h t ,  t h e  in d u c e d  d i p o l e  two In d e p e n d e n t

d i p o l e s  t h a t  a r e  a l i g n e d  one a t  0 I n  t h e  h o r i z o n t a l  p l a n e

and  t h e  o t h e r  a t  © =3 90® i n  t h e  v e r t i c a l  p lane®  On v ie w in g  

t h e  s c a t t e r e d  l i g h t  a t  0  « gO ^^the  fo rm e r  d i p o l e  w i l l  c o n t r i b u t e  

no s c a t t e r ®  ( i f  s c a t t e r  e x i s t e d  i t  w o u ld  hav e  b e e n  h o r i z o n t a l l y  

p o l a r i s e d ® )  The l i g h t  s c a t t e r e d  by t h e  p a r t i c l e  w i l l  t h e r e f o r ©



a l l  'be v e r t i c a l l y  p o l a r i s e d .  I t  i s  th e  r a t i o  o f  th e  

i n t e n s i t i e s  of th e  h o r i z o n ta l ly  and v e r t i c a l l y  p o la r i s e d  

s c a t t e r e d  l i g h t s  t h a t  i s  th e  d e p o la r i s a t io n  th e  r a t i o

b e in g  used  to  c o r r e c t  f o r  any in c re a s e  i n  s c a t t e r  due t o  

anisotropy®

For an i s o t r o p i c  p a r t i c l e  th e  ra t i©  i s  zero* An

a n i s o t r o p i c  p a r t i c l e  whose in d u c e d  d i p o l e  i s  n o t  a l i g n e d

p a r a l l e l  t o  t h e  i n c i d e n t  l i g h t  h a s  a  r a t i o  w hich  i s  u s u a l l y
203

g r e a t e r  t h a n  xero® O ahannes h a s  r e l a t e d  t h e  e x c e s s  

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

t h a t  t h e  c o r r e c t i o n  f a c t o r  (C a h a n n e s“ f a c t o r )  f o r  t h e  R a y le ig h  

r a t i o  i s  ( ) / ( 6 f 6 p  ) ,

(d )  S c a t t e r i n g  f ro m  l a r g e  P a r t i c l e s ®

When t h e  s i z e  o f  t h e  s o l u t e  p a r t i c l e  e x c e e d e  %/20 i t  cam 

no l o n g e r  he c o n s i d e r e d  a s  a  p o i n t  s o a t t e r e r  s i n c e  d e s t r u c t i v e  

i n t e r f e r e n c e  r e s u l t s  from  r a y s  s c a t t e r e d  hy  d i f f e r e n t  p a r t s  o f  

t h e  p a r t i c l e ®  The i n t e r f e r e n c e  i s  a b s e n t  a t  © « 0 ,  and  

i n c r e a s e s  a s  0 i n c r e a s e s *  The p a r t i c l e  s c a t t e r i n g  f a c t o r  P (© ), 

i s  d e f i n e d  a s ,

S c a t te r e d  i n t e n s i t y  f o r  l a r g e  p a r t i c l e  

S c a t t e r e d  i n t e n s i t y  i n  th e  absence  o f  in t e r f e r e n c e

F o r  a p a r t i c l e  o f  s c a t t e r i n g  p o i n t s .
cr o"'

p ( e )  V ’ \ " '  ( 2 2 )
£ ^ ^  <L^ A r t 4 
i = l  j= % /
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w here yx -  &%d i s  t h e  d i s t a n c e

b e tw ee n  two s c a t t e r i n g  e l e m e n t s ,  P (0 )  can  be r e l a t e d  t o  t h e  

r a d i u s  o f  g y r a t i o n  o f  a p a r t i c l e  (H g), g i v i n g  a s  a l i m i t i n g  

e x p r e s s i o n ,

/  1/P(@ ) = 1 + (2 3 )

E q u a t io n  1 9 ,  f o r  l a r g e  p a r t i c l e s ,  becom es

/ Ï Ï C 5 3  1 ^ i L  l6 n ^ R g ^ s in ^ 0 Æ  \  ( 24 )
oL-JSq MP(0) Ml I

o —̂ 0  ^

The Zimra m ethod i s  c o n v e n ie n t  f o r  t r e a t i n g  d a t a  on l a r g e

p a r t i c l e s ®  Hc/Tq i s  p l o t t e d  a g a i n s t  ( s in ^ 0 /2 4 » k c ) , w here  k  i s

a n  a r b i t r a r y  c o n s t a n t .  The l i n e s  a t  c o n s t a n t  a n g le  a r e

e x t r a p o l a t e d  t o  c =s 0 ,  and  e q u a t i o n  ( 2 4 ) a p p l i e s  t o  t h e  z e ro

c o n c e n t r a t i o n  l i n e  so  p ro d u c e d .  The l i n e s  a t  c o n s t a n t

c o n c e n t r a t i o n  a r e  e x t r a p o l a t e d  t o  0 = O9 p r o d u c in g  a  l i n e  t o

w hich  e q u a t i o n  (X9) a p p l i e s ?  w i th  a  s l o p e  o f  2B/ko The

i n t e r c e p t s  o f  b o t h  t h e  z e ro  a n g le  and c o n c e n t r a t i o n  l i n e s  a r e

1 /ko  The r a d i u s  o f  g y r a t i o n  can  be I n t e r p r e t e d  i n  t e r m s  o f
204

m o le c u l a r  s h a p e ,  and  i s  one o f  t h e  most u s e f u l  q u a n t i t i e s

o b t a i n e d  fro m  l i g h t - s c a t t e r i n g .  Com plete e x p r e s s i o n s  f o r  P (9 )
1 9 7 ,2 0 5 ,2 0 6

hav e  b e e n  c a l c u l a t e d  f o r  v a r i o u s l y  sh ap ed  m o d e ls  ( e ,g o  r o d ,  

c o i l ?  s p h e r e )  and Zimm p l o t s  c a n  ba u s e d  t o  g iv e  a n  i d e a  o f  

m o le c u l a r  shape®

A se c o n d  m ethod o f  t r e a t m e n t  f o r  r e s u l t s  from  l a r g e  

p a r t i c l e s  i s  by m e a s u r in g  th e  d is sy m m e try ,  whore



6l
■0 f ( 0 )

U s u a l ly  i s  measured® A f t e r  a c h o ic e  o f  m olecular*  m odel h a s  

heem m ade, t h e  a p p r o p r i a t e  c o r r e c t i o n  t o  t h e  s c a t t e r i n g  

i s  made t o  e n a b le  e q u a t i o n  ( 19) t o  be  u s e d  t o  d e te r m in e  t h e  

m o le c u l a r  w e i g h t .  The c h a r a c t e r i s t i c  d im e n s io n s  o f  t h e  

p a r t i c l e s  can  a l s o  be d e te r m in e d  from

( e )  T h re e  Component Systems®

Where a  s o l u t e  i s  p r e s e n t  i n  a  m ix tu r e  o f  two s o l v e n t s ,  

i n t e r a c t i o n  b e tw e e n  s o l u t e  and  one s o l v e n t  com ponent may c a u se  

a d d i t i o n a l  c o m p o s i t io n  f l u c t u a t i o n s  ( io e *  e x c l u d i n g  t h o s e  f o r  

tw o  com ponent system s)®  The p r o b a b i l i t y  o f  su c h  f l u c t u a t i o n s
207,2089209

oan be  c a l c u l a t e d ,  and  f o r  n o n - e l e c t r o l y t e s  t h e  a c t i v i t y  

c o e f f i c i e n t s  oan  ba  e x p r e s s e d  a s  a  pow er s e r i e s  whose 

c o e f f i c i e n t s  can  be r e l a t e d  t o  v a r i o u s  t e r m s ,  eog® ©i q ? e t c o ,  

i n  t h e  e q u a t i o n

A T

w here  Og i s  t h e  c o n c e n t r a t i o n  o f  m a o ro m o le c u la r  s o l u t e  i n  t h e  

b i n a r y  s o l v e n t 9 t h e  c o n c e n t r a t i o n  o f  a d d i t i v e  s o l v e n t  i n  

b o t h  t h e  s o l u t i o n  and  b i n a r y  s o l v e n t  ( i n  o f  p r im a ry  s o l v e n t )

a n d  AT t h e  d i f f e r e n c e  i n  t u r b i d i t y  b e tw e e n  s o l u t i o n  and  s o l v e n t  

m ix tu r e o  A lso ,

ÏÏ2 = 3 2 - « \ g ^ ( d a / d C g ) 2 / 3 1 ‘" ‘7 \^P g  (2 6 )

w h ere  ( d n / d c 2 ) i ^  m easu red  i n  t h e  b i n a r y  s o l v e n t ,  and  i s  th©
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maas o f  p r im a r y  s o l v e n t  p e r  u n i t  volume o f  s o l u t i o n *
210

E x p e r im e n ts  hav e  h e e n  done “by B la k e r  and  B adger on

n i t r o c e l l u l o s e  i n  a c e t o n e - w a t o r  m ix t u r e s  i n  w hich  a  s p e c i f i c

a d s o r p t i o n  o f  w a t e r  By t h e  ra a c ro m o le o u la s  was shown* The

usGp t h e r e f o r e s ,  o f  e q u a t i o n  ( l 9 )  i n  su c h  a  s o l v e n t  may l e a d  t o

i n c o r r e c t  m o le c u l a r  w e ig h ts *  k c o r r e c t  v a lu e  can  o n ly  he

e x p e c te d  i f  t h e  tw o s o l v e n t s  had  th e  same r e f r a c t i v e  in d e x  or

i f  t h e  r e f r a c t i v e  i n d e x  o f  t h e  s o l v e n t  m ix tu r e  was in d e p e n d e n t
211

o f  s o l v e n t  c o m p o s it io n o

BÆolooular W eight A verage  s*

When a  p a r t i c l e  s is©  i s  o b t a i n e d  f o r  su c h  a s  a m i c e l l a r  

s o l u t e  o r  f r a c t i o n a t e d  p o ly m e r ,  t h e  s is©  i s  u s u a l l y  t h a t  o f  an 

a v e r a g e  o f  a l l  t h e  va 'rylng-»sis@ d p a r t i c l e s  c o n s id e r e d *  These  

s is©  d i s t r i b u t i o n s  c an  h e  t r e a t e d  s t a t i s t i c a l l y  t o  p r o v id e  

s e v e r a l  a v e r a g e  v a l u e s  d e p e n d in g  on t h e  m ethod o f  c a l c u l a t i o n *  

The num ber a v e r a g e  m o le c u la r  w e ig h ty  may he  e x p r e s s e d

by 3

%  »■

w here  i s  t h e  num ber o f  p a r t i c l e s  o f  ty p e  1 p r e s e n t ,  b e in g

t h e i r  m o le c u l a r  w e ig h t*  T h is  sum m ation i s  f o r  a l l  t y p e s  o f  

m o le c u le s  p r e s e n t *

The w e ig h t  a v e r a g e  m o le c u l a r  w e i g h t ,  i s  g iv e n  h y s

%  «

w here  i s  t h e  w e ig h t  o f  s p e c i e s  i  p r e s e n t o



For a homogeneous m ix tu re  T h e ir  r a t i o  i s  a

u s e f u l  i n d i c a t i o n  o f  th e  degree of  p o ly d ia p e r s i t y  o f  a systemo 

F u r th e r  s t a t i s t i c a l  av e ra g es  a r e  a ls o  o b ta in a b le  * Thus by 

r e w r i t i n g

‘tt '

and  M,, = 2 . % % V  W i

a h ig h e r  a v e ra g e , th e  js -  av e rag e , can be deno ted  by

I f  th e  m o lecu la r  w eight i s  e v a lu a te d  by methods u s in g  

c o l l ig a t iv ©  p r o p e r t i e s ,  i s  th e  average  ob ta ined*  The l i g h t s  

s c a t t e r i n g  te c h n iq u e  y i e l d s

Bo VISCOSITYo

For d i l u t e  c o l l o i d a l  s o lu t io n s  where th e  s o lu t e  i s  in  th e  

form of r i g i d  s p h e re s ,  th e  E in s te in  e x p re s s io n  f o r  th e  r e l a t i o n s h i p  

between th e  v i s c o s i t i e s  o f  s o lu t io n  (v  ̂ ) and so lv e n t  da

Vj =. n  (l+2»5^) (27)

where ^  i s  th e  s o lu t e  volume f ra c t io n *  T h is  may be r e w r i t t e n  in  

th e  form

= V )sp /^  = 2«5 (28 )

where ( v ^ / ^ q ) th e  r e l a t i v e  v i s c o s i t y  th e  s p e c i f i c

v i s c o s i ty *

Among th e  assum ptions  made to  d e r iv e  th e  e q u a t io n s ,  E in s te in  

assumed t h a t  th e  s o lu t io n s  were s u f f i c i e n t l y  d i l u t e  t h a t  no
2 1 2 ,2 1 3

s o lu te  i n t e r a c t i o n s  o c c u rre d ,  and i t  was su b seq u en tly  shown



t h a t  t h e  e q u a t i o n s  w ere v a l i d  up t o  s o l u t e  c o n c e n t r a t i o n s  o f  

a b o u t  On t h e  b a s i s  o f  e q u a t i o n  ( 2 8 ) ,  i f  p l o t t e d

a g a i n s t  pf, t h e  i n t e r c e p t  a t  ^ "5
/  ̂ 2149215

F o l lo w in g  t h i s  w ork , i n v e s t i g a t i o n s  w ere  made o f  p o s s i b l e

a d a p t a t i o n s  o f  t h e  E i n s t e i n  e q u a t i o n  t h a t  w ould h o l d  f o r  r i g i d

n o n - s p h e r i o a l  p a r t i c l e s *  T h is  l e d  t o  t h e  e v a l u a t i o n  o f  t h e
216

Simha r e l a t i o n s h i p  f o r  e l l i p s o i d s

vy = K jo ( l i% )  o r  = <) (2 9 )

where ̂  was a function of the axial ra tio of the ellipsoid and
was e q u a l  t o  2®5 fo%' s p h e r e s  and l a r g e r  t h a n  2 « 5 f o r  e l l i p s o i d s * 

216
Simha a l s o  d e r i v e d  "î i n  te r r a s  o f  a x i a l  r a t i o  f o r  b o th  t h e  

p r o l a t e  and  o b l a t e  e l l i p s o i d s ,  t h e  p r o l a t e  b e i n g  o b t a i n e d  by 

r o t a t i n g  an  e l i p s e  a b o u t  i t s  m a jo r  a x i s ,  t h e  o b l a t e  by r o t a t i o n
217

a b o u t  t h e  m in o r  a x is *  S-fehl, O ncley  and  S im h a , on t h e  b a s i s  o f  

t h e  Siraha r e l a t i o n s h i p s ,  t h e n  e v a l u a t e d  9  f o r  b o t h  e l l i p s o i d s  

h a v in g  a x i a l  r a t i o s  o f  1 t o  300*When t h e  e l l i p s o i d  a x i a l  r a t i o  

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

s i m u l a t i n g  a f l a t  c i r c u l a r  d i s c *

An e x p e r i m e n t a l  v a lu e  o f  t h e  v i s c o s i t y  i n t e r c e p t ,  

r e p r e s e n t e d  by can  t h u s  be  com pared t o  t h e  v a l u e s  o f  M ehl,

O ncley  and  Slmha and  th e  - p a r t i c l e  a x i a l  r a t i o  d e te rm in e d *  The 

a x i a l  r a t i o  i s  a u s e f u l  f a c t o r  f o r  h e l p i n g  t o  a s s i g n  a  sh ap e  t o  

t h e  p a r t i c l e  and  h en ce  i n  c o n s t r u c t i n g  m o d e ls  o f  t h e  p a r t i c l e *

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

t o  become e l l i p s o i d a l ,  su c h  t h a t  t h e y  a p p ro x im a te  t o  e i t h e r  a
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p r o l a t e  o r  o b l a t e  e l l i p s o i d *

The above E i n s t e i n  and 3iraha r e l a t i o n s h i p s  have  b e e n  

m o d i f i e d  t o  a p p ly  t o  a s o l v a t e d  s o l u t e *  S o l v a t e d  p a r t l o l e e  

a o t  h y d ro d y n a m ic a l ly  am p a r t i c l e s  o f  m a c ro m o le c u la r  s o l u t e

p l u s  s o l v a t i n g  l i q u i d  and  have h i g h e r  va lue©  o f  t h a n  th e

u a s o l w t e â  ggolute p a r t i c l e s *  Thus f o r  s p h e r i c a l  s o l v a t e d
218

p a r t i c l e s > 2 « 5 o  To a p p ly  t o  s o l v a t e d  p a r t i c l e © ,  O ncley  

d e r i v e d  t h e  r e l a t i o n s h i p

VI gp /#  =-^(l+w A p) (30)

w hich  f o r  a  s p h e r i c a l  s o l v a t e d  s o l u t e  may be w r i t t e n  a s

W g p / #  = a -sC i+ w /f jo )  (3 1 )

w here  w i s  t h e  w e ig h t  ( i n  g * ) o f  s o l v a t i n g  l i q u i d  p e r  go o f  s o l u t e

p  t h e  d e n s i t y  o f  t h e  s o l v a t i n g  l i q u i d  and v  t h e  p a r t i a l  s p e c i f i c

volume o f  t h e  s o l u t e *  Thus f o r  a s p h e r i c a l  s o l v a t e d  s o l u t e  o f

known \W \ 9 t h e  e x t e n t  o f  i t  a h y d r a t i o n  may be c a l c u l â t  ©do
L Ü  P

A ls o ,  f o r  s o l u t e s  o f  known s o l v a t i o n  and  W L  R v a l u e s  may be

© bta inodo  To f u l l y  c h a r a c t e r i s e  a s o l v a t e d  a sy m m e tr ic  s o l u t e ,

e i t h e r  t h e  d e g re e  o f  s o l v a t i o n  0%' asym m etry  w ould  h av e  t o  be

e s t i m a t e d  by a n o t h e r  t e c h n iq u e  s i n c e  b o th  f a c t o r s  a r e  i n c l u d e d

i n
Ü ,

Qo amWSLATIOITAL DIFI^USlQlfo 

,a )  F io k ° s  Law©o

I f  i n  a s o l u t i o n  t h e r e  i s  an  u n e q u a l  s o l u t e  c o n c e n t r a t i o n  

i n  d i f f e r e n t  p a r t s  o f  t h e  s o l u t i o n ,  s o l u t e  w i l l  f lo w  from  t h e
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h ig h  c o n c e n t r a t i o n  a r e a s  t o  t h o s e  o f  low  c o n c e n t r a t i o n  t i l l

t h e  c o n c e n t r a t i o n  t h r o u g h o u t  t h e  s o l u t i o n  i s  c o n s t a n t*

T r a n s l a t i o n a l  d i f f u s i o n  i s  t h i s  f lo w  o f  s o l u t e *

A c c o rd in g  t o  P i c k ' s  f i r s t  law , t h e  am ount o f  s u b s ta n c e

d i f f u s i n g  i n  d i r e c t i o n  x a c r o s s  an  a r e a  A I n  t im e  d t  i s

p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  g r a d i e n t  do /dx*  Thus

dm o ( A — d t  o r  dm «3 =.DA$2 d t  
dx dx

w here  D i s  t h e  d i f f u s i o n  c o n s ta n t*  On e l i m i n a t i n g  dm from  t h i s

r e l a t i o n s h i p ,  F lc k * s  se co n d  law  i s  o b ta in e d *  Thus i f  two p l a n e s

o f  u n i t  a r e a  and  p e r p e n d i c u l a r  t o  t h e  c o n c e n t r a t i o n  g r a d i e n t  a r e

c o n s i d e r e d ,  one a t  x and  t h e  o t h e r  v e r y  n e a r  x  a t  (x + d x ) ,  t h e

f lo w  o f  m a t t e r  p e r  u n i t  t im e  th r o u g h  t h e  p l a n e s  w i l l  be

-DÉ2 , and  -D&S. _
dx dx d z |  bxj

The f lo w  d i f f e r e n c e  i s  t h e r e f o r e

.Ëu j D ^ t d x
dx \ (Ul

Thus t h e  x’a t e  o f  change o f  c o n c e n t r a t i o n  b e tw ee n  t h e  p i a n o s  i s

^  ( D ^ W  . , . 'dx \ f)x/ d L  ÙQ
dx ■“ d x \  (5x1

w h ich  c a n  a l s o  be r e p r e s e n t e d  a s  èo /fft*  Thus

Is. = J;„ f
a t  \ ^>w

Assuming D t o  be in d e p e n d e n t  o f  c o n c e n t r a t i o n ,  we g e t

h .  «, D^i® ( 32)

w h ich  i s  F ic k ^ s  se co n d  law* On e v a l u a t i n g  c ,  x and  t  

e x p e r i m e n t a l l y  Î) F l c k ” s  se co n d  law  can  be u s e d  t o  o b t a i n  Do



(b )  R e s t r i o t e d  D i f f u s io n *

T h i s  may be  c o n s i d e r e d  a s  a  c h a r a c t e r i s t i c  o f  a  d i f f u s i o n  

sy s te m  e x i s t i n g  b e tw e e n  t m  p l a t e s  su c h  t h a t  m a t e r i a l  i s  u n a b le  

t o  p a s s  th r o u g h  t h e  p l a t e s *  C o n s id e r in g  a r e s t r i c t e d  d i f f u s i o n  

sy s te m  w h ereb y  t h e  d i s t a n c e  b e tw e e n  t h e  two p l a t e s  i s  su c h  

a  sy s te m  h a s  t h e  c o n d i t i o n s ,  f i r s t l y ,  t h a t  ( à o / à x )  « o a t  x  ^ o 

an d  X a ^  ( i o 6 * a t  t h e  p l a t e s )  f o r  a l l  v a l u e s  o f  t ,  and  s e c o n d ly ,  

t h a t  t h e  i n i t i a l  c o n c e n t r a t i o n  o =3 f ( x ) *  I t  now re m a in s  t o  

s o lv e  e q u a t i o n  ( 32) u n d e r  t h e s e  c o n d i t i o n s *
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Thus f o r  t h e  c o n c e n t r a t i o n  a t  h e i g h t

^ ^  ©sp (“ D tn  7 T " / i  ) c o s  n r r x / ^
ïisal

w here  ^ f(x)dx an d  = 2»f f (x,)cos(nTrx/0)dXo
%  ' 4Î &o

From t h i s  s o l u t i o n  i t  can  be s e e n  t h a t  when t  c o w here

l a  t h e  a v e r a g e  I n i t i a l  c o n c e n t r a t i o n ,  and  h e n c e  a  f u r t h e r  

c o n d i t i o n  o f  r e s t r i c t e d  d i f f u s i o n  i s  met*
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A f t e r  t h e  f a s h i o n  o f  E a rn e d  and  E u t t a l l ,  i f  c o n c e n t r a t i o n ®  

w ere  m e a su re d  a t  % t® a n d  x  5l / 6,  t h e  c o n c e n t r a t i o n  

d i f f e r e n c e  b e tw e e n  t h e  two l e v e l s  would b e
ng 00 p  p  ^

« >  . A^expi^-MïT n  " / i" ”) ( o o s ia v r /S -a o s S n  i j / 6  )

F o r  e v e n  v a l u e s  o f  n ,  o o s n r f / 6  ra co s5 n ?T /6 g  and  a l s o  f o r  odd 

v a l u e s  o f  tig o o s n w /S  ^™ cos5n7r/6o  T hus t h e  c o s i n e  t e r m s  w i t h  

e v e n  v a l u e s  o f  n  d i s a p p e a r  w h i l e  t h o s e  c o n t a i n i n g  t h e  odd v a l u e s  

c o n t r a c t  t o  2 c o en T r /6 o  On © n u m era tin g  2oosn7T/6g) v a l u e s  a r e  

o b t a i n e d  o f  f o r  n  => 1 ,  0 f o r  n 3g f o r  n ^  5s? e tc *  

E q u a t io n  (3 3 )  t h u s  become©
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® .V 6 ”"® 5 i/6 ”  +Ag8xp(-DI:n^/%2) ,
G 0

w here  t h e  c o n s ta n t©  Ac, * * * c o n t a i n  t h e  e v a l u a t e d  c o s in e  

te rm s*  I t  w i l l  be n o t i c e d  t h a t  t h e  t e rm  w here  n&̂ 3 h a s  

d i s a p p e a r e d ,  t h i s  b e i n g  due to  t h e  c o n v e n ie n t  c h o ic e  o f  Xs^J/6 

and  x=)5j/6o As a  r e s u l t ,  a l s o  o f  t h i s  c h o i c e ,  t h e  se co n d  a n d  

s u b s e q u e n t  t e r m s  on t h e  r i g h t  hand s i d e  o f  e q u a t i o n  (3 4 )  a r e  

v e r y  much s m a l l e r  t h a n  t h e  f i r s t  t e rm  and  i f  a  s h o r t  d e l a y  I s  

o b s e r v e d ,  t h e s e  fo rm e r  t e r r a s  become n e g l i g i b l e *  E q u a t io n  (34 ) 

can  t h e n  be r e d u c e d  t o

® i /6  “  AjSS3)(-l)tDT2/£2)

w h ich  on d i f f e r e n t i a t i o n  becom es

^ I n  ( c ^  ( 35 )

Thus on p l o t t i n g  ln ( c ^ y ^ = c ^ ^ y ^ )  a g a i n s t  t i m e ,  a s t r a i g h t  

l i n e  i s  o b t a i n e d  o f  s lo p e  S in c e  t h e  d i f f e r e n c e  i n

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

r e c i p r o c a l  r e s i s t a n c e s  f o r  e l e c t r o l y t e  s o l u t i o n s .  E a rn e d  p l o t t e d  

t h e  l o g a r i t h m  o f  t h i s  d i f f e r e n c e  a g a i n s t  t im e *  I n  t h e  

s u b s e q u e n t  d i f f u s i o n  w o rk ,b y  t h e  same r e a s o n i n g ,  a  p l o t  i s  made 

o f  t h e  l o g a r i t h m  o f  t h e  d i f f e r e n c e  i n  i n t e r f e r o m e t e r  r e a d i n g  

a g a i n s t  t im e*

(©) D i f f u s i o n  and  M o le c u la r  P r o p e r t i e s *

F o r  t r a n s l a t i o n a l  m o tio n  o f  s p h e r i c a l  p a r t i c l e s  o f  l a r g e  

d im e n s io n s  r e l a t i v e  t o  s u r r o u n d in g  s o l v e n t  m o l e c u l e s ,  S to k e s  

e x p r e s s e d  t h e  f r i c t i o n a l  c o e f f i c i e n t  ( f )  o f  e a c h  p a r t i c l e  a©

f  ® SnvjT
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w here  r  i s  t h e  p a r t i c l e  r a d i u s  and t h e  s o l v e n t  v i s c o s i t y *

On e x p r e s s i n g  r  i n  te rm s  o f  m o le c u l a r  w e ig h t  a n d  p a r t i a l  

s p e c i f i c  volume o f  t h e  p a r t i e l © ,

f  6rrv^(3M v74w 'T)^/3 ( 3g)

w here  v  i s  t h e  r e c i p r o c a l  o f  t h e  s o l u t e  d e n s i t y  (i*©* p a r t i a l  

s p e c i f i c  vo lu m e)*
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S in o e  f ro m  F ick® s f i r s t  law  i t  can  be shown t h a t

D = H T / r f  (3 7 )

w here  B i s  t h e  g a s  c o n s t a n t  and  T t h e  a b s o l u t e  t e m p e r a t u r e ,  

s u b s t i t u t i o n  o f  e q u a t i o n  (3 6 )  i n  e q u a t i o n  (37 )  g i v e s ,  f o r  

s p h e r i c a l  p a r t i c l e s ,

U 8 )

w here  i s  t h e  d i f f u s i o n  c o e f f i c i e n t ,

To o b t a i n  D@ f o r  n o n « -sp h e r ic a l  p a r t i c l e s ,  a  f r i c t i o n a l  

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

r e l a t i o n s h i p  I n  o r d e r  t h a t  a  t r u e  m o le c u l a r  w e ig h t  he c a l c u l a t e d * 

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

b e c a u s e  o f  s o l v a t i o n  o r  d e v i a t i o n  from  a  s p h e r i c a l  shape*  Thus 

t h e  f r i c t i o n a l  r a t i o ,  f m a y  he r e p r e s e n t e d  hy

w here  t h e  r a t i o  i s  s p l i t  i n t o  t h e  s o l v a t i o n  and  asym m etry  f a c t o r s *

C o n s id e r in g  a sy m m etry , t h e  f r i c t i o n a l  r a t i o  ( f ^ / f ^ )  h a s  b e e n

shown t o  h© r e l a t e d  t o  t h e  a x i a l  r a t i o  o f  p r o l a t e  and  o b l a t e

e l l i p s o i d s *  Thus by  u s i n g  t h e  v a lu e  o f  m l  f ro m  v i s c o s i t y ,
222

i t  i s  p o s s i b l e  t o  d e r i v e  T a b le s  h av e  b e e n  p r e p a r e d



223
c o n t a i n i n g  t h i s  d a t a  a ssu m in g  t h a t  t h e  d e v i a t i o n  o f  

f rom  2° 5 f  due o n ly  t o  asym m etry  *

T h is  v i s c o s i t y  i n t e r c e p t  c an  a l s o  be i n t e r p r e t e d  a© th e  

s o l v a t i o n  f r i c t i o n a l  f a c t o r ,  f / f ^ g  by a s m m in g  t h e  d e v i a t i o n  

o f  \v)\  f rom  2o5 i s  c a u se d  by s o l v a t i o n *  Thus from  e q u a t i o n
L/ J 218

( 31) and  t h e  r e l a t i o n s h i p

f / f „  «e "

i t  c a n  be s e e n  t h a t

f / f e  « ([v7'j/2.5)^-/3

Thus f o r  p a r t i c l e s  t h a t  a r e  e i t h e r  s o l v a t e d  o r  a sym m etr icg  

o r  b o t h ,  t h e  p a r t i c l e  m o le c u l a r  w e ig h t  i s  c a l c u l a t e d  f ro m  

e q u a t i o n  (3 8 )  i n  i t s  m o d i f i e d  form s

Do = = ™ _ __-—  ------ ~-r-ÿÇ-
6n-w'!f“( 3W/47ffl" ) l /3

H av in g  o b t a i n e d  t h e  m o l e c u l a r  w e ig h t  o f  a  h y p o t h e t i c a l  

u n s o l v a t e d  s p h e r i c a l  p a r t i c l e ,  a  g u id e  t o  t h e  sh a p e  o r  s o l v a t i o n  

o f  t h e  p a r t i c l e  may be o b t a i n e d  by c a l c u l a t i n g  and  co m p a r in g  

i t  w i t h  t h e  o b s e r v e d  v a l u e  o f  f  from  e q u a t i o n  (3 7 )*  f / f ^  can 

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

o r  a  c o m b in a t io n  o f  b o th  f a c t o r s *
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MATERIALSo

L e c i t h i n *

T h i s  was p r e p a r e d  from  f r e s h  egg  yollc© by  t h e  f o l l o w i n g  
224

g e n e r a l  method* The y o l k s  o f  12 e g g s  w ere  d ro p p e d  i n t o  a b o u t  

30 0 ff i ls* aca to n a  and  t h e  raass was s t i r r e d  f o r  15 m in u te s  a f t e r  

w h ich  t im e  t h e  e x t r a c t  was f i l t e r e d  and  d i s c a r d e d *  T h is  

e x t r a c t i o n  was r e p e a t e d  t w i c e ,  f i n a l  a c e to n e  t r a c e s  b e in g  

rem oved by r a p i d l y  s u c k in g  lOOmls* o f  e t h a n o l  th r o u g h  t h e  

r e s i d u e *  The r e s i d u e  w as t h e n  s t i r r e d  i n  400 m is* e t h a n o l  f o r  

a b o u t  2 h o u r s ,  and  f i l t e r e d *  The f i l t r a t e ,  w h ich  c o n t a i n e d  

t h e  e x t r a c t e d  p h o s p h a t i d e s ,  was r e t a i n e d  a n d  r e s t i r r e d  f o r  a 

f u r t h e r  2 h o u r s  i n  t h e  p r e s e n c e  o f  lOOg* a lu m in a  pow der (BoDoE*, 

f o r  c h ro m a to g r a p h ic  a d s o r p t i o n  a n a l y s i s ) *  The a lu m in a  a d s o r b e d  

t h e  u n w a n te d  am ine p h o a p h a t i d e s ,  l e a v i n g  l e c i t h i n  and  

l y a o l e o i t h i n  i n  s o l u t i o n *  The a b s e n c e  o f  t h e  am ine p h o s p h a t id e ®  

i n  s o l u t i o n  w as d e m o n s t r a t e d  by e v a p o r a t i n g  a  2 ml* p o r t i o n  t o  

d r y n e s s  and  d i s s o l v i n g  t h e  r e s i d u e  i n  1 ml* c h lo ro fo rm *  On 

b o i l i n g  w i t h  2 m is* n l n h y d r i n  s o l u t i o n  i n  t h i s  s o l v e n t  no

p u r p l e  c o l o u r  was o b t a i n e d * I f  c o lo u r  a p p e a r e d  t h e  s o l u t i o n  

was r e e t i r r e d  f o r  h a l f  a n  h o u r  w i th  a f u r t h e r  30g* o f  a lu m in a ,  

a n d  t h e n  r e t e s t e d *  When t h e  t e s t  gave  no c o l o u r ,  t h e  m ix t u r e  

was f i l t e r e d  an d  t h e  a lu m in a  w ashed w i t h  lOOrnls* e th a n o l*  The 

w a s h in g s  w ere  n i n h y d r i n « t e s t e d ,  and  i f  a m i n e ^ f r e e ,  w ere  b u lk e d  

w i th  t h e  p r e v i o u s  f i l t r a t e *

T h is  © t h a n o l i c  s o l u t i o n  o f  l e c i t h i n  a n d  l y s o l e c i t h i n  was
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th em  e v a p o r a t e d  u n d e r  vacuum on a  a t  4^®o The

r e s i d u e  was t a k e n  u p  I n  a  minimum o f  e t h e r  and  t h e  e t h e r e a l  

s o l u t i o n  p o u re d  i n t o  250 m lso o f  c o ld  a c e to n e *  A f t e r  s t a n d i n g  

i n  t h e  c o ld  f o r  15 m in u te s  t h e  s u p e r n a t a n t  l i q u i d  was d e c a n te d  

fro m  t h e  p r e c i p i t a t e d  p h o s p h a t id e ©  and  e v a p o r a t e d  a t  n o t  mor® 

t h a n  40®o The r e m a in i n g  p h o sp h a t id e ©  p r e s e n t  i n  t h i s  s o l u t i o n  

w ere  r e p r e c i p i t a t e d  i n  a c e to n e  from  e t h e r *  The com bined 

p r e c i p i t a t e ©  w ere  d r i e d  u n d e r  vacuum a n d  w eighed*

T h i s  l e c i t h i n ^ l y a o l e c i t h i n  m ix tu r e  was c h ro m a to g ra p h e d  on  

s i l i c a  g e l  (B oD*Ho, f o r  c h ro m a to g ra p h ic  a d s o r p t i o n ) ,  u s i n g  4go 

p e r  go p h o s p h a t i d e  m ix t u r e  and  2 5 ^  V /V  m e th a n o l  i n  c h lo r o f o r m  

a s  s o l v e n t *  F o r  a colum n l o a d  o f  12g* p h o s p h a t i d e , 400  m is* 

s o l v e n t  © luat©  w ere  c o l l e c t e d  and  e v a p o r a t e d  a t  n o t  more t h a n  

When t h e  s o l v e n t  w as rem oved t h e  r e s i d u e  was d i s s o l v e d  

i n  a  minimum o f  e t h e r  and  p r e c i p i t a t e d  i n  c o l d  a c e to n e  a s  

p r e v i o u s l y  d e s c r i b e d *  F i n a l l y  t h e  l e c i t h i n  w as d r i e d  and  k e p t  

i n  th© d a r k  i n  a  vacuum d o s s i c a t o r  o v e r  anhydrou®  c a lc iu m  

c h l o r i d e o

A t e a t  ch ro m a to g ra m  on s i l i c a  g e l  i n d i c a t e d  t h a t  400 ml©* 

o f  s o l v e n t  was s u f f i c i e n t  t o  p r o v i d e  a  good y i e l d  o f  l e c i t h i n *  

F u r t h e r  e l u t i o n  was u n e c o n o m ic a l  due t o  th© v e r y  s m a l l  q u a n t i t y  

o f  l e c i t h i n  t h a t  w as o b ta in e d *  A n a l y s i s  f i g u r e s  f o r  t h e  v a r i o u s  

l e c i t h i n  s a m p le s  u s e d  i n  t h e  s u b s e q u e n t  w ork  ar© p r e s e n t e d  i n  

T a b le  3*



Table 3o

r e s  x o r  *ueer'enxo o a rap ies

L e c i t h i n  Sample P# I o d i n e  WR

A 1*75 3*82 73
B 1*77 3*81 60
0 l o B l 3*88 41

D 1*86 3*80 52
B 1*86 3*69 51

F 1^ 88 3»90 62

l o t i c  Le c i  t h i n  o

L=>0i -= (d ip a lm it0y l ) - l e c i t h i m (L o L ig h t  & Go* L td * )
55,225

p u r i f i e d  by  c k ro m a to g ra p h y  on s i l i c a *  A n a l y s i s  gave  W,

1^9% and  P , 4° 1^0 C a l c u l a t i o n  o f  W a n d  P f o r  

g av e  t h e  same f i g u r e s *

S o lv e n tS o

BenaenCo AnalaH h en b an e  was p u r i f i e d  b y  f r a c t i o n a l  

c r y s t a l l i s a t i o n ,  d r y i n g  w i th  ©odium and f r a c t i o n a l  d i s t i l l â t ion *
pc

I t  was s t o r e d  o v e r  sod ium  and  had  ,  1*4979 ( l® 4 9 8 l)«

T o lu ene*  AnalaR  t o l u e n e  was sodium  d r i e d ,  f r a c t i o n a l l y
25

d i s t i l l e d  and  s t o r e d  o v e r  sodium  and  h a d  , 1*4940 ( l o 4 9 4 l ) o  

C arbon  T e t r a c h l o r i d e *  AnalaH c a rb o n  t e t r a c h l o r i d e  was d r i e d  

o v e r  a n h y d ro u s  c a lc iu m  c h l o r i d e ,  f i l t e r e d  an d  f r a c t i o n a l l y  

d i s t i l l e d .  I t  h a d  1*4604 ( 1 * 4 6 0 3 )o

M ethano l an d  E th a n o l*  T hese  w ere r e f l u x e d  w i th  m agnesium



u
‘It

and  i o d i n e  a n d  d i s t i l l e d *  M e th an o l h a d  , 1*3315 ( l* 3 3 0 6 )
20

and  e t h a n o l  njj ,  1*3619 (1 * 3 6 1 4 )o

n'-Bulianol and n-Eexanol* A f te r  d ry in g  w ith  anhydrous

p o ta ss iu m  ca rb o n a te  and f i l t e r i n g ,  th ey  were f r a c t i o n a l l y

d i s t i l l e d *  n-=Butanol h ad  1*4020 ( 1 *4012)5  a n d  n ^ h e x a n o l
20

9 1*4191  ( 1 *4179)0

n=-Heptan©o n^-Heptane A.STM (Pluka InOo) was u sed  ae  s u p p l ie d

and had 1*3862 ( 1 *3851)0

W atero T h i s  was d i s t i l l e d  ono© fro m  a  s e a s o n e d  M an es ty  s t i l l ,
2 2 6 ,2 2 7

The f i g u r e s  i n  p a r e n t h e s i s  a r e  l i t e r a t u r e  v a l u e s  o f

r e f r a c t i v e  indeXo

A d d i t i o n a l  M a t e r i a l s *

LudoXo F r e s h  "Im dox H*8o" c o l l o i d a l  s i l i c a  (Durham C h e m ic a ls

L td o )  was u s e d o

Cadmium P o ta s s iu m  I o d id e o  A f t e r  d r y i n g  o v e r  a n h y d ro u s

c a l c iu m  c h l o r i d e  i t  a n a l y s e d  c o r r e c t l y  (CdlgoSICIoSHgO) f o r  i o d i n e

c o n t e n t  when t h e  i o d i n e  was r e l e a s e d  and  t i t r a t e d  vd.th p o t  a s  alum
228

io d a t©  u s i n g  s t a r c h  a s  i n d i c a t o r o

P o l y s ty r e n e *  S a m p le s  w ere  I d n d l y  s u p p l i e d  by  t h e  N a t i o n a l  

C h em ica l  L a b o r a to r y  a n d  M onsanto  C h e m ica ls  L td*

Q u a te r n a r y  Ammonium Compounds* H exam éthonium  i o d i d e ,  

décam é th o n iu m  i o d i d e ,  hexad© carnethonlum  i o d i d e  and  d écam éthon ium  

b ro m id e  w ere  o b t a i n e d  from  Dr* PoH* E lw o rth y *  They h a d  b e e n
229

p u r i f i e d  f o r  u s e  i n  c o n d u c ta n c e  w ork , a l l  h a v i n g  p u r i t i e s  o f

over 99*5%"
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Gh@li® A©ido Om r e c r j s t a l l i e a t i o n  from methanol and
- ^

t h e  m e l t i n g  p o i n t  was 198*5 (195*^) 9 and  t h e  e q u i v a l e n t  

w e ig h t  by  t i t r a t i o n  419 {409)*

O ly o in e  and  P o ta s s iu m  C h l o r i d e * ÈnmlaR a n a l y t i c a l  r e a g e n t s

w ere  u sed *

T ro p a e o l lm  000 (B oB oH o)© T h is  was r o a r y s t a l l i s a d  tw i c e  

f ro m  w a te r*
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W E  LIOm'-SCAWSRIWG PHOTOiaETEH,

L ig h t  f ro m  a  2gO w a t t  m e r m r y  v a p o u r  lam p (Oaram , t jp ©  

MB/D) was mad© p a r a l l e l  f o r  p a s s a g e  t h r o u g h  t h e  ©©11 by 

p a s s i n g  i t  t h r o u g h  a n  o p t i c a l  sy s te m  composed o f  a  s e r i e s  o f
o

s l i t s  and  l©n®e©, a s  ®h©wn i n  f i g *  3* The g r e e n  l im e  (5461 A) 

was i s o l a t e d  by  m eans o f  am I n t e r f e r e n c e  f i l t e r  t o g e t h e r  w i th  

a  neodym lim  g l a s s  t o  rem ove c o m p le te ly  t r a c e s  o f  y e l lo w  

l i g h t o  F i n a l  c o l l i m a t i o n  o f  t h e  beam , b e f o r e  I t  e n t e r e d  t h e  

e © I l ,  was a c h i e v e d  by  p a s s i n g  t h e  i n c i d e n t  l i g h t  t h r o u g h  tw o 

b e a m - d e f i n in g  s l i t ©  mas* i n  ©Is© a n d  32 cms* a p a r t ,  t h e

n e a r e r  s l i t  b e i n g  10 cmso f ro m  t h e  © e l l  e n t r a n c e  window*

The r e s u l t i n g  beam p a s s i n g  th r o u g h  t h e  c e l l  m e a su re d  2x26  mm@o 

The l i g h t  s o u r c e  pow er warn s t a b i l i s e d  by  a  v o l t a g e  s t a b i l i s e r  

( ' ’Advance'^ T o l t s t a t ,  ty p e  GIM 250 A) t o  m in im is e  lamp i n t e n s i t y  

f l u c t u a t i o n © *  Any f u r t h e r  ©mall i n t e n s i t y  f l u c t u a t i o n ©  c o u ld  

b e  a u t o m a t i c a l l y  c o m p e n sa te d  f o r  s i n c e  p a r t  o f  th© l i g h t  f ro m  

t h e  lam p %m& fe d  t o  m p h o t o c e l l  (EMI, t y p e  2511©) w h ic h ,  i f  

n e c e s s a r y ,  c o u ld  be r e a d i l y  i n c o r p o r a t e d  i n  th© c i r c u i t r y  i n  

su c h  a  way a s  t o  m ask lam p I n t e n s i t y  f l u c t u a t i o n s  *

The s c a t t e r e d  l i g h t  was r e c e i v e d  by  a n  el©ven<='8tage 

p h o t o m u l t i p l i e r  (BMÏ, tub© ty p e  60971) whose s i g n a l  warn 

r e c o r d e d  b y  a  d® A rsonval g a lv a n o m e te r  a n d  5© cm* s c a l e *  The
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T o ltag ©  t o  t h e  p h o t o m u l t i p l i e r  was s u p p l i e d  by two power 

s u p p ly  u n i t s  (S iem en s  Kdi®\mn, ty p e  E I I 84) i n  s e r i e s * Though 

c a p a b le  o f  s u p p l y i n g  1100 v o l t s  ©ach, t h e i r  t o t a l  o u tp u t  

was a lw a y s  r e s t r i c t e d  t o  I 5OO v o l t s *  At h i g h e r  v o l t a g e s  

t h a n  1500 v o l t s ,  p h o t o m u l t i p l i e r  d a r k  c u r r e n t  e f f e c t s  mad© 

t h e  r e a d i n g s  d i f f i c u l t  t o  o b ta in *

B e fo re  r e a c h i n g  t h e  p h o t o m u l t i p l i e r ,  t h e  s c a t t e r e d  l i g h t  

p a s s e d  t h r o u g h  tw o  s l i t s  3x10 aims* i n  s i z e  and  8 oms* a p a r t *  

The s l i t  a t  t h e  p h o t o m u l t i p l i e r  end  window was a d j a c e n t  t o ,  

b u t  n o t  t o u c h i n g ,  th© vdndow* The d u a l  s l i t  s y s te m  e n s u r e d  

c o r r e c t  v ie w in g  o f  th© beam p a s s i n g  t h r o u g h  th© s c a t t e r i n g  

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

m e ta l  tu b e*  The e n t i r e  u n i t ,  i n c l u d i n g  th© p h o t o m u l t i p l i e r  

r e s i s t a n c e  c h a in *  was m ounted  on a b ro a d  t u f n o l  arm w h ich  

r e s t e d  on a  t u f n o l  b o a r d ,  t h e  arm b e in g  p i v o t e d  b e n e a t h  th© 

c e n t r e  o f  t h e  c e l l  g i v i n g  a  v e r y  sm ooth movement o f  th© 

p h o t o m u l t i p l i e r  a ro u n d  t h e  c e l l *  D ark c u r r e n t  was r e d u c e d  by  

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

and  c o v e r i n g  i t  w i th  i n s u l a t i n g  tap©* Th© e n t i r e  p h o to m e te r  

i s  i l l u s t r a t e d  I n  P l a t e  I 9 th© o p t i c a l  and e l e c t r i c a l  sy s te m s  

b e i n g  p r e s e n t e d  i n  f i g s *  3 and  4o To r e d u c e  s t r a y  l i g h t ,  

p a r t  o f  th© a p p a r a t u s  was e n c lo s e d  i n  a  l i g h t p r o o f  b l a c k e n e d  

bOXo

I n i t i a l l y ,  w ork  was d i r e c t e d  to w a rd s  im p ro v in g  t h e
231

c e l l  and  c e l l  h o l d e r  d e s i g n  i n  o r d e r  t o  r e d u c e  s t r a y
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l i g h t c  The c e l l  was a  s im p le  r e c t a n g u l a r  a l l - g l a s s  c e l l  o f

5 cm* o p t i c a l  p a t h  l e n g t h  and  cm* b a s e  w h ich  s a t  i n  a b l a c k  

p a i n t e d  r e c t a n g u l a r  c e l l  h o l d e r « The h o l d e r  h a d  a  c u rv e d

p e r s p e x  v ie w in g  window and  g l a s s  e n t r a n c e  a n d  e x i t  windowCo

I t  was t h o u g h t  t h a t  t h e  m ain  c a u s e s  o f  s t r a y  l i g h t  w ere  t h e  

f o u r  windows th r o u g h  w hich  th e  i n c i d e n t  beam p a s s e d  d u r i n g  i t s  

p a s s a g e  th r o u g h  t h e  c e l l  and  c e l l  h o ld e r*  I n  a d d i t i o n ,  th o u g h

t h e  c e l l  h o l d e r  was c o m p le t e ly  b l a c k e n e d ,  t h e  two lo n g  w a l l s

o f  t h e  c e l l  wore g l a s s  and c o u ld  t h e r e f o r e  a c t  a s  r e f l e c t i n g  

s u r f a c e s *

Two f a c t o r s  soon  em erged  from  t h e  e a r l y  work* F i r s t l y 9 

l e s s  s t r a y  l i g h t  was fo u n d  u s i n g  1x8 era* c e l l s  t h a n  w i t h  

1%5 cm* c e l l s *  S e c o n d ly ,  from t e a t s  w i th  a  f l a t  g l a s s  

window a t t a c h e d  t o  t h e  c e l l  h o l d e r ,  i t  was fo u n d  n e c e s s a r y  

t o  h av e  a c u rv e d  v ie w in g  window th r o u g h  w h ich  t h e  s c a t t e r e d  

l i g h t  l e f t  t h e  c e l l  h o l d e r ,  t h e  c u rv e  b e in g  c o n c e n t r i c  w i th  

t h e  a r c  made by t h e  p h o t o m u l t i p l i e r  when viovTlng th e  a n g u l a r  

s c a t t e r e d  l i g h t *  U&ing t h e  l o n g e r  c e l l  and  a  s u i t a b l y  

c u rv e d  p e r s p e x  v ie w in g  window, work was d i r e c t e d  to w a rd s  

r e d u c i n g  th© s t r a y  l i g h t  fo u n d  i n  t h e  8cm* c e l l *

To t r y  and  r e d u c e  s t r a y  l i g h t  by  re m o v in g  a  r e g i o n  o f  

s h a r p  r e f r a c t i v e  i n d e x  c h a n g e ,  t h e  h o l d e r  was f i l l e d  w i th  

l i q u i d  p a r a f f i n  whose r e f r a c t i v e  i n d e x  was a p p r o x i m a t e ly  

t o  t h a t  o f  t h e  g l a s s  o f  t h e  c e l l *  Wo a p p r e c i a b l e



Im provem ent was fo u n d  a n d , a s  i t  waa more ooavenient, w a te r  

c o n t in u e d  t o  be used, Directing a t t e n t i o n  t h e n  t o  t h e  

f o u r  r e f l e c t i n g  windows m en tio n ed  a b o v e ,  and a l s o  t o  t h e  

lo n g  w a l l s  o t  t h e  c e l l ,  v a r i o u s  m o d i f i c a t i o n s  w ere  t e s t e d *  

F i r s t l y ,  a  c e l l  h o l d e r  e n t r a n c e  window o f  p o l i s h e d  p e r s p e x  

was u s e d ,  p e r s p e x  e n a b l i n g  t h e  window t o  be  a t t a c h e d  t o  

t h e  h o l d e r ,  n e a r  i t s  c o r n e r s ,  by  f o u r  sc rew s*  ® Bostio '’ power 

a d h e s iv e  was sm eared  b e tw e e n  th e  h o l d e r  and  window t o  e n s u re  

a  w a t e r t i g h t  jo in t®  With such  an  a r r a n g e m e n t ,  t h e  e n t r a n c e  

window was a l i g n e d  e x a c t l y  a t  r i g h t  a n g l e s  t o  t h e  i n c i d e n t  

beam by a d j u s t i n g  th e  t i g h t n e s s  o f  t h e  f o u r  sc rew s*  A 

r e d u c t i o n  l a  s t r a y  l i g h t  r e s u l t e d *

I n c i d e n t  beam r e f l e c t i o n  from  th e  c e l l  h o l d e r  e x i t  

window was n e x t  i n v e s t i g a t e d *  I n  o r d e r  t o  r e d u c e  t h i s  

t o  a  minimum a  t h i n  g l a s s  window, c u t  from  a  m ic ro sc o p a  s l i d e ,  

was s u b s t i t u t e d  f o r  one s i m i l a r  t o  t h e  sorew-=’a t t a c h e d  

p e r s p e x  e n t r a n c e  window* T h i s ,  h o w ever ,  was fo und  

u n s a t i s f a c t o r y  due t o  t h e  d i f f i c u l t y  o f  o b t a i n i n g  t h e  9 0 ^ 

a n g le  b e tw ee n  th e  beam and window s in c e  i t  c o u ld  n o t  be

h e l d  d i r e c t l y  by  a l i g n i n g  screws* The g l a s s  exit window
o

was t h e n  s e t  a t  a p p r o x im a te ly  45 t o  th© beam , ( t h e  a n g le  

n o t  b e in g  c r i t i c a l )  th e  r e f l e c t i o n s  l e a v i n g  t h e  c e i l  v i a  an 

a n g le d  p i e c e  o f  p o l i s h e d  p9rm pex, t h e  p e r s p e x  a l s o  h o l d i n g  

t h e  g l a s s  I n  p l a c e .  T h i s ,  t o o ,  was fo u n d  t o  have  no a d v a n ta g e
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e v e r  t h e  p e r s p e x  e x i t  window whose a n g le  t© th© beam o o u ld  

ho a d j u s t e d ,  and  t h e r e f o r e  b o t h  windows w ere  o f  t h e  l a t t e r  

d o s ig n *

When a d a p te d  t o  accommodate 8 cm* c e l l s  th© c e l l  h o l d e r .  

I n s i d e  b o t h  end  w indow s, h a d  b la c k e n e d  channe l©  1®5 

l o n g  th r o u g h  w h ich  t h e  beam had  t o  p a s s  b e f o r e  e n t e r i n g  and  

a f t e r  l e a v i n g  t h e  c e l lo  The p r e s e n c e  o f  t h e s e  channel©  r e d u c e d  

s t r a y  r e f l e c t i o n s *  On a t t a c h i n g  th© windows t o  t h e  i n n e r  

end® Of t h e  c h a n n e l s  a n  i n c r e a s e  i n  © tray  r e f l e c t i o n s  was a g a i n  

o b ta in ed ®  T h is  I n d i c a t e d  t h a t  t h e s e  channe l©  r e d u c e d  s t r a y  

r e f l e c t i o n s  a r i s i n g  f ro m  th e  c e l l  h o l d e r  end windows* The 

e f f e c t  o f  p l a c i n g  a t h i r d  b e a m - d e f in in g  s l i t  d i r e c t l y  i n  f r o n t  

o f ,  o r  d i r e c t l y  b e h in d ,  t h e  c e l l  e n t r a n c e  window s e r v e d  o n ly  

t o  i n c r e a s e  u n w a n ted  l i g h t *

To t r y  and  f u r t h e r  r e d u c e  un w an ted  l i g h t  i n s i d e  t h e  c e l l ,  

p a r t  o f  t h e  e x t e r i o r  o f  t h e  c o l l  was p a i n t e d  w i th  b l a c k b o a r d  

p a i n t ,  t h i s  p r e v e n t i n g  any  © tray  l i g h t  p r e s e n t  i n  t h e  c e l l  h o l d e r  

f ro m  e n t e r i n g  t h e  c e l l o  The e n t i r e  b a c k  f a c e  o f  t h e  c e l l  was 

p a i n t e d  and  a l s o  t h e  f r o n t  f a c e ,  from  e a c h  end  window in w a rd s  

l e a v i n g  a  c e n t r a l  a r e a  s u c h  t h a t  s c a t t e r e d  l i g h t  c o u ld  s t i l l  be  

v ie w e d  b e tw e e n  45  an d  Ijg®* T h is  p r o v id e d  a  d ro p  i n  s t r a y  

s c a t t e r ,  e l i m i n a t i n g  r e f l e c t i o n s  from  t h e  c e l l  h o l d e r  w a l l s *

T h e re  was © t i l l ,  h o w e v e r ,  t h e  i n t e r i o r  g l a s s  s u r f a c e  o f  t h e  c e l l ,  

t h i s  b e i n g  a  v e r y  l i k e l y  s o u rc e  o f  un w an ted  l i g h t *  T h is  was 

s t r i k i n g l y  s e e n  when b l a c k e n e d  b r a s s  p l a t e s  were p u t  i n s i d e
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th© c e l l  t o  c o v e r  t h e  same a r e a  o f  g l a s s  a s  t h a t  c o v e re d  h j  

t h e  p a i n t o  W ith t h e  b r a s s  p l a t e s  i n  p o s i t i o n ^  v a l u e s  o f  

1oQ6 t o  loOO c o u ld  he  o b t a i n e d  c o n s i s t e n t l y  f o r ^ s u c h  a s  

t o l u e n e 5 a q u e o u s  p o ta s s iu m  c h l o r i d e  s o l u t i o n s  and d i l u t e

Dudox s o l u t i o n s *

S in c e  t h e s e  good d i s s y m m e t r i e s  w ere  readily r e p e a t a b l e  

w i t h  t h e  b r a e s  p la t e ©  i n  t h e  c e l l ^  t h e  g l a s s  c e l l  was r e p l a c e d  

by a r e c t a n g u l a r  b r a s s  c e l l  w i th  g l a s s  windows ( f i g *  5)0 

B e fo re  a t t a c h i n g  th© windows* t h e  b r a s s  was b l a c k e n e d  by  t h e  

E e lo n o l  p ro c e s s *  t h e  windows b e in g  h e l d  by  “A ra ld i te ® *  T h is  

c e l l  was 7 cms* l o n g  and 9 mmso wide* t h e s e  d im e n s io n s  e n a b l i n g  

a s m a l l e r  vo lum e o f  s o l u t i o n  t o  b e  u s e d  t h a n  t h a t  r e q u i r e d  by 

t h e  8 cm* a l l ^ g l a s s  c e l l *  As p u r e l y  a  t e s t  c e l l *  p r o m is in g  

x * e su l ts  w ere  o b ta in e d *  Though p o s s e s s i n g  t h e  a d v a n t a g e s  o f  

e n t r a n c e  a n d  e x i t  c h a n n e l s  2 cm©* lo n g  and  a m a t t  b l a c k  i n n e r  

s u r f a c e *  t h e  n a r ro w n e s s  o f  t h e  c e l l  made i t  v e r y  d i f f i c u l t  t o  

a l i g n  a t  r i g h t  a n g l e s  t o  t h e  i n c i d e n t  beam*

D u rin g  t h e  t e s t i n g  o f  t h i s  c e l l *  an  a l l - g l a s s  c e l l  o f  

s i m i l a r  sIk© was o b ta in e d *  t h e  c e l l  b e i n g  c o n s t r u c t e d  w i th  

o p t i c a l l y  g ro u n d  g l a s s  f a c e s  a c c u r a t e l y  a n g le d  a t  90^ t o  e a c h  

o th e r *  To h o u se  t h i s  c e l l  a new c e l l  h o l d e r  was d e s ig n e d  

( f i g *  6)0 T h i s  c e l l  h o l d e r  w h ich  was made fro m  a  s o l i d  b r a s s  

rod*  was c y l i n d r i c a l  i n  sh a p e  a n d  had  I n c o r p o r a t e d  i n  i t s  

d e s i g n  t h e  f e a t u r e s  fo u n d  a d v a n ta g e o u s  from  t h e  e a r l i e r  t e s t s *  

Thus i t  h ad  a  c u rv e d  v ie w in g  wd.ndow* p e r s p e x  a d j u s t a b l e  e n t r a n c e



anà © x l t  wlnàowm w i th  e n t r a n c e  and  e x i t  Gharmel© i n s i d e  t h e  

window© and  a  “b r a s s  p l a t e  t o  r e s t r i c t  p h o t o m u l t i p l i e r  v i e w in g  

t o  j n a t  o v e r  t h e  r a n g e  45 t o  135®o I t s  e n t i r e  h r a s s  s u r f a c e  

warn H elono l^ -h laokenedo  A f u r t h e r  f e a t u r e  w as t h a t  t h e  i n s i d e  

o f  t h e  b a c k  w a l l  was co ncav e  s i n c e  i t  was t h o u g h t  t h a t  t h i s  

e x t r a  volum e m ig h t  s e r v e  ©a a  l i g h t  t r a p  f o r  s t r a y  r e f l e é t i o n s o 

I n t e r c o n n e c t i n g  v e r t i c a l  t u b e s  w ere  c u t  i n  t h e  b a c k  w a l l  t o  

f a c i l i t a t e  t h e r r a o a t a t i n g o

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

G ollp  t h e  c u rv e d  b a c k  w a l l  was i d e n t i f i e d  a s  a  u s e f u l  l i g h t  

t r a p o  However^ t h e  g l a s s  b a c k  f a c e  o f  t h e  c e l l  s t i l l  r e m a in e d  

a s  a  s u r f a c e  f o r  r e f l e c t i o n S o  At t h i s  s tag©  i t  was t h o u g h t  

t h a t  i f  s t r a y  l i g h t  was t o  b e  f a r t h e r  r e d u c e d  i t  w ou ld  b@ w ise  

t o  us© a  c e l l  t h a t  d id  n o t  h a v e  a  g l a s s  b a c k  fa c e *  On f i l l i n g  

t h e  c e l l  h o l d e r  w i th  w a te r^  t h e  c e l l  n o t  b e i n g  i n  t h e  h o ld e r ^  

s u r p r i s i n g l y  l i t t l e  s t r a y  l i g h t  was foundo  Most o f  t h e  s t r a y  

s c a t t e r  t h a t  was p r e s e n t  a r o s e  from  p a s s a g e  o f  th© i n c i d e n t  

beam th r o u g h  t h e  0 ^ 2 3  i n c h  t h i c k  p e r s p e x  o f  t h e  windows* T h is  

t h i c k n e s s  was n e c e s s a r y  t o  make t h e  windows r o b u s t  and  t o  

p r e v e n t  them  c u r v i n g  when sc rew ed  t o  t h e  c e l l  h o ld e r *  T h i s  t o s t  

i n  t h e  a b s e n c e  o f  t h e  c e l l ,  f u r t h e r  s u g g e s t e d  t h a t  a  r e d u c t i o n  

i n  u n w an ted  l i g h t  c o u ld  be c r e d i t e d  t o  t h e  con cav e  b a c k  w a l l  

a n d  t o  I t s  b l a c k  m a t t  s u r f a c e  * W ith t h e s e  f a c t o r s  i n  mind and  

w i t h  t h e  e n c o u r a g in g  r e s u l t s  o b t a i n e d  w i th  w a t e r  a lo n e  i n  t h e  

c e l l  h o l d e r ,  i t  was th o u g h t  p o s s i b l e  t o  d e s i g n  a  c e l l  o f
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s i m i l a r  sh ap e  t o  t h e  c e l l  h o l d e r  ̂  b u t  mu oh © m a ile r  I n  a l w ,  

t h a t  c o u ld  s t a n d  i n  a i r  r a t h e r  t h a n  i n  a w a t e r  b a th *  The 

a d v a n ta g e  o f  auoh a c e l l  w ould  he  t h a t  t h e  num ber o f  windows 

t h r o u g h  w h ic h  t h e  i n c i d e n t  a n d  s c a t t e r e d  l i g h t  would h av e  t.o 

p a s s  w ould  he h a l v e d ,  t h i s  im m e d ia te ly  r e d u c i n g  u nw an ted  

r e f l e c t i o n s *  A lso  t h e r e  would, he  no r e f r a c t i o n  e f f e c t s  da® t o  

w a t e r  s u r r o u n d i n g  t h e  c e l l *  A ce ll%  c y l i n d r i c a l  i n  ©hap©^ 

wae thv is  made and  was t h e  c e l l  u s e d  f o r  t h e  l i g h t - - © o a t t e r i n g  

s t u d i o  So

T h i s  new c e l l p  ( f i g *  ? )  w h ich  was a l s o  made from  a  s o l i d  

c y l i n d e r  o f  b r a s s ,  h a d  two p a r a l l e l  f l a t t e n e d  f a c e s  t o  

accom m odate t h e  w indows th r o u g h  w hich  t h e  i n c i d e n t  beam p a sse d *  

T hese  f l a t  f a c e s  w ere llmrn^* b r o a d ,  t h i s  l e a v i n g  © u f f i c i e n t  

sp a c e  t o  a t t a c h  t h e  e n t r a n c e  and e x i t  window®, t h e  e n t r a n c e  and 

e x i t  s l i t ©  b e i n g  4mm®* b ro ad *  The two f l a t  windows w ere  o u t  

from  m icroscop©  s l i d e  g l a s s ,  t h e  g l a s s  b e i n g  1mm* t h i c k *  The 

c u rv e d  v ie w in g  window, h a v in g  t o  be more r o b u s t ,  was mad© from  

2mras* t h i c k  g l a s s ,  t h e  c u r v a t u r e  o f  t h e  i n s i d e  o f  t h e  g l a s s  

b e in g  t h e  earn® a s  t h a t  o f  t h e  o u t s i d e  o f  t h e  c e l l *  Above e a c h  

o f  t h e  9™So l o n g  e n t r a n c e  a n d  e x i t  c h a n n e l s  was a  s m a l l  h o l e  

2o5mmSo i n  d i a m e t e r  w hich  e n a b le d  t r a p p e d  a i r  t o  e s c a p e  f ro m  

t h e  c h a n n e l s  when t h e  c e l l  was f i l l i n g  w i t h  s o l u t i o n *  A e e r i e r  

o f  v e r t i c a l  t u b e s  was c u t  i n  t h e  s o l i d  b a c k  w a l l  o f  t h e  c e l l ,  w i th  

t h e  t u b e s  c o n n e c te d  t o  e n a b l e  w a te r  t o  c i r c u l a t e  and  p r o v i d e  

t h e r m o s t a t i n g *  Tho t u b e s  w ere c o v e re d  a t  t h e  t o p  o f  t h e  c e l l



b y  a  b ras©  arc and  a t  t h e  baa® by a  circular b a s e  plate*
B e fo re  a t t a c h i n g  t h e  w indow s, t h e  e n t i r e  c e l l  was blackened ̂ 

a g a i n  by  t h e  H a lo n o l  p r o c e s s ,  t h i s  p r o v i d i n g  t h e  n e c e s s a r y  

b l a c k  m a t t  s u r f a c e *  The b l a c k e n i n g  on t h e  o u t s i d e  o f  t h e  c e l l ,  

w here  t h e  windows w ere t o  be  a t t a c h e d ,  was ru b b e d  o f f  b e f o r e  

a t t a c h i n g  t h e  windows s i n c e  t h i s  p e r m i t t e d  s t r o n g e r  a d h e s io n  

o f  t h e  windows* The windows w ere a t t a c h e d ,  a g a i n  u s i n g  

^Araldit©® and  c a r i n g  a t  o v e r n i g h t  « T h i s  s lo w  em perm tu re

c u r i n g  t o  h a r d e n  t h e  a d h e s i v e  was n e c e s s a r y  b e c a u s e  o f  t h e  

d i f f e r e n c e  i n  c o e f f i c i e n t s  o f  e x p a n s io n  o f  g l a s s  a n d  b r a s s *

ISfo s t r a i n  l i n e s  o r  b re a lc in g  o f  t h e  g l a s s  o c c u r r e d  on c o o l i n g  

from  37® a s  d i d  o c c u r  on c o o l i n g  from  h i g h e r  t e m p e r a t u r e s *

I n  t h e  p h o to m e te r  t h e  c e l l  e a t  i n  a  Tmms* deep  d e p r e s s i o n  

c u t  f ro m  a p i e c e  o f  tm fa o l*  T h is  s e a t i n g  was made su c h  t h a t  

t h e  c e l l  f i t t e d  n e a t l y  i n t o  i t  an d  a l s o  t h a t  t h e  c e n t r e  o f  t h e  

c e l l  was d i r e c t l y  above  t h e  p i v o t  o f  t h e  p h o t o m u l t i p l i e r  arm*

When l i q u i d s  w ere  i n  t h e  c e l l  an d  when t h e  beam was p a s s i n g  

t h r o u g h  i t  g s l i g h t  I n c i d e n t  beam r e f l e c t i o n s  w ere  o b t a i n e d  from  

t h e  e n t r a n c e  and  e x i t  windows* T hese  r e f l e c t i o n ©  a p p e a re d  on 
t h e  m e ta l  s u r r o u n d i n g  t h e  l a s t  b e a m ^ d e f in in g  s l i t *  On r o t a t i n g  

t h e  c e l l  i n  i t s  s e a t i n g ,  a  p o i n t  was r e a c h e d  w here  b o th  t h e s e  

r e f l e c t i o n ©  c o i n c i d e d  w i t h  t h e  i n c i d e n t  beam* At t h i s  p o i n t  

t h e  e n t r a n c e  a n d  e x i t  w indows were a t  90^  t o  t h e  beam and beam 

r e f l e c t i o n  was m asked b y  t h e  beam i t s e l f *  The r o t a t i o n  o f  t h e  

c e l l  t o  t h i s  p o s i t i o n  p r o v id e d  a  s im p le  m ethod  o f  c e l l  a l ig n m e n t



e n a b le d  t h e  c e l l  t o  be  p l a c e d  i n  e x a c t l y  t h e  same p o s i t i o n  

f o r  s u o c e s s iv ©  r e a d i n g s o

W ith  e x t e r n a l  a n d  i n t e r n a l  d i a m e t e r s  o f  48  a n d  28mmso t h e  

o e l l  r e q u i r e d  35 t o  4 0 m l s o l u t i o n  b e f o r e  r e a d i n g s  o o u ld  be  

s a t i s f a c t o r i l y  o b ta in e d *  T h is  d i s a d v a n t a g e  o f  h a v in g  t o  us© 

f a i r l y  l a r g e  vo lum es  o f  s o l u t i o n  warn, h o w e v e r ,  f a r  o u tw e ig h e d  

t h e  f a c t  t h a t  s t r a y  l i g h t  was n e g l i g i b l e *  The b r o a d  c u rv e d

v ie w in g  window o f  t h e  c e l l  p e r m i t t e d  v a l u e s  t o  b e  o b t a i n e d ,  

w h i l e  t h e  e n t r a n c e  and  e x i t  c h a n n e l s  w ere  o f  s u f f i c i e n t  l e n g t h  

t h a t  t h e  p o i n t s  w here  t h e  i n c i d e n t  beam s t r u c k  t h e  g l a s s  window© 

c o u ld  n o t  b e  seem * To p r e v e n t  t h e  p o s s i b i l i t y  o f  l i g h t  

t r a v e l l i n g  f ro m  t h e  l a s t  b e am ed © fin in g  s l i t  t o  t h e  p h o t o m u l t i p l i e r  

b y  r e f l e c t i o n  fro m  t h e  s u r f a c e  o f  t h e  v i e w in g  window, a  m e ta l  

p l a t e  was p l a c e d  p a r a l l e l  t o  t h e  i n c i d e n t  beam , b e tw e e n  t h e  

s l i t  a n d  t h e  c e l l *

F o r  t h e  e a r l i e r  w ork  on t h e  m i c e l l e  f o r m a t i o n  by  l e c i t h i n  

i n  f o u r  a l c o h o l s ,  a  low  s e n s i t i v i t y  s p o t  g a lv a n o m e te r  w as u se d *

To i n c r e a s e  t h e  s i g n a l  r e c e i v e d  by  t h i s  g a lv a n o m e t e r ,  t h e  omtpmt 

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

t h e  c i r c u i t  o f  w h ich  was b a s e d  on t h a t  d e s c r i b e d  b y  O'fetev/ill
232

a n d  P a r r i e r a *  T h i s  e n a b l e d  t h e  v o l t a g e  b e i n g  f e d  t o  t h e  

p h o t o m u l t i p l i e r  t o  be  k e p t  b e lo w  I 5OO v o l t s  and  s t i l l  p r o v i d e  

f u l l « s c a l ©  g a lv a n o m e te r  r e a d in g s *  By k e e p i n g  t h i s  i n p u t  v o l t a g e  

m in im a l , a  much s m a l l e r  n o i s e  t o  s i g n a l  r a t i o  was o b t a i n e d  f@r 

t h e  p h o t o m u l t i p l i e r  w h ic h  d e c r e a s e d  t h e  a n n o y in g  f l i c k i n g  o f  t h e
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g a lv a n o m e te r  n e e d l e  w h i l s t  t a k i n g  r e a d i n g s *  A l l  e l e c t r i c  

l e a d s  n e a r  t h e  p h o t o m u l t i p l i e r  w ere s c r e e n e d  t o  r e d u c e  u n w an ted  

e l e c t r i c a l  p ick-^xp h j  t h e  p h o t o m u l t i p l i e r  * On c h a n g in g  t o  t h e  

more s e n s i t i v e  d '^A rsonv a l  g a lv a n o m e te r  and  gOcms* s c a l e ,  t h e  

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

was s u f f i c i e n t  i n  i t s e l f  t o  p r o v id e  f u l l - s c a l e  d e f l e c t i o n s  whom 

t h e  i n p u t  t o  t h e  p h o t o m u l t i p l i e r  was s t i l l  b e lo w  I 5OO v o l t s *

The s l i g h t  movement o f  t h e  g a lv a n o m e te r  n e e d l e  w h ich  s t i l l  

r e m a in e d  was e f f e c t i v e l y  damped by p l a c i n g  a  r e s i s t a n c e  a c r o s s  

t h e  g a lv a n o m e te r  t e r m i n a l s *  Thi® g a lv a n o m e te r ,  w i t h o u t  t h e  

a m p l i f i e r ,  was u s e d  i n  t h e  s u b s e q u e n t  work*

The p r e s e n c e  o f  d u s t  i n  s o l u t i o n s  f o r  l i g h t ' - s c a t t e r i n g  

h a s  t o  be  a v o id e d  s i n c e  I t  a c t s  a s  a  s o u r c e  o f  s c a t t e r  w i t h  a 

r e s u l t a n t  e r r o r  i n  t h e  s c a t t e r i n g  i n t e n s i t y *  A l l  s o l u t i o n s  

w ere  t h e r e f o r e  f i l t e r e d  i n t o  t h e  c e l l  t h r o u g h  a  Ho*5 s ^ i n t o r o d  

g l a s s  f i l t e r  t o  rem ove t h e  d u s t*  I t  was f o u n d  t h a t  f o r  t h e  

s y s te m s  s t u d i e d  one o r  tw o f i l t r a t i o n s  w ere  g e n e r a l l y  s u f f i c i e n t  * 

No d e c r e a s e  i n  t h e  s c a t t e r i n g  i n t e n s i t y  was fo u n d  on r e p e a t i n g  

t h e  f i l t r a t i o n s ,  a n  i n c r e a s e  b e in g  fo u n d  a f t e r  f o u r  o r  f i v e  

r e p e t i t i o n s *  When t h e  c e l l  was f i l l e d ,  i t ,  was c o v e r e d  wilth a  

f l a t ,  b l a c k e n e d  b r a s s  l i d  t o  p r e v e n t  t h e  a c c e s s  o f  d u s t  w h i le  

t h e  s o l u t i o n  s c a t t e r i n g  was m easured*  AH r e a d i n g s  w ere  mad© 

a t  2( # 0 ogo .

M o le c u la r  W eight D e te r m in a t io n s *
:"iL ■■:i. 11.. _' r _r.k:c , r f T T m T T t .i.w M;*->r : r r .!e a &

I n  u s i n g  t h e  l i g h t - s c a t t e r i n g  t e c h n i q u e  t o  e v a l u a t e



m o le c u l a r  w e i g h t ,  t h r e e  m ain  f a c t o r s  hav e  t o  ‘be deterralï-^îdo 

They a r e

( a )  t h e  s p e c i f i c  r e f r a c t i v e  ixidex' in c re m e n t^

(b )  t h e  d e p o l a r i s a t i o n  o f  t h e  s c a t t e r e d  l i g h t ,  and  

(o )  t h e  R a y le ig h  r a t i o ,  o r  t u r b i d i t y *

T h is  f a c t o r  i s  e v a l u a t e d  by  UEsing a  c a l i b r a t e d  l ig h t*

s c a t t e r i n g  s t a n d a r d  su ch  a s  a p e r s p e x  b lo ck *  By com p arin g  

t h e  B l a t t e r i n g  o f  t h e  s o l u t i o n s  t o  t h a t  o f  t h e  s t a n d a r d ,  t h e  

m e a su re m e n ts  b e i n g  made a t  90^^ t h e  t u r b i d i t y  o f  e a c h  © o lu t lo n  

wa© ob ta in® d o

Two o t h e r  f a c t o r s ,  t h e  di© sym m etry  and th e  cone  a n g le

c o r r e c t i o n ,  h av e  a l s o  t o  be  o b t a i n e d  f o r  m o le c u l a r  w e ig h t

d e te :m in .a t iü n 8 o  The dim symmetry was m e a su re d  a s  t h e  s o l u t i o n

s c a t t e r i n g  r a t i o  a t  45 a n d  135®, t h e  s o l v e n t  s c a t t e r i n g  a t

t h e s e  a n g l e s  b e in g  s u b t r a c t e d *  The cone a n g le  c o r r e c t i o n  waa

n e c e s s a r y  du© t o  t h e  d i f f e r e n c e  i n  r e f r a c t i v e  i n d i c e s  o f  t h e

m ed ia  t h r o u g h  w hich  t h e  s c a t t e r e d  l i g h t  p a s s e d  on t r a v e l l i n g

b e tw e e n  t h e  i n c i d e n t  beam atid t h e  p h o t o m u l t i p l i e r  and  wlnd.DWo

S in c e  t h e  p h o t o m u l t i p l i e r  d id  n o t  s e e  p a s t  t h e  e d g e s  o f  t h e

beam , and  s i n c e  c a l i b r a t i o n  was by a q u e o u s  Ludox s o l u t i o n s ,

t h i s  c o r r e c t i o n  f a c t o r  was e q u i v a l e n t  t o  t h e  s q u a r e  o f  t h e
233

r e f r a c t i v e  In d e x  o f  t h e  s c a t t e r i n g  s o l u t i o n  d i v i d e d  by t h e  

s q u a r e  o f  t h e  r e f r a c t i v e  i n d e x  o f  w a te r*

( a )  The S p e c i f i c  R e f r a c t i v e  In d e x  In c re m e n t^  d n /d e*

S in c e  t h i s  f a c t o r  i s  s q u a re d  when u e e d  t o  e v a l u a t e
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m o l e c u l a r  w e ig h t  f ro m  l i g h t - s c a t t e r i n g ,  i t s  m easu rem en t h ad  

t o  h e  made w i t h  p r é c i s i o n *  To o b t a i n  t h e  r e q u i r e d  a c c u r a c y  a  

R a y le ig h  i n t e r f e r e n c e  r e f r a c t o m e t e r  and  1cm* o p t i c a l  p a t h  

le n g îîh  c e l l  ( H i l g e r  a n d  W a t ts ,  t y p e  Ml5 4 )  w are  u s e d ,  t h e  c e l l  

b e i n g  e n c l o s e d  i n  a  w a t e r - j a c k e t  ( t y p e  M322) a n d  t h e r m o e t a t a d  

t o  20  -  0°©l®o The l i g h t  s o u r c e  was a  P o i n t o l l t e  lam p , i t a  

l i g h t  b e i n g  made m o n o ch ro m atic  b e f o r e  e n t e r i n g  t h e  r e f r a c t o m e t e r  

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

i n c i d e n t  beam o f  t h e  p h o to m e te r*

I n  t h e  d e t e r m i n a t i o n  o f  d n / d c ,  c a r e  was t a k e n  t o  u s e  

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

two s o l u t i o n s  o f  s u f f i c i e n t l y  s m a l l  r e f r a c t i v e  in d e x  ch an ge  su c h  

t h a t  t h e  l o c a t i o n  o f  t h e  sor© o r d e r  b an d  was u n am b ig u o u s  and  

b e lo w  t h e  f i r s t  r e g i o n  o f  a n y  band  s h i f t s *  Thus f o r  a s o l u t e  

whose d n /d c  was a p p r o x im a te ly  0 o l m lo /g o ,  t h e  maximum c o n c e n t r a t i o n  

d i f f e r e n c e  b e tw e e n  t h e  two co m p a r tm e n ts  i n  t h e  c e l l  was r e s t r i c t e d  

t o  a b o u t  0©5^o When a  s o l v e n t  was u s e d  whos© r a t e  o f  e v a p o r a t i o n  

was t o o  g r e a t  t o  e n a b le  a c c u r a t e  r e a d i n g s  t o  be  o b t a i n e d ,  t h e  

c e l l  c o m p a r tm e n ts  w ere  c o v e re d  w i t h  t h i n  g l a s s  l i d s  c u t  from  

o o v e r s l i p  g l a s s  o f  a  m ic ro s c o p e  e l i d e * T h i s  r e s t r i c t e d  t h e  

e v a p o r a t i o n  s u f f i c i e n t l y  t o  p e r m i t  c o n s i s t e n t  r e a d i n g s  t o  be  

o b t a i n e d ,  t h e  t h i n  g l a s s  e n a b l i n g  t h e  l i d  o f  t h e  w a te r  j a c k e t  

t o  b e  t i g h t l y  c lo s e d *  The s to p p e r e d  c e l l  u s e d  i n  t h e  d i f f u s i o n  

w ork  was n o t  a v a i l a b l e  a t  t h e  t im e  t h e  d n /d o  v a l u e s  i n  v o l a t i l e  

s o l v e n t s  w ere  b e in g  o b t a i n e d «



The te c h n iq u ©  u s e d  f o r  m e a su re m e n ts  was s i m i l a r  t o  t h a t
234

d e s c r ib e d  by B a u e r ,  P a j a n s  and Lewin f o r  monoc h ro m â t i a  l i g h t o  

T h i s  c o n s i s t e d  f i r s t l y  o f  o b t a i n i n g  t h e  z e r o  r e a d i n g ,  w j.th  

s o l v e n t  o r  t h e  same s o l u t i o n  i n  b o t h  co m p a r tm e n ts*  T h i s  r e a d i n g  

w as o b t a i n e d  by  m a tc h in g  t h e  z e ro  o r d e r  band  o f  t h e  two p a t t e r n ® ,  

t h i s  b a n d  h a v in g  c o l o u r l e s s  e d g e s ,  u s i n g  w h i t e  l i g h t  a n d  t h e n  

I n s e r t i n g  t h e  f i l t e r s  b e f o r e  a c c u r a t e  m a tc h in g *  One o f  t h e  c e l l  

c o m p a r tm e n ts  h ad  i t s  c o n t e n t s  r e p l a c e d  by  a  s o l u t i o n  o f  

d i f f e r e n t  c o n c e n t r a t i o n  and  t h e  b a n d  p a t t e r n s  w ere  a p p r o x im a te ly  

r e ra a tc h e d  u s i n g  whit©  l i g h t *  The f i l t e r s  w ere  t h e n  i n s e r t e d  

and  t h e  p a t t e r n s  m a tch ed  e x a c t l y *  T h i s  g a v e  a r e a d i n g ,  r*  The 

m ic r o m e te r  s c a l e  was t h e n  t u r n e d  s lo w ly  to w a r d s  r@g t h e  num ber 

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

c o u n te d ,  t i l l  was r e a c h e d *  The b a n d  p a t t e r n s  w ore t h o n  

e x a c t l y  m a tch e d  a t  t h e  b an d  n e a r e s t  I f  t h e  num ber o f  b a n d s

c o u n te d  was F ,  and  t h e  t h i r d  r e a d i n g  t h e  s c a l e  r e a d i n g

e q u i v a l e n t  t o  on© band  v/as ( r ° - r ) / F  53 r f *  T hus t h e  f r a c t i o n  

o f  a  b a n d  b e tw e e n  r® a n d  i a  f ,  an d  t h e  t o t a l

num ber o f  b a n d s  r e s u l t i n g  from  t h e  r e f r a c t i v e  i n d e x  d i f f e r e n c e ,  

dm, b e tw e e n  t h e  two c o m p a r tm e n ts  i s  F f  î̂ A F o S in c e  t h e  

r e f r a c t i v e  i n d e x  d i f f e r e n c e  i s  g i v e n  by

ng —K&2 ^  (9 ^ d )  o&F 

w hore  % i s  t h e  v m v e le n g th  o f  l i g h t  (cm#*) a n d  d t h e  o p t i c a l  p a t h  

l e n g t h  o f  t h e  c e l l  (om©*), t h e  s p e c i f i c  r e f r a c t i v e  i n d e x  in c r e m e n t  

i s  g i v e n  b y  d n /d c  5, 5461x 10“’®*^/^.©
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w h ere  Ac i s  t h e  s o l u t e  c o n c e n t r a t i o n  d i f f e r e n c e  b e tw ee n  t h e  tw© 

c o m p a r tm e n ts ,  i n  go /m l*

The i n t e r f e r o m e t e r  was c h ec k ed  u s i n g  sod ium  c h l o r i d e

s o l u t i o n s  a s  s t a n d a r d s ^  good a g re e m e n t  b e i n g  o b t a i n e d  on
235 2

c o m p a r is o n  t o  p u b l i s h e d  d a ta *  The e r r o r  i n  ( d n / d c ) ” w as
236

s u b s e q u e n t l y  e s t i m a t e d  a® t

(b )  D © p o la r i s a t io n *

T h is  was d e te r m in e d  by i s o l a t i n g  and  m e a s u r in g  t h e  

i n t e n s i t i e s  o f  t h e  h o r i z o n t a l l y  and  v e r t i c a l l y  p o l a r i s e d  

com p onen ts  o f  t h e  s c a t t e r e d  l i g h t  * The tw o com p onen ts  w ere 

s e p a r a t e d  by i n s e r t i n g  a  p o l a r o i d  d i s c  c u t  w i t h  one edge  

p a r a l l e l  t o  one a x i s  o f  t r a n s m i s s i o n , i n  t h e  p a t h  o f  t h e  s c a t t e r e d  

l i g h t o  The c o n t r i b u t i o n  o f  t h e  s o l v e n t  t o  b o t h  com p onen ts  was 

s u b t r a c t e d  f ro m  t h e  v a l u e s  f o r  s o lu t io n ® *  S in c e  some h ig h  

d e p o l a r i s a t i o n s  a r e  r e p o r t e d ,  p a r t i c u l a r  c a r e  was t a k e n  i n  

Gh@cM.ng t h e  t e c h n iq u e *

To e s t a b l i s h  i f  t h e  d i r e c t  r a t i o  o f  t h e  two m e a su re m e n ts  

was e q u a l  t o  t h e  d o p o l a r i s a t l o n ,  t h e  s e n s i t i v i t y  o f  t h e  

p h o t o m u l t i p l i e r  t o  b o t h  component® was d e te rm in e d *  F o r  t h i s  

s e n s i t i v i t y  c h e c k ,  t h e  c e l l  was r e p l a c e d  b y  a  s m a l l  t o r c h  b u l b  

w h ich  was c o n n e c te d  i n  s e r i e s  t o  a 1«5 v o l t  b a t t e r y ,  a  1000 ohm 

p o t e n t i o m e t e r  and  a  sw itc h *  The l i g h t  f rom  t h i s  b u lb  was 

s u f f i c i e n t l y  w eak t o  a l l o w  t h e  p h o t o m u l t i p l i e r  t o  v ie w  i t  d i r e c t l y ,  

The two p o l a r i s e d  com p onen ts  o f  t h e  l i g h t  e m i t t e d  by  t h e  b u l b  

w ere  t h e n  m e a su re d  a t  s e v e r a l  s e t t i n g s ;  o f  t h e  p o t e n t i o m e t e r ^

mailto:Gh@cM.ng
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t h e  mean r a t i o  o f  t h e  com ponen ts  b e in g  a  m e a su re  o f  t h e  

p h o t o m u l t i p l i e r ®  s  s e n f i t i v i t y *

D u r in g  t h o  w ork  w i th  t h e  f o u r  a l i p h a t i c  a l c o h o l s  a s  s i n g l e  

s o l v e n t s ,  t h e  s e n s i t i v i t y  ch ec k  showed t h e  p h o t o m u l t i p l i e r  t@ 

he  more s e n s i t i v e  t o  t h e  h o r i z o n t a l  com ponent*  Rcom t h e  

r e s u l t s  o f  t h e  c h e c k ,  i t  was f o u n d  t h a t  t h e  i n e q u a l i t y  w as 

r e c t i f i e d  h j  r e d u c i n g  s u b s e q u e n t  h o r i z o n t a l  com ponent v a l u e s  

b y  a  f a c t o r  0°864o U s in g  t h i s  c o r r e c t i o n  f a c t o r  t h e

d e p o l a r i s a t i o n s  o f  b e n z e n e  and  t o l u e n e  gav e  0*41 and  0*42
237,238

r e s p e c t i v e l y ,  i n  good  a g re e m e n t  w i th  l i t e r a t u r e  v a l u e s  (0<

and  Qoj

On c o m p le t i o n  o f  t h e  w ork  i n  t h e  a l c o h o l s ,  t h e  p h o to m e te r  

o p t i c a l  sy s te m  was s u b j e c t e d  t o  s e v e r a l  m in o r  r e a d j u s t m e n t s *

From a  f u r t h e r  s e n s i t i v i t y  c h e c k ,  t h e  r a t i o  was fo u n d  t o  be  

u n i t y ,  no c o r r e c t i o n  n e e d e d ,  t h e r e f o r e ,  t o  b e  a p p l i e d  t o  t h e  

r e m a in d e r  o f  t h e  d e p o l a r i s a t i o n  v a lu e s *  A g a in  t h e  v a l u e s  o f  

0 °4 1  a n d  0*42 w ere  o b t a i n e d  f o r  t h e  d e p o l a r i s a t i o n s  o f  b e n z e n e  

a n d  t o l u e n e  o

I f  f l u o r e s c e n c e  i s  p r e s e n t  i n  a  s y s te m ,  p h o t o m u l t i p l i e r

r e a d i n g s  i n c l u d e  b o t h  t h e  s o l u t e  s c a t t e r i n g  and  t h e  f l u o r e s c e n t

e f f e c t o  F o r  su c h  a  sy s te m  a  c o r r e c t i o n  i s  n e c e s s a r y * A l l  t h e
239

s y s te m s  s t u d i e d  w ere  t h e r e f o r e  t e s t e d  f o r  f l u o r e s c e n c e ,  s h a ^  

cut«^©ff f i l t e r s  b e in g  u s e d  w h ich  e x c lu d e d  t h e  90® s c a t t e r e d  

l i g h t  f ro m  t h e  p h o t o m u l t i p l i e r  b u t  a l lo w e d  f l u o r e s c e n t  l i g h t ,  

o f  l o n g e r  w a v e le n g th ,  t o  p a s s *  T h re e  Kodak^ g l a s s  f i l t e r s  w ere



m i c c e s s i v e l y  u s e d  f o r  e a c h  s y s ta m , t h e i r  w a v e le n g th ®  ©f 

mazlimm t r a n s m i s s i o n  b e i n g  5 759 605 a n d  675 y o A l l  h a d  

n e g l i g i b l e  t r a n s m i s s i o n  a t  550^ ^ « Wo f lu o r e s o e n e ©  was 

o b s e r v e d  i n  a n y  o f  t h e  s y s te m s  s tu d ie d *

( c )  C a l i b r a t i o n *

Am a  l i g h t  s c a t t e r i n g  s t a n d a r d ,  a  p o l i s h e d  p e r s p e x  b l o c k  

was u s e d ,  t h e  a p p a r a t u s  b e i n g  c a l i b r a t e d  by  m eans o f  t h i s  

r e f e r e n c e  s c a t t a r e r *  To e n s u r e  t h a t  t h e  b l o c k  a lw a y s  o c c u p ie d  

t h e  Sam© p o s i t i o n  i n  t h e  p h o to m e te r ,  two g u id e - p i e c e ©  o f  t u f n o l  

w ere  a t t a c h e d  t o  t h e  t u f n o l  c e l l  s e a t i n g *  C a l i b r a t i o n  was don©, 

u s i n g  Ludox s o l u t i o n s ,  by  t h e  a b s o l u t e  m ethod  o f  m e a s u r in g  b o t h  

th© s c a t t e r i n g  an d  o p t i c a l  d e n s i t y  o f  s o l u t i o n s  o f  v a r i o u s  

c o n c e n t r â t  io n s *

S o l u t i o n s  o f  lu d o x  o f  s u f f i c i e n t  c o n c e n t r a t i o n  t o  g i v e  a  

p r e c i s e l y  m e a su re d  o p t i c a l  d e n s i t y  h a d  8 ^^  v a l u e s  w h ich  w ere  

t o o  l a r g e  f o r  d i r e c t  c o m p a r is o n  w i t h  th© p e r s p e x  s t a n d a r d *  The 

s c a t t e r i n g  fro m  t h e  l u d o x  was m e a su re d  i n  c o m p a r is o n  w i th  t h a t  

f ro m  a  r e c t a n g u l a r  g l a s s  c e l l ,  c o a t e d  w i th  a lu m in iu m  p a i n t *  A 

s e t  o f  p e r s p e x  b l o c k s  o f  s c a t t e r i n g  I n t e r m e d i a t e  b e tw e e n  t h i s  

s t a n d a r d  and  t h e  n o rm al p e r s p e x  b l o c k  e n a b l e d  c o m p a r is o n  t o  

be  e f f e c t e d ,  a n d  t h e  low  t u r b i d i t y  s t a n d a r d  t o  be  c a l i b r a t e d *  

R e p e a te d  c h e c k s  i n  c o m p a r in g  t h e  s t a n d a r d s  w ere  made, th© r a t i o  

o f  t h e  s c a t t e r e d  l i g h t  o f  t h e  w e a k e s t  t o  t h e  s t r o n g e s t  b e i n g  

122o2 È 0*2* l i t t l e  e r r o r  a r o s e  i n  t h i s  c o m p ariso n *

The Jj&àox s o l u t i o n s ,  whose c o n c e n t r a t i o n ©  l a y  'be tw een  1
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and  wox^e u l t r a o e n t r i f u g e d  at; S^jOOOgo f o r  tw e n ty  m in u te s^

t h e n  f i l t e r e d  d i r e o t l y  i n t o  two 4 cmeo a b s o r p t i o n  c e l l®  and

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

s o l u t i o n  w ere  m easu red*  R e a d in g s  on c a r e f u l l y  c l a r i f i e d  w a t e r

w ere  a l s o  made* Twenty ludos: s o l u t i o n s  w ere  u s e d  i n  t h i s

c a l i b r a t i o n ^  t h e  d a t a  b e in g  t r e a t e d  t o  o b t a i n  t h e  c a l i b r a t i o n
240

c o n s t a n t  C a t  z e r o  t u r b id i / a y  a c c o r d i n g  t o  Maron and  Louo 

Fi*om t h e  r e l a t i o n s h i p s

T .  l6 n B g g /3  « CoS « a»30.3D A  

w here  T i s  t h e  t u r b i d i t y y  D t h e  o p t i c a l  d e n s i t y  and  Ij t h o  l i q u i d  

p a t h  l e n g t h  o f  t h e  a b s o r p t i o n  c e l l s  a v a l u e  o f  C # 

i  ©o%2 was o b t a i n e d  ( f i g * 8 ) a f t e r  e x t r a p o l a t i o n  t o  z e r o  t u r b i d i t y < 

A d e p o l a r i s a t i o n  o f  QoOll a n d  Z45 o f  1^04 w ere  fo u n d  an d  t h e s e  

v a l u e s  wore u s e d  t o  e v a l u a t e  t h o  in d e p e n d e n t  v a l u e s  o f  C 

c o r r e c t l y  f o r  e a c h  lu d o x  s o l u t i o n *
241

T h is  c a l i b r a t i o n  was c a r r i e d  o u t  j o i n t l y  w i t h  M aofarlan© *

A© a  c h e c k  on  th© c a l i b r a t i o n  c o n s t a n t  t h e  t u r b i d i t i e s  o f  

t h r o e  o r g a n i c  l i q u i d e  w ere  m easu red  (T a b le  4)0  I n  a d d i t i o n ?  

t h o  m o le c u l a r  w e i g h t s  o f  two p o l y s t y r e n e  f r a c t i o n ©  i n  t o l u e n e  

w ere  d e te rm in e d *  F o r  t h e  ÏÏ0C0L0 sam ple  t h e  w e ig h t  was fo u n d  

t o  b e  39050 0 0 9 t h e  M onsanto sam ple  g i v i n g  490j>000o The 

q u o te d  m o le c u l a r  w e i g h t s  w ere  3? 0 g,000 and  §00^000 r e s p e c t i v e l y *
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Table 4o

T m r b i d l t i e s  o f  O rg a n ic  Limiicl®*
<CT;w<»g4iUJJ^4j«itg :'l tffJJU »aa*a».e*OT*s:cje?eirg3ga^M£jjaj<BgygeiVCal»j<^pwTOVaiî!U«J»gJa*L!ti4>iv'jftt;! ^ ^ 237,238,242

L iq u id  T u r b i d i t y  1 0 ^ cmT L i t e r a t u r e  V a lu e

C arbon  t e t r a c h l o r i d e  9^6  9°5'==9«*T

M n z e m  27°2  27*3 =27*5

T o lu e n e  29*6 29*5

I t  was s t a t e d  e a r l i e r  t h a t  t h e  o p t i c a l  s y s t e m  was

r e a d j u s t e d  a f t e r  w o rk in g  w i th  t h e  f o u r  a l c o h o l s *  The c a l i b r a t i o n

c o n s t a n t  o f  2 o T l k 10*^ was t h a t  o b t a i n e d  a f t e r  t h e  f i n a l

a d j u s t m e n t s  and was t h e r e f o r e  u s e d  f o r  a l l  s y s te m s  o t h e r  t h a n

t h e  f o u r  a l c o h o l s o

F o r  t h e  l e c i t h i n  w e ig h t  i n  t h e  a l c o h o l s ?  t h e  c a l i b r a t i o n

c o n s t a n t  u s e d  was 3*28 % 10“ ^ ,  i t  a l s o  h a v in g  b e e n  d e te r m in e d

by  t h e  m ethod  d e s c r i b e d  a b o v e * U s in g  t h i s  c o n s t a n t ?  t h e  UeCoLo

p o l y s t y r e n e  gave  a  w e ig h t  o f  370?000 , and  b e n z e n e  a n d  t o l u e n e

g av e  t u r b i d i t i e s  o f  27*0 a n d  29*9 2£ 10 r e s p e c t i v o l y o

S t a t i s t i c a l  A ssessm en t o f  some L i g h t - s c a t t e r i n g  E r r o r s *
243

S ta c e y  h a s  s t a t e d  t h a t  th o  u s u a l  d e g re e  o f  a c c u r a c y  o f  a  

l i g h t “ S c a t t e r i n g  m o le c u l a r  w e ig h t  d e t e r m i n a t i o n  i s  È 5 ^ ,  t h e  

f i g u r e  b e i n g  d e p e n d e n t  u p o n  t h e  sy s te m  u n d e r  i n v e s t i g a t i o n o
244

R o b in so n  an d  S a u n d e r s  h av e  fo u n d  an  o v e r a l l  a c c u r a c y  o f  ±  7 ^

i n  t h e i r  d e t e r m i n a t i o n  o f  t h e  m i c e l l a r  w e ig h t  o f  l y s o l e c i t h i n

i n  w a te r*  F o r  a  s y n t h e t i c  n o n - i o n i c  d e t e r g e n t  i n  w a t e r ,  B 1w orthy  
236

and Mac^arlane found th e  accuracy o f  the (c/T ) fa c to r  to©seO



95

% 6^5 r e s u l t i n g  i n  a  t o t a l  e r r o r  I n  M i n  e x c e s s  o f  ^  10^ ,  

t h i s  r a t h e r  h i g h  e r r o r  b e i n g  t h o u g h t  t o  be  duo t o  th o  

c h a r a c t e r i s t i c  d i f f i c u l t y  o f  re m o v in g  su s p e n d e d  d u e t  from  

su c h  s o l u t i o n s *  S in c e  a q u e o u s  s o l u t i o n s  c o n t a i n i n g  s a l t s  and  

a l s o  o r g a n i c  s o l v e n t s  and  s o l u t i o n s  a r e  e a s i e r  t o  c l a r i f y  

t h a n  pur© a q u e o u s  s o l u t i o n s ?  sy s te m s  o f  t h e s e  t y p e s  w ere  

exam inedo

The © r r o r  p r e s e n t  i n  t h e  c a l i b r a t i o n  c o n s t a n t  was a n a l y s e d  

f ro m  t h e  tw e n ty  v a l u e s  u s e d  f o r  t h e  logO a g a i n s t  T p l o t *  S in c e  

b o t h  v t ^ r i a b l e s  a r e  s u b j e c t  t o  e r r o r ?  t h e  v a lu e ©  w ere  d i v i d e d  

i n t o  t h r e e  n o n - o v e r l a p p i n g  g r o u p s  and  a n a l y s e d  a c c o r d i n g  t o
245

D avieSo The a n a l y s i s  i s  p r e s e n t e d  i n  A p pend ix  1? t h e  e r r o r  

i n  G b e in g  i  4 * 4 ^  (P  0*95)*

To i n v e s t i g a t e  t h e  e r r o r s  i n  ( c /T ) ^ ^ ^  a n d  t h e

M onsan to  p o l y s t y r e n e  f r a c t i o n  was s t u d i e d  i n  t o l u e n e * Ten 

m e a su re m e n ts  (T a b le  5) gave

1*53±6*1M 08G±3*3^ (P«0*95)

« l ' '4 6 3 ±  3*3): g i v i n g  l / p ( e )  1*351±2*6^  (P«.G*95)

To o b t a i n  t h e  e r r o r  i n  t h e  In d i 'v lx lu a l  r e s u l t s  wore p l o t t e d

a s  a g a i n s t  e s i n c e  t h i s  gave  a  l i n e a r  r e l a t i o n s h i p  w i t h

@0
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D a ta  f o r  P o l y s t y r e n e  I n  T o lu e n e  A n a ly so so
wir>w>M:stoMa J X g g J jC&etajW^TVtagawrtgaut'W gfre # #«@T3Wvapaaca™«&Br#Lk.'jL i ,

e (go /lOOOmlSo ) 1*506 1«883 2*109 2*560 2*673

2 “63 2»93 2*94 3*36 3*43

^45 1*323 1*295 1*284 1*265 1*273

C 3*464 4*619 5*121 6*025 6*251

« A 3*93 4*82 5*10 5*86 5*95

1*218 1*196 1*185 1*164 1*167

Dae t o  th© h i g h  e r r o r s  i n  b o th  f a c t o r s  an d  t h e  l a r g e  

s l o p e  o f  t h e  c /T  a g a i n s t  c p l o t ?  a  s i m i l a r  i n v e s t i g a t i o n  o f  t h e  

M onsan to  p o l y s t y r e n e  was made i n  m e th y l  e t h y l  k e to n e  (MEK)* 

A g a in ,  from  t e n  m e a su re m e n ts  (T a b le  6 ) s

(o/P) =, 0 «48812«0 ^4.5 3 o4 c ± 5 9): (P=0»95)

and  (% ) ^ 1039810 . 9#  g i v i n g  l /P (@ ) 1 . 3 0 4 ^ * 8 #  (P=0*95)C5îs©

T a b le  6*

D a ta  f o r  P o l y s t y r e n e  i n  MBIC A n a ly ses*

o(go/l000ral8. ) 0*5 1*0 1*5 2*0 2*5

c/T 0*514 0*549 0*564 0*593 0*624

Z4 5 1*368 1*347 1*336 1*303 1*291

* 3*0 3*5 4*0 4*5 5*0

*/T 0*636 0*674 0*708 0*733 0*752

'̂ A C 1*268 1*262 1*250 1*239 1*229



Th© poiy©tyr®n© a n a l y s e s  i n  t o l u e n e  and  M£TC a r e  g iv e n  

i n  A p p e n d ic e s  2 and  3 r© ap eo tiv© Iy o  T a b le  7 ©ammarisea th© 

e r r o r s  I n  t h e  l i g h t - s c a t t e r i n g  f a c t o r e  i n v e s t i g a t e d *

Be-ror® i n  some L i g h t - © c a t t a r i n g  F a c to r©  (P™0«95) 

F a c t o r  E r r o r

C a l i b r a t i o n  C o n s ta n t  ± 4^^"^ 

toluene ±

c/T) MEK ± Ẑ Ofo* 'OsG

1 / P ( e )  t o l u e n e  ± 2'

1 /P (© ) MBK t  O'

T h e re  i s  a  s t r i k i n g  d i f f e r e n c e  b e tw e e n  t h e  p r e c i s i o n  o f  

t h e  i n t e r c e p t ©  I n  t o l u e n e  and  MEÎC* I n  t h e  a n a l y s i s ?  th© mean 

v a l u e  o f  c /T  was a u b je o t  t o  random e r r o r ?  ©o was t h e  slop© o f  

t h e  c /T  a g a iE is t  c p l o t ?  w h i l e  t h e  e r r o r  I n  c was n ® g Iig ib l© o  

When t h e  slop© waa ©mall? a s  i n  MEK? e r r o r  i n  i t s  m easurem ent 

c o n t r i b u t e d  l i t t l e  t o  t h e  t o t a l  e r r o r  i n  ( o/ T ) ^  _ o T h e re fo r©' CcaP

f o r  a  p r e c i s ®  d e t e r m i n a t i o n  o f  m o le c u la r  w e ig h t  by  l i g h t -  

s c a t t e r i n g ?  a  *®poor" s o l 'v e n t  i s  t h e  c o r r e c t  c h o ic e  «

W hile  t h e  l i m i t s  o f  e r r o r  i n  C a r e  l a r g e ?  i t s  s u b s e q u e n t  

u s e  i n  e v a l u a t i n g  t u r b i d i t i e s  and m i c e l l a r  w eigh t©  w ould 

i n d i c a t e  t h a t  i t s  v a l u e  I s  r e a s o n a b l y  a c c u r a t e o  I t  w ou ld  seem 

t h e r e f o r e  t h a t  i f  t h e  Maron and Lou p r o c e d u r e  l a  a d o p te d ?  a  

s u f f i c i e n t  nambex* o f  p o i n t s  y i e l d  an a c c u r a t e  v a lu e  o f  0* The 

e r r o r  was th o u g h t  r e a s o n a b l e  i n  v iew  o f  t h e  s m a l l  o p t i c a l



98

d e n s i t i e s  w h ich  wer© m e a su re d  ( a l l  b e lo w  0 . 25 ) and  t h e  b l a n k  

o p t i c a l  d e n s i t y  o f  f i l t e r e d  w a t e r  o f  a b o u t  0*03*

2I n c l u d i n g  t h e  e r r o r s  o f  1#  i n  b o t h  ( d n / d c )  and  t h e  

d e p o l a r i s a t i o n ?  t h e  t o t a l  e r r o r  i n  m i c e l l a r  w e ig h t  w i l l  he 

t  12 t o  13# i n  a  ' 'good"  s o l v e n t  a n d  .t 6 t o  9 #  i n  a  "pooi*" onao 

The m o le c u l a r  w e i g h t s  o f  p o l y s t y r e n e  i n  t o l u e n e  and  MEK w ere  

500,000  and  4 7 0 ,0 0 0  r e s p e c t i v e l y *

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

Xadox? I t  i s  p o s s i b l e  t o  c a l i b r a t e  t h e  p h o to m e te r  u s i n g  s e c o n d a ry  

s t a n d a r d s *  C o n s id e r in g  t h e  t u r b i d i t i e s  o f  b e n z e n e  and c a rb o n  

t e t r a c h l o r i d e ?  t h e i r  v a l u e s  w ere  o b t a i n e d  a s  m eans o f  s i x  and 

t h r e e  m e a s u re m e n ts ,  t h e  l i m i t s  o f  e r r o r  b e i n g  ± 1 “5 and  

r e s p e c t i v e l y *  As a f u r t h e r  p o s s i b l e  s e c o n d a ry  s t a n d a r d ,  a 

30#  W/\T a q u e o u s  s o l u t io n *  o f  cadmium p o t a s s i u m  i o d i d e  g av e  a  

t u r b i d i t y  o f  !<>17±OoOI % 10 m 7  , a s  a mean o f  s e v e n  m easu rem en ts*  

T hus from  ïmovm v a l u e s  o f  t h e i r  t u r b i d i t i e s ,  b e n z e n e ,  c a rb o n  

t e t r a c h l o r i d e ,  a q u e o u s  s o l u t i o n s  o f  cadmium p o ta s s iu m  i o d i d e  o r  

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

t o  c a l i b r a t e  a  p h o t o m e t e r *



;t o c o s i t i *

o f  s o lu t io n ©  r e l a t i v e  t o  s o l v e n t  w ere  

d e te r m in e d  I n  a  sxi©pended - l e v e l  d i l u t i o n  v i s c o m e t e r  (P o ly m er  

C o n s u l t a n t s  L td * )  a t  20^0.01®* Th© r e l a t i v e  v i s c o s i t i e s  w ere  

r e p r o d u c i b l e  t o  ± 0®:
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l a t c e l X  

Hollow wmll of  c e l l

B ase p im te  o f  %ni®Tf 

B ra s s  t im e  

B sill b e a r l a g  

M ic ro m e te r  he&â

O eil anâ  C e ll Housing f o r  M fftaslôm  M eam rem eats*
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D i f f u s i o n  c o e f f i c i e n t s  w ere  o b ta in e d  by t h e  t e c h n iq u e  o f

r e s t r i c t e d  d i f f u s i o n  i n  a s i m i l a r  m anner t o  t h a t  o f  E a rn e d  and  
220

E’u t t a l l o  T hese  w o rk e rs  m easu red  th e  c o n c e n t r a t i o n  d i f f e r e n c e  

b e tw e e n  two l e v e l s  o f  th e  d i f f u s i o n  sy s te m  i n  te rm s  o f  

c o n d u c ta n c e ^  w h e re a s  r e f r a c t i v e  in d e x  d i f f e r e n c e s  have  b e a n  

u s e d  i n  t h e  p r o s e n t  work*

The b a s i c  a p p a r a tu s  was a  H a y le lg h  i n t e r f e r e n c e  r o f r a c to r a e t e r  

(H iX ger and V/attSp ty p o  B5154) w h ich  was a d a p te d  f o r  d i f f u s i o n  

m ea su re m e n ts  ( P l a t e  2p f ig *  9)<> The tw o -co m p a rtm en t c e l l  (B) 

s a t  on a s m a ll  l e v e l  b r a s s  t a b l e  (D) f i t t e d  w i th  two t u f n o l  

g u id e —p ie c e s  t o  l o c a t e  t h e  c e l lo  A tta c h e d  t o  t h e  t a b l e  b a se  was 

a  b r a s s  r o d g 12 cmSo lo n g ,  w i th  a  s t e e l  b a l l - b e a r i n g  in c o r p o r a te d  

a t  i t s  end(G )g  th e  ro d  p a s s in g  th ro u g h  t h e  i n t e r f e r o m e t e r  

p la tfo rm *  T h is  rod. r e s t e d  i n  a b r a s s  tu b a  ( f )  w hich  was s e c u re d  

to  th e  b a sa  o f  th e  i n t e r f e r o m e t e r  p la t fo rm *  The i n t e r n a l  d ia m e te r  

o f  th© tub© was su c h  t h a t  th e  b r a s s  rcdg 9 mms* i n  d ia m e te r^  

f i t t e d  n e a t l y  i n t o  i t  and  c o u ld  be r a i s e d  and lo w e re d  i n  i t  

w i th  n e g l i g i b l e  l a t e r a l  movement*. A m ic ro m e te r  h ead  (h )  was 

a t t a c h e d  a t  t h e  lo w e r  end  o f  th e  b r a s s  t u b e 5 th o  b a l l - b e a r i n g  

r e s t i n g  on th e  m ic ro m e te r  head,, I t  was t h u s  p o s s i b l e  t o  move th e  

c o l l  v e r t i c a l l y 3 i n  a  slow* sm ooth  m anner* a known d i s t a n c e  

th r o u g h  th e  o p t i c a l  s y s te n u

The c e l l  and  i t s  t a b l e  w ere  e n c lo s e d  i n  a w a te r - j a c k e t*

The two l i g h t - ’t r a n s m i t t i n g  f a c e s  o f  t h e  j a c k e t  w ere  made from
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e a c h  s id e  h a v in g  two v e r t i c a l  e l i t e  t o  a l lo w  t h e  

p a s s a g e  o f  t h e  beam so Th© tw o o t h e r  f a c e s  and  th e  b a s e  

w ere  b rassg , th e  f a c e s  h a v in g  a  s e r i e s  o f  c o n n e c t in g  v e r t i c a l  

t u b e s  th ro u g h  w h ich  th e  c i r c u l a t i n g  th e r m o s ta te d  w a te r  p a sse d *  

The b a s e  h ad  one tub©  th ro u g h  w hich  t h e  w a te r  p a s s e d  fro m  

on© b r a s s  f a c e  t o  t h e  o th e r*  The w a te r -» ja c k e t  w as c o v e re d  

b y  a  t u f n o l  l i d *  The w id th  o f  t h e  c e l l  t a b l e  w as such  

t h a t  i t  j u s t  f i t t e d  b e tw ee n  th e  b r a s s  s i d e - w a l l s  o f  th e  

w a t e r - j a c k e t o  T h is  p r e v e n te d  an y  r o t a t i o n  o f  th e  tab l© g  

an d  h e n c e  th e  c e l l g r e s t r i c t i n g  movement t o  t h e  v e r t i c a l  

p l a n e  *

C o n c e n t r a t io n  v a lu e s  w ere  r e q u i r e d  t o  b e  m easu red  a t  

l e v e l s  i n  th e  d i f f u s i o n  com partm en t e q u iv a l e n t  t o  1 / 6 t h  i t s  

h e i g h t  fro m  i t s  b a s e  an d  to p *  The m ic ro m e te r  s c a l e  ( r e a d in g  

t e  0°OOO1 ln « )  was t h e r e f o r e  c a l i b r a t e d  su c h  t h a t  t h e s e  l e v e l s  

c o u ld  be a c c u r a t e l y  l o c a t e d  on th e  u p p e r  b a n d  p a t t e r n o  F o r  t h i s  

c a l i b r a t i o n  t h e  f o l lo w in g  p ro c e d u re  was a d o p te d  ( f ig *  1 0 }o

The OQllÿ o f  l i q u i d  p a th  l e n g th  Icm*? was lo w e re d  u s i n g  

th® m ic ro m e te r ,  t i l l  t h e  to p  o f  th e  u p p e r  b an d  p a t t e r n  b e g a n  t o  

d i s a p p e a r  fro m  v ie w , o u t  o u t  o f  l i g h t  b e in g  due t o  th© ©paqu© 

t o p  o f  t h e  com partm en t o f  th e  c e l l  ( f i g *  1 0 b ) * Th® m ic ro m e te r  

r e a d in g s  Xp w as n o te d *  lo w e r in g  c o n tin u e d  t i l l  t h e  u p p e r  

p a t t e r n  j u s t  c o m p le te ly  d is a p p e a re d ^  ( f ig *  1 0 c )^  g i v in g  a  

m ic ro m e te r  r e a d in g s  y* The c e l l  was t h e n  r a i s e d  t i l l  t h e  b a s e  

o f  t h e  com partm en t j u s t  a p p e a re d  a t  th® b o tto m  o f  th e  u p p e r
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p a iite ina  ( f i g o  10d)o  T h is  gave  r e a d in g  So Thuo th e  com partm en t 

h e ig h t  g i n  te rm s  o f  m ic ro m e te r  r e a d in g  was g iv e n  hy (y - 's )g  and  

l / 6t h  i t s  h e ig h t  by ( y ° - s ) /6o

L o c a tio n  o f  t h e  lo w e r  com partm en t l e v e l  « On

lo w e r in g  th e  c e l l  a  d i s t a n c e  from  s ^ th e  i n t e r f e r e n c e

p a t t e r n  o f  l i q u i d  a t  t h e  l e v e l  ( j ^ z ) / 6  from  th e  has© was o b ta in e d  

a t  t h e  b a s e  o f  th e  u p p e r  hand  p a t t e r n  ( f ig *  lO e )o  The m ic ro m e te r  

r e a d in g  a t  t h i s  p o s i t i o n  w as g iv e n  hy At t h i s  l e v e l?

th e  r e f r a c t i v e  in d e x  was o b ta in e d  a s  t h e  drum  r e a d in g  when t h e  

b a s e  o f  t h e  u p p e r  band  p a t t e r n  m atched  th e  lo w e r  band  p a t t e r n  

( f i g *  11a ) 0

L o c a tio n  o f  th e  u p p e r  l e v e l*  By a  s i m i l a r  m ethod  i t  was

p o s s i b l e  t o  o b t a i n  t h e  i n t e r f e r e n c e  p a t t e r n  o f  th e  l i q u i d  a t  

th e  l e v e l  (y'™s) /6  from  th e  to p  o f  th e  com partm en t ? a t  t h e  b a s e  

o f  t h e  u p p e r  band  p a tte rn ©  However? i n  t h i s  p o s i t i o n ?  due t o  

th e  o v e r a l l  p o s i t i o n  o f  th e  c e l l ?  th e  lo w e r  r e f e r e n c e  hand  p a t t e r n  

w as i r r e g u l a r  ( f ig *  lO f )*  I t  was a r ra n g e d ?  t h e r e f o r e ?  t h a t  

t h e  c e l l  be  r a i s e d  su c h  t h a t  th e  r e q u i r e d  i n t e r f e r e n c e  p a t t e r n  

bo a t  t h e  to p  o f  th e  u p p e r  b an d  p a t t e r n ?  i n  w hich  p o s i t i o n  th e  

lo w e r  r e f e r e n c e  band  ?ms v i s i b l e  ( f ig *  lO g)*  The r e q u i r e d  

m ic ro m e te r  r e a d in g  was th e n  g iv e n  by X'=>(y'™ss)/6 o Here? t h e  drum 

r e a d in g  was o b ta in e d  by co m p arin g  th e  to p  o f  t h e  u p p e r  band 

p a t t e r n  w ith  t h e  lo w e r  r e f e r e n c e  p a t t e r n  ( f i g *  l i b ) *  I n  o r d e r  

t o  t a k e  r e a d in g s  a t  b o th  l e v a le ?  t h e  v e r t i c a l  movement o f  th e  

c e l l  was 0*1982 in *
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P a t te M B  observed when ob ta in in g  lo w e r  l e v e l  reading
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P a t te rn s  observed when o b ta in in g  up p er l e v e l  reading

(A) C e ll

( l )  Regions form ing  th e  band p a t te r n s

Upper band p a t t e r n  (D if fu s io n  system  In  © ell) 

bower band p a t t e r n  { D iffu s io n  system  ±ti © ell)

(B) P a t te rn  l e v e l s  mat ©lied to  obtaim  drum readim g

e )c

E ntire u p p e r band p a t te r n  o f  d i f f u s io n  system  

Band P attern s o f D iffu s io n  Systems*



103

Though i t  was i n i t i a l l y  awkward t o  com pare th e  to p  o f  

th e  u p p e r  h an d  p a t t e r n  t o  t h e  lo w e r r e f e r e n c e  p a t t e r n ^  w i th  

p r a c t i c e  th e  r e a d i n g  w as o b ta in e d  n e a r l y  a s  e a s i l y  and  a s  

q u ic k ly  a s  t h a t  o f  th e  o t h e r  l i q u i d  l e v e l « I n  a l l  c a se s*  

i n d i v i d u a l  r e a d i n g s  wore o b ta in e d  a s  mean v a lu e s  o f  f o u r  

s e p a r a t e  r e a d in g s *  The t im e  was ta k e n  a t  t h e  s t a r t  and  end o f  

t h e  r e a d i n g  a t  e a o h  l e v e l  and  two mean t im e s  w ere  c a l c u l a t e d *  

T h ese  two mean t im e s  w ere th e n  u se d  t o  e v a l u a t e  a f u r t h e r  

mean tim e*  t h i s  t h i r d  mean b e in g  u se d  f o r  th e  p l o t  a g a i n s t  th e  

lo g a r i th m  o f  t h e  drum r e a d in g  d if f e re n c G o  At th e  end o f  e a c h  

d i f f u s i o n  run*  th e  c e l l  was sh ak en  and  th e  f i n a l  c o n c e n t r a t i o n  

w as o b ta in e d  fro m  th e  r e s u l t i n g  drum r e a d in g  and  c a l i b r a t i o n

To p r e p a r e  th e  d i f f u s i o n  sy s te m  v a r i o u s  t e c h n iq u e s  w ere 

u aed o  The m ost common was t h a t  o f  f i l l i n g  t h e  d i f f u s i o n  

com partm en t w i th  th e  more c o n c e n t r a te d  s o l u t i o n  t i l l  t h e  

m e n isc u s  w as h a l f  way up  th e  s to p p e r  neck*  A f i n e  p i p e t t e  v/as 

t h e n  lo w e re d  g e n t ly  i n t o  th e  s o l u t i o n  t i l l  i t s  t i p *  w h ich  was 

c u æ le d  upw ards*  w as a t  t h e  l e v e l  w here th e  b o u n d a ry  was r e q u i r e d  

a t  s e r o  tim e*  The p i p e t t e  w as s e c u re d  i n  t h i s  p o s i t i o n  to  

p r e v e n t  movement* The c o n te n t s  o f  t h e  com partm en t w ere  th e n  

s lo w ly  su c k ed  ou t*  u s i n g  a vacuum  pump w i th  an  a i r  le a k *  w h ile  

t h e  volum e i n  t h e  com partm ent was m a in ta in e d  by  th e  a d d i t io n *  

by  hand  p i p e t t e *  o f  a  more d i l u t e  s o lu t io n *  o r  so lven t®  T h is  

r e p la c e m e n t  w as done v e ry  c a r e f u l l y  to  a v o id  d ro p s  f a l l i n g
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th r o u g h  th e  s o l u t i o n  and d i s t u r b i n g  th e  b o u n d a ry *  To h e lp  

p r e v e n t  t h i s *  a  s m a ll  m e ta l  b a f f l e  was p la c e d  i n  th e  c e l l  

neoko T/hen th e  b o u n d a ry  r e a c h e d  th e  l e v e l  o f  t h e  p i p e t t e  t ip *  

t h e  p i p e t t e  w as c a r e f u l l y  rem oved  and th e  c e l l  s to p p e r  p u t  

f i r m l y  I n  p la c e *

The l e s s  common m ethod o f  b o u n d a ry  f o r m a t io n  was t o  

t  h r  © © «-quarter f i l l  t h e  com partm en t w ith  t h e  m ore d i l u t e  s o lu t io n *  

and  add t h e  se c o n d  s o l u t i o n  g r a d u a l ly  fro m  a  h an d  p i p e t t e *  th e  

p i p e t t e  t i p  r e s t i n g  on  th e  b a s e  o f  t h e  c o m p a rtm e n t« When th e  

c e l l  was f u l l *  th e  p i p e t t e  was rem oved and  t h e  c e l l  s to p p e re d *  

T h is  m ethod  p ro d u c e d  l e s s  s h a rp  b o u n d a r ie s *  b u t  s h a r p n e s s  was 

n o t  a  p r e r e q u i s i t e  f o r  r e s t r i c t e d  d i f f u s i o n *

Wlaen i n  p la c e *  th e  b a s e  o f  th e  c e l l  s t o p p e r s  l a y  f l u s h  

w i th  t h e  to p  o f  th e  c e l l  com partm ent*  To e n s u re  th e  c o m p a rtm e n ts  

w ere  c o m p le te ly  s e a le d *  t h e  s to p p e r s  and  n e c k s  w ere  l i g h t l y  

g re a s e d *  F o r  t h e  a q u e o u s  t e s t  sy s te m s  "A pieaon* g r e a s e  w as u se d *  

how ever* b e c a u s e  i t  was a lc o h o l  s o lu b le *  a  s i l i c o n e  s to p c o c k  

g r e a s e  had  t o  b e  u s e d  f o r  th e  a lc o h o l  sy s te m s  » C are  was ta k e n  

t o  e n s u re  t h a t  no s i l i c o n e  was d e p o s i te d  on th e  o p t i c a l  f a c e s  

o f  th e  co m p artm en tso  U n f o r tu n a t e ly  th e  s i l i o o n e  g r e a s e  w as 

s o l u b l e  i n  b e n z e n e  and  c o u ld  n o t  be  u s e d  i n  t h e  p r e s e n c e  o f  t h i s  

s o lv e n to  A f u r t h e r  c o m p l ic a t io n  was t h a t  th e  u n g r e a s e d  s to p p e r s  

d id  n o t  e f f e c t  a  c o m p le te  enough  s e a l  t o  p r e v e n t  e v a p o r a t io n »

To overcom e t h i s *  p l a s t i c  s to p p e r s  fro m  '“Ef-Ml'* v o lu m e t r i c  

f l a s k s  w ere  sh a p e d  t o  f i t  t h e  com partm en t n e c k s  and  w ere fo u n d
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t o  e f f e c t  th e  r e q u i r e d  s e a l*  F o r m ost o f  t h e  d i f f u s i o n  sy s te m s  

t h e  se c o n d  o e l l  com partm en t c o n ta in e d  s o lv e n t*  h u t  i n  some 

G ases  t h e  r e f r a c t i v e  in d e x  ch an g e  was to o  l a r g e *  th e  s o lv e n t  

h a v in g  to  h e  r e p l a c e d  h j  a  s o l u t i o n  o f  Imown c o n c e n tr a t io n *  t@ 

p ro v i.d e  r e a d i n g s  w i t h in  t h e  drum

To t e s t  t h e  a p p a r a tu s *  an  a q u eo u s  p o ta s s iu m  c h l o r i d e  and  

tw o a q u e o u s  g ly c in e  s o l u t i o n s  w ere  d i f f u s e d  i n t o  w a te r*  a t  25^©

The v a lu e s  o b ta in e d  f o r  t h e  d i f f u s i o n  c o e f f i c i e n t s  a r e  t a b u l a t e d  

b e lo w  and com pared  t o  l i t e r a t u r e  f i g u r e s  (T a b le  8)® I n  a l l  t h r e e  

c a se s*  a f t e r  an  i n i t i a l  tim e  la p s e *  a s t r a i g h t  l i n e  was o b ta in e d *  

a c c o r d in g  t o  e q u a t io n  ( 3 5 ) g on p l o t t i n g  th e  lo g a r i th m  o f  th e  

d i f f e r e n c e  i n  drum r e a d in g  b e tw e e n  th e  tM> l e v e l s  i n  th e  c e l l  

c o m p a rtm e n t5 a g a i n s t  t im e  (fig ®  12)*  I n  th e  s u b s e q u e n t m i c e l l a r  

w e ig h t s tu d ie s *  an  i n i t i a l  t im e  laps©  o f  one t o  tw o d a y s  was 

n e c e s s a r y  f o r  t h e  a t t a in m e n t  o f  th e  r e s t r i c t e d  d i f f u s i o n  c o n d i t i o n s

T a b le  8®

T e s t  D i f f u s io n  S y stem s a t  25^
C  ̂ 2469 247

S o lu te  F i n a l  C o n c e n t r a t io n  Do'iO cmtsoGo L i t e r a t u r e  V a lu e s  

KCl OoW  1*82 1*85

G ly c in e  0®25^ 1*06  1*058

G ly c in e  0®25^ 1*07 1*058

W ith  l e c i t h i n  a s  s o lu te *  e a c h  d i f f u s i o n  sy s te m  gave a slop©  

o f  t h e  lo g ù R  a g a i n s t  t im e  p l o t  v?hioh p r o v id e d  a  v a lu e  o f  D®

When t h i s  v a lu e  w as p l o t t e d  a g a i n s t  t h e  f i n a l  c o n c e n t r a t i o n  o f  

t h e  system *  e x t r a p o l a t i o n  t o  z e ro  c o n c e n t r a t i o n  gave th e  d i f f u s i o n



c o e f f i c i e n t  fro m  w h ich  th e  s o l u t e  m i c e l l a r  w e ig h t was c a lc u la te d ®  

A p a rt fro m  th e  a q u e o u s  t e s t  sy s tem s*  d i f f u s i o n  was m easu red  a t  

20 ± 0 ° I ^ .
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LBCÏOTW.
rttWt-rtWwwosT»

To o o a tim ©  t h e  s tm d j o f  th e  m ic e l l e  form & tlom  by l e o l t h i n

i n  os’g a n io  s o lv e n tS j, i t  w as d e c id e d  to  s tu d y  l e c i t h i n  i n  o r g a n ic

s o lv e n t©  w h ic h  © hould p ro v id e  I n te r m e d ia te  c o n d i t i o n s  b e tw e e n

w a te r  a n d  b e n z e n e  * A s e r i e s  o f  a l i p h a t i c  a l c o h o l s  wae chosen^
248

v a r y in g  i n  d i e l e c t r i c  c o n s ta n tg , 6   ̂ fro m  m e th a n o l (^ ^ 33*6)9 vJ.a 

e th a n o l  an d  b u ta n o lp  t o  n=='he%ano3. ( € a l4 °3)9  t h e  c o n s ta n t©  f o r  

b e n se n e  a n d  w a te r  b e in g  2 "3  and  80°4  r@ © pectiv© lyo

B e su ltS o
c z a 3WM#e»:rcy

F o r t h e  d e te r m in a t io n  o f  m i c o l l a r  w eigh t©  th e  lig h t™  

s c a t t e r i n g  t e c h n iq u e  w as u se d ^  t h e  r e s u l t s  b e in g  g iv e n  i n  T a b le  

9 and  figo . 13o I n  th e  c a l c u l a t i o n  o f  m i c e l l e r  w e ig h t9 th e  

C abam e©  f a c t o r  w as a p p l i e d  t o  th e  H o /f  v a lu e  a t  s e r o  

c o n c e n tr â t!O Ï I0 Graph© o f  c o n c e n t r a t i o n  a g a i n e t  t u r b i d i t y  gave  

s t r a i g h t  l in e ©  p a s s in g  th ro u g h  th e  o r i g i n  a f t e r  s u b t r a c t i n g  th e  

s o lv e n t  t u r b i d i t y  fro m  t h e  t u r b i d i t y  o f  e a c h  s o lu t io n *  T h ere  

w ere  no b r e a k s  c h a r a c t e r i s t i c  o f  cmc'^s* I f  cm c^s w ere  p r e s e n t  

th e y  w ere  a t  to o  low  c o n c e n t r a t i o n s  t o  b e  d e t e c t e d  by  lig h t™  

s c a t t e r i n g *

An id e a  o f  nil c e l l a r  sh a p e  w as o b ta in e d  from  v a .s e o s i ty  

m easu rem en t a g th e  r e s u l t s  b e in g  p r e s e n te d  a l s o  i n  T a b le  9 and  

i n  f ig o  14o
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t  and  V ie o o a l ty  D a ta  a

S o lv en t M ethanol E thano l B u tano l H©3Eanol

6̂ 2 0 33*6 25*3 17*8 14*3

M ic o lla r  Weight 2300 7100 18000 22000

Monomer @/mia©11© 3 9 24 28

D o p o la ri s a t io n 0*345 0*476 0*552 0*509

dn/do  (m lo /go) 0*135 0*118 0*087 0*071

%45 1*01 1*00 1*00 1*00

4*29 4 *26 4*26 3*56

Wo d if f e r e n c e s  were observed  betw een th e  p r o p e r t i e s  <

th e  two l e c i t h i n sampl0Sp à  and th a t were u sed 0

M s o u s s io n o!-. MWrWflfWr#, Jf!

I t  Gan h© m e n  t h a t  t h e  m le e ll©  e ls©  i n c r e a s e s  on p a s s in g  

fro m  m e th a n o l t o  h o x an o lp  t h a t  i s §  i n c r e a s i n g  a s  t h e  v a lu e  o f  

e  d@areas©So

T h is  t r e n d  i s  c o n tin u e d  i n  b e n ze n e  {S. ^  2 * 3 ) w here  th e
131

m i o e l l a r  w e ig h t  h a s  'been s t a t e d  a s  JT^OOO a t  25®o F u r th e r j ,  

i n  hanssen© i t  h a s  ho©n s u g g e s te d  t h a t  th e  m i c e l l e s  have  t h e  

s t r u c t u r e  o f  a. h im o le c u la r  l e a f l e t  w i th  t h e  p o l a r  h e a d s  tu c k e d
140

i n s i d e  t h e  m ic e l le o  I t  w ould seem t h e r e f o r e  t h a t  th e  h im o le c u la r  

l e a f l e t  s t r u c t u r e  i s  d e v e lo p e d  w i th  t h e  m i o e l l a r  g ro w th  on 

p a s s in g  i n t o  s o l v e n t s  l e s s  p o l a r  th a n  m e th an o l*  The d e v e lo p m e n t 

o f  t h i s  s t r u c t u r e  w i l l  he  d e s c r ib e d  l a t e r *  I n  w a te r^  t h e  ty p e  

o f  m i o e l l a r  s t r u c t u r e  i s  a  r e v e r s a l  o f  t h a t  i n  henaenop  th e



109
136,137

h y d ro c a rb o n  c h a in s  b e in g  i n s i d e  t h e  m lcQ lleO o The l e c i t h i n -  

m e th a n o l sy s te m  w ould  t h e r e f o r e  a p p e a r  t o  r e p r e s e n t  an 

a p p ro x im a te  h a lf--w ay  p o i n t  b e tw ee n  t h e  ty p e  o f  m i c e l l e s  fo rm ed  

i n  a q u e o u s  By s te m s  and  tho& e p r e s e n t  i n  t h e  h i g h e r  a l c o h o l s  

and  ben!30n@o

The m i c e l l a r  a i s e  i n  b e n ze n e  d e c r e a s e d  fro m  57o000 a t  
131

t o  43^000  a t  40^0 T h is  t r e n d  may e x p la in  why i n  e t h a n o l ,  a t

20®Î, s m a ll  m i c e l l e s  w ore fo u n d  w h i le  m onom ers h av e  b e e n
130

r e p o r t e d  a s  b e in g  p r e s e n t  a t  t h e  b o i l i n g  p o in t  <, The m i c e l l a r  

w e ig h t i n  m e th a n o l a g r e e s  w e l l  w i th  t h a t  o f  2 ,000  o b ta in e d  by
249

d i f f u s i o n  Ô

A d i s c u s s i o n  o f  t h e  u s e  o f  t h e  v i s c o s i t y  d a t a ,  i n  c o n ju n c t io n  

w i th  t h e  m i c e l l a r  w e ig h ts ,  f o r  c o m p a riso n  t o  m odel s t r u c t u r e s  

w i l l  ha made l a t e r  when th e  s im u lta n e o u s  c o n s i d e r a t i o n  o f  f u r t h e r  

w ork  can  be mad©o

& G i ^ l i i m t l g y i n t  S y s tepaso 

To e x te n d  th e  p r e v io u s  w o rk , m i c e l l i s a t i o n  was s t u d i e d  i n  

s o l v e n t s  h a v in g  a w id e r  rang©  o f  d i e l e c t r i c  c o n s t a n t «

H esui tS o

F o r o o m p a rise n  w i th  t h e  r e s u l t s  i n  t h e  a l c o h o l s ,  t h e  

m l e e l l a r  w e ig h t was m ea su re d  i n  b e n s e n e ,  a  m e th a n o l /
250

ben& ene m ix tu re  ( 5  21*1 ) and  i n  v a r i o u s  m e th a n o l /w a te r  and
250

e t h a n o l / w a t e r  m ix tu r e s  w here 6 r a n g e d  fro m  29*0 t o  42*80 Light™- 

s c a t t e r i n g  an d  v i s c o s i t y  s t u d i e s  w ere  made o f  a l l  s y s te m s , 

d i f f ix s lo n  s t u d i e s  b e in g  made o f  f o u r  m ixed s o l v e n t  sy s tem so



F o r th e  light*»© oatt© 2?lng r e s u l t©  i n  b i n a r y  so lv e n t® , t h e

r e o l p r o o a l  o f  t h e  i n t e r c e p t  o f  th© ^^©2/^2  og p l o t  warn

d e s ig n a t e d  M p th e  o o r r e c t  m lo e l l a r  w e ig h t  o n ly  b e in g
app ro x o

g iv e n  fro m  e q u a t io n  ( 25 ) i f  t h e  i n t e r a c t i o n  c o e f f i c i e n t b  w ere

s m a ll  o r  i f  t h e  tw o s o l v e n t s  h ad  s i m i l a r  r e f r a o t iv ©  In d io e s o

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

©m© i t s e l f  h a v in g  b e e n  s u b t r a c t e d  from  th e  e x p e r im e n ta l  r e s u l t®
210

i n  th e  u s u a l  m annero I n  th e  no rm al us© o f  t h e  l i g h t - s c a t t e r i n g

e q u a t io n  f o r  b i n a r y  s o l v e n t s ,  f o r  p o ly m e r  s o lu t io n ®  c an  be

d e te rm in e d  i n  a  s i n g l e  s o lv e n t  and  t h e  i n t e r a c t i o n  te rm s

e v a lu a t e d  i n  m ixed s o lv e n t  So H ow evor, f o r  m i c e l l e s ,  may

a l t e r  a s  th e  s o lv e n t  c o m p o s it io n  i s  c h a n g e d , s o  t h e r e  i s  t h e

ad d ed  d i f f i c u l t y  t h a t  M am st be c h e c k e d  b y  © v a lu a t io nap p ro x o
fro m  a n o th e r  m ethodo D e te r m in a t io n  fro m  d i f f u s i o n - v i s c o s l t y

m e a su re m e n ts  i n d i c a t e s  t h a t  t h e  v a lu e  o f  M e v a lu a t e d  am
approX o

d e s c r ib e d  i s  s u b s t a n t i a l l y  c o r r e c t*

The l i g h t - s c a t t e r i n g  r e s u l t s ,  u n co rr© © ted  f o r  d e p o l a r i s a t i o n ,  

are  g iv e n  i n  f i g s *  15 a n d  1 6 , f i n a l  m o le c u la r  w e ig h ts  b e in g  

c o r r e c t e d  f o r  d e p o l a r i s a t i o n  and d issy m m e try  (T a b le  10)*  The ©mo
131,140

o f  l e c i t h i n  I n  b e n z e n e , p r e v i o u s ly  and  i n  th e  p r e s e n t  w ork , 

w as to©  s m a ll  t o  b@ d e t e c t e d ,  o n ly  th e  h i g h e r  a s s o c i a t i o n  l i m i t  

b e tw e e n  s m a ll  and  l a r g e  m ic e l l e s  b e in g  found*  The l a r g e r  m i c a l l a r  

w e ig h t w as t h e r e f o r e  d e te rm in e d  a c c o rd in g ly *  A ll  th e  r e s u l t®  i n  

s i n g l e  s o lv e n tB  show ed t h a t  th e  cm© m s  to o  s m a ll  t o  he d e t e c t e d  

by  th e  l i g h t ^ s c a t t e r i n g  te c h n iq u e s *  H ow ever, t h e  p r e s e n c e  @f
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I l l

w a te r  i n  m e th a n o l o r  e th a n o l  c a u se d  a  d i s t i n c t  cmc t o  d ev e lo p ;,

a s  shown by  t h e  a g a i n s t  © c u rv e s  o f  f lg S p  17 an d  l8 o

S e v e r a l  m eth o d s w ere  t r i e d  t o  ch eek  th e  cmc v a lu e s  o b ta in e d

h y  l ig h t= -s o a t t© r in g s , VVhen th e  r e f r a c t i v e  in d e x  d i f f e r e n c e  b e tw ee n

s o l v e n t  and  s o l u t i o n  i n  7 0 ^  e th a n o l  /w a te r  w as p l o t t e d  a g a i n s t

s o l u t i o n  o o n o o î î t r a t io n ^  no a b r u p t  ch an g e  i n  slop©  w as o b se rv e d ^

e v e n  a t  t h e  l i g h t ^ ^ c a t t e r i n g  cmc* tJ s in g  t h e  b u b b le  p r e s s u r e  
251

m ethod  o f  Sugden^ t h e  s u r f a c e  t e n s i o n s  o f  b o th  70j5 an d  BOjK e th a n o l /  

w a te r  m ix tu r e s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  fro m  l e c i t h i n  s o l u t i o n s
252

i n  t h e s e  s o lv e n ts *  W ith  t h e  W ilh e ln ^  p l a t e  t e c h n iq u e  an d  t h e  7 0 ^  

system » a g a in  t h e  d i f f e r e n c e  i n  s o l u t i o n  and  s o lv e n t  s u r f a c e  

t e n s i o n s  d i d  n o t  i n d i c a t e  t h e  p r e s e n c e  o f  a  orac* To t r y  and  

s o l u b i l i s e  a  dye  i n  t h e  l e c i t h i n  m i c e l l e s  i n  80^  e th a n o l /w a te r »  

a  f i n e l y  pow dered  in d ig ©  v a t  dye ( s o lu b le  i n  b en zen e»  I n s o lu b le  

i n  w a te r  an d  s o l v e n t )  was sh a k e n  w i th  s e v e r a l  s o l u t i o n s  t i l l  t h e i r  

o p t i c a l  d e n s i t i e s  re m a in e d  c o n s ta n t  0 T h e re  w as no m arked ch an g e  

i n  o p t i c a l  d e n s i ty  b e tw e e n  m lc o l l a r  and  m onom eric s o l u t i o n s  o f  

l e c i t h i n »  and t h u s  no c o n f i r m a t io n  o f  a  cmc w as p o s s ib le *  

l% v© rth© l© ss» t h e  b r e a k s  i n  t h e  a g a i n s t  c o n c e n t r a t i o n  c u rv e #

a r e  s h a rp  and  d i s t i n c t o

A p a rt fro m  th e  84^  m e th a n o l /w a te r  sy s te m  ( a l l  s o lv e n t  

m ix tu r e  p e r c e n ta g e s  a r e  V/V)» th e  o b s e rv e d  d issy m ra e tx d e s  w ere  

c lo s e  t o  u n i ty »  i n d i c a t i n g  t h a t  no d im e n s io n  o f  th e  p a r t i c l e #  

e x c e e d e d  27OA ( ^ 2 0 )o I t  w as d i f f i c u l t  t o  c l a r i f y  s o l u t i o n s  

i n  t h i s  m e th an o l/w a t@ r s o lv e n t»  an d  t h i s  may h a v e  b e e n
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112

r e s p o n s i b l e  f o r  th e  s l i g h t  d issy m m etry  o b se rv e d *  H igh v a lu e s

f o r  th e  d e p o l a r i s a t i o n  w ere o b se rv ed p  c o n t in u in g  th e  t r e n d

p r e v i o u s ly  n o te d  w i th  t h e  a l i p h a t i c  a lc o h o ls *  F o r  n a t u r a l l y

o c c u r r in g  l e c i t h i n ^  th e  d e p o l a r i s a t i o n  d e c r e a s e s  a© a  i n c r e a s e s ;
253

i n  w a te r  s m a ll  d e p o la r i s a t io n ©  ( 0 *055) w©x*® fo u n d  b y  H obitisouo

T a b le  1 0 o

N a tu r a l  L e c i th in *

Solvaa-fe 5  pQ@ 10 ÏÏ2 m e dm/d© ^45 eras(go/ml
Benzene 2o3 60 80 0*360 - 0*038 1*06 0

7 % 7i MeOH/Banaen© 21» 1 9*0 12 0*125 0*119 1*00 0

93o4^ EtOH/^O 29*0 0«>7 1 0*232 0*114 1*00 >0»036
80» 055 Etoa/hgO 35*5 2* 6 3 0*137 0*107 1*01 0»0095
93» 0^ j.!@oe/h_o 37*3 2*7 4 0*063 0*140 1*04 0»0167

70»Q^ EtOH/SpO 40*6 20 27 0*031 0*112 1*00 0 «Q088

84» 0^ MaOH/HgO 42*8 68 90 0*013 0*139 1*11 0»0045
S y n th e t i c  X>©cithin> 

7 9 o ? ^  MoOE/Bensen© 21*1 1*1 1 -2  0*053 0*109 1*00

E to n 25*3 Oo8d! 1 G0O70 0*122 1*00 >0»0089
MeOH 33* 6 O089 1 0*159 0*155 1*00 >0-009

F o r T a b le  1 0 p m ^  num ber o f  monomers i n  m lc e l lo p  ® 

f o r  s o lv e n t  m txm ^en ^  MeOl ^  m e th a n o l a n d  EtOH -3 e th a n o lo

From T a b le  10 and  th e  p l o t  o f  B a g a i n s t  M an d  Mg ( f i g *  19 ) p 

m onom ers a p p e a r  t o  be  p r e s e n t  i n  t h e  93^  e th a n o l / w a t e r  m ix tu re  

i s  ^  2900)9 an d  c h a n g in g  th e  s o lv e n t  d i e l e c t r i c  c o n s ta n t  fro m
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t h i s  v a lu e  o a u s e s  m i c e l l e s  t o  d e v e lo p « I n  t h i s  s o lv e n t  sy s te m

th e  cmc I s  g r e a t e r  t h a n  QoO^Sgo/mlo  ̂ m ince t h i s  w as t h e  m ost

c o n c e n t r a te d  e o l a t i o n  whoso S^q w as m ea su re d  an d  no b r e a k  w as

fo u n d  i n  th e  a g a i n s t  c g ra p h s  I n  g e n e ra l^  th e  opac d e c r e a s e s

a s  th e  d i e l e c t r i c  c o n s ta n t  i s  in c r e a s e d *  No d e t e c t a b l e  cmc
253

w as fo u n d  f o r  l e c i t h i n  I n  p u re  w a te r*

As a  m eans o f  c h e c k in g  th e  a p p ro x im a te  v a lu e s  o f  m i c e l l a r

w e ig h t fo u n d  by  l i g h t - s o a t t e r i n g  i n  m ixed  s o lv e n t  s y s te m s g

d i f f u s i o n  m ea su re m e n ts  w ere  made (T a b le  11 g f ig *  2 0 ) o The lo w e s t

c o n c e n t r a t i o n  i n  t h e  d i f f u s i o n  c e l l  was m a in ta in e d  above t h e  cmc

w here m i c e l l e s  a r e  p r o s e n t  g so  t h a t  i t  w as r e a s o n a b le  t o  assum e

t h a t  o n ly  m i c e l l e s  w ere  d i f f u s i n g *  F o llo w in g  th e  p ro c e d u re
254

o f  S t i g t e r g  W illia m s  and  M yselSg th e  d i f f u s i o n  c o e f f i c i e n t s  

w ore e x t r a p o l a t e d  t o  th e  emo ( o r  to  a e ro  c o n c e n t r a t i o n  i n  th e  

c a s e  o f  t h e  93^45^ e t h a n o l / w a t e r  sy s te m )*

F o r th e  v i a a o s l t y  r e s u l t s  (T a b le  l l g  f ig *  2 l )  w here  cmo^s 

w ere  p r o s e n t^  t h e  v i s c o s i t y  o f  th e  s o l u t i o n  a t  t h e  cmc w as u s e d  

th e  ® s o lv e n t ’ v i s c o s i t y g and  t h e  volum e f r a c t i o n  o f  s o l u t e

a t  th e  cmc w as s u b t r a c t e d  from  th e  t o t a l  volum e f r a c t i o n  i n  th e
1 4 0 g 255

© v a lu a t io n  o f  S i m i la r  p r o c e d u re s  h a v e  b e e n  u s e d  b e fo r e ,

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

c o e f f i c i e n t  r a t i o  o f  th e  m i c e l l e ,  c o n s i d e r i n g  th e  m i c e l l e ,  i n  

turug) a© a  p r o l a t e  and o b l a t e  e l l i p s o i d  ( i n  t h e  a b se n c e  o f  

s o l v a t i o n )  an d  a s  a  s p h e r i c a l  s o lv a te d  p a r t i c l e *  The m i c e l l a r  

w e ig h ts  w ere th e n  c a l c u l a t e d  f o r  th e  t h r e e  a l t e r n a t i v e  o a s e s
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)TOoÿ 0 I n  the alcohol/w ater aysteras water

w as aasu iaad  t o  b e  t h e  s o l v a t i n g  l i q u i d  g and  m e th a n o l i n  th e  

m e th a n o l /b e n z e n e  system *

T a b le  11*

D i f f u s io n  and  Y ie o o s l ty  R e s u l ts ,

BTatural I a o l th in <

S o lv e n t
. 1 ,(cm rm ect)

'■'“3lO^Mg
p ro *

ca ̂  
1 0 %

o T ) /
1 0 %

a o lv o

19 ‘ T^IfcOH/BsnBone 4»48 1"92 10*0 9-2 8 -9

93«4?SEtOH/HgO 3 -4 7 1 “ 66 1*1 0 -9 8 0 -9 6

8 0 - 0 ^ 0 H / H  0 3 -3 6

93.0^M@0a/Hg0 3 -8 4 2*48 1°9 1 -8 1 -7

10‘OfM.OB/S^O 4 -8 7

8 4 °0 # @ 0 E /k g 0 5 -8 9 0"44% 9 9 » ! 8 7 -0 8 3 -7

E to n 3 -9 6

C om parison  o f  th e  d i f f u s i o n  c o e f f i c i e n t s  o f  p o ta s s iu m  

c h lo r i d e  and  g ly c in e  w i th  known v a lu e s  i n d i c a t e s  a n  e r r o r  o f  

so  i n  v iew  o f  th e  p o t e n t i a l  e r r o r s  p r e s e n t  i n  t h e  

e x p e r im e n ta l  m e a su re m e n tsg th e  a g re e m e n t b e tw ee n  o b ta in e d  fro m  

t h e  tw o m eth o d s i s  good* I n  th e  a l c o h o l / w a t e r  sy s te m s  t h e r e  

i s  n o t  much d i f f e r e n c e  b e tw e e n  th e  r e f r a c t i v e  i n d i c e s  o f  th e  

tw o s o lv e n t  c o m p o n e n ta n d  p re su m ab ly  any  s p e c i f i c  a d s o r p t io n s  

o f  one com ponent m akes l i t t l e  d i f f e r e n c e  t o  t h e  o b s e rv e d  

t u r b i d i t y *  I n  th e  c a s e  o f  th e  m e th a n o l/b e n z e n e  system g t h e r e
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(C) 79 . 7^  B fe th an o l/B en sen eL ig h t - a o a t  t a r i n g
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1 b a  c o n s id e ra b le  d i f f e r e n c e  between th e  r e f r a c t i v e  In d ic e s  o f  

th e  two component 3 j, and th e  agreement between th e  mi c e l l a r  

w e ig h ts  from the  two methods i n d i c a t e s  no s p e c i f i c  a d s o rp t io n  

i s  ooGurringo Also th e  m ic e l l a r  w eight found i n  benzene (a t

20^ ) a g r e e s  w e l l  w ith  th o s e  o f  55&“ 5Tp^OO fo u n d  b e fo r e  a t  2g^o

A few  r e s u l t s  a r e  p r e s e n te d  f o r  s y n t h e t i c  d ip a lm i to y l^

l e c i t h i n  ( f ig *  22 )  ̂ show ing  t h a t  i n  m e th a n o l an d  e th a n o l  monomers

a r e  p r e s e n t  up  t o  th e  h i g h e s t  c o n c e n t r a t i o n s  s t u d i e d A  s l i g h t

a s s o c i a t i o n  was n o te d  i n  th e  m e th a n o l/b e n z e n e  m ix t u r e <>

A tte m p ts  w ere made t o  o b t a i n  m l c e l l a r  w e ig h ts  o f  n a t u r a l

l e c i t h i n  i n  s o l v e n t s  o f  lo w e r  d i e l e c t r i c  c o n s t a n t  th a n  benzene*

T hese  w ere  u n s u c c e s s f u l  due to  th e  e a s e  o f  p r e c i p i t a t i o n  o f  th e
248

s o l u t e  from  su ch  a s  i s o « o c ta n e  ( éi ^ l ° 9 ) s  n - h e p ta n e  and  n -h e p ta n e
248,256

c o n ta in i n g  10 a n d  20^  b e n z e n e  (6  =3 l° 9 ? « 2 * 0 3 )o  F o r th e  same 

r e a s o n ,  a s tu d y  o f  th e  s y n th e t ic ,  m a t e r i a l  i n  b e n ze n e  c o u ld  n o t 

be u n d e r ta k e n »

I n  60/^ e th a n o l / w a t e r  ( E  a 46*5)?  th e  r e l u c t a n c e  o f  n a t u r a l  

l e c i t h i n  to  d i s s o l v e  or s t a y  i n  s o l u t i o n  p ro m p ted  an  i n v e s t i g a t i o n  

o f  th e  l i m i t  o f  ^  su ch  t h a t  s o l u t i o n s  c o u ld  r e a d i l y  be  fo rm ed  

w i th o u t  u l t r a s o n i c  d i s p e r s io n *  T hus a s e r i e s  o f  0*1$  W/V l e c i t h i n  

s o l u t i o n s  and  s o l s  i n  m e th a n o l and e th a n o l  a q u e o u s  m ix b u re s  w ere 

p re p a re d *  The 8^0 o f  e a c h  was m easu red  w i th o u t  p r e v io u s  f i l t r a t i o n ,  

and  th e  v a lu e s  p l o t t e d  a g a i n s t  e ( f i g * 2 3 ) o  S e p a r a te  p l o t s  f o r  

m e th a n o l /w a te r  and e t h a n o l / w a t e r  m ix tu r e s  w ere v e ry  s i m i l a r ,  b o th  

show ing  n e g l i g i b l e  change I n  S^q t i l l  t h e  6  = 4 1 -4 7  r a n g e .
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w here a r a p i d  in o re a B e  was o b se rv ed o  F o r t h i s  r e a s o n  th e  

c h o ic e  o f  a l c o h o l / w a t e r  m ix tu r e s  f o r  m i c e l l i s a t i o n  s t u d i e s  

was l i m i t e d  t o  th o s e  o f  ^<43o

The tw o l e c i t h i n  sa m p le s  u se d  (c  and p) a g a in  show ed no 

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

D is c u s s io n ,

A s s o c ia t io n  o f  s i n g l e  m o le c u le s  i n t o  m i c e l l e s  w i l l  o c c u r  

i f  t h i s  change r e d u c e s  th e  t o t a l  f r e e  energy o f  t h e  system *

C hanges i n  i n t e r f a c i a l  e n e rg y  a t  th e  so  l u t e / s o l v e n t  i n t e r f a c e ^  

and i n  e l e c t r o s t a t i c  f o r c e s ,  and  d i p o l e - d i p o l e  i n t e r a c t i o n s  m ust 

be c o n s id e r e d .  I f  h i s  th e  a r e a  o f  t h e  p o l a r  h e ad  g ro u p  o f  t h e  

monomer, t  i s  t h e  a r e a  o f  th e  h y d ro c a rb o n  t a i l s ,  and th e  

s u p e r s c r i p t s  s  and m r e p r e s e n t  s i n g l e  m o le c u le s  and m ic e l l e s  

r e s p e c t i v e l y 9 th e n  th e  i n t e r f a c i a l  e n e rg y  f o r  n monomers i s

^ h s  &3id b e in g  th e  i n t e r f a c i a l  e n e rg y  p e r  u n i t  a r e a  b e tw ee n  

th e  h ead  g ro u p  and  s o l v e n t ,  and th e  t a i l s  an d  s o lv e n t  g r e s p e c t i v e l y ,  

F o r a m ic e l l e  o f  n m onom ers, th e  i n t e r f a c i a l  e n e r ^  i s

t s  *
The change  o f  i n t e r f a c i a l  e n e rg y  on fo rm in g  th e  m ic e l l e s  i s

AE as î ^ y  (h®«=h®) 4' n  y
h s  4 t s

C o n s id e r in g  th e  n o n ^ aq u ao u s s id e  o f  f i g ,  19g b e tw ee n  6. = 2 

and  6.-3 3 0 , w here a d e c r e a s e  i n  m l c e l l a r  s l a e  w ith  i n c r e a s in g  

d i e l e c t r i c  c o n s t a n t  o c c u r s ,  a  sm a ll v a lu e  o f  w ould be expected^, 

due t o  th e  m is c ib le  n a tu r e  o f  t h e s e  s o l v e n t s  w i th  p a r a f f i n  c h a in s ,
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and  t h e r e f o r e  i t  w ould be e x p e c te d  t h a t  th e  f i r s t  te rm  on

th e  r i g h t  o f  th e  above e q u a t io n  I s  l a r g e l y  r e s p o n s i b l e  f o r  th e

AB on m i c e l l i s a t i o n *  A h ig h  i n t e r f a c i a l  e n e rg y  b e tw ee n  th e  head

g ro u p s  and  s o lv e n t  c o a id  be re d u c e d  by fo rm in g  a m io e l le  o f  t h e

b im o le o u la r  l e a f l e t  t y p e ,  w i th  th e  h ead  g ro u p s  i n  th e  c e n t r e  o f

th e  m ic e l le o  F u r th e r  im p o r ta n t  f a c t o r s  f o r  m i c e l l i s a t i o n  I n

non«=aqueous s o l v e n t s  have  b e e n  shown to  be  d l p o le ^ d lp o le

i n t e r a c t i o n s  b e tw e e n  b e ad  g r o u p s ,  and  th e  p o s s i b i l i t y  o f  h y d ro g en  
109,110,111

bond f o r m a t io n ,  and  i t  i s  p o s s ib l e  t h a t  t h e s e  f a c t o r s  may

be m ore im p o r ta n t  th a n  i n t e r f a c i a l  e n e rg y  c o n s i d e r a t i o n s  i n  th e  

6  -  10=20 r e g i o n .  T h is  w i l l  be d i s c u s s e d  i n  more d e t a i l  below*

I n  th e  6 ^  30 r e g i o n ,  monomers a r e  p r e s e n t  o v e r  th e  

c o n c e n t r a t i o n  ra n g e  s t u d i e d ,  i n d i c a t i n g  t h a t  b o th  an d

a r e  s m a l l , and  t h a t  o t h e r  I n t e r a c t i o n s  mre a b s e n t*  A f u r t h e r  

i n c r e a s e  o f  d i e l e c t r i c  c o n s ta n t  w i l l  b e g in  to  make l a r g e r ,  

h e n c e  p ro m o tin g  t h e  fo rm atio n  o f  m ic e l l e s  w here  th e  h y d ro c a rb o n  

c h a in s  a r e  p la c e d  i n  t h e  i n t e r i o r  and t h e  p o l a r  g ro u p s  on th e  

o u t s i d e ,  t h i s  b e in g  t h e  c o n v e n t io n a l  m l c e l l a r  s t r u c t u r e  i n  

w a te r*  I t  seem s a p p a r e n t  from  th e  r e s u l t s  on th e  r i g h t  hand

(a q u e o u s )  s id e  o f  f ig *  19 t h a t  th e  i n t e r f a o i a l  e n e rg y

c o n s i d e r a t i o n s  a r e  m ost im p o r ta n t ,  th e  e n e rg y  s a v in g  o f

p l a c in g  th e  h y d ro c a rb o n  c h a in s  o u t o f  c o n ta c t  w i th  s o lv e n t  being

t h e  s i g n i f i c a n t  f a c t o r  f o r  m lc e l lo  fo rm a tio n *

I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  th e  a lo o h o l /w a ta r  sy s te m s  a r e  

c h a r a c t e r i s e d  by th e  p r e s e n c e  o f  m onom ers, and o f  omc^s i n  m ost



1 1 %

c a se s  o We may compare methanol ( 6 ^  33*6), where th e  cmc was 

p re s e n t  a t  too  low a c o n c e n t r a t io n  t o  he d e te c te d  by light™ 

s c a t t e r i n g ,  w ith  th e  93*4 and 8 0 ^  e th a n o l /w a te r  system s 

(6=î  29*0 and 35*"5 r e s p e c t i v e l y ) ,  bo th  o f  which show pronounced 

cmc®So These cmc“s may be in c re a s e d  by g r e a t e r  i o n i s a t i o n  of 

th e  p o la r  head groups g iv in g  g r e a t e r  r e p u ls io n s  between th e  

head g ro u p s , due to  th e  i n t e r a c t i o n  of w ate r  w ith  th e s e  g ro u p s ;  

th e  crac would be s h i f t e d  to  a h ig h e r  c o n c e n t r a t io n  by th e  p resence  

o f  water* As more w ate r  i s  added to  th e  a lc o h o l /w a te r  m ix tu re s  

th e  g e n e ra l  d e c re a se  i n  cmo i s  p robab ly  du© to  th e  in c re a s e d  

h jd ro p h o b ic i ty  o f  th e  monomers under th e s e  c o n d i t io n s *

B©Gib\usa o f  t h e  a g re e m e n t, f i r s t l y ,  b e tw e e n  th e  m e th a n o l /  

w a te r  and e t h a n o l / w a t e r  s y s te m s  when th e  v a lu e©  o f  th e  

0 * 1 ^  s o l u t i o n s  and  so l©  w ere p l o t t e d  a g a i n s t  E , and  s e c o n d ly ,  

b e tw e e n  th e  l e c i t h i n  m l c e l l a r  w e ig h ts  i n  m e th a n o l ( 2 ,3 0 0 ) ,  8 0 ^  

e t  h a n d / w a t e r  (2 ,6 0 0 }  an d  9 35̂  m e th a n o l /w a te r  ( 2 ,7 0 0 )  w here th e  

s o lv e n t  d i e l e c t r i c  c o n s ta n t  ra n g e  was n a rro w  ( 33®6=3!®5}9 i t  

w ould  a p p e a r  t h a t  th e  m l c e l l a r  w e ig h ts  w ould  be th e  same i n  e i t h e r  

a  m e th a n o l /w a te r  o r  © thanoX /w atex ' m ix tu re  o f  t h e  same d i e l e c t r i c  

c o n s t a n t ,  th o u g h  t h e  p r o p o r t io n  o f  w a te r  i n  th e  two s o l v e n t s  w as 

d i f f e r e n t^
257

Saunder©  h a s  shown t h a t  a  l e c i t h i n  c o n ta in in g  o n ly  

s a t u r a t e d  f a t t y  a c i d s  was n o t  d i s p e r s i b l e  i n  w a te r ,  w h i le  n a t u r a l  

l e c i t h i n  w as d i s p e r s i b l e *  I n  th e  l i g h t  o f  t h i s ,  and  th e  few  

r e s u l t©  p r e s e n te d  f o r  t h e  s y n t h e t i c  d i p a l m i t o y l ^ l e c i t h l n .
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I n c lu d in g  a l s o  a p l o t  o f  t h e  v a lu e s  o f  0*1% s o l u t i o n s  and

o o ls  i n  vaz-loua  s o lv e  a t  8 ( f i g *  24 ) y a n  i n d i c a t i o n  i s  o b ta in e d

t h a t  t h e  m l c e l l a r  w e i g h t ^ d l e l e o t r i o  c o n s ta n t  c u rv e  f o r  th e

s y n t h e t i c  l e c i t h i n  may h ave  a  n a rro w e r  fo rm  th a n  f ig «  1%

Some id e a  o f  m l c e l l a r  s t r u c t u r e  c a n  b e  g a in e d  from  m l c e l l a r

w e ig h ts  a n d  v i s c o s i t y  i n te r c e p tS o  C o n s id e r in g  f i r s t  th e  non«

a q u e o u s  s id e  o f  f i g ,  19s i ^  g e n e r a l  d e c r e a s e s  a s
131s 140 Z®*’

i n c r e a s e s *  P r e v io u s  r e s u l t s  i n  b en zen e  i n d i c a t e d  t h a t  u n so X v a ted

m i c e l l e s  w ere  p r e s e n t  i n  t h i s  s o l v e n t .  On a ssu m in g  t h a t  th i©

b e h a v io u r  i s  g e n e r a l  on  th e  non^aqueou©  old© o f  f ig *  19? th e

v i s c o s i t y  r e s u l t s  ©an b© i n t e r p r e t e d  i n  t e r m s  o f  m l c e l l a r  asym m etry*
140

The d im e n s io n s  o f  t h e  l e c i t h i n  monomer u s e d  b e f o r e  w ere  l e n g t h  35%

and  h e a d  g ro u p  a r e a  55^'^? from  m o le c u la r  m o d e ls  « A llo w in g  a  gap  o f

b e tw e e n  th e  two s h e e t s  o f  p o l a r  g ro u p s  i n  th e  c e n t r e  o f  a

b im o le o u la r  l e a f l e t  m ic e l le j ,  S im ha'’s  sh a p e  f a c t o r ^   ̂ c an  b e

c a l c u l a t e d  a s  a  f u n c t i o n  o f  t h e  num ber o f  m onomers i n  t h e  m ic e l la *
©

On® d im e n s io n  o f  th e  m ic e l l e  re m a in s  f i x e d  a t  a  l e n g th  o f  7 2 A i n  

t h e s e  c a lc u la t io n ® ?  and  th e  o t h e r  two d im e n s io n s  i n c r e a s e  a s  monomers

a r e  added* M  e q u a l  g ro w th  i n  th e  tw o d im ension®  a t  r i g h t  ang le©  t o
©

t h e  72A d im e n s io n  i s  assum ed* a s  t h i s  g ive©  more e f f e c t i v e  s h i e ld i n g  

o f  t h e  p o l a r  h e a d  g ro u p s  from  th e  s o lv e n t  th a n  g ro w th  i n  on© 

d im en sio îio  F ig*  25 ©how© e x p e r im e n ta l  an d  c a l c u l a t e d  r e s u l t©  a© lo g  

( v i s c o s i t y  i n t e r c e p t )  a g a i n s t  logM^ p lo t s *  F o r m ic e l l e s  c o n ta in in g  

m ore th a n  16 monomers* th e  c a l c u l a t e d  g ro w th  (A* f i g .  2 5 ) i s  

r e a s o n a b ly  i n  a c c o rd a n c e  w ith  e x p e r im e n ta l  r e s u l t s *  F o r  th e  s m a l l e r
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m le e l le g p  th e  b im o le o u la r  l e a f l e t  m odel i s  t o o  asyiam etrlO g 

C a lc u la t io n ©  o f  'O and  ^2 on th e  a ssu m p tio n  o f  a  m o n o m o leeu lar 

l e a f l e t  g iv e s  c u rv e  Bg f ig o  25o In  t h e  m e th a n o l o r  e th a n o l  sy s te m s , 

w here  t h e  m ic e l l e s  c o n ta in  a  s m a ll  num ber o f  monomers? t h e r e  I s  

h o t t e r  a g re e m e n t heti^men e x p e r im e n ta l  r e s u l t s  and  c a l c u l a t i o n s  

f o r  t h e  m onom oleou la r m odel? th a n  f o r  th e  h im o lo c u la r  m o d e l«

Thoa© r e s u l t s  i n d i c a t e  t h a t  a change i n  m l c e l l a r  s t r u c t u r e  from  

a  monomoleoulax" l e a f l e t  t o  th e  h im o le e u la r  ty p e  may w e l l  o c c u r  

a s  th e  d i e l e c t r i c  c o n s ta n t  i s  d e c re a s e d ?  t h a t  i s ,  i n  th e  

8 gOOO-l6gOOO m l c e l l a r  w e ig h t r e g io n ?  vfhere £  1 8 ^ 2 5 « F o r

m o n o m o le ca la r l e a f l e t s  t h e r e  i s  no e f f e c t i v e  s h i e l d i n g  o f  th e  

h e a d  g ro u p s  from  th e  s o lv e n t?  h u t  d i p o l e - d l p o l e  i n t e r a c t i o n s  and 

h y d ro g e n  b o n d in g  b e tw een  n e ig h b o u r in g  m o le c u le s  i n  th e  l e a f l e t  

a r e  p o s s ib l e ?  and  may b e  th e  m ain  r e a s o n  f o r  m ic e l l e  fo rm a tio n *

I n  th e  r e g io n  o f  d i e l e c t r i c  c o n s ta n t  w here  b im o le o u la r  l e a f l e t s  

a r e  p r e s e n t  (b e lo w  €  m 18)?  e f f e c t i v e  s h i e l d i n g  o f  p o l a r  h e a d  

g ro u p s  from  th e  s o lv e n t  o c c u rs ?  and  r e p u l s i v e  f o r c e s  b e tw e e n  t h e s e  

g ro u p s  and  th e  s o lv e n t  a r e  l i k e l y  t o  be  a d d i t i o n a l  f a c t o r s  f o r  

m ic e l l e  fo rm a tio n *

F o r th e  l e c i t h i n  monomer? u s in g  th e  35% an d  55%^ d im ension®  

a s  b e f o r e # ^  i s  4*869 a  v a lu e  much h i g h e r  th a n  th e  e x p e r im e n ta l ly  

d e te rm in e d  3*47 o F o r b e t t e r  a g re e m e n t w ith  t h e  e x p e r im e n ta l  

f i g u r e ,  th e  h y d ro c a rb o n  t a i l s  may s e p a r a t e  s l i g h t l y  a t  t h e i r  

f r e e  end  g i v in g  a V -shaped  p a r t i c l e * I t  may be  t h a t  th e  monomer 

i s  to o  s m a ll  a  p a r t i c l e  t o  com ply w ith  th e  Sim ha r e l a t i o n s h i p s ^
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C o n s id e r in g  m i c o l l a r  s t r u c t u r e  on th e  aqueouB  s id e  o f  

f i g o  19p t h e r e  I s  a  s te a d y  i n c r e a s e  o f  lo g  ( v i s c o s i t y  i n t e r c e p t )  

w i th  lo g  ( f i g o  26)0  On t h i s  s id e  o f  t h e  c u rv e  t h e  h y d ro c a rb o n  

t a i l s  s h o u ld  be p r e s e n t  i n  th e  I n t e r i o r  o f  t h e  m ic e l le s ^  th e  

m i c o l l a r  s t r u c t u r e  i s  e x p lo r e d  by c a l c u l a t i o n s  f o r  th e  same

m o d e ls  a s  u s e d  on th e  non*«aqueous s id e ?  t h e  l e n g t h  o f  th e
o

b im o le o u la r  fo rm  b e in g  ta k e n  a s  2 x  35 = lOAo The c a l c u l a t e d  

v a lu e s  f o r  th e  v i s c o s i t y  i n t e r c e p t  and  M2 a r e  g iv e n  i n  figo 26 

f o r  M m o le c u la r  l e a f l e t s  (a)  and  m o n o m o lecu la r l e a f l e t s  ( B ) o  

T h ere  i s  a c o n s id e r a b le  d is c r e p a n c y  b e tw e e n  e x p e r im e n ta l  and  

c a l c u l a t e d  r e s u i t s g th e  c a l c u l a t e d  v i s c o s i t y  i n t e r c e p t s  b e in g  

to o  sm a llo  As th e  e x p e r im e n ta l  r e s u l t s  w ere  o b ta in e d  i n  s o l u t i o n s  

c o n ta in in g  w a te r?  i t  seem s l i k e l y ?  i n  v iew  o f  th e  te n d e n c y  o f  

t h e  p h o s p h o r y l - o h o l in e  h e a d  g ro u p  to  h y d r a te ?  t h a t  t h i s
165

d is c r e p a n c y  i s  due to  h y d ra t io n *

B im o le c u la r  l e a f l e t s  w i l l  o n ly  be  fo rm ed  when th e  

i n t e r f a c i a l  e n e r g i e s  b e tw e e n  th e  s o lv e n t  an d  th e  h y d ro c a rb o n  

c h a in s  a r e  l e s s  f o r  t h i s  ty p e  o f  s t r u c t u r e  t h a n  f o r  th e  

m o n o m o lao u la r l e a f l e t ?  o t h e r  f a c t o r s  b e in g  a q im l*  The a r e a s  

o f  th e  h y d ro c a rb o n  c h a in s  e x p o sed  to  th e  s o l v e n t  can  be 

c a l c u l a t e d  f o r  t h e  mono and  b im o le o u la r  l e a f l e t s  a s  a f u n c t i o n  

o f  t h e  num ber o f  m onom ers p r e s e n t*  The d i f f i c u l t y  i n  th e s e  

c a l c u l a t i o n s  i s  t o  a s s e s s  t h e  l e n g th  o f  t h e  l e c i t h i n  m o le c u le  

o c c u p ie d  by  t h e  h y d ro c a rb o n  c h a in ?  a s  th e  f a t t y  a c id  c o m p o s it io n  

o f  n a t u r a l  l e c i t h i n  i s  v a r i a b le *  F o r a h y d ro c a rb o n  c h a in
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l e n g th  o f  20A? m ic e l l e s  c o n ta in in g  l e s s  t h a n  16 monomers have

a  s m a l l e r  h y d r o c a r b o n / s o lv e a t  i n t e r f a o i a l  a r e a  i f  a r r a n g e d  i n

a  m o n o m o lecu la r m ic e l l e  |  t h e  a i t u a t i o i a  i s  r e v e r s e d  when th e y

c o n ta in , more t h a n  16 monomers* C o r re s p o n d in g  f i g u r e s  f o r  th e

’ch an g e  o v e r  p o in t"  b e tw ee n  m onoraolG cular a n d  b im o le o u la r
o

l e a f l e t s  f o r  h y d ro c a rb o n  c h a in  l e n g th s  o f  25 and  jOA w ere  fo u n d

t o  be  25 and  36 monomers r e s p e c t iv e ly *  I t  i s  f e l t  t h a t  th e  
o

25A h y d ro c a rb o n  l e n g t h  i s  t h e  m ost p ro b a b le  from  f i g u r e s  f o r
17»20p21 ,

t h e  a v e r a g e  f a t t y  a c id  c o m p o s it io n  o f  l e c i t h i n *  The r e s u l t s  

o f  t h i s  ty p e  o f  c a l c u l a t i o n  a r e  som ewhat s e n s i t i v e  t o  th e  

m odel c h o se n  f o r  t h e  m ic e l le *  I f  i t  i s  c o n s id e r e d  a s  a  

m o n o n io le cu la r l e a f l e t  w i th  an  a r e a  a t  t h e  p o l a r  h ead  g ro u p s  o f

55nA^g and  a t  t h e  e n d s  o f  th e  h y d ro c a rb o n  t a i l s  a s  (2  x ?

th e  m ic e l l e  th e n  r e s e m b le s  th e  s e c t i o n  o f  a  cone* C a lc u l a t i o n s  

on t h i s  ty p e  o f  m odel? a l lo w in g  two cone s e c t i o n s  t o  be p la c e d

t o g e t h e r  end t o  end  to  fo rm  th e  b im o le o u la r  l e a f l e t ?  show t h a t
@

f o r  h y d ro c a rb o n  l e n g t h s  o f  25 and  30A t h e  c h an g e  o v e r  p o i n t s  

a r e  50 and  65 monomers? r e s p e c t iv e ly *  A b im o le o u la r  l e a f l e t  

m odel i n  w h ich  th e  e n d s  o f  th e  h y d ro c a rb o n  c h a in s  from  e a c h  h a l f  

o f  t h e  l e a f l e t  i n t e r p e n e t r a t e  was a l s o  e x p lo re d ?  b u t  no b e t t e r  

a g re e m e n t w ith  t h e  e x p e r im e n ta l  lo g  ( v i s c o s i t y  i n t e r c e p t )  a g a i n s t  

logMg g ra p h  r e s u l t e d *

I t  seem s l i k e l y  t h a t  th e  m ic e l l e s  i n i t i a l l y  fo rm ed  w ith  

i n c r e a s e  o f  d i e l e c t r i c  c o n s ta n t  on th e  a q u e o u s  s id e  o f  f ig *  19 

a r e  m o n o m o lecu la r i n  ty p e ?  and  t h a t  b im o le c u la r  l e a f l e t s  d e v e lo p
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a t  v a lu e s  o f  logMg o f  4 '^3^4''6* Wo ©xaot do o i  s i  on  on th e  ty p o

o f  m ic e l l e s  c a n  be mad©? due t o  th e  e f f e c t s  o f  h y d r a t io n  on

t h e  v i s c o s i t y  i n t e r c e p t s  c o n fu s in g  th o s e  o f  asym m etry*

C a l c u l a t i o n s  o f  h y d r a t io n  u s in g  9  v a lu e s  f o r  m o n o m o lecu la r

l e a f l e t s  gave v a lu e s  o f  a p p ro x im a te ly  lg * w a ta r /g o  l e c i t h i n *

# i l l e  t h i s  valu©  i s  r a t h e r  l a r g e r  th a n  t h a t  fo u n d  fro m  v a p o u r
185

p r e s s u r e  a d s o r p t io n  s t u d i e s  C 0°44go /go )s i t  i s  o f  t h e  c o r r e c t  

o rd e r*

T a b le s  9 and  10 show a  g r a d u a l  i n c r e a s e  i n  d e p o l a r i s a t i o n  

w i th  i n c r e a s e  i n  d i e l e c t r i c  c o n s ta n t*  From th e  e a r l i e r  r e s u l t s  

i n  non—p o l a r  s o l v e n t s  i t  w as t e n t a t i v e l y  s u g g e s te d  t h a t  th e  

t r e n d  m ig h t be  a  c o n seq u e n ce  o f  t h e  h y d ro c a rb o n  c h a in s  l y in g  

r o u g h ly  p a r a l l e l  t o  on© a n o th e r?  and a l lo w in g  a much g r e a t e r  

p o l a r i s a t i o n  t o  o c c u r  a lo n g  th e  a x i s  o f  t h e  h y d ro c a rb o n  c h a in s*  

I t  w ould  seem  t h a t  t h i s  s u g g e s t io n  w ould  n o t  a p p ly  i n  p o l a r  

s o l v e n t s  w here a  s im i l a r ?  b u t  i n v e r t e d ?  h y d ro c a rb o n  c h a in  

a rra n g e m e n t was found* At p r e s e n t?  t h e r e f o r e ?  no s a t i s f a c t o r y  

e x p la n a t io n  f o r  t h i s  t r e n d  c an  be p r e s e n te d *  S in c e  t h e  m l c e l l a r  

w e ig h ts  o b ta in e d  by  d i f f u s i o n  a g re e  w i th  th o s e  fro m  lig h t™  

s c a t t e r i n g ?  th e  d e p o l a r i s a t i o n s  a p p e a r  t o  be  t r u o o



( a) D r iv i îig  m o to r (B) F la s k  

( g) A xle (B) W ater b a th

( e ) S lo w ly  r o t a t i n g  w heel

F la s k  R ock ing  A p p a ra tu s*
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SOLUBILISATION BY LECITHIN IN BENZENE o

The p e r i p h e r a l  n e rv e  m y e lin  s t r u c t u r a l ,  u n i t  d e s c r ib e d  
1 8 8 ,1 9 1

by F in e a n  c o n ta in e d  two b im o le o u la r  p h o s p h a t id e  l e a f l e t S o  

I n  ben& ene, l e c i t h i n  fo rm s b im o le o u la r  l e a f l e t  m i c e l l e s ,  and
183,187

i t  h a s  b e e n  s u g g e s te d  t h a t  t h i s  sy s te m  m i^ h t p ro v id e  a u s e f u l  

m odel o f  p a r t  o f  n e rv e  n ^ e l in ^  S o l u b i l i s a t i o n  o f  m a t e r i a l s  b j  

l e c i t h i n  i n  bem sena m ig h t ,  t h e r e f o r e ,  I n d i c a t e  t h e  a b i l i t y  o f  

th e  m y e lin  p h o s p h a t id e  t o  p e rm it  th e  same m a t e r i a l s  t o  p a s s  

th ro u g h  th e  p h o s p h a t id e  l a y e r s o  The s o l u b i l i s a t i o n  o f  some
183 187

d i b a s i c  f a t t y  a c i d s  an d  some d y e s  by  l e c i t h i n  i n  b e n ae n e  have  

p r e v i o u s ly  b e e n  d e s c r ib e d *

C h o lic  A cldo

The 1© c i t h i n  s o l u t i o n  and  some f i n e l y  pow dered  d ry  a c id  

w ere  c o n t in u o u s ly  and  g e n t ly  sh ak en  ( f ig o  2 ? )  t i l l  e q u i l i b r iu m  

w as r e a c h e d ,  5 “  7 d a y s  b e in g  needed* The m a t e r i a l s  w ere  

c o n ta in e d  i n  150m l* c o n ic a l  f l a s k s  h a v in g  s l i g h t l y  concave  

i n t e r n a l  b a s e s  t o  e n a b le  a m arb le  to  r o l l  i n  th e  f l a s k  and  s t i r  

t h e  c o n te n ts *  S ix  f l a s k s  w ere  sh ak en  s im u l ta n e o u s ly ,  th e  

s to p p e r e d  f l a s k s  b e in g  s e a le d  w ith  ’’P a ra film ®  an d  d ip p in g  i n t o  

a  w a te r  b a th  a t  20 ±  ©*1^* To d e te rm in e  when e q u i l i b r i u m  was 

r e a c h e d ,  sa m p le s  w ere w ith d raw n  p e r i o d i c a l l y  from  one f l a s k ,  

two s u c c e s s iv e  c o n c o rd a n t  a s s a y s  i n d i c a t i n g  © q u illb r iu m *  The 

r e m a in in g  s o l u t i o n s  w ere  th a n  a ssa y e d *

To a s s a y  a  s o l u t i o n ,  6 «= 10m ls* w ere  rem oved from  t h e  f l a s k  

and  c e n t r i f u g e d  a t  3000 ropom* f o r  30 m in u te s  i n  a n  a n g le
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c e n t r i f u g e *  About Smla* o f  t h e  c l e a r  s u p e r n a ta n t  s o l u t i o n  

w ere rem oved a n d  w e ig h e d « The s o l u t i o n ,  o f  known

e v a p o ra te d  t o  d ry n e s s  u n d e r  re d u c e d  p r e s s u r e  a t  35 “  4 0 ^ , and  

th e  r e s i d u e  w as d i s s o l v e d  i n  a  m ix tu r e  o f  20m l©* m e th a n o l and  

5mlSo w a te r*  T h is  s o l u t i o n  was t i t r a t e d  w ith  N/5 0  a q u eo u s  

sod ium  h y d ro x id e ,  u s i n g  p h e n o lp h th a le in  a s  i n d i c a t o r *  A 

b la n k  t i t r a t i o n  o f  20m ls* m e th a n o l and  5mls* w a te r  e n a b le d  th e  

t i t r e  o f  l e c i t h i n  an d  c h o l ic  a c id  t o  he i s o l a t e d *  The 5 m is* 

w a te r  w ere  n e c e s s a r y  t o  s h a rp e n  th e  t i t r a t i o n  e n d - p o in t  

s a t i s f a c t o r i l y o

To r e d u c e  t h e  l e c i t h i n  t i t r e ,  a  m e th a n o l ic  s o l u t i o n  o f  

l e c i t h i n  was d e io n i s e d  u s in g  a colum n o f  ®Bio-=5)©minrolit ” m ixed  

hod r e s in *  A f te r  e v a p o r a t io n  of t h e  m e th a n o l ,  t h e  l e c i t h i n  was 

r e c o v e r e d  h y  p r e c i p i t a t i o n  fro m  e t h e r  by  a c e to n e  a s  d e s c r ib e d  

e a r l i e r *  L e c i t h i n  sam ple  E was u s e d  i n  t h i s  w o rk , i t s  a n a l y s i s  

d a t a ,  a f t e r  ion^oxohang©  c h ro m a to g ra p h y , b e in g  g iv e n  i n  T a b le  3* 

S e v e ra l  l e c i t h i n  s o l u t i o n s  w ere  a s s a y e d  a s  f o r  th e  

s o l u b i l i s a t i o n  s y s te m s , th e  r e s u l t i n g  p l o t  o f  t i t r e  a g a i n s t  w e ig h t 

o f  l e c i t h i n  b e in g  a  s t r a i g h t  l i n e  th ro u g h  t h e  o r ig in *

S u b se q u e n t l e c i t h i n  t i t r o m  o f  s o l u b i l i s a t i o n  sy s te m s  w ere  

t h e r e f o r e  o b ta in e d  by  e x t r a p o l a t i o n  fro m  t h i s  p lo t*  The s m a ll  

t i t r e  o f  c h o l i c  a c id  d i s s o lv e d  i n  ben zen e  w as a l s o  d e te rm in e d .

Thus b y  s u b t r a c t i n g  th e  t i t r e s  o f  l e c i t h i n ,  s o lv e n t  and  d i s s o l v e d  

c h o l i c  a c i d  (15  3 0 ^  o f  t h e  t o t a l  t i t r e )  fro m  th e  a s s a y  t i t r e

o f  a  s o l u b i l i s a t i o n  sy s te m , th e  c h o l i c  a c i d  t i t r e  was i s o l a t e d *
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H©s u i t 8o

W ith l e c i t h i n  s o lu t io n ©  o f  c o n c e n t r a t i o n  b e lo w  0 ° 0 ? 3 ^  ( t h e  

c o n c e n t r a t i o n  a t  w h ich  ©mall m ic e lle ©  a g g r e g a te  t o  t h e  l a r g e
133.

m i c e l l e s  a t  25 ) no s o l u b i l i s a t i o n  was d e t e c t e d « The r e s u l t s

f o r  l e c i t h i n  s o l u t i o n s ,  o f  c o n c e n t r a t i o n  ab o v e  0 o 0 7 J^ , a r e  g iv e n  

i n  T a b le  1 2 , th e  m o le c u la r  w e ig h t o f  l e c i t h i n  b e in g  c a l c u l a t e d  

fro m  i t s  a n a l y s i s  d a ta *  The mean v a lu e  f o r  t h e  r a t i o  o f  th e  

num ber o f  m o lecu le©  o f  a c i d  s o l u b i l i s e d  p e r  m o le c u le  o f  l e c i t h i n ,  

w as 0*636*

T a b le  12*

S o l u b i l i s a t i o n  o f  C h o l ic  A cid  b y  L e c i t h i n  i n  B enzene *

Total l o o i t h i B  9=08 l8°15 21=87 27=20 36°38 45=24

c o n c e n t r a t i o n

(M o le s /% o  s o l u t i o n )

X 10^

L e c i t h i n  c o n c e n t r a t i o n  7®fô 16*65 2©»34 25*65 34*82 43*66

a s  l a r g e  m i c e l l e s  (M o le s /

% o  s o l u t i o n )  X IQ^

S o l u b i l i s e d  c h o l i c  a c id  4*66 10*55 13*41 16*07 23*21 26*90

c o n c e n t r a t i o n  (M o le s /%  * 

s o l u t i o n )  X 10^

M ^/ 0*612 0*634 0*659  0*62? 0*66?  0*616

D ie c u ss lo n o

The s t e r o l s  fo rm  v e ry  s t a b l e  s u r f a c e  f i l m s  a t  t h e  a i r /  

w a te r  i n t e r f a c e ,  w here a  v a r i e t y  o f  m o le c u la r  o r i e n t a t i o n s  a r e



12?

fo u n d  o T hus w here  t h e r e  I s  a  p o l a r  gï*oup ( u s u a l l y  -OH) on 

p o s i t i o n  3 o n ly ,  a n d  a  h y d ro p h o M c  c h a in  on  p o s i t i o n  1? ( o f  th e
258

s t e r o i d  r i n g ) ,  a l ig n m e n t  i s  v e r t i c a l  t o  t h e  i n t e r f a c e ,  t h e

h o r i z o n t a l  c r o s s —s e c t i o n a l  a r e a  b e in g  a b o u t 35^45^  * F o r

s t e r o l s  w i th  m ore t h a n  one h y d r o p h i l i c  g ro u p  (©ogo one a t

p o s i t i o n  3 and  a  seco n d  e l s e w h e r e ) ,  th e  a l ig n m e n t  t e n d s  t o  b©

l o s s  v e r t i c a l ,  t h e  te n d e n c y  b e in g  d e p e n d e n t u p o n  t h e  s e p a r a t i o n

an d  h y d r o p h i l i c  n a tu r e  o f  t h e  groupSo I n  th e  e x tre m e , th e

s t e r o l  w i l l  l i e  h o r i z o n t a l l y ,  t h i s  a l lo w in g  p o l a r  g ro u p s  a t

maximum s e p a r a t i o n  b o th  t o  b© i n  c o n ta c t  w i th  t h e  w a te r*

A p o c h o lio  a c id  i s  a l i g n e d  h o r i z o n t a l l y  due t o  i t s  h y d r o p h i l i c

g r o u p s ,  t h e s e  b e in g  a  c a rb o x y l  g ro u p  a t  t h e  end o f  t h e  s i d e - c h a i n

on p o s i t i o n  1? and  tw o h y d ro x y l  g ro u p s  a t  p o s i t i o n s  3 an d  12*

I t  w ould  seem t h e r e f o r e ,  t h a t  i n  th e  l e c i t h i n  m i c e l l e s ,

c h o l i c  a c id  w ould  l i e  b e tw e e n  th e  p o l a r  s h e e t s  a n d  b e  o r i e n t a t e d

t o  f a v o u r  maximum a s s o c i a t i o n  b e tw ee n  i t s  p o l a r  g ro u p s  and  th e

l e c i t h i n  monomer p o l a r  h ead s*  An a p p ro x im a te ly  v e r t i c a l

a l ig n m e n t  o f  t h e  a c id  b e tw e e n  th e  s h e e t s  w ould  f a v o u r  t h i s

a rra n g e m e n t*  Prom th e  ^  0*636 r a t i o ,  m i c e l l e s  c o n ta in in g

80 monomers w ould  c o n ta in  a b o u t 58 c h o l i c  a c id  m o le c u le s*  I f
258 Og

t h e  a c i d  h o r i z o n t a l  c r o s s - s e c t i o n a l  a r e a  i s  t a k e n  a s  4OA’, th e  

maximum p o l a r  s h e e t  s u r f a c e  a r e a  r e q u i r e d  f o r  c lo s e  p a c k in g  

(a s su m in g  no change  i n  c r o s s - s e c t i o n a l  a r e a  on  c lo s e  p a c k in g )
e

w ould  b e  2000A^o F o r a  m ic e l l e  h a v in g  40 m onom ers p a r  

m o n o m o lecu la r l e a f l e t ,  and  a p o l a r  g ro u p  c r o s s - s e c t i o n a l  a r e a
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of 55A", the aurfaÆ© area of eaoh polar sheet la 2 2 0 0 The
a g re e m e n t o f  t h e s e  two f i g u r e  a w ould s u g g e s t  t h a t  t h e  choXl© 

a c i d  c o u ld  l i e  in, t h e  m ic e l l e  w ith  i t  a aairhcnsyl g ro u p  a d ja c e n t  

t o  a  monomer p o l a r  g ro u p  o f  one l e a f l e t  and. i t s  ntmthez* 3 p o s i t i o n  

h^ rd roxy l g ro u p  a d ja c e n t  t o  a  monomer p o l a r  g ro u p  o f  th e  o t h e r  

l e a f l e t *

I t  may b e  t h a t  t h e  c h o l i c  a c id  m o lecu le©  a.r© h o r i z o n t a l l y

a l i g n e d  a t  t h e  m ic e l l e  p o l a r  c o re  and t h a t  th e y  t e n d  t o  a s s o c i a t e

w i th  t h e  p o l a r  g ro u p s  o f  one l e a f l e t  on ly*  F o r  ©uch a n

a rran g em en ts , t h e  a o ld  c o u ld  l i e  e i t h e r  b e tw e e n  t h e  two l e c i t h i n

l e a f l e t ©  o r  b e tw e e n  t h e  p o l a r  group©  o f  m onom ers i n  th e  same

l e a f l e t o  The fo rm e r  w ould  cau©o s e p a r a t i o n  o f  th e  two l e a f l e t s ,

t h e  l a t t e r ,  s e p a r a t i o n  o f  monomers i n  th e  same l e a f l e t *
259g250 o

A ssum ing th e  c h o l i c  a c i d  m o le c u le  t o  b e  20A lo n g  and 4 0 A^ i n  

c r o s s - s e c t i o n ,  and  c o n s id e r in g  i t s  c r o s s —s o c t I o n  to  be s q u a re  

o r  c i r c u l a r ,  th e  s u r f a c e  a r e a  o f  l e c i t h i n  c o v e re d  by  a  h o r i z o n t a l l y

a l i g n e d  c h o l i c  a c id  m o le c u le  w ould be a b o u t  IjO A /*  F o r 50 su c h
©

m o le c u le s ,  th e  a r e a  w ould b e  6500A^o S in c e  t h e  p o l a r  s h e e t  

s u r f a c e  a r e a  i© 2200A%  th e  a c i d  c o u ld  b© accom m odated by 

fo rm in g  a t r lm o X e c u la r  a c id  la y e r*  A ls o , s i n c e  one c h o l i c  a c id  

m o le c u le  w ould c o v e r  m ore th a n  one monomer h e a d  g ro u p , t h e r e  I s  

t h e  p o s s i b i l i t y  o f  a s s o c i a t i o n  b e tw een  l e c i t h i n  p o l a r  g ro u p s  and 

c h o l i c  a c i d  h y d ro x y l  groups^ a t  p o s i t i o n s ?  m id 12 on th e  s t e r o i d  

r in g *

As m iming th e  l e c i t h i n  p o l a r  g ro u p  t o  be a p p ro  x im a t e ly  squax-'e
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i n  © e o tio o  (fro m  m o le c u la r  m o d e ls ) ,  i t \  w ou ld  "be p o s s ib l e  f o r
o

two c h o l i c  © cid  m o le c u le s  (e a c h  o f  e id e  20A) t o  l i e  b e tw e e n

tw o row s o f  f i v e  l e c i t h i n  monomerb ( e a c h  row  o f  l e n g t h  a b o u t
@

4 0 a ) o E x p an d in g  su c h  a n  a rra n g e m e n t i n  one d im e n s io n , 2m 

a o id  m olecu lo©  w ou ld  l i e  a lo n g s id e  lO n l e c i t h i n  monomers*

Exp „ , Cg. %|r d i r e c t i o n ,  2n  a c id  m o le c u le s  w ould  l i ea lo n g s id e  | ( 5 n / 2 ) ^ g  

a lo n g s id e  | ( 5 n / 2 ) ^ ^  monomers* E x p an d in g  i n  b o th  d i r e c t i o n s

s im u l ta n e o u s ly  w ou ld  p ro d u c e  a n  in te r m e d ia t e  a s s o c i a t i o n  l e v e l*

S in c e  fro m  e x p e r im e n ta l  d a t a ,  n  # 25 f o r  e a c h  m o n o rao lo cu la r

l e a f l e t  o f  40 m onom ers, th i©  m ethod o f  i n c o r p o r a t i n g  th e  c h o l i c

a c id  w ou ld  seem in a d e q u a t e *

W ith  th e  l i m i t e d  r e s u l t s  a v a i l a b l e ,  i t  i s  n o t  p o s s i b l e ,  a t

p r e s e n t ,  t o  i d e n t i f y  w hich  way th e  c h o l i c  a c i d  i s  i n c o r p o r a te d

i n  th e  m ic e l l a  *

B 1 8 -q u a t0 r n a r y  Ammonium Compounds*

F o u r com pounds, h ex am éth o n iu m , décam éthon ium  and  

hexadec& m othonium  i o d i d e s  and  décam éthon ium  b ro m id e , w ore s tu d ie d *  

The s o l u b i l i s a t i o n  t e c h n iq u e  w as a s  d e s c r i b e d  f o r  c h o l i c  a c id *

When t h e  s o l u b i l i s a t i o n  sy s te m  r e a c h e d  e q u i l i b r i u m ,  i t  w as 

a s s a y e d  b y  re m o v in g  8-lO m lSo and c e n t r i f u g i n g  a s  b e fo r e *  5m ls* 

o f  t h e  s u p e r n a t a n t  s o l u t i o n  w ere  rem oved an d  w e ig h ed  and  a b o u t 

10m ls o f  io n -e x c h a n g e d  w a te r  w ere  ad d ed  g r a d u a l ly  t o  t h e  s o l u t i o n ,  

s h a k in g  t h e  m ix tu re  b e tw e e n  e a c h  a d d i t io n *  The b e n z e n e  was 

e v a p o r a te d  s lo w ly ,  u n d e r  re d u c e d  p r e s s u r e ,  t o  fo rm  a n  a q u eo u s  

l e c i t h i n  ©ol« A 10m l* colum n o f  oZeo-K arb 2 2 5 ” w as p r e p a r e d



amd w ashed  w i th  l©n-@xch®nged w a te r ,  t h e  l a s t  100 m is* w ashing©  

b e in g  r e t a in e d *  The ©ol c o n ta in in g  th e  p r e v i o u s ly  © o lu M lis o d  

compow-nd was th e n  w ashed th ro u g h  th e  colum n w i th  m ore w a te r  

t i l l  a  seco n d  100 ml®* f m o t i o n  was o b ta in e d *  Th@ colum n was 

f i n a l l y  w ashed t o  p ro d u c e  a  t h i r d  100 ml©* f r a c t i o n *  The t h r e e  

f r a c t io n ®  w ere t i t r a t e d  w ith  N /50 a q u eo u s  sod ium  h y d r o x id e ,  

u s i n g  p h e a o lp h th a l© in «  The s o lv e n t  t i t r e  w as t h e  mean t i t r a  

o f  th e  f i r s t  and  t h i r d  f r a c t i o n s ,  and b y  s u b t r a c t i n g  th i®  mean 

v a lu e  fro m  th e  t i t r e  o f  t h e  se co n d  f r a c t i o n ,  th e  t i t r e  due t o  

s o l u b i l i s â t ©  and  l e c i t h i n  was o b ta in ed ®  When v a ry in g  s t r e n g th ©  

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

a g a i n s t  w e ig h t o f  l e c i t h i n  w as a  s t r a i g h t  l i n e  th ro u g h  th e  

o rig in ®  S u b se q u e n t l e c i t h i n  t i t r e s  w ere e x t r a p o l a t e d  fro m  th i®  

p l o t ,  e n a b l in g  th e  t i t r e  due t o  © o l u b l l i s a t e  t o  b e  i s o l a t e d *

T e s t  assay®  o f  known m ix tu re©  o f  s o l u b i l i s â t ©  a n d  l e c i t h i n  sol©  

i n  w a te r  y i e l d e d  o v e r  9 9 ^  s o l u b i l i s â t ® ,  10 ml©* o f  t h e  r e s i n  

b e in g  fo u n d  s u f f i c i e n t  f o r  0*056  moeq* o f  s o lu b i l i s E t© *  None 

o f  t h e  f o u r  compound© w as d e te c t e d  a s  s o lu b le  i n  benzene*

(®) H exadecarnethonium  Iod ide®

s o l u b i l i s a t i o n  b y  th e  s m a ll  m ic e lle ©  was d e t e c t e d ,  th e  

s o l u b i l i s a t i o n  by  th e  l a r g e  m ic e lle ®  b e in g  sum m arised  i n  T a b le  13o 

The mean v a lu e  o f  w as 0®025o
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S o l u b i l i s a t i o n  o f  E exadeoam ethon ium  I o d id e  b y  L e o ith im  I n  Benzene-
K i ù a : r r a c a e . t c r a r LT!a-?rr3A ar[ji,f,'n  'P h = ra rf «#r'T.*../T^ irf ji.r  j<ipjL'LL̂ pr?̂ .?pTT^*iPfi‘',-« ' u< ^ » u .; , .. — , - * ;w . v, n ,

T o ta l  l e o i t h l n  9 °0 6  22*61 31*63 38*38 45*12

c o n e e n t r a t i o n  (M o le s /

% o  s o l u t i o n )  X 10^

L e o i th i n  o o n o m t r a t i o n  7®60 21*08 3D*08 36*82 43 °5 4

a© l a r g e  m i c e l l e s  (M o le s /  

% o  s o l u t i o n )  X 10^

S o l u b i l i s â t ©  o o n c e n t r a t i o n  0 * l8 0  0*623 0*654  0*879 1*005

(M o le s /% o  s o l u t i o n )  % 10^

M^/M^ 0*024 0*030 0*022  0*024 0*023

H exam ethonlum  Iod ide®

S o l u b i l i s a t i o n  by  th é  s m a ll  m i c e l l e s  w as fo u n d , and  th e  

v a lu e s  o f  M^/m^ f o r  l e c i t h i n  s o l u t i o n s  o f  c o n c e n t r a t i o n  g r e a t e r  

t h a n  0 * 0 7 3 ^  w ere  c o r r e c t e d  f o r  t h i s  e f fe c t®  R e s u l t s  f o r  

l e c i t h i n  s o l u t i o n s  b e lo w  and  above  0 *073^  c o n c e n t r a t i o n  a r e  g iv e n  

i n  T a b le  1 4 p t h e  mean v a lu e s  o f  M ^/k^ ^ o r  t h e  s m a ll  and  l a r g e  

m i c e l l e s  b e in g  0*059  a n d  0*093 r e s p e c t iv e ly o
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(©) Booamathosiium Bromide and Iodide®

N e ith e r  compound was m easurably s o lu b i l is e d o

B isG u a s lQno
163

From a  p r e v io u s  s tu d y  o f  th e  s o l u b i l i s a t i o n  o f  a  s e r i e s  

o f  d i b a s i c  f a t t y  ac id ®  b y  l e c i t h i n  I n  b e n z e n e , i t  w as s u g g e s te d  

t h a t  th e  ao id®  l a y  i n  t h e  m ic e l l e  i n  one o f  tw o way®, an d  f o r  th e  

a c i d s  t h a t  l a y  i n  a s i m i l a r  m an n er, t h e  ^ a t i o  d e c r e a s e d  a®

t h e  f a t t y  a c id  c h a in  l e n g th  in c re a sed ®  S in c e  th e  r a t i o  f o r  

h em m eth o n iu m  io d id e  i s  g r e a t e r  th a n  t h a t  f o r  haxadeoam ethon ium  

i o d i d e ,  i t  w as th o u g h t  t h a t  t h e  r a t i o  f o r  décam éthon ium  io d id ©  

w ould  f a l l  b e tw ee n  th e s e  tw o values®  S in c e  t h i s  w as n o t  o b s e rv e d , 

a n d  due t o  th e  v e r y  s m a ll  o b s e rv e d  r a t i o s  f o r  t h e  two s u b s ta n c e s  

s o l u b i l i s e d ,  a  s m a ll  s o l u b i l i s a t i o n  r a t i o  o f  t h e  de  carnethonium  

compound may b e  m asked by  e x p e r im e n ta l  e rro r®  The v e ry  s m a ll  

o b se rv e d  r a t i o s  do n o t  p e rm it  th e  p o s t u l a t i o n  o f  method® o f  

i n c o r p o r a t i o n  o f  s o l u b i l i s â t ©  I n  th e  m icell© ®  o t h e r  t h a n  to  

s u g g e s t  t h a t  i t  p ro b a b ly  l i e s  b e tw een  th e  p o l a r  s h e e t s ,  a s  o p p o sed  

t o  l y i n g  p a r a l l e l  to  t h e  monomer h y d ro c a rb o n  chains®  I t  i s  

th o u g h t  t h a t  i t  w ould  b e  w o r th w h ile  c o n t in u in g  th e  s o l u b i l i s a t i o n  

s tu d y  o f  t h e s e  w a te r —s o lu b le  m a te r ia l®  i n  l e c i t h i n  m ic e l l e s  i n  

b e n z e n e  w here  t h e  m i c e l l e s  c o n ta in  some w ater®  Such h y d r a te d  

m i c e l l e s  w ould m ore c l o s e l y  re s e m b le  n e rv e  m y e lin  p h o s p h a t id e  

t h a n  t h e  d ry  l e c i t h i n / b e n z e n e  systom® P r i o r  t o  su ch  a  s tu d y ,  

th e  e f f e c t  o f  w a te r  on l e c i t h i n  m ic e l l e s  i n  b en zen e  w as 

I n v e s t ig a t^ d o
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From w a te r  v a p o u r  a d s o r p t io n  s t u d i e s  on d ry  l e c i t h i n ,  t h e  

a s s o c i a t i o n  o f  w a te r  an d  l e c i t h i n  h a s  h o e n  shown to  o c c u r  m a in ly
185 184

a t  t h e  p o l a r  h e a d  groupSo Demchenko fo u n d  t h e  maximum q u a n t i t y  

o f  w a te r  s o l u h i l i s o d  by  l e c i t h i n  i n  b e n z e n e ,  to lu e n e  an d  ay lem e 

t o  be  in d e p e n d e n t  o f  th e  s o lv e n t  u s e d ,  th e  maximum u p ta k e  

b e in g  O*33go/g® le c i th in ®  Sine© i t  w as th o u g h t  t h a t  a  m ore 

r e a l i s t i c  b i o l o g i c a l  m odel o f  p a r t  o f  n e rv e  n y e l i n  w ould  b e  

a o h ie v o d  b y  i n c o r p o r a t i n g  w a te r  i n  th e  m i c e l l e s ,  a  s tu d y  w as 

made o f  t h e  i n t e r a c t i o n  o f  w a te r  and  l e c i t h i n  m i c e l l e s  i n  benzene®  

L e o i th in  sam p le  F w as u s e d ,  i t  h a v in g  b e e n  d e io n i s e d  

s i m i l a r l y  t o  sam ple  E® To i n v e s t i g a t e  th e  a g g r e g a t io n  o f  l e c i t h i n  

i n  b e n z e n e  a t  2 0 g, t h e  s o l u b i l i s a t i o n  o f  t r o p a e o l i n  000  was 

s t u d i e d  u s i n g  th e  s o l u b i l i s a t i o n  t e c h n iq u e  p r e v i o u s ly  d e sc r ib e d ®  

E q u i l ib r iu m  v/a© re a c h e d  i n  3 days® To a s s a y  t h e  e y s te m s , t h e i r  

o p t i c a l  d e n s i t i e s  w ere  m ea su re d  a t  483 y ®  i n  1 cm® c e l l s ,  

a g a i n s t  b e n z e n e , i n  a  s p e c t r o p h o to m e te r  ( H i l g e r  and  W a tts ,  t îv is p e k )  

s o l u b i l i t y  i n  d r y  b e n z e n e  was n e g l lg ib lo o  

W ater w as i n c o r p o r a t e d  i n  t h e  m i c e l l e s  e i t h e r  b y  s h a k in g  

t h e  l e c i t h i n  s o l u t i o n  w i th  a  w e ig h ed  q u a n t i t y  o f  w a te r  i n  a  

s e a le d  f l a s k  o r  by a l lo w in g  d ry  l e c i t h i n  t o  a d s o r b  th e  r e q u i r e d  

am ount o f  w a te r  v a p o u r  w i th  s u b s e q u e n t s o l u t i o n  o f  t h e  w et 

l e c i t h i n  i n  d ry  benzene®  No d i f f e r e n c e s  i n  b e h a v io u r  w ere  

o b s e rv e d  b e tw e e n  s o l u t i o n s  made by  th e  tw o methods® To d e te rm in e  

t h e  maximum w a te r  u p t a k e ,  t h e  o p t i c a l  d e n s i t y  o f  1% l e c i t h i n
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( a ) D e te rm in a t io n  o f  t h e  cmc o f  l e c i t h i n  i n  b e n ze n e

(B) D e te rm in a t io n  o f  t h e  seco n d  a g g r e g a t io n  c o n c e n t r a t i o n

S o l u b i l i s a t i o n  o f  T r o p a e o l ln  000 by  L e c i t h i n  m ic e l l e s  i n  B enzene.
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s o l u t i o n s  c o n ta in in g  v a r i o u s  am oun ts o f  v m te r  w ore m easu red  

a t  546 ï^Ao V apour p h a se  e q u i l ib r iu m  e x p e r im e n ts  w i th  l e c i t h i n  

s o lu t io n © ÿ an d  b e n z e n e  w i th  added  w a te rp  w ere  c a r r i e d  o u t by  

c o n n e c t in g  t h e  tw o f l a s k s  c o n ta in in g  th e  s o l u t i o n s  w i th  a  W-» 

sh a p ed  ad ap to r®

Re m i t e  an d  D le cu e e lo n o  

From t h e  s o l u b i l i s a t i o n  o f  t r o p a e o l i n  000  ̂ t h e  emo o f

l e c i t h i n  I n  b e n z e n e  a t  20^ w as d e te rm in e d  a s  2 *6%10™^ '̂ ( f i g *  28 ) ®
187 a

U sin g  t h i s  v a lu e  and  th o s e  o f  B le i  and  Lee o f  3»3%10 ^  a t  25

an d  8 c 6x10^ ^ ^  (m ean v a lu e )  a t  40^& f o r  s u b s t i t u t i o n  i n  t h e
261

s ta n d a r d  r e l a t i o n s h i p s  o f  t h e  tw o p h a se  m odel f o r  m ic e l l e  

fo rm a tlo n g

AHjj, =0 -2 » 3 0 3 K P ^ O lo g  O K s/à î)  a n d  « A I ^ A

v a lu e s  w ere  o b ta in e d  f o r  t h e  h e a t  and  e n tr o p y  o f  m i c e l l i s a t i o n ^
=>1 ®®1

Alyji and  ASjjjp o f  «=>10ko ©al® m ole an d  =35 oal® deg® m ole 

r e s p e c t iv e ly o  ^ h e s a  v a lu e s  a r e  l a r g e  com pared  w i th  t h o s e  o f  

I o n i s e d  d e t e r g e n t s  i n  water®  The l a r g e  n e g a t iv e  A S ^  v a lu e  

i n d i c a t e s  t h a t  a  l a r g e  o r d e r in g  o f  monomers o c c u r s  on e n t e r i n g  

th e  m i c e l l e 9 t h i s  p e rh a p s  b e in g  r e l a t e d  t o  th e  m i o e l l a r  

h y d ro c a rb o n  c h a in  a r ra n g e m e n t « To p e rm it  f u r t h e r  c o n c lu s io n ©  

t o  be  draw n g f u r t h e r  cmc d e te r m in a t io n s  w ould  have t o  be made® 
The a g g r e g a t io n  o f  ©mall i n t o  l a r g e  m i c e l l e s  o c c u r s  a t  0*075^  

(fig ®  28)9 w h ich  compares f a v o u r a b ly  w ith  t h a t  o f  0 «073^  a t  

25®o S in c e  t h e  p r e s e n t  i n t e r e s t  i s  i n  t h e  l a r g e  m ic e l le s ^  i t  

w as t h i s  se co n d  a g g r e g a t io n  c o n c e n t r a t i o n  w h ic h  \m© u s e d  a s
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p r e v io u s ly  d © scrib ed ^  t o  o o r r o o t  t h a  v i s c o s i t y  r e s u l t s ®  O nly 

s m a ll  co rrec tio n s  were necessary* and  s in c e  lrr@ pr@ du©ibl@  

r e s u l t s  w ere  o b ta in e d  f o r  t h e  dye s o l u b i l i s a t i o n  i n  m ic e lle ©  

c o n ta in i n g  w a te r g t h e  v a lu e  o b ta in e d  i n  t h e  d ry  s t a t e  was u s e d  

f o r  a l l  system©®

I t  i s  n e c e s s a r y  t o  g a in  some id e a  o f  t h e  l o c a t i o n  o f  t h e  

w a te r  i n  th e  l e c i t h i n / b e n z e n e  sy s te m  s in c e  t h e r e  i s  th e  

p o s s i b i l i t y  o f  a  s i g n i f i c a n t  p a r t i t i o n  b e tw e e n  t h e  m ic e l l a e  an d  

th e  s u r ro u n d in g  mediums A lsop th e  i n t e r p r e t a t i o n  o f  t h e  

v i s c o s i t y  r e s u l t s  d e p e n d s  t o  some e x t e n t  on  know ing  t h e  l o c a t i o n  

o f  t h e  w ater®  S in c e  l e c i t h i n  i s  v e ry  h y g r o s c o p ic g i t  w ould seem  

l i k e l y  t h a t  n e a r l y  a l l  t h e  w a te r  w ould b© a s s o c i a t e d  w i th  th e  

l e e i t h i n o  To t r y  an d  e s t a b l i s h  th e  p o s i t i o n  o f  t h e  w a te r^  

w at@ r= satur® t© d benzon© was e q u i l i b r a t e d ^  v i a  th e  v a p o u r  phasop 

w i th  a  3^  s o l u t i o n  o f  l e c i t h i n  i n  dz^  benzene®  A f te r  6=8 d a y s  

t h e  p r e s e n c e  o f  w a te r  i n  t h e  b e n z e n e  w as no  lo n g e r  d e t e c t a b l e  g 

i n d i c a t i n g  a  t r a n s f e r  i n t o  th@ m ic e l lo s  i n  t h e  se co n d  phase® 

F u r th e r  to s t©  i n d i c a t e d  t h a t  t h e r e  w as no w a te r  loam  from  th e  

system p t r a n s f e r  from  wat@r«= s a t u r a t e d  t o  d ry  b e n z e n e  g i v in g  th e  

c o r r e c t  e q u i l i b r iu m  d i s t r ib u t i o n ®  A lso* w a te r^ ^ -sa tu ra te d  b e n z e n e  

i n  v a p o u r  c o n ta c t  w i th  l e c i t h i n  c o n ta in in g  0 ® 1 5 s * w a te r /g o le c i th in  

h a d  no d e t e c t a b l e  w a te r  a t  © q u illb r iu m c  I f  t h e  p a r t i t i o n  o f  w a te r  

f a v o u r e d  b e n z e n e  r a t h e r  th a n  l e c i t h i n  m i c e l l e s  i n  b e n z e n e , a  

s i g n i f i c a n t  am ount o f  w a te r  w ould b e  e x p e c te d  t o  re m a in  i n  th e  

b e n z e n e  when i n  v a p o u r  c o n ta c t  w i th  a mi c e l l a r  sy s te m  ® S in c e
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a t  e g u i l ib r iu ïB j  w a te r  o o u ld  n o t be  d e t e c t e d  i n  th e  heniscnoy

th e  e q u i l i b r iu m  o x i e t i n g  b e tw e e n  th e  w a te r  i n  th e  m ic e l l e s

an d  th e  w a te r  i n  th e  h e n ae n a  a ro u n d  th e  m ic e lle ©  v e ry  much

fa v o u re d  th e  fo rm e r  p o s i t i o n  and  i t  w o u ld  seem  r e a s o n a b le  t o

c o n s id e r  a l l  t h e  s o l u b i l i s e d  w a te r  a s  p a r t  o f  th© m lcell© © »

Th® maximum u p ta k e  o f  w a te r  hy  1% s o lu t io n ©  o f  l e c i t h i n  i n

b e n z e n e  v j b b  0 ® 3 3 g o / g o  l e c i t h i n  ( f ig *  29)  w h ich  a g r e e s  w e l l

w ith  t h e  v a lu e  o f  Demche%dmo

M i c e l l a r  w eigh t©  w ere o b ta in e d  hy l ig h V -s o a < t te r in g  f o r

s y s te m s  c o n ta in in g  0°0536go and  0*104?go w a te r /g o  l e c i t h i n

(T a b le  15» f ig *  3 0 ) « S o lu t io n s  c o n ta in in g  0 *15g* o r  m ore w a t e r /

go l e c i t h i n  o o u ld  n o t  h© s a t i s f a c t o r i l y  c l a r i f i e d  e i t h e r  hy

f i l t r a t i o n  o r  c e n t r l f u g a t i o n o  The r e m i t s ^  u n c o r r e c t e d  fo3?

d e p o la r i s a t i o n g  w ere  p l o t t e d  a© H(c«'0 .j^)/(T-=1?j^) a g a i n s t

whor® 0 i s  t h e  t o t a l  c o n c e n t r a t i o n  o f  l e c i t h i n  p lu s  w a te r^  c^

t h e  se c o n d  a s s o c i a t i o n  c o n c e n t r a t i o n  o f  l e c i t h i n  i n  h e n b an e  a n d

T^ th e  t u r b i d i t y  a t  S in c e  t h e  w a te r  seem ed c o m p le te ly

a s s o c i a t e d  w ith  t h e  m ic e l le s ^  I t  seem ed r e a s o n a b le  t o  t r e a t  th©

sy s te m  a s  e s s e n t i a l l y  a  tw o^com ponent sy s te m  g t h i s  t r e a tm e n t

h a v in g  b e e n  u s e d  b e f o r e  f o r  th e  l i g h t “ s c a t t e r i n g  o f  s o l u b i l i s e d  
262

sy s te m  So v a lu e s  c lo s e  t o  u n i t y  i n d i c a t e d  t h a t  mo d im e n s io n

o f  t h e  m lo e l le s  e x c e e d e d  //SOo
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HOo o f  go w a t e r /

go l e c i t h i n  10” %  10 Ç àn/ào

0 «053G 59 56 0-2B0 - 0^052 I d

0*1047 65 58 0*050 - 0*058 1*00

B ecau se  t h e  sy s te m s  h ad  sm a ll  s p e c i f i c  r e f r a c t i v e  in d e x  

in o re m e n tsg  (T«>T  ̂ ) v a lu e s  w ere ver^f' sm a llo  ThlSg t o g e t h e r  

w i th  th e  1  8 - 13% e r r o r  i n  l i g h t - s c a t t e r i n g  m o le c u la r  w e ig h ts ^  

made c h e c k s  on th e  1 i g h t - a c a t t e r 1ng m l c e l l a r  w e ig h ts  n e c e s s a iy o  

T hus t h e  d i f f u s i o n  c o e f f i c i e n t s  o f  sy s te m a  c o n ta in in g  0*0536go 

an d  O*2550go v ja te r /g o  l e c i t h i n  w ere m ea su re d  ( f l g o  31) and  by 

u s i n g  f u r t h e r  v i s c o s i t y  d a ta  ( f i g s *  32 and  3 3 9 T a b le  1 6 )  ̂ t h e

t h r e e  a l t e r n a t i v e  mi c e l l a r  w e ig h ts  9 w ere

d e te rm in e d  (T a b le  1 ? )*  F o r t h e  0*355ûg* w a te r /g o  l e c i t h i n  g-ystem 

i t  w i l l  be shown l a t e r  t h a t  th e  c l o s e s t  c a l c u l a t i o n

t o  th e  n a tu r e  o f  t h e  m ic e l le ^  w h ile  f o r  t h e  0*{)536go/go syotem>; 

i s  cX o aesto
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2*8? 3*62 3*86 4*00 3*94 3*89 3*89 3*?6 3*43
,0
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T a b le  1 7 o 

Diffa©loïi*=**¥i©cosliîy R e m i t 80 

o oJ? gowater/goleoi-fehiffl 10 D 10 
0°0536 0»976 68(64) 64(61) 63(60)
0»2550 0«962 74(55) 71(53) 71(53)

In  T a b le  17 th e  i n  b ra< 3kets r e p r e s e n t  t h e  m i c e l l a r

±8 o f  l e c i t h i n  i n  th e  m ic e l le s *

M io e l l a r  w eifght i n c r e a s e s  w i th  i n c r e a s e  i n  a o l u b i l i s e d  w a te r*  

F o r d r y  l e c i t h i n ^  M^GOgOOOp and  w i t h in  e x p e r im e n ta l  © rro r^  th e  

ml c e l l a r  w eigh t©  h e re  c o r r e s p o n d  t o  60 g, 000 p l u s  s o l u b i l i s e d  

w a te r*  T h is  i n d i c a t e s  t h a t  th e  num ber o f  monomers p e r  m ic e l le  

r e m a in s  r e a s o n a b ly  c o n s ta n t  a s  t h e  m l c e l l a r  w a te r  c o n te n t  in c r e a s e s *  

The v i s c o s i t y  i n t e r c e p t S p  V ^ ( r e p r e s e n t e d  a g a in  by

^  ) i n  f i g s *  32 and  33 in c r e a s e  fro m  2°87  a t  s e r o  w a te r  c o n te n t

t o  a  p e a k  v a lu e  o f  4*00 a t  w a te r /g *  l e c i t h i n  and  th e n
140

decrease on adding further water* At 25® ̂ and ssero water content g 
æ 2*789 which Is close to the value found here at 20®* 

tîsing equation (3 0) where

7 ' ] =  7̂ sp /* ^ V -»  “ '^ c i+ w A p )
viscosity intercepts were calculated for spherical particles 
using w as the number of g« water solublXised/g* leoithino On 
comparing these latter values to the e:sq)erim©ntal values
(fig* 34)9 it is seen that this treatment does not account for 
the observed behaviour of the viscosity intercepts at low water 
contents9 indicating that micellar shape changes occur in this



X39
re g io n *  At w a te r /g *  l e c i t h i n  i t  a p p e a r s  t h a t  t h e

m i c e l l e s  a r e  s p h e r i c a l^  s in c e  a  s h o r t  e x t r a p o l a t i o n  o f  th e

e x p e r im e n ta l  cu i'v e  ( f i g .  34) t o  t h i s  w a te r  c o n te n t  g iv e s  j v i j
,  L J

£3 3 “ 34p t h e  t h e o r e t i c a l  w a te r  c o n te n t  o f  su ch  a n  m  v a lu e

f o r  h y d r a te d  s p h e r e s  b e in g  0®330go im te r /g *  l e c i t h i n *  Th%B

l a t t e r  am ount o f  w a te r  w ould  f i l l  a  s p h e r i c a l  c a v i t y  o f  r a d i u s  
©

19^Ba i n  th e  m ic e l l e  c e n t r e *  T a k in g  t h e  h e a d  g ro u p  a r e a  o f  

l e c i t h i n  a® an d  a r r a n g in g  80 monomers m  t h a t  th e  h ead

g ro u p s  c o v e r  t h e  s u r f a c e  o f  a  sp h e re^  t h e  r a d i u s  o f  th e  sp h e re
©

i s  lS*7Ao The r e a s o n a b le  a g re em e n t b e tw ee n  th e s e  f i g u r e s

i n d i c a t e s  t h a t  t h i s  i s  p ro b a b ly  t h e  maximum am ount o f

s o X u b i l i s a te  w h ich  can  be in c o r p o r a te d  i n  t h e  m icelle@

Aseumingp a s  i n  t h e  c a l c u l a t i o n s  above j, t h a t  no r e g u l a r

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

u n s o lv a te d  w ith  r e s p e c t  t o  benssene (w h ich  seem© r e a s o n a b le
140

fro m  p r o c e e d in g  w ork and  from  th e  v i s c o s i t y  r e s u l t s ;  a t  O°33go 

w a te r /g o  l e c i t h i n ) p  a n  i d e a  o f  th e  c h a n g e s  i n  m i c e l l a r  shape  

o c c u r r in g  on  th e  a d d i t i o n  o f  w a te r  may b e  g a in e d  from  m o d e ls  o f  

l e c i t h i n  ro ic e l le s o  M o le c u la r  m o d els  show t h a t  th e  p o l a r  h e a d

g ro u p  c a n  be re p in e se n te d  a s  a  b lo c k  7x8A I n  o ro ss^ ^ se c tlo n g  and
©

u s i n g  a l s o  th e  leng^üh o f  h a l f  th e  b lm o le o u la r  l e a f l e t  am 36A^ 

i t  i s  p o s s i b l e  t o  c a l c u l a t e  f o r  p r o l a t e  an d  o b l a t e

e l l i p s o i d a l  m ic e lle ©  o f  80 monomers*

V/hen w a te r  i s  a b s e n t^  th e  s h o r t  sem i^ ax iS p  bj, f o r  t h e



p r o l a t e  e l l i p s o i d  i© h j  h  Ap and  s ln e e
Ô |[=>3

a  sa 36A  ̂ t h e  a x i a l  r a t i o  and  h en ce  

H ere* fvi

 ̂1 c an  be e v a l u a t e d <

Ks 2"54ÿ w h ich  i@ r a t h e r  lo w e r  th a n  t h e  e x p e r im e n ta l  

v a lu e *  An e s t im a t e  o f  c an  b© made f o r  th e  O^O^Sg* w a t e r /

g« l e c i t h i n  system j, t h i s  ay stem  p r o v id in g  th e  h ig h e s t  

e x p e r im e n ta l  ^'^*| * T h ere  a r e  tw o p r i n c i p a l  way© i n  w h ich  t h e  

v m te r  ©an be in c o r p o r a te d *  F i r s t i t  may l i e  i n  th e  g ap  

b e tw ee n  t h e  p o l a r  s h e e t s  and» In  ©o d o ing j, I n c r e a s e  t h e  

d im en sio n *  O°058go w at© r/g*  l e c i t h i n  co rre sp o n d ©  t o  2®4 w a te r  

m olecu le©  p e r  monomer* A llo w in g  a  s h e e t  o f  w a te r  m oleoule® ^ 

s i x  m o lecu le©  t h i c k g t o  l i e  b e tw ee n  th e  l e c i t h i n  p o l a r  s h e e t a g

7 S3 2^673 a  v a lu e  much lo w e r t h a n  th e  e x p e r im e n ta l  4 *0 0 *

S eco n d ly p  th e  w a te r  may be  I n c o r p o r a te d  b e tw e e n  t h e  p o l a r  head®

I n  e a c h  s h e e t  g th e r e b y  I n c r e a s in g  t h e  m ic e l l e  o r o s s '- s e a t i o a a l

a re u p  c a u s in g  an  I n c r e a s e  i n  b* The sum m ation  o f  t h e  p o l a r

/Ih e a d  a r e a s  a n d  w a te r  m o le c u le  area©  g ive© 2®62o A t h i r d

p o s s i b i l i t y  i s  t h a t  b o th  type©  o f  m i c e l l a r  e x p a n s io n  may o ccu rp

th e  c h a n g e s  b a la n c in g  one a n o th e r  w i t h  r e s p e c t  t o  acym m etry*
185

W ater v a p o u r  a d s o r p t io n  s t u d i e s  on n a t u r a l  l e c i t h i n  showed 

t h a t  2^5  w a te r  m o 3 ,e c a l© s /le c ith im  m o le c u le  r e p r e s e n te d  th e  

c o m p le t io n  o f  f i r s t  l a y e r  a d s o r p t io n *  T h is  f i g u r e  a g r e e s  

r e a s o n a b ly  w e l l  w i th  th e  w a te r  c o n te n t  g iv in g  th® p e ak  v a lu e  o f

I t  w as a l s o  ©howngin I n t e r p r e t i n g  t h e  t r a n s p o r t  p r o p e r t i e s  

o f  l y s o l e c i th in i ?  t h a t  t h i s  f i r s t  l a y e r  m ig h t f i t  i n t o  c a v i t i e s  

th e  p o l a r  h ead  g ro u p  w ith o u t  s i g n i f i c a n t l y  I n c r e a s i n g  th e
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e f f e c t i v e  monomer le n g th *

The c o n s i d e r a t i o n  o f  o b l a t e  e l l i p s o id ©  i s  more d i f f i c u l t  

© inoe d e c i s i o n s  h a v e  t o  he  made on th e  g eo m e try  o f  t h e  s h e e t
183

o f  p o l a r  h e ad  g r o u p s 0 S o l u b i l i s a t i o n  S ynd icated  t h a t  th e  l e n g t h

o f  t h e  s h e e t  o f  p o l a r  g ro u p s  m s  t h r e e  tim e©  g r e a t e r  th a n  i t s
0

w id th *  M ^ in g  th e  s h o r t e r  d im e n s io n  (2 a )  a s  4 x 8  ^  32Ap th e n  
o ©

h'* KÎ 4 4 * 6 lp  and u a in g  th e  mean o f  h® a n d  36a to  g iv e  a n  a v e ra g e  
r

: 7
v a lu e  ©f

f
heoom ea 3*09 d ry  l e c i t h i n *  The i n c o r p o r a t i o n

o f  s i x  row s o f  w a te r  m o lecu le®  b e tw e e n  t h e  tw o p o l a r  s h e e t s  g iv e s

w h ile  i n c r e a s i n g  th e  a r e a  o f  t h e  sh ee t©  on
*” /I

i n c o r p o r a t i n g  th e  same am ount o f  w a te r  g i v e s  J  3*60 T hese  

c a l c u l a t i o n s  f o r  o b l a t e  m o d e ls  a r e  t e n t a t i v e  s i n c e  th e y  a r e  

s e n s i t i v e  t o  th e  e x a c t  g e o m e try  o f  t h e  l e c i t h i n  h e a d  groupj, and  

a l s o  h av e  t h e  d raw b ack  t h a t  t h e  m odel d o e s  n o t  e a m c tly  f i t  t h e  

o b l a t e  shapeo  H ow ever9 th e y  do p ro v id e  a  g u id e  t o  t h e  d ev e lo p m en t 

o f  m i c e l l a r  a sy m m etry *

I t  w ould seem  t h a t  t h e  m ic e l l e s  re s e m b le  o b l a t e  e l l i p s o i d s g  

and  t 'h a t  t h e  a d d i t i o n  o f  w a te r  i n i t i a l l y  i n c r e a s e s  t h e i r  a sy im e try *  

Above 0*05% * w a te r /g *  l e c i t h i n ?  th e  m i c e l l e s  te n d  to w a rd s  a  

m ore s p h e r i c a l  sh a p e  s in c e  d e c r e a s e s  w i th  i n c r e a s e  i n  w a te r  

c o n te n ta  T h is  change  may r e p r e s e n t  r e a r r a n g e m e n t  o f  m i c e l l a r

s t r u c t u r e 9 s in c e  t o  p r e v e n t  c o n ta c t  b e tw e e n  th e  p o l a r  head© (w3.th 

t h e i r  a s s o c i a t e d  w a te r )  and  benisenet) a s  t h e  volum e o f  w a te r  i n  

t h e  m ic e l l e  c e n t r e  in c r e a s e s ?  th e  m ic e l l e  sh a p e  w i l l  t e n d  t o  

become s p h e r i c a l?  r e a c h in g  t h i s  sh ap e  when i t©  w a te r  c o n te n t  

becom es 0*330* w a te r /g *  l e c i th lU o
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I t  iB  i n t e r e s t i n g  t o  c o n s id e r  t h e  r e m i t s  ±n th e  l i g h t  o f

p o s s i b l e  f u n c t i o n  o f  1 s o l t h i n  a s  a  aom ponent o f  th e  c e l l

membram@o The c e n t r e  o f  t h e  membrane 1® b e l i e v e d  t o  c o n s i s t
263

o f  m h lm o le c u la r  l e a f l e t  o f  p h o s p h a t id e  m a te r i a l*  Where t h i s
189

s t r u c t u r e  i s  f r e e  o f  a d s o rb e d  p r o t e in ?  change©  ±n membrane 

p e M e a b i l i t y  ©ould b© c a u s e d  by  a  l o c a l . a l t e r a t i o n  o f  th e  

d i e l e c t r i c  c o n s t a n t  o f  t h e  w a te r  a d ja c e n t  t o  t h e  p h o s p h a t id e  

w h ich  c o u ld  b r i n g  a b o u t a  r e a r r a n g e m e n t  o f  th© p h o s p h a t id e  

© tru c tu ro o  E l e c t r o l y t e s  h av e  b e e n  shown t o  d e c r e a s e  t h e  d i e l e c t r j
264*

c o n s t a n t  o f  w a te r  c o n s i d e r a b ly * Thus a  l a r g e  d e c r e a s e  i n  

d i e l e c t r i c  c o n s t a n t  c o u ld  b e  o b ta in e d  fro m  a  h ig h  t r a n s i e n t ?  

l o c a l  c o n c e n t r a t i o n  o f  io n s ?  w hich  w ould  c a u se  th e  d i s i n t e g r a t i o n  

o f  a  s m a ll  a r e a  o f  th e  membrane and  a l lo w  t r a n s p o r t  o f  m a t e r i a l s
193

a c r o s s  i t *  R e c e n tly ?  i t  w as fo u n d  t h a t  h ig h  i o n i c  c o n c e n t r a t i o n s  

h a v e  an  e f f e c t  on  p h o s p h a t id e  d o u b le  l a y e r s  w h ich  s u g g e s te d  i o n i c  

ch an g e  a s  a  p o s s i b l e  c e l l  p e r m e a b i l i t y  m echanism »

L e c i t h i n  m i c e l l e s  i n  bem&ene a r e  a  c o n v e n ie n t  m odel o f  t h e  

i n  v iv o  p h o s p h a t id e  b im o le c u X a r l e a f l e t  s t r u c t u r e *  However? 

w i th  w a te r  i n c o r p o r a te d  b e tw ee n  th e  tw o p o l a r  s h e e t s  o f  th e  

l e c i t h i n  m i c e l l e s  a  b e t t o r  re s e m b la n c e  i s  o b ta in e d  t o  t h e  

p h o s p h a t id e  s t r u c t u r e  fo u n d  b y  F in e a n  i n  n e rv e  m y elin *  I t  l a  

th o u g h t  t h a t  t h i s  se co n d  m odel? c o n ta in in g  w a te r?  h u e  p ro m ise  

a  f u r t h e r  u s e f u l  m odel o f  th e  i n  v iv o  p h o s p h a t id e  l e a f l e t s *
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APPfflBIX lo

Eatimation o f Error in  C alibration Constaat„ 

g lo'^e ® y lOOf a %

4« 54 3*41

4° 66 3*30

4*72 3*31

4*72 3*18

4*79 3*90

4*83 3*28

4*94 5*43

4*79 5*46

5*00 6*03

5*11 5*59

5*16 6*12

5*32 8"86

5*39 8*95

5*46 9*94

5*47 9*84

5*48 9*69

5*82 13"03

5*94 15 *44

6*02 14*59

6*03 13*19

tw en ty  v a lu e s  u sed  f o r  th e  

a g a in s t  f  p l o t  tf©ra d iv id e d  

in to  th r e e  non'=“O T erlap p iag  g roups 

a s  showno

F o r th e  tw e n ty  v a lu e s  ̂

Z ’k = 152° 54 X «S 7 .6 2 7

S y  =

,g \  §„4S Fog ggowp ( l )  TOlwes (suboogipft
S nusy

=: 2 5 “8 1  Xj_ a* 3 ° 6 8 7 1 4 2

1 , ^ 2  "  5 3 ° 2 0  ® 4 ° 7 4 2 8 5 7  

F o r ggonp (3 )  v a lu e s  (su 'toegip 'È  ;

05"72 n 245714

2 ,^ 9  ” 40.22 y_ -  5

AJ/ p

The s lo p e  o f  th e  l i n e  betw een ?y^) 

and (%%py%) i s  g iv e n  fey

=“ ly ^  “  Fj V C k ■“ «2^ ® ®

Thus, for the l in e .
F as=-
X -  x]

4 “3248 + 0 “l l? 2 x
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S ( y ^ )  «  548 .8739

7^) “  ( E y ) ^ A  4 “

xy -  831*

,xy

X

:^ x ^ y /N

The e r r o r  v a r ia n c e

V  = k - 8 .

Î9 6 "02999 

5-72991 

byX and y  i s  g:

Z ( x ^ )  == 1477°0610 ( E x)^ /K  =1 1163-42258

2 \ X. s?i lA "j o

A lso . O ' /  -  [ Z ( x ^ )  -  ( Z x ) ^ /5 ^ / ( N - 2 )  -  (E % y “ & Z y / K ) A ( H - 2 )

= cy^^/C5”/  s. 0-003719576

The v a r ia n c e  o f  b,
k ^ p ( x ^ ) - ( Z x ) ' A j + b ( Z x y - Z x

® 0-000027525

The v a r ia n c e  o f  a  p r e d ic te d  v a lu e  o f  y» f o r  a  g iv en  valu©?

%

X

F o r X.

X

V ( y J  «  0 -008668

«% S ta n d a rd  e r r o r  o f  0*09310 

The 95^ c o n fid e n c e  l i m i t s  f o r  a r e  ± 0*09310 x 2*11 -  t  0*1964 f o r  

IT d e g re e s  o f  freedomo

The l i m i t s  ®f e r r o r  o f  y* ? a t  x -  ©? a re  th e r e f o r e  4*325 ^  0*196o

C ^  2-71  X l5 ^  t  0 -12  X l8 ^  m 2-71 X l5 ^  t  4-45^0



AFFMDK 2o 

P o lv s tv re n e  im Tolmeme,j.,:i'A ;..x~,aiCTCsÿĵ rtisiŸ.t?i'r/trrtg-:rrttg!Ba,' rt>‘i;.;.>ni,vT.*TWTraaai

1» E s t im a tio n  © f ,E r ro r  in

Th@ d a ta  u sed  i s  c o n ta in e d  i n  T ab le  5e w here e /T  y  and @ 10

2 k 0-0362U i s 0-0056211 ~ 40-95 y « 4-095
Z % y  = 0-16794257 E x Z y A  ^ 0-148284045

« 0-019658525
Z(x^) = 0-000158894859 (Zx)^A 0-0001311236521

/, E(x^) - ^ 0-000027771207
R e g re ss io n  c o e f f i c i e n t  ?p=” =»g

h - f e j t y  Z % % y / :  / | E ( x ^ )  -  (E % )9 m  == 7 0 7 °8 t
TO*. c j  Bwrw çkjS

Thus? fo r  th e  r e g r e s s io n  e q u a tio n  o f  th e  l in e ?  y  -  p  ^  h(% = %)

j  Eg 1*332 ^  70?*9x 

^(y®) « 181-6295 “ 167-69025
Bvm o f  s q u a re s  due to  r e g re s s io n ?

b ( ^ K y  -  E x l y / m )  = 13-915680 

Sum o f  s q u a re s  ab o u t r e g re s s io n ?

E < / ) “ ( E y ) V w C E » y  “  E ^ E y  /® ) »  0-02337

V a ria n ce  ab o u t r e g re s s io n ?

0 -0 2 3 3 7 /(E -2 ) ^  0-002921

V a ria n c e  o f  r e g r e s s io n  c o e f f i c i e n t?

0 - 002921/ |% (K ^ ) -  105-2

S ta n d a rd  e r r o r  o f  r e g r e s s io n  c o e f f i c i e n t  10*26 

The 93% c o n fid e n c e  l i m i t s  f o r  th e  r e g r e s s io n  c o e f f i c i e n t  a re

±10*26 X 2*31 ^  ±23*70



The l im it©  o f  e r r o r  o f  th e  r e g r e s s io n  c o e f f i c i e n t  a r e  th e r e f o r e

7 0 7 » 8 7 i 2 3 - 7 0  =  7 0 8 ± 3 - 3 ^

The v a r ia n c e  o f  th e  r e g r e s s io n  e s t im a te  i s  g iv e n  by

S ^ |I a  ^  (Kj^ = S )2 /S ( k=k) 2 ]  

w here i© any v a lu e  o f  Xo

Thus f o r  ^ 0 ?  th e  v a r ia n c e  o f  th e  r e g r e s s io n  e s t im a te  

e  0 -0 0 2 9 2 1 (0 -1  4. 0 . 4722) «  0-001671 

o“ôS ta n d a rd  e r r o r  o f  r e g r e s s io n  e s t im a te  ^  0*04088 

The 95^ c o n fid e n c e  l i m i t s  f o r  th e  r e g r e s s io n  e s t im a te  a r e

±0*04088 X 2*31 ^  ±0*0944 

The l i m i t s  o f  e r r o r  o f  y? a t  x s  o? a r e  t h e r e f o r e  1*332±0*094 g iv in g

(e/®)g^ = 1-552 i 6-ljS 

;io n  o r  E r r o r  i n

From th e  d a ta  i n  T ab le  v a lu e s  w ere p l o t t e d  a s  l / (Z -

a g a in s t  c (T ab le

T ab le  1 8 »

D ata  f o r  P o ly s ty re n e  In  T oluene D issym m etry A n a ly s is ,

©Cgo/lOOO m lso) ^ 1 0 &  1-506 1"863 2-109 2-560 2-673

l/(z < = l) ^  y 3 -10 3"^39 3-52 3 -7 8 3-66

lO^x 3*464 4*619 5-121 6-025 6-251

y 4*5B 5*10 5-41 6 -1 0 5-99

® 0-036211 X ^  0*0036211 Z y . 44 -63 ÿ  = 4 -463

% x y  «  0-17925825 É x ^ y A  «» 0-161609693

/ . Z x y  «- 0-01764856



A© fo r  the  e s tim a te  o f  e r r o r  in  e/T? 7 ^  -  0* ©0002777120?

Thus th e  re g re s s io n  o o e ff lc ie s it ™ 635 * 5© » g iv in g  f o r  the  equation  cf 

the  l in e  y -  2*162 635 * 5%

Blnoe a t  X ^  p? y  ^  2*162? -  1*463

2 ( y ^ )  ^  210-5211 ( E y ) V s  => 199-18369

Sum o f  square©  due to  r e g r e s s io n  2% 11 * 215659880

Sum o f  s q u a re s  a b o u t r e g r e s s io n  0*121?

V a ria n ce  a b o u t r e g r e s s io n  ©*01521

F o r ™ o? v a r ia n c e  o f  r e g r e s s io n  e s t im a te  ^

0 -0 1 5 2 1 (0 -1  4. 0 -47214) a  0-008702

o \  S ta n d a rd  e r r o r  o f  r e g r e s s io n  e s t im a te  ^  0*09328 

The 95^ eonfideac©  l i m i t s  f o r  th e  r e g r e s s io n  e s tim at©  a r e

±0*09328 X 2*31 ^  ±0*21548 

The l i m i t s  ©f e r r o r  o f  y? a t  x  23 ©? a r e  t h e r e f o r e  2*16210*215? g iv in g

-  1 -463  *  3 “^  eafi l /P (© ) ^  1 -351  ± 2 - 6 ^ .
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rt,s:migeiPif»ftggtxicg«t.tu^ ATa^Ta3ainRKtgtaÆcCaeigiaa'igara

l o  E J e t i f f i a t 4 g n ^  E K ' o i '

d a ta  msed i s  c o n ta in e d  i n  T ab le  6^ w here ©/T m j  and o ^  10^5 

\x ^  0<>027^ X ^  0"00275 % y ^  6<>347 y  0 “<

Si? O'" m Uo

\{t?) ^ 0-00009625 {2>')7h = 0-000075625
/ .  S ( x ^ )  “  (Z % )^ A  -  0-000020625

Thus th® r e g r e s s io n  c o e f f i c i e n t  53 S3”393» g iv in g  f o r  th e  e q u a t io n  o f

2 ( / )  -» 4«087547 (Ty)^A :» 4-
8mm o f  s q u a re s  due to  r e g r e s s io n  0»0 5 8 7 9 5 7 T 5

8um o f  s q u a re s  ab o u t z’e g re s s io n  m 0<> 0003104 

V a ria n ce  ab o u t r e g re s s io E  0<> 00003880

V a ria n ce  o f  r e g r e s s io n  c o e f f i c i e n t  sis io881

0*̂ 0 S ta n d a rd  error o f  r e g r e s s io n  c o e f f i c i e n t  ^  1° 371 

Th© 95^ c o n fid e n c e  l i m i t s  f o r  th e  r e g r e s s io n  © © e ff ic ie n t a r e

i lo  371 K 2o 31 ^  i >  167 

The l i m i t s  o f  e r r o r  o f  th e  reg ressi© m  c o e f f i c i e n t  a r e  th e r e f o r e

55-59 t  5 -167  55-59 ± 5-95^

Foa? %» a@g TOrlane© o f  regression estimate « 0-000051575(0«1 ❖ 0»
E3

0 % S ta n d a rd  e r r o r  o f  r e g r e s s io n  e s t im a te  0<>004233 

The SS% c o n fid e n c e  l i m i t s  f o r  th e  r e g r e s s io n  e s t im a te  a r e  ±0<>004253 2^'

<#



0 -5 1 -0 1-5 2 -0 2 -5

2-72 2-88 2 -9 8 3-30 3-44

3 -0 3 -5 4 -0 4 -5 5 -0

3 -73 3-82 4 -00 4 -1 8 4-37

The l i m i t s  o f  e r r o r  o f  jp  a t  x ^  ©p a r e  t h e r e f o r e  0 *̂488010^00989 g iv in g

^  0°488012*0^

2o E s t im a tio n  o f  E r ro r  i n  l /p ( o ) o

U sing  th e  d a ta  i n  T ab le  6p v a lu e s  w ere p l o t t e d  a s  l / ( Z = l )  

a g a in s t  e (T ab le  1 9 ) o

D ata  f o r  

o(go/lOOO mlSo) ^  lO^x 

l / ( Z = l )  s  J

yptfi

y

s  0 -0275  X »  0 -00275 = 35-42  y  »  3-542

ü x y  =• 0 - 1 0 5 1 3  %x%!yA =» 0 - 0 9 7 4 0 5

/ .  Z % y  “  2 » E y / J *  ^  0-007725 

Ae f o r  th e  e s t im a te  o f  e r r o r  i n  e /T , ^ ( x  ) « ( ^ x )^ /M  a  0-000020625

Thma th e  r e g r e s s io n  c o e f f i c i e n t  ^  374®34 g iv in g  f o r  th e  e q u a t io n  o f  th e  

l i n e  y — 2® 313 4̂ 374°

S in c e  a t  x  ^  Op y  -  2»512p -  1*398

2 ( y ^ )  -  128-3714 ( % y ) V »  »  125°45764

Sum o f  s q u a re s  due to  r e g r e s s io n  ^  3 «89333150

Sum o f  s q u a re s  ab o u t r e g r e s s io n  ^  0*02044

V a ria n ce  a b o u t r e g r e s s io n  £« 0°002555

F o r -  Op v a r ia n c e  o f  r e g r e s s io n  e s t im a te  0°002555(0«1 4- 0°366é?)

^  0*001192
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S ta n d a rd  e r r o r  o f  r e g r e s s io n  e s t im a te  ^  0°03453 

Th© 95^ c o n fid en t©  l i m i t s  f o r  th e  r e g r e s s io n  e s t im a te  a r e

±0*03453 K 2*31 ^  ±0*0798 

Th© l i m i t s  o f  e r r o r  o f  a t  x ^  Op a r e  th e re fo r©  2*512 ± 0°080p 

g iv in g

(Z^„)^o ^ &°398 t  0-9^ and l/P (® ) ® 1-304 ± 0-8^-
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