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T h e  w o r k  d e s c r i b e d  in  th i s  p a p e r  arose  f r o m  a n e e d  to  f ind  a r a p i d  m e t h o d  of 
d e t e r m i n i n g  t h e  m o l e c u l a r  size d i s t r i b u t i o n  of l i g n o s u l p h o n a t e s .  T h e s e  p o l y d i s p e r s e  
m a c r o m o l e c u l e s  are  c o m p a c t ,  i n t e r n a l l y  c ros s - l i nked ,  gel  pa r t i c l e s  w i t h  m o l e c u l a r  
d i a m e t e r s  in  t h e  a p p r o x i m a t e  r a n g e  IO-IOO J~. S e v e r a l  f ami l i a r  t e c h n i q u e s  for m e a s -  
u r i n g  m o l e c u l a r  w e i g h t  d i s t r i b u t i o n s  a n d  of g e n e r a l  a p p l i c a t i o n  to  p o l y m e r s ,  h a v e  
b e e n  d e s c r i b e d  a n d  r e v i e w e d  p r e v i o u s l y  1. N o n e  of t h e m  was  e n t i r e l y  s a t i s f a c t o r y  for 
o u r  p u r p o s e s  b e c a u s e  t h e y  w e r e  too  s low or g o o d  t e c h n i c a l  p e r f o r m a n c e  was  a l l ied  to  
v e r y  h i g h  c a p i t a l  cos t  of e q u i p m e n t .  

I t  is t h e  i n t e n t i o n  of th i s  p a p e r  to  d e m o n s t r a t e  h o w  a p p l i c a t i o n  of t h e  t e c h n i q u e  
of t h i n  l a y e r  c h r o m a t o g r a p h y  (TLC) a l l ied t o  gel  p e r m e a t i o n  c h r o m a t o g r a p h y  (GPC) 
led  t o  r a p i d  q u a n t i t a t i v e  d e t e r m i n a t i o n s  of t h e  m o l e c u l a r  size d i s t r i b u t i o n  of l igno-  
s u l p h o n a t e s .  I t  wil l  be  s h o w n  t h a t  t h e  m e t h o d  can  m e a s u r e  20 or  30 s a m p l e s  e a c h  d a y ;  
o n l y  sma l l  q u a n t i t i e s  (of t h e  o r d e r  of I o o  /,g) of p o l y m e r  are  r e q u i r e d ,  r e su l t s  are  
r e p r o d u c i b l e  to  w i t h i n  a few p e r c e n t  a n d  t h e  m e t h o d  m e a s u r e s  t h e  size of p o l y m e r  
m o l e c u l e s  r a t h e r  t h a n  t h e i r  m o l e c u l a r  we igh t s .  F i n a l l y  t h e  cost  of t h e  a p p a r a t u s  is n o t  
u n r e a s o n a b l y  h i g h - a b o u t  s  , of w h i c h  a b o u t  s  i o o  is g e n e r a l  p u r p o s e  e q u i p m e n t .  

D e t e r m i n a t i o n s  of m o l e c u l a r  w e i g h t  d i s t r i b u t i o n s  of p o l y m e r s  a re  c o m m o n l y  
b a s e d  u p o n  f r a c t i o n a t i o n  p rocedu re s .  T h e s e  v a r i o u s  p r o c e d u r e s  h a v e  b e e n  r e v i e w e d  
s eve ra l  t i m e s  1. T h e y  a re  t e d i o u s  because  s e p a r a t e  f r a c t i o n s  m u s t  be  i s o l a t e d  a n d  
c h a r a c t e r i s e d .  

A fa i r ly  r e c e n t  b u t  r a p i d l y  d e v e l o p i n g  m e t h o d ,  ca l led  gel  p e r m e a t i o n  c h r o m a t o -  
g r a p h y  (GPC) (of ten  r e f e r r e d  to  as gel  f i l t r a t ion) ,  is c h a r a c t e r i s e d  b y  t h e  c a p a c i t y  of 
c e r t a i n  gel - l ike  s u b s t a n c e s  t o  o b s t r u c t  t h e  p a s s a g e  of l a rge  m o l e c u l e s  in  so lu t i on ,  
t h r o u g h  t h e m .  A r e v i e w  of t h e  t e c h n i q u e  w i t h  spec ia l  r e f e r e n c e  t o  c r o s s - l i n k e d  dex-  
t r a n s  ~ was  p u b l i s h e d  b y  PORATH. I t  is a process  w h i c h  f r a c t i o n a t e s  m o l e c u l e s  a c c o r d i n g  
to  t h e i r  sizes 3-5. T h e  m e a s u r e m e n t s  d e s c r i b e d  in  t h i s  p r e s e n t  p a p e r  a re  b a s e d  on  a 
G P C  process  a n d  resu l t  in  a m o l e c u l a r  size d i s t r i b u t i o n .  S e p a r a t e  c h a r a c t e r i s a t i o n s  
of  f r a c t i o n s  are  n o t  r e q u i r e d ;  o n l y  a c a l i b r a t i o n  p r o c e d u r e .  

FLODIN was  ea r ly  in  t h e  f ield of GPC u s i n g  h y d r o p h i l i c  gels such  as c ro s s - l i nked  
d e x t r a n s  of w h i c h  " S e p h a d e x ' "  is t h e  c o m m o n l y  a v a i l a b l e  e x a m p l e  6. H e  a p p l i e d  
t h e  t e c h n i q u e  to  such  s u b s t a n c e s  as t h e  g l o b u l a r  p r o t e i n s .  MOORE w o r k e d  w i t h  l i g h t l y  
c r o s s - l i n k e d  p o l y s t y r e n e s  as t h e  gel  s u b s t a n c e s  7 a n d  d e v e l o p e d  his  m e t h o d  w i t h  
s o l u t i o n s  of h y d r o p h o b i c  p o l y m e r s  such  as p o l y s t y r e n e s .  S ince  t h a t  t i m e  G P C  b y  
c o l u m n  c h r o m a t o g r a p h y  a t  least ,  has  e x p a n d e d  g r e a t l y  so t h a t  a v a r i e t y  of  s u i t a b l e  
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gel  s u b s t r a t e s  a r e  a v a i l a b l e  for  s t u d y i n g  p o l y m e r  s o l u t i o n s  t h a t  a re  b o t h  h y d r o p h i l i c  
a n d  h y d r o p h o b i c .  Q u a n t i t a t i v e ,  if  e m p i r i c a l ,  r a l a t i o n s h i p s  b e t w e e n  m o l e c u l a r  w e i g h t  
or  m o l e c u l a r  size, a n d  r a t e s  of m o v e m e n t  of t h e  m o l e c u l a r  spec ies  d o w n  t h e  c o l u m n  
of gel  h a v e  b e e n  e v o l v e d  b y  s e v e r a l  a u t h o r s .  ANDREWS, in  p a r t i c u l a i  a, o b t a i n e d  
r o u g h l y  l i n e a r  r e l a t i o n s h i p s  b e t w e e n  t h e  l o g a r i t h m  of m o l e c u l a r  w e i g h t  a n d  e l u t i o n  
v o l u m e  of m i x t u r e s  of p r o t e i n s  s e p a r a t e d  on  c o l u m n s  of S e p h a d e x .  H e  e x t e n d e d  t h e s e  
d a t a  to  s e p a r a t i o n s  c a r r i e d  o u t  on  t h i n  l a y e r s  of S e p h a d e x .  A few m o n t h s  l a t e r  MORRIS* 
p u b l i s h e d  d a t a  on t h e  s e p a r a t i o n  of p r o t e i n s  b y  a s i m i l a r  t e c h n i q u e .  

I t  w a s  n o t ,  t he r e fo re ,  a b ig  s t e p  to  t h e  i dea  of m e a s u r i n g  t h e  m o l e c u l a r  w e i g h t  
d i s t r i b u t i o n  of l i g n o s u l p h o n a t e s  b y  t h e  s a m e  k i n d  of t h i n  l a y e r  c h r o m a t o g r a p h i c  
m e t h o d .  H o w e v e r ,  ANDREWS a n d  MORRIS o n l y  r e q u i r e d  to  i d e n t i f y  t h e  p o s i t i o n  to  
w h i c h  a s u b s t a n c e  h a d  m i g r a t e d  on  a p l a t e .  T h e y  were  n o t  c o n c e r n e d  w i t h  m e a s u r i n g  
t h e  a m o u n t  of s u b s t a n c e  a t  a g i v e n  locus  on  t h e  p la t e .  

B y  c o n t r a s t  in  o r d e r  to  d e t e r m i n e  t h e  m o l e c u l a r  w e i g h t  d i s t r i b u t i o n  of p o l y m e r ,  
i t  is n e c e s s a r y  to  m e a s u r e  t h e  d i s t r i b u t i o n  of p o l y m e r  c o n c e n t r a t i o n  w i t h  d i s t a n c e ,  
a l o n g  t h e  p l a t e .  I n  o rde r  to  o b t a i n  u se fu l  q u a n t i t a t i v e  d a t a  i t  w a s  r e q u i r e d  to  o b t a i n  
a v e r y  u n i f o r m  l a y e r  of gel  a n d  to  dev i s e  a m e t h o d  of a c c u r a t e l y  m e a s u r i n g  c o n c e n -  
t r a t i o n s  of p o l y m e r  s o l u t i o n s  a t  s e l e c t e d  p o i n t s  on  a T L C  p la t e .  

T h e  s e c o n d  of t he se  o b j e c t i v e s  was  a c h i e v e d  b y  s p e c t r o p h o t o m e t r i c  m e a n s .  T h e  
r e su l t s  q u o t e d  in  t h i s  p a p e r  a re  for  l i g n o s u l p h o n a t e s  w h i c h  h a v e  a c h a r a c t e r i s t i c  
a b s o r p t i o n  m a x i m u m  in  t h e  u l t r a v i o l e t  a t  282 In# ,  a n d  t h i s  w a v e l e n g t h  w a s  u s e d  for  
m e a s u r e m e n t .  Also  t h e r e  w a s  r e q u i r e d  p rec i se  l o c a t i o n  of t h e  s a m p l e  on t h e  T L C  p l a t e .  
F i n a l l y ,  i t  w a s  e s s e n t i a l  t h a t  t h e  s a m p l e  w a s  e l u t e d  a l o n g  t h e  p l a t e  on a n  a c c u r a t e l y  
p r e d i c t a b l e  locus ,  p r e f e r a b l y  p a r a l l e l  t o  t h e  edge  of t h e  p l a t e .  O p t i c a l l y  u n i f o r m  l a y e r s  
of gels  v a r y i n g  b y  no  m o r e  t h a n  a b o u t  0 .005  a b s o r b a n c e  u n i t s ,  were  a c h i e v e d  b y  
ca re fu l  use  of m o d i f i e d  c o n v e n t i o n a l  t e c h n i q u e s .  

I t  s h o u l d  b e  r e m a r k e d  in  c o n c l u s i o n  to  t h i s  i n t r o d u c t i o n  t h a t  t h e  t e c h n i q u e  
d e s c r i b e d  b e l o w  suffers  f r o m  one  r e c o g n i s e d  d i s a d v a n t a g e "  i t  r e q u i r e s  a r a t h e r  h i g h  
deg ree  of m a n i p u l a t i v e  skil l ,  w h i c h  is n o t ,  i l l  o u r  j u d g e m e n t ,  e a s i l y  a c q u i r e d  b y  
u n t r a i n e d  p e r s o n n e l .  

E X P E R I M E N T A L  

Lignosuljohonates 
T h i n  l a y e r  c h r o m a t o g r a p h y  w a s  c a r r i e d  o u t  on  s o l u t i o n s  of s u l p h i t e  l y e  " C . A .  

L i q u o r "  s u p p l i e d  b y  W a r g o n s  A . B . ,  V a r g 6 n ,  S w e d e n .  T h e  f r a c t i o n s  n e e d e d  for  calla 
b r a t i o n  p u r p o s e s  w e r e  o b t a i n e d  f r o m  t h e  s a m e  m a t e r i a l .  

Gels 
" ' S e p h a d e x ' "  Super f ine ,  G r a d e s  G-25,  G-5o,  G-75 a n d  G - I o o  s u p p l i e d  b y  P h a r -  

m a c i a  A.13. of U p p s a l a ,  S w e d e n ,  w e r e  u s e d  t h r o u g h o u t  t h e  w o r k .  T h e  G-25,  75 a n d  IOO 
gels  were  s e d i m e n t e d  a t  low c o n c e n t r a t i o n s  ill o r d e r  to  r e m o v e  t h e  r e l a t i v e l y  l a r g e  
a n d  s m a l l  p a r t i c l e s .  T h i s  p r o c e d u r e  g a v e  m o r e  u n i f o r m  t h i n  l aye r s .  I t  w a s  f o u n d  t h a t  
s e v e r a l  S e p h a d e x  s a m p l e s  c o n t a i n e d  s u b s t a n t i a l  q u a n t i t i e s  of p a r t i c l e s  o u t s i d e  t h e  
n o m i n a l  s ize  r a n g e .  Gels  we re  s wo l l en  in  t h e  p r e s c r i b e d  m a n n e r  6 w i t h  bu f f e r  s o l u t i o n  
(I  1, pFI  6.80) c o n t a i n i n g  d i s o d i u m  h y d r o g e n  p h o s p h a t e  (23. 9 g),  p o t a s s i u m  d i h y d r o g e n  
p h o s p h a t e  (9-I  g) a n d  s o d i u m  c h l o r i d e  (5.85 g). Gels  of a t h i n  c o n s i s t e n c y  were  f o u n d  
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t o - b e  = s a t i s f a c t o r y  a n d  t h i s  w a s  j u d g e d  b y  r o t a t i n g  t h e m  in bo t t l e s .  T h e  m a n n e r  in 
w h i c h  t h e  gel  f i lm s p r e a d  on  t h e  s u r f a c e  of t h e  b o t t l e  w a s  f o u n d  a u s e f u l  gu ide .  N o  
sc i en t i f i c  s t a n d a r d  for  j u d g i n g  s u i t a b l e  gel  c o n s i s t e n c y  w a s  f o u n d .  

Spreading of gels on TLC plates 
Gels  w e r e  s p r e a d  o n  p o l i s h e d  s i l ica  p l a t e s  (2o c m  long,  5 c m  w i d e  a n d  o.2 c m  

t h i c k ) ,  s u p p l i e d  b y  T h e r m a l  S y n d i c a t e  L t d .  T h e y  w e r e  c l e a n e d  s u c c e s s i v e l y  w i t h  
c h r o m i c  ac id ,  w a t e r  a n d  a c e t o n e ,  a n d  f ina l ly  d r i e d  in  a n  o v e n  a t  80 ~ for  5 - 1 o  ra in .  T h e  
t h i n  l a y e r s  w e r e  f o r m e d  w i t h  a n  a u t o m a t i c  p l a t e  l e v e l l e r  a n d  s p r e a d e r  s u p p l i e d  b y  
Q . V . F .  L t d .  I t  w a s  f o u n d  n e c e s s a r y ,  in o r d e r  to  o b t a i n  u n i f o r m  l a y e r s  of gel ,  t o  
s e p a r a t e  i n d i v i d u a l  p l a t e s  ( w h i c h  h a d  been  r a c k e d  h o r i z o n t a l l y  in  a ser ies) ,  f r o m  e a c h  
o t h e r  b y  m e a n s  of d o u b l e  s i d e d  a d h e s i v e  t a p e .  T h e  t a p e  w a s  f ixed  to  t h e  e d g e  of e a c h  
p l a t e  a n d  t h e  a d j a c e n t  p l a t e  m o v e d  u p  to  t h e  f ree  s u r f a c e  of t h e  t a p e .  T h e  t a p e  d i d  n o t  
p r o t r u d e  a b o v e  t h e  t o p  s u r f a c e  of t h e  p l a t e s .  I n  a d d i t i o n  t h e  e n d s  of e a c h  p l a t e  w e r e  
c o v e r e d  w i t h  a w a t e r  r e s i s t a n t  a d h e s i v e  t a p e  0 .64  c m  w i d e  a n d  o . o 1 6  c m  t h i c k .  T h e  
Q . V . F .  s p r e a d i n g  b o x  w a s  t h e n  r e p l a c e d  b y  a s i m i l a r  " h o m e - m a d e "  d e v i c e  f o r m e d  in  
a l u m i n i u m  b u t  w i t h  n o  re l i e f  t o  t h e  p l a n e  b o t t o m  su r f ace .  

TLC plate elution chamber 
T h e  c h a m b e r  is i l l u s t r a t e d  in  Figs .  i a n d  2. I t  w a s  m a c h i n e d  f r o m  a s ing le  

b l o c k  of  P V C  a n d  c o v e r e d  w i t h  a l id  m a d e  f r o m  p l a t e  glass .  T h e  l id  w a s  d r i l l e d  w i t h  

Fig. I, l~lution chamber. 

se r ies  of a c c u r a t e l y  p o s i t i o n e d  3 /16  in.  d i a m e t e r  ho l e s  as  i n d i c a t e d  in  t h e  f igure  a n d  
s e a l e d  t o  t h e  c h a m b e r  w i t h  a r u b b e r  ' 0 '  r ing .  T h e  w h o l e  a s s e m b l y  w a s  p i v o t e d  on  a 
s t a n d  w h i c h  c o u l d  b e  se t  u p  h o r i z o n t a l l y  b y  m e a n s  of t w o  sp i r i t  l eve ls  a t  9 ~  t o  e a c h  
o t h e r .  
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F i g .  2. E l u t i o n  c h a m b e r ,  s i d e  v i e w .  

T h e  r a t e  of  s o l v e n t  t r a v e l  a l o n g  t h e  p l a t e s  ( ~ I .O c m / h )  w a s  c o n t r o l l e d  b y  t i l t i n g  
t h e  c h a m b e r  t h r o u g h  a f ixed  ang le .  T h i s  w a s  a c h i e v e d  b y  a s c r e w  s h o w n  in  t h e  f igures .  
T h e  leve l s  of  b u f f e r  s o l u t i o n  in  b o t h  r e s e r v o i r s  w e r e  e q u a l i s e d  b e f o r e  e a c h  r u n  b y  
m e a n s  of a b r a s s  b a r  f i t t e d  w i t h  p o i n t e d  l e v e l  sc rews .  

Alb#lication of sam#le solutions to TLC lblates 
I n  o r d e r  t o  o b t a i n  u n i f o r m  r e s u l t s  i t  w a s  n e c e s s a r y  b e f o r e  a p p l y i n g  s a m p l e s  to  

t h e  p l a t e s ,  t o  a l l o w  b u f f e r  s o l u t i o n  t o  f low o v e r  t h e m  in  t h e  e l u t i o n  c h a m b e r  for  a t  
l e a s t  24 h.  T h e  c h a m b e r  w a s  t h e n  a d j u s t e d  to  a n  h o r i z o n t a l  p o s i t i o n .  A d r o p  of s a m p l e  
s o l u t i o n  (3 -9  %,  w / v  of l i g n o s u l p h o n a t e ;  I /~1) w a s  f o r m e d  o n  t h e  p l a s t i c  c o a t e d  t i p  of 
a i o / z l  H a m i l t o n  s y r i n g e .  T h e  s y r i n g e  w a s  f i t t e d  w i t h  a p e r s p e x  sp igo t ,  F ig .  3- 

T h e  s y r i n g e  w a s  t h e n  i n s e r t e d  i n t o  o n e  of t h e  ho les  d r i l l e d  in  t h e  glass  l id  of t h e  
e l u t i o n  c h a m b e r  a n d  t h e  d r o p  of s a m p l e  s o l u t i o n  w a s  r e m o v e d  b y  t h e  h o r i z o n t a l  ge l  
su r f ace .  H a v i n g  a p p l i e d  t h e  s a m p l e  s o l u t i o n ,  t h e  p l a t e s  w e r e  a d j u s t e d  to  t h e  a p p r o -  
p r i a t e  ang le ,  e.g. 20-3  ~ for  G-5o p l a t e s .  

A#paratus for  scanning TLC #lates 
A l ine  d i a g r a m  i l l u s t r a t i n g  t h e  a p p a r a t u s  is g i v e n  in  Fig .  4, a n d  Fig .  5 i l l u s t r a t e s  

a n  a n c i l l a r y  c a l i b r a t i o n  c i r c u i t .  
T h e  a p p a r a t u s ,  w h i c h  w a s  s i t u a t e d  i n  a r o o m  k e p t  a t  20 -V 1/2 ~ cons i s t s  of  a 

s p e c t r o p h o t o m e t e r  ( U n i c a m  S P .  500) to  w h i c h  w a s  r i g i d l y  a t t a c h e d  a l i g h t  t i g h t  
h o u s i n g  c o n t a i n i n g  a f r o n t  s u r f a c e d  a l u m i n i s e d  m i r r o r  a t  45 ~ to  t h e  v e r t i c a l  a n d  
a b o v e  i t  a b i c o n v e x  si l ica l ens  of foca l  l e n g t h  6 cm.  T h e  l i g h t  b e a m  w a s  f o c u s s e d  o n  t o  
t h e  h o r i z o n t a l l y  h e l d  p l a t e .  T h e  p l a t e  h o l d e r  s h o w n  i n  F ig .  6 a lso c a r r i e d  t w o  cel ls  of  
k n o w n  a b s o r b a n c e  for  c a l i b r a t i o n  p u r p o s e s .  

L i g h t  t r a n s m i t t e d  t h r o u g h  t h e  p l a t e  w a s  r e c e i v e d  on  a H i l g e r  G i l fo rd  p h o t o c e l l .  
T h e  s i g n a l  f r o m  t h e  p h o t o c e l l ,  w h i c h  w a s  r o u g h l y  l i n e a r  i n  a b s o r b a n c e ,  w a s  t h e n  
" ' l inear i sed ' "  b y  m e a n s  of t h e  H i l g e r - G i l f o r d  a b s o r b a n c e  c o n v e r t e r  a n d  t h e  f ina l  o u t p u t  
r e a d  f r o m  a r e c o r d e r  ( S m i t h ' s  S e r v o s c r i b e  T y p e  R : E .  511) .  A s s o c i a t e d  w i t h  t h e  l ine-  
a r i s i n g  d e v i c e  w a s  a f u r t h e r  c i r c u i t  w h i c h  a s s i s t e d  in  c a l i b r a t i n g  t h e  r e c o r d e r ,  F ig .  5. 
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i 

i 

1 

Perspex spigot 

_ /  
PVC sleeve ~ I I 

Fig .  3. H a m i l t o n  s y r i n g e ,  m o d i f i c a t i o n .  

T h e  T L C  p l a t e  w a s  wel l  l o c a t e d  k i n e m a t i c a l l y ,  in  a h o r i z o n t a l  r a c k  t o t a l l y  
e n c l o s e d  in  a l i gh t  a n d  v a p o u r  t i g h t  c h a m b e r  w h i c h  also c o n t a i n e d  bu f fe r  so lu t ion .  
T h e  p l a t e  was  m o v e d  across  t h e  l i gh t  b e a m  b y  m e a n s  of a m o t o r i z e d  r ack  a n d  p i n i o n  
f i t t e d  w i t h  a c lu tch .  F o u r  t r a c k s  c o u l d  e a c h  be  s e l e c t e d . o n  e a c h  p l a t e  b y  m e a n s  of  a 
s e l e c t o r  rod .  

i 

Photo 
cell 

I 

IDa TUlterium LeLnn  
CaPibvation 
c i rcu i t  

Absorbance 
c o n v e r t e r  i t 

Re.o..o  
(See fig. 5) 

l~ig - 4- S c h e m e  fo r  s c a n n i n g  t h i n  l a y e r  c h r o m a t o g r a p h i c  p l a t e s .  

Procedure for scanning plates 
A p l a t e  was  t a k e n  f r o m  t h e  enc lo sed  e l u t i o n  c h a m b e r  a n d  r a p i d l y  t r a n s f e r r e d  

( a b o u t  IO sec) t o  t h e  s c a n n i n g  a p p a r a t u s .  E v e n  d u r i n g  th i s  s h o r t  p e r i o d  s o m e  w a t e r  
e v a p o r a t e s  f r o m  t h e  gel  l ayer ,  w i t h  c o n s e q u e n t  i n c r e a s e  ill op t i ca l  a b s o r b a n c e .  T h e  
p l a t e  was  t h e r e f o r e  a l l o w e d  to  r e - e q u i l i b r a t e  in  t h e  s c a n n i n g  a p p a r a t u s  a n d  e q u i l i b r i u m  

J .  Chrorna.t, og., 32 (1968) 6 4 - 7 4  
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Plessey six-way Plug 
ry 

Interlocked 
switches 

Potentiometer 
coupled to 
absorbance read out 

Fine null 
switch &- 
(blased off) 

Fig. 3. Calibration circuit. 

Selector rod 

Calibrated pinion 

CHAIN B SPROCKET ctritie 

Electric motor 

Fig. 6. Thin layer chromatographic plate holder. 

was indicated by a ‘constant reading from the recorder, This procedure usually took 
about IO min. The apparatus was then calibrated by means of the two cells containing 
standard solutions, held in the same rack as the TLC plate. Finally, the absorbance 
of the four sample tracks on the plate was measured. 

RESULTS 

Fig. 7 shows a typical chromatogram together with the’absorbance of the same 
track before a sample was applied to the plate. 

J. ClrroEalog., 32 (x968) 64-74 
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Fig. 7, Thin layer chromatography of lignosulphonatc on G-go Scphadex. 

The absorbance of the gel itself varied along the plate by about -J= 0.005 absor- 
bance units. However, this pattern of variation was accurately reproduced when the 
plate was repeatedly run through the scanning apparatus. Furthermore, the patterns 
of variation found for blank plates were reflected in the corresponding sample traces. 
Fig. 7 shows some indication of this. Consequently it became the practice to subtract 
the blank trace from the sample trace and to retain this graphically corrected data. 
The remaining data given below is expressed in this form and Fig. S shows “nor- 
malized” chromatograms of a single sample solution obtained from three separate 
tracks on three separate plates. 

plate 63% 
0 

Fig. 8. Replicate chromatograms on three separate plates, using G-50 Scphadex. 

The total areas under the curves vary substantially (rf IO y. about: the mean) 
due almost certainly to variation in the amount of sample applied to the plate. It was 
subsequently found that the I ,ul drops of sample were only precise to within -& IO oh 
(within 95 % confidence limits). But for any selected band width under any one of the 
separate curves, the proportional areas in fact vary by less than 5 %. Also the positions 
of the main peak to the right relative to the peak on the left,. were consistent to one 
part in ILOO. Despite the pr&auti.ons taken the distance of the extreme left-hand peak 
from the point of sample application on the right varied a little from plate to plate. 

J.C?womalo~., 32 (1968) 64-74 
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Therefore, the chromatograms in Fig. 8 were adjusted to the same elution length of 
15 cm. 

A similar practice is usually adopted in paper chromatography in order to 
normalise the variations of solvent migration on the paper. Following MORRIS'@ exam- 
ple we took a further convention from paper chromatography in using Rp values 
which in this case were the ratios of distances travelled by polymeric species along 
the plate to the distance travelled by excluded (i.e. unfractionated) high molecular 
weight material. The distance travelled by this high molecular weight material is 
demonstrably equivalent to the distance which the buffer solution has travelled. This 
is because in GPC the largest molecules are, in effect, excluded by the gel and do not 
fractionate at all. It has been demonstrated by ANDERSON AND STODDART~ that these 
RF values are directly related to the usual GPC parameters. 

It is a good general principle in chromatography to use samples which are small 
in quantity relative to the stationary phase; this is particularly true of hydrophobic 
GPCr”. However, ANDREWSQ found that concentration levels are less important with 
the hydrophilic Sephadex. He found no concentration effect for selected proteins in 
the range 0.01 to 0.5 %. 

TheTLC technique described here is limited to concentrations of lignosulphonate 
of 3 o/o or more because of the variation in absorbance (although small) of the thin gel 
layers themselves. Also, a further limitation comes from the diameter of the spot of 
sample applied to the plate, which is as much as 4 mm from I ,~cl of solution. Despite 
this it was found that three solutions containing respectively 3, 6 and g yO of ligno- 
sulphonate were eluted on one TLC plate with no substantial differences in the chro- 
matograms when the areas under each were scaled in the ratios I :z : 3 (see Fig. c,). 

CbnZbyotion of sample Relative area 
Under orlginal curves 

Distance ‘kng p&e (cm) 
4 0 

Fig. g. Effect of concentrating, using G-go Sephadcx, 

It is true that a different distribution may become apparent at concentrations 
lower than 3 :& but these are beyond the capacity of the present method. 

In order to obtain a full description of the molecular size distribution of a poly- 
disperse polymer, it was a prerequisite that samples should be adequately fractionated. 
Lignosulphonates have molecular weights ranging from a few hundred to several 
million. Unfortunately, a single gel substance is not a satisfactory solution to this 
problems and it was necessary to use four different Sephadex gels in order to obtain 
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Fig. IO. Chromatograms on four Scphadcs gels. 
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Fig. I I, Thin layer chromatographic calibration 
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Fig. x2. Integral niolecular size distribution of 8 lignosulphonate. 
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good coverage of a. full range of molecular weights. Fig. ro,shows the results obtained 
from these gels. 

Thin layers prepared from these various gels were calibrated by means of 
narrowly fractionated lignosulphonate samples. The calibration curves for these sam- 
ples are shown in Fig. 1 r , 

The narrowly fractionated materials were prepared by column chromatography 
of the polydisperse material on columns of Sephadex. They were shown to be narrow 
fractions by comparison of their weight and number average molecular weights. 
The ratio Mw/Mn was between 1.0 and 1.10. Wydroclynamic diameters of the ligno- 
sulphonates of narrow molecular weight distribution were calculated from their 
average molecular weights and partial specific volumes. A full description of the 
preparation and characterisation of these calibrants will be given elsewhere. 

From the data given in the preceding figures it was possible to calculate a 
molecular size distribution of a total sample. Fig. 12 shows this. Certain corrections 
had to be made for the variation in the optical extinction co-efficients of the various 
lignosulphonate fractions : it was found that the co-efficients increased with decrea- 
sing molecular weight. These variations will also be dealt with elsewhere. 

DISCUSSION 

The data presented in this paper refer to lignosulphonates which are polydisper se 
polymers. It has been shown that a useful description of the molecular size distribution 
may be obtained rapidly by TLC using the gel permeation processes. The results 
obtained are similar to those published by GARDON AND MASONIC who fractionated 
their samples either by precipitation methods or by dialysis. Their molecular weights 
were determined by a variety of classical procedures, such as osmometry, light scat- 
tering and ultra centrifugation. The agreement is satisfactory bearing in mind that 
samples used in this work were common to those described previously, only in the 
respect that they were obtained by sulphonation of spruce wood. 

Waving said this, it is worth remarking some detailed features of the distribution 
curve given in Fig. 11, There is an absence of data at the low and high molecular 
size extremities. This is because of diffkulties which were encountered in preparing 
suitable calibrants from our chosen source of lignosulphonates. 

It is also noticeable that the data diverges from the mean at the extremities of 
the fractionation ranges of the four gels. For example, the data obtained on G-25 
layers diverges for molecules with diameters of greater than about 25 A and the G-100 
data diverges for molecules with diameters of less than about 35 A. We have no 
satisfactory explanation of these divergencies but believe they are real. It could be, 
despite the evidence presented above on concentration effects, that concentration 
does play some part; one of which is most strongly marked at the extremities of a 
particular gel’s fractionation range. 

It would appear that the TLC method described above is not generally appli- 
cable to other polymer systems because it is limited by two factors: light absorbance 
of the-gel substrate- even the cross-linked dextrans showed very little transmittance 
below 250 rnp and the hydrophobic gels such as cross-linked polystyrene absorb much 
more strongly in the ultra violet. Secondly, very few polymers have strong charac- 
teristic absorption bands in the visible or ultraviolet frequencies. . . 
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However, it is possible that quantitative staining or radio tracer techniques 
may be adapted to suit the method which has been described here. 
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SUMMARY 

Thin layer chromatography has been previously applied to the separation and 
sizing of globular proteins. This paper describes an extension of the method to give 
rapid determinations ‘of the molecular size distribution of lignosulphonates. These 
substances are water soluble polydisperse polymers which are well fractionated on 
columns of the hydrophilic gel substance “Sephadex”. 

Thin optically uniform ‘layers of Sephadex were prepared on silica plates. 
Accurate location of samples on the plates yielded chromatograms which were meas- 
ured spectrophotometrically by transmission at zSz mp. The chromatograms were 
reproducible in all respects, to within & 5 %. Although relatively high concentrations 
of polymer solutions were required for measurement (G-g T/O of lignosulphonate) it is 
not thought that chromatograms were in error due to concentration effects. 

The use of four different Sephadex gels: G-25, G-50, G-75 and G-100, together 
with a number of narrowly fractionated lignosulphonates of known molecular size, 
led to a complete molecular size distribution of the polydisperse samples. 

Up to 32 chromatograms have been obtained in one day. The specialised equip- 
ment necessary to this method is not costly, but a good degree of manipulative skill 
is required. 
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