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APPLICATION OF THIN-LAYER ION EXCHANGE CHROMATOGRAPHY 

AND RELATED FIELDS. 
A REVIEW ARTICLE 

AND VIDEO-DENSITOMETRY /CV-TECHNIQUE/ I N  BIOCHEMISTRY 

P. E l o d i  a n d  T. K a r s a i  
D e p a r t m e n t  o f  B i o c h e m i s t r y  
U n i v e r s i t y  M e d i c a l  S c h o o l  

H-4012 D e b r e c e n ,  POB 6,  H u n g a r y  

I NTR0,DUCTI ON 

The v a r i o u s  c h r o m a t o g r a p h i c  p r o c e d u r e s  h a v e  made 

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

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

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

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

o r i g i n  o r  t h e  p r e p a r a t i o n  i n  p u r e  f o r m  o f  s u b s t a n c e s  

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

u n f e a s i b l e  w i t h o u t  t h e  i n c l u s i o n  o f  one o r  more chroma- 

t o g r a p h i c  s t e p s .  

P a r t i c u l a r  a t t e n t i o n  i s  p a i d  t o  p r o c e d u r e s  which 

i m p r o v e  t h e  e f f i c i e n c y  o f  a n a l y t i c a l  work b y  s i m p l i -  
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810 ELODI AND KARSAI 

f y i n g  a l r e a d y  e x i s t i n g  p r i n c i p l e s  and t e c h n i q u e s  

w i t h o u t  u n f a v o u r a b l y  a f f e c t i n g  a c c u r a c y  and s e n s i t i v -  

i t y .  I n  t h i s  c o n t e x t  e f f i c i e n c y  m+ans one o r  more o f  

t h e  f o l l o w i n g  : 

1. A c o n s i d e r a b l e  r e d u c t i o n  i n  t h e  amount o f  

specimen r e q u i r e d  f o r  t h e  a n a l y s i s ,  i n  case 

o f  subs tances  t h a t  a r e  n o t  r e a d i l y  a v a i l a b l e  

o r  a r e  a t  o u r  d i s p o s a l  o n l y  i n  s m a l l  q u a n t i t y ;  

2 .  The s h o r t e n i n g  o f  t i m e  p e r i o d  r e q u i r e d  f o r  . 

t h e  a n a l y s i s ,  p a r t i c u l a r l y  i f  l a r g e  s e r i e s  

c o m p r i s i n g  a g r e a t  number o f  spec imens a r e  

t o  be a n a l y z e d ;  

3. L a s t  b u t  n o t  l e a s t ,  i n  s e r i a l  a n a l y s e s  t h e  

q u e s t i o n  o f  expenses i s  a l s o  i m p o r t a n t .  

In t h i s  s u r v e y  a b r i e f  r e v i e w  w i l l  be g i v e n  o f  

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

r e c e n t l y  i n t r o d u c e d  techn iques .  As can be j u d g e d  f rom 

t h e  e x p e r i e n c e s  accumu la ted  so  f a r  t hese  two methods,  

w h i c h  a r e  v a r i a t i o n s  on t h e  theme o f  i o n  exchange 

chromatography  and d e n s i t o m e t r y ,  s a t i s f y  t h e  above 

t h r e e  c o n d i t i o n s .  T h i s  r e n d e r s  t h e  accompl ishment  o f  

c e r t a i n  t a s k s  p o s s i b l e  w h i c h  have s o  f a r  been hampered 

by  t h e  l i m i t a t i o n s  o f  a v a i l a b l e  methods,  such a s  t h e  

d e t e r m i n a t i o n  o f  enzyme c o n t e n t  o f  t i s s u e  s p e c i n e n s  

on  t h e  m i l l i g r a m  s c a l e  and o t h e r s .  
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THIN-LAYER ION EXCHANGE CHROMATOGRAPHY 811 

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

c a t i o n  e x c h a n g e  r e s i n s  i n  t h i n  l a y e r .  U n d e r  s u c h  c o n -  

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

i o n  e x c h a n g e r  d o  n o t  c h a n g e  b u t  t h e  a m o u n t  o f  

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

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

o p m e n t  o f  a d e n s i t o m e t r i c  t e c h n i q u e  t h a t  i s  n e w . i n  

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

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

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

i n  r e f l e c t e d  l i g h t .  I t  i s  a l s o  a p p l i c a b l e  t o  s u b -  

s t a n c e s  a b s o r b i n g  i n  t h e  u l t r a v i o l e t  r a n g e  o r  h a v i n g  

f l u o r e s c e n t  p r o p e r t i e s .  I n  t h e  f o l l o w i n g ,  t h e  com- 

b i n a  t i o n  o f  c h r o m a t o g r a p h y .  w i  tli v i d e o - d e n s i  tome t r y  

w i l l  b e  r e f e r r e d  t o  a s  C V - t e c h n i q u e .  

T h i n  l a y e r  i o n  e x c h a n g e  c h r o m a t o g r a p h y  

One o f  t h e  most w i d e - s p r e a d  f i e l d  o f  a p p l i c a -  

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

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

a u t o m a t i c  a m i n o  a c i d  a n a l y z e r  b y  Hirs ,  Moore a n d  

S t e i n  /l/. T h e  a m o u n t  o f  s p e c i m e n  r e q u i r e d  f o r  

a n a l y s i s  h a s  s i n c e  u n d e r g o n e  c o n s i d e r a b l e  r e d u c -  

t i o n ,  s t i l l  t h e  m e t h o d  i s  r a t h e r  d e m a n d i n g  i n  

r e s p e c t  o f  f i n e  c h e m i c a l s .  T h e  i n s t r u m e n t  c a n  h a n -  

d l e  o n l y  o n e  s p e c i m e n  a t  a time a n d  o n e  a n a l y s i s  
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812 ELODI AND KARSAI 

t a k e s  a t  l e a s t  2-3 h o u r s .  These f e a t u r e s  become 

e s p e c i a l l y  i m p o r t a n t  i f  a g r e a t  number o f  samples 

a r e  t o  be ana lyzed .  I t  was D d v 6 n y i  /2/ who r a i s e d  

t h e  p o s s i b i l i t y  t h a t  t h e  p r o p e r t i e s  o f  i o n  ex-  

changers  can be f a v o u r a b l y  combined w i t h  t h e  advan-  

tages  o f f e r e d  by  t h i n  l a y e r  techn ique .  I n  t h i s  way, 

w h i l e  t h e  i o n  exchanger  p r e s e r v e s  i t s  good r e s o l v i n g  

power d u r i n g  chromatography  / 3 / ,  b o t h  t h e  q u a n t i t y  

o f  spec imen,  a l o n g  w i t h  t h e  r e q u i r e m e n t  f o r  chemi -  

c a l s ,  and  t h e  t i m e  needed f o r  t h e  a n a l y s e s  can  be 

marked ly  decreased.  T h i s  i s  due t o  t h e  f a c t  t h a t  

s e v e r a l  spec imens can be r u n  on t h e  t h i n  l a y e r  c h r o -  

m a t o p l a t e  s i m u l t a n e o u s l y ,  moreover ,  many chromato-  

p l a t e s  can be chromatographed a t  t h e  same t ime.  I t  

i s  t hus  f e a s i b l e  t o  p e r f o r m  t h e  c h r o m a t o g r a p h i c  

a n a l y s i s  o f  as many as s e v e r a l  hundred  samples a t  

a t ime  under  i d e n t i c a l  c o n d i t i o n s ,  

A t  p r e s e n t  t h e r e  i s  a Dowex 50 x 8 t y p e ,  

s t r o n g l y  a c i d i c  c a t i o n  exchange t h i n  l a y e r  chromato-  

p l a t e  c o m m e r c i a l l y  a v a i l a b l e  under  t r a d e  names 

F i x i o n  50  x 8 / C h i n o i n ,  Budapes t ,  Hungary/  and 

I o n e x  SA-25 /Macherey and N a g e l ,  Duren,  F.R,G.//4/. 

These c o n t a i n  a r e s i n  l a y e r  c o n s i s t i n g  o f  s p h e r i c a l  

beads o f  8-15 um i n  d i a m e t e r  f i x e d  by  t h e  a i d  o f  

an i n d i f f e r e n t  a d h e s i v e  o n t o  20 x 20 cm p l a s t i c  

f o i l s .  The p l a t e s  / o r  s h e e t s /  a r e  a v a i l a b l e  i n  Na+ 
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THIN-LAYEI( ION EXCHANGE CHROMATOGRAPHY 813 

o r  L i '  form, but  t h e  c o u n t e r i o n  can be exchanged a t  

w i l l  by pre-chromatography w i t h  t h e  a p p r o p r i a t e  

s o l u t i o n  /5/. I n  c a s e  of  not  p a r t i c u l a r l y  a g g r e s s i v e  

ch romatograph ic  s o l u t i o n s ,  i n  w a t e r  o r  media a l s o  

c o n t a i n i n g  o r g a n i c  s o l v e n t s ,  a r u n  l a s t s  f o r  1-2 

h o u r s .  On a c h r o m a t o p l a t e  6 t o  8 / i n  c a s e  of need '  

a l s o  10/ samples  2 t o  2 0 . ~ 1  each  can be l o a d e d .  

The a p p r o p r i a t e  s e p a r a t i o n  of  s u b s t a n c e s  and 

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

needed f o r  q u a n t i t a t i o n  a r e ,  j u s t  l i k e  i n  t h e  o t h e r  

v a r i e t i e s  o f  i o n  exchange,  dependent  upon t h e  e x p e r -  

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

o f  s p e c i f i c  i o n s  and/or  o r g a n i c  s o l v e n t s  , t e m p e r a t u r e ,  

e t c .  I n  c e r t a i n  i n s t a n c e s  two s u c c e s s i v e  ch romatograph ic  

r u n s  i n  d i f f e r e n t  media proved u s e f u l .  

F o r  t h e  a p p l i c a t i o n  of t h i n  l a y e r  i o n  exchange 

chromatography experience has  accumulated i n  t h e  

a n a l y s i s  of  amino a c i d s ,  n u c l e o s i d e s  and t h e i r  d e r i v -  

a t i v e s  , a n t i b i o t i c s ,  v a r i o u s  d r u g s  , aminosugars  and 

i n o r g a n i c  i o n s .  As r e g a r d s  t h e  a p p l i c a b i l i t y  of  t h e  

CV-technique t h e  main body of works i s  r e l a t e d  t o  t h e  

d e t e r m i n a t i o n  of amino a c i d s .  

V ideo-dens i tome t ry  

T h i s  t e c h n i q u e  i s  unique among d e n s i t o m e t r i c  

p r o c e d u r e s  bo th  i n  p r i n c i p l e  and from t h e  p r a c t i c a l  
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814 EZODI AND KARSAI 

p o i n t  o f  v i e w  /6/ and can be  c h a r a c t e r i z e d  b r i e f l y  

as f o l l o w s .  I n  c o n t r a s t  t o  v a r i o u s  c o m m e r c i a l l y  

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

men i s  moved a g a i n s t  a l i g h t  beam nar rowed  b y  a s l i t  

and some k i n d  o f  d e t e c t o r  m o n i t o r s  t h e  t r a n s m i t t e d  

o r  r e f l e c t e d  l i g h t ,  i n  t h e  TELECHROM v i d e o - d e n s i t o -  

me te r  / C h i n o i n ,  Budapest ,  Hungary/  s c a n n i n g  i s  p e r -  

formed e l e c t r o n i c a l l y  s o  t h a t  t h e  specimen p l a c e d  

i n t o  t h e  i l l u m i n a t i o n  chamber o f  t h e  i n s t r u m e n t  i s  

scanned by  an e l e c t r o n i c  system. The d e t e c t o r  of t h e  

sys tem i s  a V i d i c o n - t u b e  gove rned  b y  t h e  e l e c t r o n i c s :  

on t h e  one hand, i t  d e t e r m i n e s  t h e  a r e a  t o  be scan-  

ned and, on t h e  o t h e r  hand, i t  p e r f o r m s  t h r e e - d i -  

mens iona l  i n t e g r a t i o n  i n  w h i c h  t h e  x and y axes 

c o r r e s p o n d  t o  t h e  geomet ry  of t h e  s p o t ,  whereas 

a x i s  z co r responds  t o  d e n s i t y .  The s i z e  o f  spec imen 

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

between 200 x 200 mm and 24 x 36 mm. The Zoom- 

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

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

On t h i n  l a y e r s  o f  s i z e  used i n  e v e r y d a y  p r a c -  

t i c e  u s u a l l y  s e v e r a l  samples a r e  r e s o l v e d  chroma tog -  

r a p h i c a l l y  o r  e l e c t r o p h o r e t i c a l l y .  The amount o f  t h e  

i n d i v i d u a l  components o f  each sample can be measured 

by  s e t t i n g  t h e  e l e c t r o n i c  "window" / t h e  s o - c a l l e d  

d a r k  window/ o f  t h e  i n s t r u m e n t ,  w h i c h  can  be v a r i e d  
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THIN-LAYER ION EXCHANGE CHROMATOGRAPHY 

a t  w i l l  b o t h  i n  s i z e  and  shape,  a c c o r d i n g  t o  t h e  

s i z e  and shape o f  t h e  sample t o  be ana lyzed .  I n  

t h i s  way we g e t  t h e  sum o f  d e n s i t i e s  o f  all c o l o u r e d  

s p o t s  p r e s e n t  i n  t h e  sample / t o t a l  d e n s i t y / .  Then 

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

p o s i t i o n e d  above each s p o t  i n  t u r n ,  when we g e t  

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

o f  t h e  t o t a l  d e n s i t y .  The d e t e r m i n a t i o n  o f  t h e  

d e n s i t y  o f  an i n d i v i d u a l  s p o t  t a k e s  i n  t h i s  way 

abou t  4 sec. Hav ing  s e t  t h e  windows,  t h e  i n s t r u m e n t  

a u t o m a t i c a l l y  r e p e a t e s  t h e  programme. T h i s  f e a t u r e  

i s  i m p o r t a n t  above a l l  i n  measur ing  l a r g e  s e r i e s  /7/> 

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

any number o f  s i m i l a r  c h r o m a t o p l a t e s  can be e v a l u -  

a t e d  w i t h i n  a r e l a t i v e l y  s l i c r t  r i m e  p e r i o d ,  A.5 c31:.: - 
l a t e d  f rom a l a r g e  number o f  measurements, t h e  e r r o r  

o f  v i d e o - d e n s i t o m e t r i c  d e t e r m i n a t i o n s ,  as r e g a r d s  

r e p r o d u c i b i l i t y ,  i s  lass t h a n  1 %. D e n s i t y  v a l u e s  

may be d i r e c t l y  r e a d  f rom t h e  d i g i t a l  d i s p l a y  o f  che 

i n s t r u m e n t ,  b u t  t h e y  may a l s o  be r e c o r d e d  by t h e  a i d  

o f  an o n - l i n e  c a l c u l a t o r  and p r i n t e r ,  Moreover ,  t h e  

programme g i v e n  in t h e  computer  also e n a b l e s  one t o  

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

u n i t s  d i r e c t l y .  I f  a p l o t t e r  i s  a t t a c h e d  t o  t h e  

i n s t r u m e n t  t h e  d e n s i t y  p r o f i l e  can a l s o  be reco rded ,  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



816 E L O D I  AND KARSAI 

The q u a n t i t a t i v e  e v a l u a t i o n  is o n l y  r e l i a b l e ,  

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

by some r e a g e n t ,  o f  v a r i o u s  subs tances  p r e s e n t  i n  t h e  

sample is i d e n t i c a l  and i f  t h e  d e n s i t y  v a l u e s  a r e  

p r o p o r t i o n a l  t o  t h e  amount o f  m a t e r i a l .  These two 

c o n d i t i o n s  a r e  met, w i t h  t h e  e x c e p t i o n  o f  p r o l i n e ,  

f o r  t h e  amino a c i d s ,  wh ich  rendered  i t  p o s s i b l e ,  

f o r  example, t o  s c r e a n  t h e  amino a c i d  c o m p o s i t i o n  

o f  s e v e r a l  thousand specimens o f  c o r n  a t  t h e  ex-  

pense o f  reasonab le  t i m e  and  l a b o u r  /8, 9/. I n  f a c t ,  

as compared w i t h  o t h e r  t e c h n i q u e s  v i d e o - d e n s i t o n e t r y  

copes w i t h  such t a s k s  n o t  o n l y  much f a s t e r  b u t  a l s o  

w i t h  g r e a t e r  a c c u r a c y  /lo/* The s e t  o f  f i l t e r s  

a v a i l a b l e  w i t h  t h e  i n s t r u m e n t  makes i t  p o s s i b l e  t o  

e l i m i n a z e  f a l s e  d e n s i t i e s  due t o  s p o t s  o f  anomalous 

c o l o u r .  A p a r t  f rom t h e  v i s i b l e  l i g h t  s o u r c e s ,  : .~; i ich 

can be o p e r a t e d  e i t h e r  i n  t r a n s m i s s i o n  o r  r e f l e c -  

t ance  mode /Fig. 1/, t h e  i n s t r u m e n t  a l s o  has u l t r a v r o -  

l e t  l i g h t  sources .  Thus one can d e t e r m i n e  subs tances  

t h a t  abso rb  i n  t h e  n o t  t o o  f a r  u l t r a v i o l e t  

/ A  > 250 nm/ .  F u r t h e r m o r e ,  t h e  u l t r a v i o l e t  l i g h t  

sources  a r e  u s e f u l  i n  t h e  assay  o f  f l u o r e s c i n g  com- 

pounds. The e l e c t r o n i c  sys tem can also be o p e r a t e d  i n  

t h e  r e v e r s e  mode when l i g h t  a reas  appear  d a r k  and 

v i c e  ve rsa .  Hence, i n  t h i s  mode f l u o r e s c i n g  s p o t s  a r e  

e v a l u a t e d  as d e n s i t i e s .  
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THIN-LAYER ION EXCHANGE CHROMATOGRAPHY 817 

FIGURE 1 - B l o c k  d iag ram o f  t h e  Te lechrom OE 976 
t y p e  v i d e o - d e n s i t o m e t e r ,  1, sample h o l d e r s  f o r  
p l a t e s  o f  200 x 200 mm o r  24 x 36 mm s i z e ;  
2, v i s i b l e  and u l t r a v i o l e t  l i g h t  s o u r c e s  f o r  
r e f l e c t a n c e  o p e r a t i o n  mode; 3, l i g h t  s o u r c e  f o r  
t r a n s m i s s i o n  o p e r a t i o n  mode : 4 ,  o p t i c a l  s y s  tern : 
5 ,  t e l e v i s i o n  camera; 6 ,  V i d i c o n  t u b e :  7, e l e c -  
t r o n i c  d e t e c t o r ;  8, m o n i t o r i n g  sc reen ;  9, c a l -  
c u l a t o r  and p r i n t e r ;  10, X-Y p l o t t e r ,  

A c c o r d i n g  t o  o u r  p r e l i m i n a r y  sxpar i rnen rs  ::?E 

v i d e o - d e n s i t o m e t e r  can be a p p l i e d  n o t  o n l y  111 c*-.e" '  - -  
c a l  work ,  b u t  may a l s o  be h e l p f u l  in t h e  q u a r i t i r ~ : . ~ ; : ~ ~  

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

i n  t h e  d e t e r m i n a t i o n  o f  t h e  r a t i o  o f  l i g h t  and d a r k  

a r e a s  on X - ray  p i c t u r e s  , and p r o b a b l y  i n  ?:he 3 

o f  s e v e r a l  o t h e r  t ypes  o f  spec imen amendtJie t i ,  d e n a i r - - -  

m e t r y .  

Amino a c i d  a n a l y s i s  by t h e  CV- techn ique 

Out o f  t h e  t w e n t y  d i f f e r e n t  k i n d s  o f  amino acid5 

t h a t  c o n s t i t u t e  p r o t e i n s  16 a r e  e x c e l l e n t l y  s e p a r a t e d  

i n  a s i n g l e  run on t h e  c a t i o n - e x c h a n g e  c h r o m a t o p l a t e  
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818 =OD1 AND KARSAI 

i n  t h e  Na' form i n  sodium c i t r a t e  b u f f e r ,  pH 3.3 /ll/. 

Under  these  c o n d i t i o n s  o n l y  s e r i n e  and t h r e o n i n e  a r e  

n o t  r e s o l v e d  f rom each o t h e r  / F i g .  2/. T h i s  phenomenon 

does n o t  mean t h a t  t h e  r e s o l v i n g  power o f  c a t i o n  

exchanger  i s  l e s s  i n  t h i n  l a y e r  t h a n  i n  a co lumn,  

Namely, t h e  d i s t a n c e  o f  r u n  on t h e  p l a t e s  is o n l y  

abou t  14 t o  18 cm, whereas i n  t h e  amino a c i d  a n a l y z e r s  

i t  i s  more than  t w i c e  as l o n g .  Moreover ,  i n  t h e  

0 
f p  

Y 

* * GLY 
A t a  

Giu  

FIGURE 2 - One-d imens iona l  s e p a r a t i o n  o f  amino 
a c i d s  by  t h i n  l a y e r  i o n  exchange ch romatog raphy .  
Chromatography was c T r r i e d  o u t  on i o n  exchange 
t h i n  l a y e r  i n  t h e  Na - f a r m ,  i n  s o d i u m  c i t r a t e  
s o l u t i o n ,  pH 3.3, a t  50 C. The p l a t e  was d e v e l -  
oped w i t h  cadmium-n inhyd r in  r e a g e n t .  A A :  m i x t u r e  
o f  amino a c i d s  a 
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THIN-LAYER ION EXCHANGE CHROMATOGRAPHY 819 

a n a l y z e r s  t h e r e  i s  one o r  more change o f  b u f f e r ,  

depend ing  on t h e  i n s t r u m e n t ,  whereby t h e  chromato-  

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

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

Based e s s e n t i a l l y  on e x p e r i e n c e s  o b t a i n e d  w i t h  

a u t o m a t i c  amino a c i d  a n a l y z e r s  spe c i a 1  r u n n i n g  

s o l u t i o n s  can be deve loped  wh ich ,  b y  a d o p t i n g  t h e  

a p p r o p r i a t e  pH, i o n i c  s t r e n g t h  and q u a l i t y  

p e r m i t  t h e  "a imed"  r e s o l u t i o n  o f  c e r t a i n  g roups  o f  

amino a c i d s  /12/. Thus, f o r  example,  a c i d i c  amino 

a c i d s  such as a s p a r t a t e  and g l u t a m a t e ,  and t h e i r  

amides,  a r e  e x c e l l e n t l y  r e s o l v e d  i n  a sys tem o f  

200 mM l i t h i u m  c i t r a t e - f o r m a t e ,  pH 2.8, on 3 p l a t e  . 
i n  t h e  L i '  f o rm /5, 13/. 

The t h i n  l a y e r  i o n  exchange c h r o m a t o p l a t e  c a n  

be a d v a n t a g e o u s l y  and e c o n o m i c a l l y  used f i r s :  o f  a l l  

i n  t h e  a n a l y s i s  o f  l a r g e  s e r i e s ,  where t h e  amount o r  

a change i n  t h e  amount o f  c e r t a i n  amino a c i d / s /  i s  

t o  be de te rm ined .  A t y p i c a l  example f o r  t h i s  i s  

p r o v i d e d  by  t h e  c h e m i c a l  d e t e r m i n a t i o n  o f  t h e  b i o -  

l o g i c a l  v a l u e  o f  c o r n  s p e c i e s .  The b i o l o g i c a l  v a l u e  

i s  d e f i n e d  i n  terms o f  t h e  l y s i n e ,  m e t h i o n i n e  and 

t r y p t o p h a n  c o n t e n t  o u t  o f  t h e  e s s e n t i a l  amino a c i d s .  

The procjrammes deve loped  f o r  t r y p t o p h a n  /14, 15/, 

m e t h i o n i n e  /15, 16/ and l y s i n e  /17/ made i t  p o s s i b l e  

t o  e v a l u a t e  s e v e r a l  thousands o f  c o r n  spec imens 
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820 ELODI AND U S A 1  

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

t o  t h a t  o f  o t h e r  methods.  T h i s  i s  w i t n e s s e d  b y  a 

s e r i a l  a n a l y s i s  O f  3 7  000 s p e c i m e n s  c a r r i e d  o u t  i n  

2 1  l a b o r a t o r i e s  a n d  i n i t i a t e d  b y  FA0 i n  1 9 7 8 - 1 9 7 9  

/8, 9/, i n  t h e  f r a m e  o f  w h i c h  t h e  r e s u l t s  o f  e i g h t  

d i f f e r e n t  t e c h n i q u e s  h a v e  b e e n  compared.  I t  emerged  

f r o m  t h i s  s t u d y  t h a t  t h e  C V - t e c h n i q u e  i s  c a p a b l e  o f  

a s s a y i n g  2 t o  50 n m o l e s  o f  a m i n o  a c i d  w i t h  a n  

a c c u r a c y  o f  2 6 % i n  s p e c i m e n s  o f  v a r i o u s  o r i g i n .  

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

t h e  m e t a b o l i s m  o f  h i g h e r  o r g a n i s m s ,  b u t  a l s o  i n  

c i l r e r  c a s e s ,  i; i s  o f t e n  n e c e s s a r y  t o  d e t e c t  t h e  

s o - c a l l e d  m i n o r  a m i n o  a c i d s ,  i n  a d d i t i o n  t o  :he 

t w e n t y  amino  a c i d s  a c c u r r i n g  i n  p r o t e i n s .  F o r  t h e  

s 5 p a r a ’ i i o n  o f  n o n - p r o t e i n  basic 3 r n i n c  acids i 

c o n v e n i e n t  ne ’ thod  h a s  been  d e v e l o p e d  b y  T y i h a I :  2 t  

a l ,  / l a / a  
I n  t h e  sequence  d e t e r m i n a t i o n  o f  p r o t e i n s  t h e  

amount o f  m a t e r i a l  a v a i l a b l e  f o r  a n a l y s i s  may b e  a 

l i m i r i n g  f a c t o r ,  By v i r : u e  o f  i:s a n a l l  s p a c i m e n  

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

h e l p f u l  i n  t h e  a n a l y s i s  o f  b o t h  :he C - t e r m i n a l  

/19/ a n d  t h e  N - t e r m i n a l  / 2 0 / ,  a s  w e l l  as i h  t h e  

s o l u t i o n  o f  o t h e r  t a s k s  /21/.  
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THIN-LAYER I O N  EXCHANGE CHROMATOGRAPHY 821 

A p p l i c a t i o n  o f  CV-technique  i n  c l i n i c a l  l a b o r a t o r i e s  

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

t h a t  t h e  CV-technique  can be s u c c e s s f u l l y  a p p l i e d  i n  

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

d i a g n o s i s .  In r e s p e c t  o f  p o s s i b l e  a p p l i c a t i o n s  , two 

g r o u p s  have  t o  be  c o n s i d e r e d .  I n  p a r t  o f  t h e  c a s e s  

t h e  m a t e r i a l  t o  be  a n a l y z e d  / b l o o d ,  serum, u r i n e ,  

s p i n a l  f l u i d ,  e tc . /  i s  a b u n d a n t l y  a v a i l a b l e  , bu-t 

a g r e a t  number o f  s a m p l e s  a r e  t o  be a n a l y z e d ,  f o r  

e x a m p l e ,  i n  t h e  e x a m i n a t i o n  o f  a g i v e n  p o p u l a t i o n ,  

f a m i l y ,  e t c .  Among these  t h e  most common example  

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

newborns  /22, 23/. We have  a l s o  u n d e r t a k e n  t h e  

s c r e e n i n g  o f  two Homes o f  D i s a b l e d  C h i l d r e n  a c c o n o -  

d a t i n g  256 and  280 p a t i e n t s ,  r e s p e c t i v e l y  / I J V -  

p u b l i s h e d  r e s u l t / .  In each o f  t h e  t a o  c a s e s ,  t h e  

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

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

r e t a r d a t i o n  tests r e q u i r e d  t h r e e  d a y s .  I n  c o n t r a s t  

t o  t h e  conven  t i o n a  1 , mic rob  i o  l o g  i c a  1 p h 9 n y I !<P r 5 ' r i  LI r i ir 

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

k e t o n u r i a  d i s e a s e  , o t h e r  amino  a c i d  d i s o r d e r s  , t o o :  

namely ,  two p r o l i n a e m i a  , one  t y r o s i n a e m i a  and  one  

n o n - k e t o t i c  g l y c i n a e m i a  c a s e s .  By t h e  f a m i l y  a n a l y s i s  

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

members o f  t h e  o f t e n  q u i t e  l a r g e  f a m i l i e s ,  w e  were 
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822 n O D I  AND KARSAI 

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

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

d i s o r d e r  /24/. It i s  w o r t h  m e n t i o n i n g  t h a t  t h e  h e t e r o -  

z y g o t e  c a r r i e r s ,  who a r e  a c t u a l l y  n o t  ill, e x c r e t e d  a 

l o a d  /lo0 o r  200 mg p e r  kg  body w e i g h t /  o f  amino a c i d  

much f a s t e r  t han  d i d  t h e  p a t i e n t s ,  b u t  c o n s i d e r a b l y  

s l o w e r  than  d i d  t h e  c o n t r o l  n o r m a l  i n d i v i d u a l s .  

A n o t h e r  p o s s i b l e  c l i n i c a l  a p p l i c a t i o n  may 

a t t r a c t  perhaps  even g r e a t e r  a t t e n t i o n ,  There  a r e  

cases i n  wh ich  t h e  amount o f  sample t o  be a n a l y z e d  

i s  v e r y  s m a l l ,  f o r  example, t h e  amount o f  t i s s u e s  

o b t a i n e d  by  b i o p s y .  F o r  c h e m i c a l . o r  e n z y m o l o g i c a l  

assays i n  such i n s t a n c e s  o n l y  p a r t  of t h e  specimen 

/about  10 mg/ is a v a i l a b l e ,  because t h e  l a r g e r  p a r t  

i s  t aken  f o r  h i s t o l o g y ,  The case i s  ana logous ,  

however ,  i f  t h e  t i s s u e  o r  o r g a n  t o  be a n a l y z e d  i s  

v e r y  s m a l l .  The m i n u t e  q u a n t i t i e s  r e q u i r e d  by 

v i d e o - d e n s i t o m e t r y  a l l o w e d  us  t o  examine t h e  amino 

a c i d  c o n t e n t  o f  amn ion ic  f l u i d  samples f rom e a r l y  

p regnancy  /25/, The s t u d y  o f  amino a c i d  c o n t e n t  o f  

amn ion ic  f l u i d  p r o v i d e s  v a l u a b l e  d a t a  a l r e a d y  i n  

e a r l y  p regnancy  abou t  t h e  f e t o - m a t e r n a l  t r a n s p o r t  

p rocesses  and f o r  t h e  p r e n a t a l  d i a g n o s i s  o f  amino 

a c i d o p a t h i e s  /26/ i n c l u d i n g  t h e  i n d i c a t i o n  f o r  

in t e r r u p  t i o n  
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R e c e n t l y  we have e l a b o r a t e d  p rocedures  b y  t h e  

a i d  o f  w h i c h  t h e  a c t i v i t y  o f  enzymes c a t a l y z i n g  t h e  

s y n t h e s i s  o r  d e g r a d a t i o n  o f  amino a c i d s  can be 

measured w i t h  reasonab le  accuracy .  Homogenates o r  

e x t r a c t s  were made f rom t h e  a v a i l a b l e  t i s s u e  

specimens /a few mg/ and t h e  enzymes were assayed 

i n  r e a c t i o n  m i x t u r e s  o f  50 t o  100 u l  f i n a l  volume, 

b y  t a k i n g  a l i q u o t s  /5 t o  20 p l /  a t  t h e  a p p r o p r i a t e  

t i m e  i n t e r v a l s  and p u t t i n g  them on  ion-exchange 

c h r o m a t o p l a t e s .  A f t e r  t h e  ch romatog raph ic  r u n  t h e  

change i n  t h e  amount of amino a c i d  t e s t e d  was 

d e t e r m i n e d  video-densitometrically. I n  t h e  above 

way changes as l o w  as 1-2 nmoles i n  t h e  amount o f  

amino a c i d s  can a l r e a d y  be r e l i a b l y  d e t e c t e d .  F o r  ' 

t hese  enzymes none o f  t h e  o t h e r  methods c u r r e n t l y  

i n  use i s  a b l e  t o  q u a n t i t a t e  enzyme a c t i v i t i e s  f rom 

such m i n u t e  b i o l o g i c a l  specimens and w i t h  comparab le  

s e n s i t i v i t y .  The t e c h n i q u e  has so f a r  been a p p l i e d  

t o  t h e  s t u d y  o f  a r g i n a s e  /27/ and o t h e r  enzymes o f  

t h e  u r e a - c y c l e  / 2 8 / ,  t h e  enzymes o f  p o l y a m i n e  and 

p y r i m i d i n e  s y n t h e s i s  /29/, as w e l l  as amino a c i d  

dehydrogenases , t r a n s  f e r a s e s  and ammonia l y a s e  /30/ 

The i o n  exchange t h i n  l a y e r  can be used, i n  

a d d i t i o n  'to t h e  s t u d y  o f  enzymes a c t i n g  on amino 

a c i d s ,  f o r  t h e  i n v e s t i g a t i o n  o f  o t h e r  enzymes, too .  

F o r  example, Tomasz and Fa rkas  /31/ employed i t  
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824 ELODI AND KARSAI 

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

p r o c e d u r e  i t  has been e x p l o i t e d  t h a t  t h e  r e a c t i o n  

p r o d u c t s  can be r a p i d l y  and e f f e c t i v e l y  s e p a r a t e d  

f rom a l l  o t h e r  subs tances  i n  t h e  sys tem by i o n  

exchange, w i t h o u t  t h e  need t o  p e r f o r m  t h e  c o m p l i -  

c a t e d  and t ime-consuming m a n i p u l a t i o n s  i n h e r e n t  i n  

o t h e r  methods. L i k e w i s e ,  t h e  a c t i v i t y  o f  t h e  enzyme 

c a t a l y z i n g  ATP-pyrophosphate-  exchange can r e a d i l y  

be m o n i t o r e d  by  t h e  t e c h n i q u e  /32/. 

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

The methodo logy  o f  t h i n  l a y e r  i o n  exchange 

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

has been deve loped  b y  Tomasz. In c o n t r a s t  t o  t h e  

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

i n  H+- fo rm / o r  p o s s i b l y  NH4+-form/ is more conven-  

i e n t .  Such p l a t e s  can be r e a d i l y  p r e p a r e d  b y  

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

/ i n  Na+-form/ i n  1 N h y d r o c h l o r i c  a c i d ,  t h e n  t h e  

excess o f  h y d r o c h l o r i c  a c i d  is washed o u t  w i t h  

d i s t i l l e d  w a t e r  and t h e  p l a t e  i s  d r i e d  / 33 / .  The 

ch romatog raph ic  runs  can be made s i m p l y  in d e i o n i z e d  

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

c o n c e n t r a t i o n .  

F o r  t h e  i d e n t i f i c a t i o n  o f  p u r i n e  and p y r i m i d i n e  

bases a f t e r  chromatography ,  as i t  i s  w e l l  known, 
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no need f o r  s t a i n i n g  s i n c e  they  can be 

under  an u l t r a v i o l e t  lamp / o f  s h o r t  wave- 

l e n g t h ,  w i t h  maximum a t  254 nm/ on the  b a s i s  o f  l i g h t  

a b s o r p t i o n .  By the  a i d  o f  i o n  exchange chromatography 

the  compos i t i on  o f  f a i r l y  complex m i x t u r e s  can be 

determined a f t e r  chromatography f o r  one t o  one 

and a h a l f  hour. Thus, f o r  example, 5 ' - r i b o -  

n u c l e o t i d e s  can be e x c e l l e n t l y  r e s o l v e d  by  

chromatography i n  d e i o n i z e d  w a t e r  /34/, whereas 

t h e  bases, r i b o n u c l e o s i d e s  and t h e i r  monophosphates 

a r e  s a t i s f a c t o r i l y  separa ted  i n  1.0 N h y d r o c h l o r i c  

a c i d .  The o r d e r  o f  dec reas ing  m i g r a t i o n  r a t e  o f  

bases and t h e i r  d e r i v a t i v e s  i s  as f o l l o w s :  adenine, 

c y t o s i n e ,  guanine and u r a c i l .  The a n a l y s i s  o f  a . 

m i x t u r e  o f  nuc leos ides  can be per formed i n  0.1 M 

ammonium carbonate o r  0.4 M ammonium a c e t a t e  s o l u -  

t i o n  /35/, w h i l e  t h a t  o f  d i r i b o n u c l e o t i d e  monophos- 

phates i s  c o n v e n i e n t l y  made i n  r u n n i n g  s o l u t i o n s  

c o n t a i n i n g  ammonium i o n s  i n  v a r i o u s  c o n c e n t r a t i o n s  

/36/. The s e p a r a t i o n  o f  m o d i f i e d  /methy lated,  

h y d r o x y l a t e d /  DNA bases can be achieved i n  r e l a -  

t i v e l y  concen t ra ted  /2.8 N/ h y d r o c h l o r i c  a c i d  

s o l u t i o n  /37/, whereas by two-d imensional  chromato- 

graphy d1.0 N h y d r o c h l o r i c  a c i d  i n  one d imension and 

ammonium phosphate i n  t h e  o t h e r /  1 9  b a s e - d e r i v a t i v e s  

may be w e l l  r e s o l v e d  /38/. F o r  t h e  s e p a r a t i o n  o f  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



826 ELODX AND KARSAI 

m e t h y l a t e d  r i b o n u c l e o s i d e  d e r i v a t i v e s  0.4 M sod ium 

a c e t a t e ,  pH 6 . 5 ,  p r o v e d  s u i t a b l e  /39/. C y c l i c  n u c l e o -  

t i d e s  c a n  be  s e p a r a t e d  i n  50 mM o x a l i c  a c i d  /40/, 

which  r e n d e r s  i t  p o s s i b l e  t o  a s s a y  t h e  enzyme 

c y c l a s e  c a t a l y z i n g  t h e i r  f o r m a t i o n  /31 /a  The s c o p e  

o f  a p p l i c a t i o n  a n d  l i m i t a t i o n s  o f  t h e  method h a v e  

r e c e n t l y  been  r e v i e w e d  by Tomasz /40/. 

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

I t  h a s  been  r e p o r t e d  from s e v e r a l  l a b o r a t o r i e s  

r e c e n t l y  t h a t  t h e  t h i n  l a y e r  i o n  e x c h a n g e  t e c h n i q u e  

c a n  be  s u c c e s s f u l l y  a p p l i e d  i n  d r u g  a n a l y s i s ,  Thus 

KBdar-Pauncz /41/ a n a l y z e d  t w e n t ' l  d i f f e r e n t  a n t i -  

b i o t i c  d e r i v a t i v e s  c o n t a i n i n g  d e o x y s t r e p t a m i n e .  To 

a c h i e v e  good r e s o l u t i o n  r e l a t i v e l y  h i g h  i o n i c  

s t r e n g t h  /1.5 M sodium a c e t a t e  and  1.0 M sodium 

c h l o r i d e /  and 10 % t e r t - b u t a n o l  had t o  be used  and  

ch romatography  was run a t  4OoC.. S i m i l a r l y ,  h i g h  

i o n i c  s t r e n g t h  / 0 . 5  M Na HPO pH 6,5, and 1.5 M 

N a C l / ,  5 % z - b u t a n o l  a n d  5OoC r u n n i n g  t e m p e r a t u r e  

were needed  f o r  t h e  r e s o l u t i o n  o f  neb ramyc in  compo- 

n e n t s  /42/ . /A d e t a i l e d  s u r v e y  by Kadar-Pauncz  a n d  

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

c a n  be found in t h i s  vo lume ,  p.. 

2 4 '  

Pongor  e t  a l .  /43/ d e v e l o p e d  a p r o c e d u r e  for 

t h e  d e t e r m i n a t i o n  o f  D - p e n i c i l l a m i n e  r e q u i r e d  i n  
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p e d i a t r i c s ,  a c c o r d i n g  t o  w h i c h  t h e  smount o f  d r u g  

can be r e l i a b l y  measured even f rom a d r o p  o f  b l o o d  

d r i e d  on f i l t e r  paper .  O d v i d  and Takdcsy /44/ 

d e t e c t e d  t h e  con tamina t i -ng  subs tances  i n  c e p h a l e x i n  

b y  t h e  a i d  o f  t h i n  l a y e r  i o n  exchanger.  Kaddr-Pauncz 

/45/ e l a b o r a t e d  t h e  c h r o m a t o g r a p h i c  a n a l y s i s  o f  20 

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

p r e p a r a t i o n s  , f o r  t h e  i d e n t i f i c a t i o n  o f  t h e  i n d i v i -  

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

20 % e t h a n o l  i n  0,5 M sodium phosphate  and 1.5 M 

sodium c h l o r i d e ,  and b y  v a r y i n g  t h e  pH and e t h a n o l  

c o n t e n t  t h e  m i g r a t i o n  o f  components c o u l d  be  f a v o u r -  

a b l y  i n f l u e n c e d .  

Aminosugars,  s i m i l a r l y  t o  amino a c i d s ,  can be 

r e a d i l y  s e p a r a t e d  f rom one a n o t h e r  and f rom amino 

a c i d s  o c c a s i o n a l l y  p r e s e n t .  Hrabdk /46/ recommends 

t h e  use o f  0,25 M sodium c i t r a t e ,  pH 5.3, f o r  t h e i r  

ch romatog raph ic  a n a l y s i s .  Under such  c o n d i t i o n s  b o t h  

g lucosamine  and g a l a c t o s a m i n e  a r e  w e l l  r e s o l v e d  f rom 

b a s i c  and n e u t r a l  amino a c i d s .  

On i o n  exchange c h r o m a t o p l a t e s  e q u i l i b r a t e d  

w i t h  0.1 % a c e t i c  a c i d  t h e  o r g a n i c  d i c a r b o x y l i c  

a c i d s  /ma la te ,  c i t r a t e  and fumara te /  can be  s e p a r a t e d  

f rom one a n o t h e r  and f rom a m i n o - d i c a r b o x y l i c  a c i d s  

/ a s p a r t a t e ,  g l u t a m a t e ,  asparag ine / .  Himoe and R inne  

/13/ chromatographed t h e  sample f i r s t  i n  1 % a c e t i c  
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828 ELODI AND KARSAI 

a c i d  f o r  75 min, then,  a f t e r  d r y i n g  t h e  c h r o m a t o p l a t e ,  

i n  4,4 % f o r m i c  a c i d  f o r  28 min, By t h i s  t i m e  t h e  

f r o n t  o f  second s o l v e n t  r a n  abou t  h a l f  way on t h e  

c h r o m a t o p l a t e  and s e p a r a t e d  those  components t h a t  

had n o t  been r e s o l v e d  i n  t h e  f i r s t  run .  A c c o r d i n g  

t o  V o l k l  and B e r l e t  /47/ g u a n i d i n o  d e r i v a t i v e s  

a r e  w e l l  s e p a r a t e d  f rom one ' ano the r  i n  0.12 M 

sodium c i t r a t e ,  pH 5.2. 

I n  some l a b o r a t o r i e s  a t t e m p t s  have been made 

t o  a p p l y  t h e  t h i n  l a y e r  i o n  exchange t e c h n i q u e  t o  

t h e  a n a l y s i s  o f  i n o r g a n i c  subs tances .  A r b u s t i  and 

L e d e r e r  /48/ s t u d i e d  t h e  p r o p e r t i e s  o f  r h o d i u m / I I I /  

compounds under  a v a r i e t y  o f  c o n d i t i o n s .  I n v e s t i -  + 

g a t i o n s  o f  t h e  i o n  exchange b e h a v i o u r  o f  o t h e r  

mecal  i o n s  have been r e p o r t e d  b y  C a r d a c i  e t  a l ,  

/49/ , whereas phosphates  were s t u d i e d  b y  K r o s c h w i t z  

e t  a l .  / 5 0 / .  
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