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GEL CHROMATOGRAPHIC EVALUATION OF THE B I N D I N G  ABILITY 

OF LINEAR PHOSPHATE ANIONS TO MAGNESIUM IONS 

Tohru Miyajima and S h i g e r u  Ohashi  
Department o f  Chemis t ry ,  F a c u l t y  o f  S c i e n c e ,  Kyushu U n i v e r s i t y  33 

Hakozaki ,  H igash iku ,  Fukuoka, 812 JAPAN 

ABSTRACT 

The b i n d i n g  a b i l i t y  of l i n e a r  phospha te  a n i o n s  o f  v a r i o u s  

d e g r e e s  o f  p o l y m e r i z a t i o n  t o  magnesium i o n  h a s  been e v a l u a t e d  by 

a z o n a l  g e l  ch romatograph ic  method a t  pH 9 . 8  and 4.2.  The a v e r a g e  

number o f  bound magnesium p e r  one phospha te  u n i t  w a s  de t e rmined  a t  

f r e e  magnesium c o n c e n t r a t i o n  o f  ~ . O O X ~ O - ~  M i n  0 . 1  M t e t r a m e t h y l -  

ammonium c h l o r i d e  s o l u t i o n  a t  25'C. 

i n c r e a s e d  as t h e  d e g r e e s  o f  p o l y m e r i z a t i o n  o f  t h e  sample phospha te  

i n c r e a s e d ,  w h i l e  i t  d e c r e a s e d  a t  pH 9 . 8 .  

a tomic  a b s o r p t i o n  d e t e c t o r  sys t em w a s  a p p l i e d  which a l l o w e d  a 

r a p i d  and con t inuous  a n a l y s i s .  

A t  pH 4 . 2 ,  t h e  b i n d i n g  a b i l i t y  

A g e l  chromatography- 

INTRODUCTION 

L i n e a r  phospha te s  (LP) of v a r i o u s  d e g r e e s  of  p o l y m e r i z a t i o n  

have found widesp read  a p p l i c a t i o n s  i n  i n d u s t r y  because  of  t h e i r  

u t i l i t y  a s  a complexing a g e n t .  The b i n d i n g  c h a r a c t e r i s t i c  of 

t h e s e  homologous series o f  l i g a n d s  i s  e x p e c t e d  t o  b e  dependen t  on 

t h e  numbers o f  phosphorus atoms which c o n s t i t u t e  t h e  p h o s p h a t e  

molecu le s .  From a p r a c t i c a l  s t a n d  p o i n t ,  i t  i s  i m p o r t a n t  t o  eva lu -  

a t e  t h e  b i n d i n g  a b i l i t i e s  o f  v a r i o u s  LP a t  a g i v e n  c o n d i t i o n .  
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1788 MIYAJIMA AND OHASHI 

However, s i n c e  t h e r e  i s  a c o n s i d e r a b l e  d i f f i c u l t i e s  i n  t h e  q u a n t i -  

t a t i v e  d e s c r i p t i o n  of the  ion -b ind ing  e q u i l i b r i a  of  p o l y e l e c t r o l y t e  

( 1 ) ,  t h e o r e t i c a l  c o n s i d e r a t i o n  h a s  been l i m i t e d  mainly t o  r e l a t i v e -  

l y  s h o r t  LP,  such  as d i -  o r  t r i p h o s p h a t e  complexa t ion .  

In t h i s  work, i n s t e a d  o f  t h e  d e t e r m i n a t i o n  of t h e  c r i t i c a l  

e q u i l i b r i u m  c o n s t a n t s ,  a s e m i q u a n t i t a t i v e  p a r a m e t e r  is o b t a i n e d  

and i s  compared among t h e  LP o f  v a r i o u s  d e g r e e s  o f  p o l y m e r i z a t i o n ,  

p. A zona l  gel chromatograph ic  method (2-5) h a s  been  a p p l i e d ,  

which de te rmines  t h e  a v e r a g e  number o f  bound m e t a l  i o n s  p e r  one 

phospha te  u n i t  of a n  LP molecu le  a t  a s p e c i f i e d  f r e e  metal concen- 

t r a t i o n .  

I n  o r d e r  t o  au tomate  t h e  ch romatograph ic  p r o c e d u r e ,  an  a tomic  

a b s o r p t i o n  d e t e c t o r ,  AAD, (6-8) w a s  a p p l i e d .  The fundamen ta l  prob- 

l e m s  encoun te red  i n  t h e  use of AAD as a f low d e t e c t o r  o f  g e l  

chromatography have  a l s o  been examined. 

THEORY 

A zona l  g e l  ch romatograph ic  method f o r  t h e  i n v e s t i g a t i o n  of 

t h e  b i n d i n g  o f  metal i o n ,  M, t o  high-molecular-weight  l i g a n d ,  L ,  

has  p r e v i o u s l y  been  d e s c r i b e d  i n  d e t a i l  ( 3 , 5 , 7 ) .  A sample s o l u t i o n  

c o n t a i n i n g  M ,  L and t h e i r  complexes i s  a p p l i e d  t o  a g e l  column 

which i s  p r e e q u i l i b r a t e d  w i t h  a n  e l u e n t  c o n t a i n i n g  M o f  a s p e c i f i e d  

c o n c e n t r a t i o n ,  [ M I 0 ,  and i s  e l u t e d  w i t h  t h e  same e l u e n t .  

t h e i r  complexes are exc luded  from t h e  g e l  p h a s e ,  w h i l e  M m i g r a t e s  

through t h e  column w i t h  much s l o w e r  v e l o c i t y .  By t h i s  p r o c e d u r e ,  

t h e  zone of l i g a n d  is f o r c e d  t o  b e  e q u i l i b r a t e d  w i t h  t h e  s o l u t i o n  

o f  M whose c o n c e n t r a t i o n  i s  t h e  p rede te rmined  v a l u e ,  [ M I 0 .  A f t e r  

t h i s  zone is s u f f i c i e n t l y  e q u i l i b r a t e d ,  t h e  d i s t r i b u t i o n  of 

chemical  s p e c i e s  i n  t h i s  zone i s  c h a r a c t e r i z e d  by t h e  f r e e  m e t a l  

c o n c e n t r a t i o n ,  [MI0. 

L and 

I f  t h e  sample l i g a n d  i s  monod i spe r se ,  t h e  a v e r a g e  number of 
- 

bound metal i o n s  p e r  one l i g a n d ,  n ,  can b e  de t e rmined  as f o l l o w s ;  
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B I N D I N G  OF LINEAR PHOSPHATE ANIONS 1789 

n 

~ 

n =  

where 8. i s  t h e  o v e r a l l  s t a b i l i t y  c o n s t a n t  of  t h e  complex M.L. 

I n  c a s e  where a mix tu re  of LP i s  used as a l i g a n d ,  n d e f i n e d  i n  

eqn. (1 )  cannot  b e  c a l c u l a t e d .  I n s t e a d ,  t h e  ave rage  number of  

bound metal i o n s  p e r  one phosphate  u n i t ,  m,  h a s  been de te rmined .  

A s  w i t h  n, m i s  a f u n c t i o n  of [MI When [MI i s  k e p t  c o n s t a n t ,  

c o n s t a n t  m v a l u e  is  expec ted  t o  be  o b t a i n e d .  The v a l u e  o f  m can 

be  c a l c u l a t e d  by d i v i d i n g  t h e  amount of bound metal i o n ,  NM by 

t h e  t o t a l  amount of  PO 

- 

0 '  0 

u n i t ,  N p ,  which i s  a p p l i e d  t o  t h e  column. 3 

EXPERIMENTAL 

Chernica 2s 

Sodium t r i p h o s p h a t e  hexahydra t e  (9) and ammonium t e t r a p h o s p h a t e  

hexahydra t e  (10) have been p repa red  a c c o r d i n g  t o  t h e  l i t e r a t u r e s ,  

Sodium phosphate  g l a s s e s  ( a  mix tu re  o f  N a  P 0 ) w i t h  ave rage  

d e g r e e s  of  po lymer i za t ion ,  p, of  6 . 4 ,  9 . 2 ,  13 .7 ,  22.2 w e r e  p r e p a r e d  

a c c o r d i n g  t o  t h e  l i t e r a t u r e s  (11 ,12 ) .  I n  o r d e r  t o  p r e p a r e  samples  

of LP of  h i g h e r  f; v a l u e ,  a sodium phosphate  g l a s s  whose 

was 75.8 was f r a c t i o n a t e d  by s o l u b i l i t y  f r a c t i o n a t i o n  u s i n g  a c e t o n e .  

The v a l u e s  o f  t h e  f r a c t i o n s  were 36,  50, 85,  101 and 127 .  Molecu la r  

we igh t  d i s t r i b u t i o n  a n a l y s i s  of t h e s e  sample phospha te s  w a s  c a r r i e d  

o u t  by a Sephadex G-100 column ( 1 2 ) .  A l l  t h e  sample s o l u t i o n s  of  

LP were s t a n d a r d i z e d  c o l o r i m e t r i c a l l y  w i t h  a molybdenum (V)-molybdenum 

(VI) r e a g e n t .  A l l  o t h e r  chemicals  w e r e  of a n a l y t i c a l  g r a d e .  

p+2 p 3p+l 

v a l u e  

Elution experiments 
A Kyowa KHU-W-188 r e c i p r o c a t i n g  pump was used th roughou t .  

A column of 700x8 mm I.D. Pyrex  t u b i n g  w a s  packed w i t h  Sephadex 
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1790 M I Y A J I M A  AND OHASHI 

G-15 (Pha rmac ia ) .  The t e m p e r a t u r e  of t h e  column w a s  k e p t  a t  

25 .O + 0.1"C.  The column w a s  f i r s t  c o n d i t i o n e d  w i t h  dn e l u e n t  

c o n t d i n i n g  1 . O O X ~ O - ~  M magnesium c h l o r i d e ,  0 . 1  M tetramethylammonium 

c h l o r i d e  and b u f f e r  a g e n t  o f  d e s i r e d  c o n c e n t r a t i o n s .  Two t y p e s  o f  

- 

b u f f e r  a g e n t  were u s e d .  One t y p e  w a s  Z X ~ O - ~  M m3 - M m4ci 
- 3  (pH 9.8), and a n o t h e r  t y p e  w a s  2x10 M CH COOH - 

(pH 4 . 2 ) .  The sample  s o l u t i o n  c o n t a i n e d  magnesium c h l o r i d e  and  

sample phospha te  i n  a d d i t i o n  t o  tetramethylammonium c h l o r i d e  and  

b u f f e r  a g e n t  o f  t h e  same c o n c e n t r a t i o n s  as t h o s e  i n  t h e  e l u e n t .  

A 0.6-ml p o r t i o n  of a sample  s o l u t i o n  w a s  f e d  o n t o  t h e  column w i t h  

a loop  i n j e c t o r .  The e l u t i o n  f l o w  rate w a s  k e p t  a t  2.18 ml/min. 

The e f f l u e n t  w a s  i n t r o d u c e d  i n t o  t h e  AAD (Perk in-Elmer  403)  f o r  t h e  

a u t o m a t i c  r e c o r d i n g  o f  t h e  a b s o r b a n c e  o f  magnesium d t  285.2 nm. 

No i n h i b i t i o n  e f f e c t  o f  p o l y p h o s p h a t e s  on  t h e  a t o m i z a t i o n  o f  

n%nesium h a s  been  o b s e r v e d  ( 3 , 7 , 1 4 ) .  

5 and 8 were o b t a i n e d .  The h o r i z o n t a l  l i n e s  a t  t h e  rear edge  o f  

t h e  complex peak p romises  t h a t  t h e  sample  l i g a n d  zone w a s  s u f f i -  

c i e n t l y  e q u i l i b r a t e d  w i t h  magnesium s o l u t i o n  o f  1 . 0 0 ~ 1 0  M. 

M CH3COONa 
3 

E l u t i o n  p a t t e r n s  as  shown i n  F i g s .  

-5 

RESULTS AND DISCUSSION 

Atomic Absorption De tee tor IAADI 

U s u a l l y  t h e  column e f f l u e n t  f l ow rate,  v is  much less t h a n  
C '  

t h e  n e b u l i z e r  a s p i r a t i o n  r a t e ,  v which  i s  a d j u s t e d  t o  maximize 

s e n s i t i v i t y .  I n  o r d e r  t o  b a l a n c e  t h e  f low,  water  w a s  drawn i n t o  

t h e  M D  from a n  open r e s e r v o i r  t h rough  a three-way c o n n e c t o r  a t  a 

f low r a t e ,  vb ( F i g .  1). 

i n  v k e e p i n g  t h e  r e l a t i o n ,  v = v + v T h i s  s y s t e m  g i v e s  a 

s t a b l e  stream of  l i q u i d  t o  t h e  AAD which  p r o d u c e s  a s t a b l e  f l ame .  

One d i s a d v a n t a g e  of t h i s  f l o w  s y s t e m  i s  t h e  f a c t  t h a t  t h e  e f f l u e n t  

i s  a lways  d i l u t e d  by a f a c t o r  o f  v / v  ( 8 , 1 4 ) .  

C '  

The v a l u e  o f  vb var ies  w i t h  t h e  v a r i a t i o n  

C '  n b c '  

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

rolumn i n  t h e  f o l l o w i n g  way. F i r s t ,  water  w a s  i n t r o d u c e d  t o  t h e  

f low s y s t e m  a t  a f l o w  r a t e ,  v and  ~ . O O X ~ O - ~  M magnesium c h l o r i d e  
C '  
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B I N D I N G  OF LINEAR PHOSPHATE ANIONS 1 7 9 1  

C :  Three-way connector 

FIGURE 

Flow sys t em o f  t h e  AAD. 

s o l u t i o n  w a s  drawn from t h e  Compensating r e s e r v o i r  (Experiment  A). 

The abso rbance  of  magnesium w a s  measured a t  v a r i o u s  f low rates ,  

and was p l o t t e d  a g a i n s t  v (F ig .  2 ) .  Next,  t h e s e  two l i q u i d s  
-5 were exchanged, i . e . ,  1 . 0 0 ~ 1 0  M magnesium c h l o r i d e  s o l u t i o n  w a s  

i n t r o d u c e d  t o  t h e  system a t  t h e  f low r a t e  o f  v and water w a s  

drawn from the  r e s e r v o i r  (Experiment  B). The abso rbance  o b t a i n e d  

was a l s o  p l o t t e d  a g a i n s t  v ( F i g .  2 ) .  A s  can be  s e e n  from F ig .  2 ,  

t h e  sum of  t h e  two abso rbances  a t  a s p e c i f i c  v v a l u e  was c o n s t a n t .  

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

t h a t  t h e  r e c o r d e r  r e sponse  can be  q u a n t i t a t i v e l y  c o r r e l a t e d  t o  t h e  

amount of  sample i n t r o d u c e d  t o  t h e  n e b u l i z e r .  The v a l u e  of  R a t  

a s p e c i f i c  v v a l u e  can b e  c a l c u l a t e d  by t h e  f o l l o w i n g  e q u a t i o n .  

C '  

n C '  

where s u f f i x e s  "A" and "B" r e p r e s e n t  t h e  expe r imen t  "A" and "B", 

r e s p e c t i v e l y .  The c a l c u l a t e d  R v a l u e  i s  p l o t t e d  a g a i n s t  v (F ig .  3 ) .  

When v i s  2.18 ml/min t h e  column e f f l u e n t  i s  expec ted  t o  be  d i l u t e d  

by a f a c t o r  of  c a .  0 .3 .  

I n  F i g .  4 ,  t h e  c a l i b r a t i o n  g raphs  f o r  magnesium c h l o r i d e  

o b t a i n e d  a t  v a r i o u s  pump f low rates a r e  shown. I t  can b e  s e e n  
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0.05 

FIGURE 2. 

Plots of absorbance of magnesium vs. v . 
: ( A b s ) B ,  0 : ( A b s ) A ,  A : ( A b s ) A  + ( A b s ) B .  

0 2 4 6 8 

vc (ml/min) 

FIGURE 3. 

Plots of R vs .  v . 
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2 

v, (mllmin) 1.2 2.4 3.5 4.6 

" 0  2 4 6 8 
I I I I 

0 2 4 6 8 
I I I 1 I 

0 2 4 6 8 

0 2 4 6 8 

Amount o f  magnesium (x108 mol) 

FIGURE 4 .  

C a l i b r a t i o n  graph f o r  magnesium. 
The v a l u e  of  vc i s  shown i n  t h e  f i g u r e .  

t h a t  t h e  p l o t s  g i v e  a good l i n e a r i t y .  A s  e x p e c t e d ,  t h e  s l o p e s  of  

t h e  c a l i b r a t i o n  g raphs  f o r  v a r i o u s  pump f l o w  rates are a l m o s t  

c o n s i s t e n t  w i t h  e a c h  o t h e r .  

Caku la t ion  of r i ~  

The r e p r e s e n t a t i v e  e l u t i o n  p a t t e r n s  o b t a i n e d  f o r  t h e  magnesium- 

t r i p h o s p h a t e  sys t em are shown i n  F i g .  5 .  The p o s i t i v e  peak 

co r re sponds  t o  t h e  complex and t h e  n e g a t i v e  peak r e f l e c t s  t h e  

d e f i c i e n c y  of t h e  f r e e  magnesium. 

edge of  t h e  complex peak a s s u r e s  t h a t  t h e  sample l i g a n d  zone is 

s u f f i c i e n t l y  e q u i l i b r a t e d .  

The h o r i z o n t a l  l i n e  a t  t h e  rear 

The a r e a  of  t h e  complex peak i n c r e a s e d  
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I I I I 
0 5 10 15 (min) 

FIGURE 5 .  

R e p r e s e n t a t i v e  e l u t i o n  p a t t e r n s  of t h e  Mg-P 0 sys t em.  

[MIO = l . o O ~ l O - ~  M ,  pH 9 . 8 .  Np x 10  mol 1 ) : 0 . 3 7 ,  2 ) :0 .65 ,  

3) :0 .90,  4 )  :1.20, 5 )  :1.46. 

3 10 
9 

w i t h  an  i n c r e a s e  i n  t h e  amount of t r i p h o s p h a t e  i n  t h e  sample s o l u t i o n .  

N 

N 

i s  t h e  v a l u e  of m. 
f r e e  m e t a l  c o n c e n t r a t i o n  i s  k e p t  c o n s t a n t .  I n  o r d e r  t o  check t h e  

e f f e c t  of f l ow r a t e  on m, t h e  e l u t i o n  f low r a t e  w a s  v a r i e d  between 

1 . 3  and 3.5 ml/min. 

a t  a l l .  

c a l c u l a t e d  from t h e  peak a r e a  i s  p l o t t e d  a g a i n s t  Np  ( F i g .  6 ) .  

i n c r e a s e  i s  p r o p o r t i o n a l  t o  N p .  
M 

M The s l o p e  of  t h i s  s t r a i g h t  l i n e  

A s  e x p e c t e d ,  a c o n s t a n t  m v a l u e  i s  o b t a i n e d  when 

However, no change i n  m v a l u e  c o u l d  b e  d e t e c t e d  
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0 0 , 5  1 ,o 1 . 5  

N~ ( x ~ ~ 9  mol)  

FIGURE 6 .  

P l o t s  of N v s .  N f o r  the Mg-P 0 system. 

[MI0 = ~ . O O X ~ O - ~  M, pH 9.8.  
M P 3 10 

I I I I 

0 5 10 15 (min) 

FIGURE 7 

E l u t i o n  behavior  of  sodium i o n s  i n  t h e  Mg-P3010 system. 

Absorbance o f  sodium a t  589.0 nm was monitored by t h e  AAD. 

[MIO = ~ . O O X ~ O - ~  M ,  Np = 1 . 4 6 ~ 1 0  -9 mol, pH 9 . 8 .  
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1796 M I Y A J I M A  AND OHASHl 

A s  s o u r c e  mater ia l s  of LP, t h e i r  sodium o r  ammonium sa l t s  

have been used .  The e l u t i o n  b e h a v i o r  of sodium i o n s  i n  t h e  magnesium- 

t r i p h o s p h a t e  sys t em was mon i to red  by t h e  AAD ( F i g .  7 ) .  S i n c e  t h e  

sodium i o n s  are comple t e ly  s e p a r a t e d  from sample l i g a n d  zone,  i t  can  

b e  concluded t h a t  t h e  i o n - p a i r  f o r m a t i o n  o f  sodium i o n s  w i t h  p h o s p h a t e  

a n i o n s  need n o t  t o  be  t aken  i n t o  accoun t  i n  t h e  c a l c u l a t i o n  of  m. 
In F i g .  8 ,  an  example of t h e  c o n t i n u o u s  a n a l y s i s  of magnesium-LP 

b i n d i n g  by t h e  g e l  chromatography-MD sys t em i s  shown. Sample 

s o l u t i o n s  cou ld  b e  a p p l i e d  t o  t h e  column c o n t i n u o u s l y  e v e r y  t e n  

m i n u t e s .  

I 
0 .20 -  A 

I p = 101 

rn " c 0 
f 
LII n 
4 

x " 
0 -  

10 mln - 

22 

3.16 
- .. 

i. 
FIGURE 8 .  

R e p r e s e n t a t i v e  e l u t i o n  p a t t e r n s  of t h e  Mg-LP sys t ems  (pH 4 . 2 ) .  

The a v e r a g e  d e g r e e s  of  p o l y m e r i z a t i o n ,  p ,  and t h e  N v a l u e s  o f  t h e  

samples  are shown i n  t h e  f i g u r e .  Arrows show t h e  t i m e  o f  sample 

i n j e c t i o n .  

- 
P 
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B I N D I N G  OF LINFAR PHOSPHATE ANIONS 1797 

Comparison of GI 
The values of m thus obtained are plotted against the logarithms 

of p or (Fig. 9). It can be seen that the binding characteristic 

of the LP anions is greatly dependent on the degrees of polymerization 

of the sample phosphate. It was found that at pH 9.8, di- or tri- 

phosphate has greater binding ability than the long LP, though at 

pH 4 . 2  an opposite trend is observed. 

LP anions are composed of t w o  types of phosphate units, i.e., 

end and middle ones which bear negative charge of  two and one minus, 

respectively. At pH 9.8, where all the sample phosphates are consid- 
ered to be almost completely dissociated, the average negative charge 

on one phosphate unit decreases with an increase in the degrees of 

polymerization. This may be the reason for the decrease in m value 

0 ' 5  

, P = 3  

FIGURE 9 .  

Plots of i VS. log ( p  or p).  
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1798 M I Y A J I M A  AND OHASHI 

w i t h  a n  i n c r e a s e  i n  p o r  a t  pH 9 . 8 .  However, a t  pH 4 . 2 ,  each  

u n i t s  o f  1,P a n i o n s  are c o n s i d e r e d  t o  b e  a l m o s t  monopro tona ted .  

Under t h i s  c o n d i t i o n ,  t h e  c o n t r i b u t i o n  o f  e n d  u n i t  t o  the b i n d i n g  

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

i n  t h e  m v a l u e s  o f  s h o r t  LP s y s t e m s .  

posed ma in ly  o f  m i d d l e  u n i t s  wh ich  are almost d i s s o c i a t e d  e v e n  a t  

pH 4 . 2 ,  t h e  m v a l u e s  approach  t o  t h o s e  o b t a i n e d  a t  pH 9 . 8 ,  when 

i n c r e a s e s .  

S i n c e  t h e  l o n g e r  LP are com- 

I t  s h o u l d  b e  p o i n t e d  o u t  t h a t  t h e  m v a l u e s  o f  t h e  l o n g  LP are  

much g r e a t e r  t h a n  d iphosphate .  a t  pH 4 . 2 .  A t  pH 4 . 2 ,  d i p h o s p h a t e  

a n i o n s  are c o n s i d e r e d  t o  b e  i n  t h e  form of H P 0 ( 1 5 ) .  R e s u l t s  

o b t a i n e d  a t  pH 4 .2  i n d i c a t e s  t h a t  LP a n i o n  whose p v a l u e  i s  100 

can  b i n d  magnesium much s t r o n g l y  t h a n  t h e  g roup  o f  f i f t y  m o l e c u l e s  

of H2P207 c a n .  T h i s  phenomenon s h o u l d  b e  a t t r i b u t e d  t o  t h e  t r a p -  

p i n g  o f  magnesium i o n s  by  t h e  s t r o n g  e l e c t r i c  f i e l d  on t h e  l o n g  LP 

molecu le  formed by  t h e  crowded n e g a t i v e  c h a r g e  a n d / o r  some s p e c i f i c  

complex f o r m a t i o n .  

2- 
2 2 7  

2- 

A s  h a s  been  p o i n t e d  o u t  i n  t h e  s e c t i o n  of "Theory",  m v a l u e  

i s  a f u n c t i o n  of  [MI T h e r e f o r e ,  i n  o r d e r  t o  c l a r i f y  t h e  polymer- 

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

f r e e  metal c o n c e n t r a t i o n s  (16). D e t e r m i n a t i o n  o f  m v a l u e s  a t  a 

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

f o r  t h e  compar ison  o f  t h e  b i n d i n g  a b i l i t y  of t h e s e  homologous series 

of l i g a n d s .  The z o n a l  g e l  c h r o m a t o g r a p h i c  method i s  w e l l  s u i t e d  

f o r  t h i s  p u r p o s e .  A c o m b i n a t i o n  o f  g e l  ch romatography  w i t h  a n  AAD 

p;ovides a r a p i d  a n d  c o n t i n u o u s  a n a l y s i s  t e c h n i q u e  f o r  t h e s e  polymer-  

metal i o n  i n t e r a c t i o n  s t u d y .  

0 '  
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