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SEPARATION OF SELECTED TRANSITION 
METAL IONS AND DIVALENT METAL IONS 

BY HPLC USING UV-VIS DETECTION 

Wan-Fu Lien, Brian K. Boerner, 
and James G. Tarter 

Department of Chemistry 
North Texas State University 
Denton, Texas 76203-5068 

A B S T R A C T  

The u s e  of e t h y l e n e d i a m i n e t e t r a a c e t i  c a c i d ,  
d i s o d i u m  s a l t ,  ( p H  3 - 5 )  h a s  been i n v e s t i g a t e d  a s  a n  
e l u a n t  f o r  t h e  s e p a r a t i o n  and d e t e c t i o n  of  nanogram 
l e v e l s  o f  s e l e c t e d  d i v a l e n t  a n d  t r i v a l e n t  m e t a l  i o n s .  
The e f f e c t  o f  pH and e l u a n t  c o n c e n t r a t i o n  u p o n  t h e  
r e t e n t i o n  t i m e s  and  r e s o l u t i o n  o f  t h e  s y s t e m  a r e  g i v e n  
and t h e  a b i l i t y  t o  a l t e r  t h e  e l u a n t  c h a r a c t e r i s t i c s  t o  
o p t i m i z e  t h e  c h r o m a t o g r a p h i c  r e s u l t s  i n  d i f f e r e n t  
s i t u a t i o n s  w i l l  be d i s c u s s e d .  The method i s  l e s s  
compl i c a t e d  t h a n  t h e  method f r e q u e n t l y  used  f o r  
t r a n s i t i o n  m e t a l  i o n  d e t e r m i n a t i o n s  which u s e s  a 
pos t - co lumn d e r i v i t i z a t i o n  r e a g e n t .  T h i s  method i s  
a p p l i c a b l e  t o  a w i d e r  r a n g e  o f  m e t a l  i o n s  a n d  p r o v i d e s  
d e t e c t i o n  l i m i t s  which  a r e  g e n e r a l l y  w i t h i n  t w o  o r d e r s  
o f  m a g n i t u d e  of  t h e  pos t - co lumn d e r i v i t i z a t i o n  method.  

I N T R O D U C T I O N  

Ion  c h r o m a t o g r a p h y  h a s  become a w i d e l y  used 

t e c h n i q u e  f o r  t h e  a n a l y s i s  o f  i n o r g a n i c  i o n s .  A r e c e n t  
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3214 LIEN, BOERNER, AND TARTER 

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

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

a l t e r n a t i v e  t o  a t o m i c  s p e c t r o s c o p y  ( 1 ) .  I n  g e n e r a l ,  

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

b y  u s i n g  a c o m p l e x i n g  a g e n t  a s  e l u a n t  ( 2 , 3 , 4 )  f o l l o w e d  

b y  e i t h e r  c o n d u c t o m e t r i c  (3,4,5) o r  U V - V I S  d e t e c t i o n  

(4 ,6 ,7 ,8 ,9 ,10) .  T h e  U V - V I S  d e t e c t i o n  mode f r e q u e n t l y  

u s e s  a c o m p l e x i n g  a g e n t  s u c h  as  P A R  and  p o s t - c o l u m n  

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

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

s p e c t r o s c o p y  a t  5 2 0  nm. The P A R  b a s e d  s y s t e m  p r o v i d e s  

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

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

and  b y  t h e  s e n s i t i v i t y  o f  P A R  t o  o x i d a t i o n .  The  m e t h o d  

r e p o r t e d  h e r e  i s  a s i m p l i f i e d  m e t h o d  f o r  t h e  s e p a r a t i o n  

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

d o e s  n o t  u s e  a p o s t - c o l u m n  r e a c t o r  o r  d e r i v i t i z a t i o n  

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

c o m p l e x i n g  e l u a n t  as  a f u n c t i o n  o f  t h e  e x t e n t  o f  

c o m p l e x a t i o n .  T h e  d e t e c t i o n  l i m i t s  r e p o r t e d  h e r e  a r e  

n o t  as  g o o d  as  t h o s e  o b t a i n e d  f o r  t h e  P A R  b a s e d  s y s t e m ,  

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

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

i n  t h e  10-50 n g  r a n g e .  
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TRANSITION AND DIVALENT METAL IONS 3215 

EXPERIMENTAL 

E q u  i pmen t 

T h e  HPLC u s e d  f o r  t h i s  w o r k  was a K r a t o s  s y s t e m .  

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

a s  l i s t e d  h e r e :  K r a t o s  S p e c t r o f l o w  4 0 0  Pump, K r a t o s  

S p e c t r o f l o w  4 8 0  i n j e c t i o n  v a l v e  ( 8 0  LIL i n j e c t i o n  l o o p ) ,  

Vydac  3021C4.6  a n i o n  e x c h a n g e  c o l u m n ,  K r a t o s  

S p e c t r o f l o w  783  v a r i a b l e  w a v e l e n g t h  d e t e c t o r ,  and  a 

S p e c t r a - P h y s i c s  4 2 9 0  i n t e g r a t o r .  The  e l u a n t  u s e d  i n  

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

ethylenediaminetetraacetic a c i d  ( d i s o d i u m  s a l t ) ,  

r e f e r r e d  t o  h e r e a f t e r  as  E D T A ,  t o  a c o n c e n t r a t i o n  o f  

0 .01  M. T h i s  s t o c k  s o l u t i o n  was t h e n  d i l u t e d  t o  

v a r i o u s  c o n c e n t r a t i o n s  and t h e  pH was a d j u s t e d  u s i n g  

a c e t i c  a c i d  o r  s o d i u m  h y d r o x i d e  as  n e e d e d .  The m o s t  

common e l u a n t  was 0.0010 M E D T A  a t  a pH O f  3.7.  The  

f l o w  r a t e  was 2.0 mL /m in .  The d e t e c t o r  s e t t i n g s  w e r e ,  

f o r  t h e  m a j o r i t y  o f  t h e  w o r k ,  r a n g e  = 0 . 0 8  A U F S ,  

w a v e l e n g t h  = 220  nm, and a t t e n u a t o r  = 2.  Any  

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

R e a g e n t s  

S t o c k  s o l u t i o n s  o f  500 ppm C r ( I I 1 )  and  F e  ( 1 1 1 )  

and  1000 ppm f o r  t h e  o t h e r  m e t a l  i o n s  w e r e  p r e p a r e d  

f r o m  i r o n  ( 1 1 1 )  c h l o r i d e ,  c h r o m i u m  (111) s u l f a t e  

p e n t a d e c a h y d r a t e ,  n i c k e l  s u l f a t e  h e x a h y d r a t e ,  c o b a l t  
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3216 LIEN, BOERNER, A N D  TARTER 

( 1 1 )  chloride hexahydrate, copper (11) acetate 

monohydrate, zinc nitrate hexahydrate, manganese 

sulfate monohydrate, cadmium acetate dihydrate, calcium 

chloride dihydrate, and lead (11)  nitrate. The stock 

solutions were diluted by using 0.01 M EDTA (disodium 

salt). The pH of the diluent was 5.7 which 

corresponded to the pH obtained when the EDTA was 

dissolved in laboratory distilled-deionized water. The 

diluted solutions o f  the metal ions varied from sub-ppm 

concentrations up to 100 ppm. 

Procedure 

The various solutions o f  individual or mixtures of 

the transition metals, along with the additional 

divalent metal ions, were injected into the H P L C  system. 

The pH and concentration of the eluant were varied in 

order to determine the optimum conditions for 

resolution and sensitivity. The optimum wavelength for 

detection was also determined experimentally. 

The detection limits were defined as that signal 

which provided a signal three times as large as the 

baseline noise and was determined by diluting the 

various solutions until the 3:l ratio was observed 

experimentally. 
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TRANSITION AND DIVALENT METAL IONS 3217 

RESULTS A N D  D I S C U S S I O N  

D e t e c t  i o n  

The  U V - V I S  d e t e c t i o n  mode was s e l e c t e d  i n  o r d e r  t o  

i n v e s t i g a t e  f u r t h e r  t h e  mode o f  i n t e r a c t i o n  o f  E D T A  

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

i n i t i a l  w o r k  was an u n d e r g r a d u a t e  r e s e a r c h  p r o j e c t  

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

o f  t h e  phenomenon .  F i g u r e  1 shows a g r a p h  o f  

w a v e l e n g t h  as a f u n c t i o n  o f  p e a k  h e i g h t  ( d e t e c t o r  

r e s p o n s e )  f o r  f i v e  d i f f e r e n t  s p e c i e s .  N o t i c e  t h a t  a l l  

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

b e l o w  300 nm and  a l s o  show t h e  p o t e n t i a l  f o r  a b s o r b a n c e  

a t  a r o u n d  4 1 0 - 4 3 0  nm. F u r t h e r  c l o s e r  i n v e s t i g a t i o n  

showed  t h a t  t h e  maximum s e n s i t i v i t y  was o b t a i n e d  a t  

a r o u n d  220  nm. T h i s  w a v e l e n g t h  was u s e d  i n  a l l  o f  t h e  

w o r k  p e r f o r m e d  h e r e  u n l e s s  s p e c i f i e d  o t h e r w i s e .  The  

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

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

t h e  E D T A  e l u a n t  as  a f u n c t i o n  o f  

c o m p l e x a t i o n - n o n c o m p l e x a t i o n .  So, i n  e f f e c t ,  t h e  

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

e l u a n t  i s  b e i n g  m e a s u r e d ,  b u t  i s  a d i r e c t  m e a s u r e m e n t  

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

m e a s u r e d .  We d i d  d e t e c t  s l i g h t  v a r i a t i o n s  ( l e s s  t h a n  

10 nm) i n  t he  a b s o r p t i o n  maximum f o r  d i f f e r e n t  m e t a l  
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r, Fe 

200 YUU 400 500 600 
1 /nm\ 

F i g u r e  1: A b s o r p t i o n  o f  l i g h t  a s  a f u n c t i o n  o f  
w a v e l e n g t h  f o r  s e l e c t e d  m e t a l  i o n s .  The  
c o n d i t i o n s  w e r e  0.001 M EDTA a t  a pH o f  3 . 7  
and  f l o w  r a t e  o f  2 . 5  m L / m i n .  The 
c o n c e n t r a t i o n  o f  t h e  m e t a l  i o n s  was 10 ppm 
e a c h .  

c o m p l e x e s .  T h i s  m i g h t  be  o f  u s e  w i t h  a p h o t o d i o d e  

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

c o u l d  b e  m o n i t o r e d  t o  b e t t e r  a s s u r e  p e a k  p u r i t y .  An 

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

w a v e l e n g t h  c a n  be s e e n  i n  F i g u r e  2 .  I n  t h i s  e x a m p l e ,  
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Ni. co cu 

B I 

I 
0 4 8 12 16 20 24 28 32 
RETENTION TIME ( Minutes) 

F i g u r e  2 :  F i g u r e  2A r e p r e s e n t s  t h e  c h r o m a t o g r a m  
o b t a i n e d  a t  2 2 0  nm w h i l e  F i g u r e  2B 
r e p r e s e n t s  t h e  c h r o m a t o g r a m  o b t a i n e d  a t  2 4 0  
nm. T h e  o t h e r  c o n d i t i o n s  a r e  t h e  same a n d  
a r e  0 . 0 0 1  M EDTA e l u a n t  a t  pH o f  3 . 7  w i t h  a 
f l o w  r a t e  o f  2 . 5  m L / m i n .  

F i g u r e  2A r e p r e s e n t s  d e t e c t i o n  o f  a n i c k e l ,  c o p p e r ,  

c o b a l t  m i x t u r e  a t  2 2 0  nm w h i l e  2 8  r e p r e s e n t s  t h e  same 

s o l u t i o n  a t  2 4 0  nm. T h e  n i c k e l  a n d  c o b a l t  p e a k s  a r e  

s l i g h t l y  l a r g e r  a t  2 2 0  nm b u t  t h e  c o p p e r  p e a k  seems t o  

h a v e  l o s t  some r e l a t i v e  i n t e n s i t y .  A l s o ,  n o t e  t h e  

c h a n g e  i n  t h e  n o n - l a b e l e d  p e a k s  a t  a r o u n d  4 m i n u t e s .  
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E l u a n t  pH 

T h e  pH o f  t h e  e l u a n t  h a s  an  e f f e c t  o n  t h e  

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

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

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

c o n s t a n t s  ( p K 1  = 2 . 0 ,  pK2 = 2 . 6 7 ,  pK3 = 6 .16 ,  and  pK4 = 

1 0 . 2 6 )  a r e  o f  t h e  s i z e  t h a t  w i l l  c a u s e  s i g n i f i c a n t  

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

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

t h i s  w o r k .  A d e t a i l e d  d i s c u s s i o n  o f  t h e  m a t h e m a t i c s  o f  

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

d i s c u s s i o n  h a s  b e e n  p r e s e n t e d  e l s e w h e r e  ( 4 ) .  The  

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

c o n s t a n t  v a l u e s  h a s  t o  do  w i t h  t h e  c o n d i t i o n a l  

f o r m a t i o n  c o n s t a n t .  T h e  c o n d i t i o n a l  f o r m a t i o n  c o n s t a n t  

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

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

c ornp 1 e x  i I 

o f  t h e s e  

T h e r e  i s  

numer  i c a  

g f o r m  o f  t h e  EDTA. T a b l e  1 l i s t s  t h e  v a l u e  

c o n d i t i o n a l  f o r m a t i o n  c o n s t a n t s  a t  a pH o f  3 . 7 .  

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

v a l u e  o f  t h e  m e t a l - E D T A  f o r m a t i o n  c o n s t a n t  

( o r  t h e  c o n d i t i o n a l  f o r m a t i o n  c o n s t a n t )  and  t h e  

r e t e n t i o n  t i m e .  T h e  m e c h a n i s m  a t  w o r k  h e r e ,  t h e n ,  m u s t  

b e  a c o m p l e x  m e c h a n i s m  i n v o l v i n g  c o m p l e x a t i o n  b y  
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TRANSITION AND DIVALENT METAL IONS 3221 

TABLE I 

FORMATION CONSTANTS FOR METAL-EDTA COMPLEXES 

ELUTION METAL I O N  FORMATION CONDITIONAL 
O R D E R  CONSTANT FORMAT1 O N  

CONSTANT, 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

C r ( I I 1 )  l o g  K = 2 3  l o g  K '  = 1 3 . 9  

F e ( I I 1 )  l o g  K = 2 5 . 1  l o g  K '  = 1 6 . 0  

C a ( I 1 )  l o g  K = 1 0 . 7  l o g  K '  = 1 . 6  

C d ( I 1 )  l o g  K = 1 6 . 5  l o g  K '  = 7 . 4  

N i ( I 1 )  l o g  K = 1 8 . 6  l o g  K '  = 9 .5  

Z n ( I 1 )  l o g  K = 1 6 . 5  l o g  K '  = 7 .4  

M n ( I 1 )  l o g  K = 1 4 . 0  l o g  K '  = 4 . 9  

C o ( I 1 )  l o g  K = 1 6 . 3  l o g  K '  = 7 . 2  

P b ( I 1 )  l o g  K = 1 8 . 0  l o g  K '  = 8 . 9  

C u ( I 1 )  l o g  K = 1 8 . 8  l o g  K '  = 9 . 7  

s e v e r a l  d i f f e r e n t  EDTA f o r m s  a s  w e l l  a s  p o s s i b l e  i o n i c  

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

T h e  t r i v a l e n t  m e t a l  i o n s ,  s u c h  as  i r o n  ( 1 1 1 )  and  

c h r o m i u m  ( 1 1 1 ) ,  w i l l  f o r m  u n i v a l e n t  c o m p l e x e s  w i t h  t h e  

t e t r a v a l e n t  EDTA s p e c i e s .  The  d i v a l e n t  m e t a l  i o n s  w i l l  

f o r m  a d i v a l e n t  c o m p l e x  w i t h  t h e  EDTA. T h i s  i s  t h e  

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

a h e a d  o f  t h e  d i v a l e n t  m e t a l  s p e c i e s .  
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3222 LIEN, BOERNER, AND TARTER 

TABLE I 1  

VARIATION I N  RETENTION TIMES OF F I V E  1 P P M  
METAL I O N S  A S  A FUNCTION OF ELlJANT pH 

~ 

I O N  3 . 8 0  3 .75  3 .65  3 .56  

F e ( I I 1 )  5.2 m i n  4 .8  m i n  4 .4  m i n  4.2 m i n  

C r ( I I 1 )  5 . 2  m i n  4 .8  m i n  4 . 4  m i n  4.2 m i n  

N i ( I 1 )  2 0 . 8  m i n  2 0 . 9  m i n  2 0 . 7  rn in  2 0 . 4  m i n  

C o ( I 1 )  2 3 . 1  m i n  2 3 . 1  m i n  2 2 . 9  m i n  2 2 . 8  rn in  

C u ( I 1 )  2 4 . 4  m i n  24.6 m i n  24 .5  m i n  2 4 . 1  rn in  

T a b l e  I 1  p r o v i d e s  an e x a m p l e  o f  t h e  v a r i a t i o n  i n  

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

c h a n g e s  i n  t h e  e l u a n t  pH. T h i s  v a r i a t i o n  i s  much m o r e  

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

( u n i v a l e n t  m e t a l - E D T A  c o m p l e x e s )  t h a n  f o r  t h e  d i v a l e n t  

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

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

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

t h e  e l u a n t .  T h e  c h a n g e s  i n  t h e  c h r o m a t o g r a m s  w h i c h  

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

e x e m p l i f i e d  i n  F i g u r e  3 .  H e r e  t h e  t r i p l e  m i x t u r e  o f  
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TRANSITION AND DIVALENT METAL IONS 3223 

0 4 8 12 16 20 24 28 
TIME MINUTES 

F i g u r e  3 :  F i g u r e  
F i q u r e  

0 4  

B 

dcu u 
* 8 12 16 20 24 28 

TIME MINUTES 

C 

Ni co Cu 

& 4 8 12 16 20 24 28 

TIME MINUTES 

3 A  r e p r e s e n t s  an  e l u a n t  o f  pH 3 . 7 5 ,  
3 B  r e p r e s e n t s  an  e l u a n t  o f  P H  3 .47 .  

a n d  F i g u r e  3C r e p r e s e n t s  an  e l u a n t ' o f  3 . 2 j .  
T h e  r e m a i n i n g  c o n d i t i o n s  w e r e  c o n s t a n t  a n d  
w e r e  0,0015 M E D T A  a t  a f l o w  r a t e  o f  2 . 0  
m L / m i n  a t  2 2 0  nm d e t e c t i o n  w a v e l e n g t h .  T h e  
t h r e e  m e t a l  i o n s  a r e  a l l  p r e s e n t  a t  t h e  1 
ppm l e v e l .  

n i c k e l ,  c o b a l t ,  and  c o p p e r  w i l l  b e  b e s t  r e s o l v e d  a t  a 

pH o f  a r o u n d  3 .47  w i t h  c h a n g e s  o f  0.2 pH u n i t s  i n  

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

T h i s  p r o v i d e s  f o r  g r e a t e r  f l e x i b i l i t y  i n  t h e  

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

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

w i t h  o n l y  m o d e r a t e  p r e c i s i o n .  
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3224 LIEN, BOERNER, AND TARTER 

TABLE I 1 1  

R E T E N T I O N  T I M E S  A N D  D E T E C T I O N  L I M I T S  FOR 
SELECTED METAL I O N S  

I O N  R E T E N T I O N   TIME^ D E T E C T I O N   LIMIT^ 

C r ( I I 1 )  

F e ( I I 1 )  

C a ( I 1 )  

C d ( I 1 )  

N i ( I 1 )  

Z n (  1 1 )  

M n ( I 1 )  

C o ( I 1 )  

Pb (  1 1 )  

C u ( I 1 )  

4 . 1  m i n  

6 .5  m i n  

1 0 . 5  m i n  

1 5 . 2  m i n  

1 5 . 4  m i n  

15 .5  m i n  

1 6 . 0  m i n  

1 6 . 9  m i n  

1 7 . 5  m i n  

1 7 . 6  m i n  

8 n g  

5 . 6  n g  

3 2 0  n g  

2400  n g  

16  n g  

800 n g  

6 0  n g  

2 4  n g  

6 0  n g  

8 n g  

l U s i n g  0 . 0 0 1 5  M e l u a n t  a t  a f l o w  r a t e  o f  2 .5  

2 s i g n a l  t o  b a s e l i n e  n o i s e  r a t i o  o f  3 : l  

mL /m in  and  a pH o f  3 .7 .  

D e t e c t i o n  L i m i t s  a n d  R e t e n t i o n  T i m e s  

R e p r e s e n t a t i v e  r e t e n t i o n  t i m e s  a n d  d e t e c t i o n  

l i m i t s  f o r  t h i s  p r o c e d u r e  a r e  g i v e n  i n  T a b l e  111.  The 

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

g e n e r a l l y  one  t o  t w o  o r d e r s  o f  m a g n i t u d e  h i g h e r  t h a n  
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TRANSITION AND DIVALENT METAL IONS 3225 

t h o s e  f o r  t h e  P A R  b a s e d  s y s t e m .  A l s o ,  n o t e  t h a t  t h e  

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

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

i o n s  t h a n  d o e s  PAR. EDTA c a n  c o m p l e x  up  t o  6 2  

d i f f e r e n t  m e t a l s  (11) a s  c o m p a r e &  t o  a p p r o x i m a t e l y  3 0  

f o r  P A R  (1 ) .  A c r u d e  a n a l o g y  w o u l d  b e  t h a t  t h e  E D T A  

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

w h i l e  t h e  P A R  s y s t e m  i s  m o r e  o f  a s p e c i f i c  s y s t e m .  

EDTA i s  c a p a b l e  o f  c o m p l e x i n g  a much l a r g e r  n u m b e r  o f  

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

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

u n s u s p e c t e d ,  m e t a l s  may be  p r e s e n t .  

The  r e t e n t i o n  t i m e s  g i v e n  i n  T a b l e  I 1 1  i n d i c a t e  

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

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

p a r t i c u l a r  T a b l e .  I t  s h o u l d  b e  r e m e m b e r e d ,  h o w e v e r ,  

t h a t  t h e  r e t e n t i o n  t i m e s  c a n  b e  a l t e r e d  by  c h a n g i n g  t h e  

pH o f  t h e  e l u a n t  a l o n g  w i t h  t h e  e l u a n t  c o n c e n t r a t i o n .  

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

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

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

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

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

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

a n d  pH f o r  a g i v e n  s e t  o f  m e t a l s .  A l s o ,  t h e  f a c t  t h a t  
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3226 LIEN, BOERNER, AND TARTER 

t h e  m e t a l - E D T A  c o m p l e x e s  a b s o r b  a t  s l i g h t l y  d i f f e r e n t  

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

d e t e c t o r  s e l e c t i o n  t o  a s s i s t  i n  q u a n t i t a t i o n  and  t o  

m i n i m i z e  t h e  i m p a c t  o f  p e a k  o v e r l a p .  

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

s y s t e m  was d e t e r m i n e d  f o r  t h e  c h r o m i u m  ( 1 1 1 ) - E D T A  

c o m p l e x .  T h e  l i n e a r  r a n g e  was f r o m  0 . 1  ppm t o  200 ppm 

c h r o m i u m  ( 1 1 1 ) .  T h i s  i s  a r e a s o n a b l y  l a r g e  l i n e a r  

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

many d i f f e r e n t  s o l u t i o n s .  The  l i n e a r  o p e r a t i n g  r a n g e  

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

o v e r a l l  2 - 3  o r d e r s  o f  m a g n i t u d e  s h o u l d  r e m a i n  f a i r l y  

c o n s t a n t .  

U s e  o f  EDTA M a t r i x  

T h e  u s e  o f  an  EDTA b a s e d  s a m p l e  m a t r i x  p r o v i d e d  an  

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

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

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

f o r m a t i o n  c o n s t a n t s  f o r  t h e  m e t a l - E D T A  c o m p l e x e s  i n  

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

EDTA w i l l  s h i f t  t h e  e q u i l i b r i u m  b a c k  t o w a r d  t h e  m e t a l  

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

s p e c i e s  t o  b e  d e t e c t e d .  F i g u r e  4 i l l u s t r a t e s  t h e  

e f f e c t  o f  t h e  EDTA c o n c e n t r a t i o n  i n  t h e  m a t r i x  u p o n  t h e  

r e l a t i v e  p e a k  h e i g h t  o f  t h e  c h r o m i u m  ( 1 1 1 )  c o m p l e x .  
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TRANSITION AND DIVALENT METAL IONS 3221 

500 
0.0 

10 100 200 300 400 
(Nap EDTA Concentration) X l O 4 M  

F i g u r e  4 :  E f f e c t  o f  c o n c e n t r a t i o n  o f  E D T A  i n  t h e  
s a m p l e  m a t r i x  u p o n  t h e  r e l a t i v e  p e a k  h e i g h t  
o f  c h r o m i u m  ( 1 1 1 ) - E D T A  c o m p l e x .  E l u a n t  i s  
0.0015 M E D T A  a t  a pH o f  4 . 3  a t  a f l o w  r a t e  
o f  2 .0  m L / m i n .  

T h e r e  i s  an a p p a r e n t l y  l e v e l  p l a t e a u  f r o m  a r o u n d  0.010 

M t o  0.03 M E D T A  w h i c h  p r o v i d e s  f o r  e a s y  q u a n t i t a t i o n  

w i t h o u t  u n d u e  m a t r i x  e f f e c t s .  A l t h o u g h  h i g h e r  

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

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

s i g n i f i c a n t l y  f o r  o n l y  a v e r y  s m a l l  c h a n g e  i n  E D T A  

m a t r i x  c o n c e n t r a t i o n .  F o r  t h i s  r e a s o n ,  we p e r f o r m e d  

much o f  o u r  a n a l y t i c a l  w o r k  w i t h  b e t w e e n  0 .01  M and 
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0.02 M EDTA as  t h e  d i l u e n t  f o r  a l l  o f  o u r  s a m p l e s .  

T h i s  a p p a r e n t  g a i n  i n  s e n s i t i v i t y  p r o v i d e s  f o r  b e t t e r  

d e t e c t i o n  l i m i t s  and  b e t t e r  s e n s i t i v i t y  o v e r  o t h e r  

t e c h n i q u e s  u s i n g  E D T A  b a s e d  e l u a n t s .  A g a i n ,  t h e r e  i s  

f l e x i b i l i t y  i n  t h i s  m e t h o d .  By v a r y i n g  t h e  E D T A  

c o n c e n t r a t i o n  i n  t h e  m a t r i x ,  t h e  s p e c i e s  t o  b e  m o s t  

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

f o r m a t i o n  c o n s t a n t  ( s e e  T a b l e  I ) .  T h i s  p r o v i d e s  a 

m e c h a n i s m  w h e r e b y  d i f f e r e n t  m e t a l - E D T A  c o m p l e x e s  c a n  b e  

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

E x a m p l e  C h r o m a t o g r a m s  

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

t h e  t y p e  o f  r e s u l t s  w h i c h  may b e  e x p e c t e d  f r o m  t h i s  

t y p e  o f  s y s t e m .  I n  t h e s e  c h r o m a t o g r a m s  t h e  i m p o r t a n t  

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

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

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

s e n s i t i v e ,  l o w  l e v e l  d e t e c t i o n  o f  d i v a l e n t  m e t a l  i o n s  

and  s e l e c t e d  t r a n s i t i o n  m e t a l  i o n s  i n  a r e a s o n a b l y  

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

F i g u r e  5 i l l u s t r a t e s  a s e p a r a t i o n  o f  f i v e  

d i f f e r e n t  t r a n s i t i o n  m e t a l  i o n s .  A l s o  v i s i b l e  i n  

F i g u r e  5 a r e  t h e  c h l o r i d e  and  s u l f a t e  p e a k s .  S i n c e  t h e  

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

t h e  i n o r g a n i c  a n i o n s  w i l l  a l s o  u n d e r g o  s e p a r a t i o n  and 
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I1 I 

Fe and Cr I 
>I s 5 4 ,  , , , 

1 1 ' 1 1 1 1  

0 4 8 12 16 20 24 28 32 36 40 44 48 52 

TIME MINUTES 

F i g u r e  5 :  The  s e p a r a t i o n  o f  10 ppm F e ( I I I ) ,  10 ppm 
C r ( I I I ) ,  1 ppm N i ( I I ) ,  1 ppm C o ( I 1 )  and  1 
ppm C u ( I 1 )  a l o n g  w i t h  t h e  e l u t i n g  
c o u n t e r i o n s .  A n a l y t i c a l  c o n d i t i o n s  a r e  
0 . 0 0 1 5  M EDTA e l u a n t  a t  a pH o f  3 .37  w i t h  a 
f l o w  r a t e  o f  1 m L / m i n  and a d e t e c t i o n  
w a v e l e n g t h  o f  220 nm. 

o e r e c c i o r i .  i r i  y e r i e t - d i ,  r n e  I r i o r y d r i i C  i o n s  w i  I I eiure 

as  n e g a t i v e  p e a k s  s i n c e  t h e  a b s o r b a n c e  o f  t h e  i n o r g a n i c  

i o n s  a t  220 nm i s  much l e s s  t h a n  t h e  a b s o r b a n c e  o f  t h e  

E D T A .  T h i s  c h r o m a t o g r a m  was e s s e n t i a l l y  p r e p a r e d  w h i l e  
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0 4 8 12 16 20 24 28 

TIME MINUTES 

F i g u r e  6 :  T h e  s e p a r a t i o n  and  d e t e c t i o n  o f  F e ( I I I ) ,  
C r ( I I I ) , N i ( I I ) ,  C o ( I I ) ,  and  C u ( I 1 )  e a c h  a t  4 
ppm c o n c e n t r a t i o n  and  2 0  ppm C a ( I 1 )  u s i n g  
0.0015 M EDTA e l u a n t  a t  a pH o f  4 . 3  and a 
f l o w  r a t e  o f  2 .0  m L / m i n .  

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

a t t e m p t  was made t o  s e p a r a t e  t h e  c h r o m i u m  and  i r o n  

w h i c h  e l u t e d  e a r l y  i n  t h e  c h r o m a t o g r a m .  

F i g u r e  6 i l l u s t r a t e s  t h e  s e p a r a t i o n  o f  t h e  i r o n  

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

i o n s .  I n  t h i s  c a s e ,  t h e  i r o n  a n d  c h r o m i u m  e l u t e  a s  a 

s h o u l d e r  on  a b r o a d  s y s t e m  p e a k .  The  q u a n t i t a t i o n  i s  

s t i l l  q u i t e  e a s y  and  d e p e n d a b l e .  A g a i n ,  n o t e  t h e  

c o n c e n t r a t i o n s  u s e d  i n  t h e  w o r k  a n d  t h e  r e l a t i v e l y  
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I 

L 

CJ 

3 

I - J ' ' ~ ~ ~ ~ ~  

I 8 12 16 20 24 28 32 36 

TIME MINUTES 

F i g u r e  7 :  The  s e p a r a t i o n  and d e t e c t i o n  o f  2 0  ppm 
C a ( I I ) ,  2 0  ppm P b ( I 1 )  and  100 ppm Z n ( I 1 )  
u s i n g  0.0015 M EDTA a t  a pH o f  4 .3  and  a 
f l o w  r a t e  o f  2.0 mL /m in .  T h e  d e t e c t i o n  
w a v e l e n g t h  i s  220  nm. 

s h o r t  e l u t i o n  t i m e .  C a l c i u m  i s  a l s o  p r e s e n t  i n  t h i s  

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

an E D T A  s y s t e m  o v e r  a P A R  s y s t e m .  

F i g u r e  7 i l l u s t r a t e s  t h e  s e p a r a t i o n  and  d e t e c t i o n  

o f  a c a l c i u m ,  l e a d  a n d  z i n c  m i x t u r e .  T h e s e  s p e c i e s  a r e  

n o t  a s  s e n s i t i v e  a s  some o f  t h e  o t h e r s  i n  t h e  o t h e r  

c h r o m a t o g r a m s  and  h e n c e  t h e  c o n c e n t r a t i o n s  a r e  h i g h e r .  

A g a i n ,  t h e  s e p a r a t i o n  i s  n i c e  and  t h e  E D T A  i s  a b l e  t o  

a s s i s t  i n  t h e  d e t e c t i o n  o f  s p e c i e s  w h i c h  m i g h t  b e  

m i s s e d  b y  o t h e r  t e c h n i q u e s .  
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C O N C L U S I O N  

T h e  m e t h o d  r e p o r t e d  h e r e  f o r  t h e  s e p a r a t i o n  a n d  

d e t e c t i o n  o f  t r a n s i t i o n  m e t a l  i o n s  ( a l o n g  w i t h  o t h e r  

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

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

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

s u f f i c i e n t l y  l o w  f o r  many a n a l y t i c a l  s i t u a t i o n s .  The  

r e t e n t i o n  t i m e s  a r e  a l s o  q u i t e  s h o r t ,  l e s s  t h a n  2 5  

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

a n a l y s i s  o f  t h e  s a m p l e .  The  a b s e n c e  o f  a p o s t - c o l u m n  

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

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

t h e  s t r o n g l y  c o m p l e x i n g  E D T A  s o l u t i o n s  h a s  n o t  b e e n  a 

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

c o m p o n e n t s  i n  t h e  H P L C  w i t h  w h i c h  i t  comes i n  c o n t a c t .  

We h a v e  u s e d  t h e  s y s t e m  d e s c r i b e d  i n  t h i s  w o r k  f o r  

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

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

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

EDTA s a m p l e  m a t r i x  p r o v i d e s  f o r  b e t t e r  r e s u l t s  and ,  i n  

a d d i t i o n ,  w i l l  a c t  as  a s t a b i l i z e r  f o r  t r a n s i t i o n  m e t a l  

s o l u t i o n s  w h i c h  m i g h t  o t h e r w i s e  u n d e r g o  some u n w a n t e d  

s i d e  r e a c t i o n  ( s u c h  a s  p r e c i p i t a t i o n ) .  The  s y s t e m  i s  

e x t r e m e l y  f l e x i b l e  a s  c o n c e n t r a t i o n ,  pH, a n d  d e t e c t o r  
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w a v e l e n g t h  c a n  a l l  b e  a d j u s t e d  t o  o p t i m i z e  t h e  

c o n d i t i o n s  f o r  a g i v e n  s i t u a t i o n .  
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