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CONDl TI0 NAL STAB1 Ll TY CONSTANT 
DETERMINATION OF METAL AQUATIC 

FULVIC ACID COMPLEXES 

Daniel T. Haworth", Mark R. Pitluck*?, 
and Bruce D. Pollardti 
Department of Chemistry 

Marquette University 
Milwaukee, Wisconsin 53233 

AB S TRACT 

An ion-exchange chromatography/atomic absorbance 
spectroscopy method f o r  t h e  determinat ion of t h e  
cond i t iona l  s t a b i l i t y  cons t an t s  f o r  meta l  
complexes of an a q u a t i c  f u l v i c  a c i d  i s  descr ibed .  
Employing t h e  Scatchard model, cond i t iona l  
s t a b i l i t y  cons t an t s  w e r e  determined f o r  m e t a l ( I 1 )  
f u l v i c  a c i d  complexes of cadmium, copper, n i c k e l  
and z i n c  a t  pH 7 .  The  e f f e c t  of pH on t h e  
s t a b i l i t y  cons tan t  of t h e  copper-fulvic  a c i d  
complex i s  a l s o  desc r ibed .  

INTRODUCTION 

Fulv ic  a c i d  i s  t h e  c l a s s  of humic substances which i s  

s o l u b l e  i n  bo th  ac id  and base .  T e r r e s t r i a l  f u l v i c  a c i d  i s  

*Authors t o  whom correspondence should be addressed.  
'Present address :  P f i z e r  I n c . ,  Groton, CT 06340 ,  U S A  

"Present address  : ARC0 Chemical Co., Newtown Square, P A  
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2878 HAWORTH, PITLUCK, AND POLLARD 

der ived  from e i t h e r  vascu la r  p l a n t  remains o r  soil humus 

and a q u a t i c  f u l v i c  ac id  i s  obtained from e i t h e r  a q u a t i c  o r  

t e r r e s t r i a l  p l a n t s .  Fulv ic  ac id  i s  a complex mixture  of 

degrada t ion  products  which can b l i n d  t o  meta ls  p r imar i ly  

through i t s  carboxyl ic  ac id  f u n c t i o n a l  groups and a l s o  

through i t s  phenol ic  ac id  func t iona l  groups (1,2). A s  a 

n a t u r a l l y  occur ing  che la t e ,  t h e  na tu re  of me ta l - fu lv i c  

a c i d  i n e t e r a c t i o n s  i s  necessary t o  understand t h e  r o l e  of 

f u l v i c  a c i d  i n  t h e  t r a n s p o r t  of meta ls  i n  our environment.  

Recent ly  w e  have repor ted  on t h e  de te rmina t ion  of 

cond i t iona l  s t a b i l i t y  cons tan ts  f o r  metal  complexes of a 

t e r r e s t r i a l  f u l v i c  a c i d  using an ion-exchange chromato- 

graphy/atomic absorbance spectroscopy method (3 )  . The 

advantages and disadvantages of o t h e r  methods of s t a b i l i t y  

cons tan t  de te rmina t ion  have been reviewed by Tuschel l  and 

Brezonik ( 4 )  and by Saar  and Weber ( 5 )  and w e  have 

summarized t h e s e  techniques (3). Using t h e  copper complex 

of c r i t i c  a c i d  a s  our model system, w e  have shown t h a t  t he  

above m e t h o d  i s  v a l i d  f o r  s t a b i l i t y  cons tan t  

de te rmina t ions  ( 6 )  . 
The aim of t h e  present  work i s  t o  show t h a t  t h e  same 

methodology can a l s o  be used t o  determine cond i t iona l  

s t a b i l i t y  cons t an t s  of metal  complexes of Cd, Cu, N i  and 

Zn w i t h  an a q u a t i c  f u l v i c  ac id  l i g a n d .  The e f f e c t  o f  pH 

on t h e  s t a b i l i t y  constant  of t h e  copper - fu lv ic  ac id  

complex has a l s o  been inves t iga t ed .  
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METAL AQUATIC FULVIC ACID COMPLEXES 2819 

EXPERIMENTAL 

Aquatic Fu lv ic  Acid Aquatic f u l v i c  ac id  ( 1 0 0  mg) was 

obta ined  from t h e  I n t e r n a t i o n a l  Humic Substances Socie ty  

and i s  des igna ted  a s  t h e  Suwanee Stream Standard Fu lv ic  

Acid.  

Reagents.  Stock so lu t ions  conta in ing  t h e  d i v a l e n t  meta l  

i o n s  of Cd, Cu, N i  and Zn were prepred  with concen t r a t ions  

of approximately 2 . 5  x 10-1 M w i t h  t h e  values  v e r i f i e d  by 

AAS us ing  primary s tandards ,  So lu t ions  of 4 x M 

a q u a t i c  f u l v i c  a c i d  were ad jus t ed  t o  a pH of 7 . 0  and i o n i c  

s t r e n g t h  of 0 . 1  M w i t h  0 . 2  M NaN03. 

Ins t rumenta t ion  and Ion Exchange Column The l i q u i d  

chromatograph cons i s t ed  of a Tracor 995 isochromatographic 

pump, Rheodyne 7125 i n j e c t o r  equipped w i t h  a loo-@ loop ,  

and a Tracor  960 u l t r a l v i o l e t  (UV)  d e t e c t o r .  Solvent  was 

s e l e c t e d  with a s e r i e s  of so lenoid  va lves .  An ion- 

exchange column ( 4 0  mm long, 1 . 6  mm i . d . )  was cons t ruc t ed  

of t e f l o n  tub ing  and 316 s t a i n l e s s  s t e e l  Swagelok column 

e n d - f i t t i n g s  with 2-pm s t a i n l e s s  s t ee l  f r i t s .  The column 

was s lurry-packed with HC-Pellionex SCX (37-53 pn p a r t i c l e  

s i z e :  Reeve Angel, Cl inton,  N J )  a s t rong  cation-exchange 

r e s i n  c o n s i s t i n g  of a polystyrene/divinylbenzene copolymer 

base  with s u l f o n i c  ac id  func t iona l  groups.  The r e s i n  has 

an exchange capac i ty  of 60 peq g-’ (dry weight)  and i s  

s t a b l e  between pH 2 and 1 0 .  

The o u t l e t  of t h e  UV d e t e c t o r  was connected t o  t h e  

premix burner  o f  t h e  atomic absorp t ion  spectrometer  
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2880 HAWORTH, PITLUCK, AND POLLARD 

( I n s t r u m e n t a t  on  L a b o r a t o r y  251 AA/AE) w i t h  1 / 1 6  i n .  

t e f l o n  t u b i n g  and  a p p r o p r i a t e  Swagelok f i t t i n g s .  The 

s p e c t r o m e t e r  was i n t e r f a c e d  t o  a Rockwell  I n t e r n a t i o n a l  

A i m  65 mic rocompute r .  

Chromatograph ic  Parameters S o l u t i o n s  were i n j e c t e d  onto 

t h e  ion -exchange  column u s i n g  a 100-pl l o o p  a n d  a water 

m o b i l e  p h a s e  a t  4 .0  m l  min - l .  The complex e l u t e d  f rom t h e  

column a t  t h e  bed volume w h i l e  t h e  f r e e  meta l  i o n s  were 

r e t a i n e d .  A f t e r  30  s ,  t h e  mob i l e  p h a s e  w a s  s w i t c h e d  t o  

0 . 1 0  M b a r i u m  n i t r a t e  f o r  15 s t o  e l u t e  t h e  a d s o r b e d  

m e t a l .  Bar ium n i t r a t e  w a s  chosen  b e c a u s e  t h e  h i g h  

exchange  c o n s t a n t  f o r  Ba2' p r o d u c e s  min ima l  band  s p r e a d i n g  

o f  t h e  m e t a l  i o n s  b e i n g  e l u t e d .  The mobile p h a s e  was 

s w i t c h e d  t o  0 . 1 0  M sodium n i t r a t e  f o r  15  s t o  remove 

b a r i u m  i o n s  f r o m  t h e  r e s i n  a n d  t h e n  back  t o  water  f o r  3 . 5  

min  t o  remove e x c e s s  o f  sodium i o n s .  A d d i t i o n a l  

i n j e c t i o n s  w e r e  made a t  t h e  end  of t h e  w a t e r  r i n s e  c y c l e  

a n d  t h e  m o b i l e  p h a s e  sequence  w a s  r e p e a t e d .  A 2O-pl loop 

w a s  s u b s t i t u t e d  f o r  t h e  100-p1 loop  when 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  of t h e  m e t a l / f u l v i c  acid s o l u t i o n s  exceeded 

t h e  l i n e a r  dynamic  r a n g e  o f  t h e  sys tem;  metal  c a l i b r a t i o n  

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

S p e c t r o m e t r i c  P a r a m e t e r s  The p a r a m e t e r s  f o r  t h e  

s p e c t r o m e t e r  w e r e :  3 2 4 . 7  nm wave leng th ,  640 p n  s l i t w i d t h ,  

0 . 2  m?. p e r  c o u n t ,  i n t e n s i t y  a t  4 V, 620 V on t h e  photon  

m u l t i p l i e r ,  2 rnA lamp c u r r e n t ,  a n d  22 mA d e u t e r i u m  lamp 
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METAL AQUATIC FULVIC ACID COMPLEXES 288 1 

c u r r e n t .  The a s p i r a t i o n  r a t e  of t h e  premix b u r n e r  was set 

a t  2 .0  m l  min- . The a s p i r a t i o n  r a t e  a s  a f u n c t i o n  of 

ch romatograph ic  f low r a t e  was op t imized  f o r  s i g n a l - t o -  

1 

n o i s e .  

C a l i b r a t i o n  The i n j e c t e d  me ta l  i o n  was de t e rmined  by 

m o n i t o r i n g  t h e  e l u e n t  by AAS. A c a l i b r a t i o n  c u r v e  w a s  

c o n s t r u c t e d  by  p l o t t i n g  t h e  peak h e i g h t  v e r s u s  t h e  

c o n c e n t r a t i o n  of t h e  f r e e  metal i o n  i n j e c t e d .  P e a k  h e i g h t  

w a s  chosen b e c a u s e  of  t h e  narrowness  of  t h e  p e a k  

basewid th .  The c o n c e n t r a t i o n  of bound metal w a s  

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

i n  s o l u t i o n  from t h e  t o t a l  c o n c e n t r a t i o n  of m e t a l  added t o  

s o l u t i o n .  

RESULTS AND DISCUSSION 

The method of  S c a t c h a r d  ( 7 )  w a s  u sed  t o  d e t e r m i n e  t h e  

c o n d i t i o n a l  s t a b i l i t y  c o n s t a n t  K', f o r  t h e  m e t a l - a q u a t i c  

f u l v i c  a c i d  complexes.  The S c a t c h a r d  pa rame te r ,  v, i s  

e q u a l  t o  t h e  c o n c e n t r a t i o n  of m e t a l  bound t o  t h e  f u l v i c  

acid,  [MFA], d i v i d e d  by t h e  t o t a l  c o n c e n t r a t i o n  of 

complexing l i g a n d  ( f u l v i c  a c i d )  i n  s o l u t i o n  [FA]. 

Taking [M2+] as t h e  c o n c e n t r a t i o n  of f r e e  m e t a l  i o n  i n  

s o l u t i o n ,  and n a s  t h e  number of b i n d i n g  s i t e s  p e r  mole- 

c u l e  a s  g i v e n  i n  e q u a t i o n  2 ,  
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V 
= K '  n - K ' v  

[PI2+] 

HAWORTH, PITLUCK, AND POLLARD 

a p l o t  of v/[M2+] v e r s u s  v y i e l d s  a s t r a i g h t  l i n e  w i t h  a 

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

( K ' )  f o r  t h e  meta l  i o n  - f u l v i c  acid c o m p l e x .  D i v i d i n g  

t h e  i n t e r c e p t  ( K ' n )  b y  t h e  n e g a t i v e  s l o p e  gave a v a l u e  

e q u a l  t o  t h e  number  o f  b i n d i n g  s i t e s  per f u l v i c  a c i d  

m o l e c u l e ,  n The  c o n c e n t r a t i o n  o f  t h e  f ree  m e t a l  i o n  was 

d e t e r m i n e d  f r o m  a s t a n d a r d  c a l i b r a t i o n  c u r v e .  The c o n -  

c e n t r a t i o n  of m e t a l  i o n  - f u l v i c  acid complex f o r m e d  w a s  

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

i n  s o l u t i o n  f rom t h e  c o n c e n t r a t i o n  of m e t a l  i o n  a d d e d  t o  

t h e  s o l u t i o n  ( e q u a t i o n  3 ) .  

[MFA] = [MT]-[M2+] ( 3 )  

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

f r o m  t h e  i n i t i a l  c o n c e n t r a t i o n  of f u l v i c  acid,  t h e  

S c a t c h a r d  p a r a m e t e r s  of v a n d  v/[M2+] are  c a l c u l a t e d .  The 

c a l c u l a t e d  S c a t c h a r d  parameters a r e  t h e  average f o r  f o u r  

separate s o l u t i o n  p r e p a r a t i o n s  a n d  d e t e r m i n a t i o n s  a n d  a 

t y p i c a l  S c a t c h a r d  p l o t  i s  shown i n  F ig .  1 f o r  C u 2 +  a t  pH 

7 .0  a n d  i o n i c  s t r e n g t h  0 . 1 0  M .  

The S c a t c h a r d  p l o t s  showed two l i n e a r  p o r t i o n s :  (1) a 

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

c o n c e n t r a t i o n ,  a n d  ( 2 )  a l i n e a r  p o r t i o n  e x h i b i t i n g  l i t t l e  

or n o  s lope  a t  h i g h  f r e e  m e t a l  i o n  c o n c e n t r a t i o n s .  T h e  

p o r t i o n  o f  t h e  c u r v e  w i t h  t h e  larger slope i s  a t t r i b u t e d  
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0.00 0.20 0.40 0.60 0.80 1.00 

Scatchard Parameter, v 

F i g u r e  1. S c a t c h a r d  p l o t  f o r  t h e  b i n d i n g  of C u ( I 1 )  by  a n  
a q u a t i c  f u l v i c  a c i d .  

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

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

b i n d i n g  a t  w e a k e r  s i t e s .  Metal b i n d i n g  a t  t h e  w e a k e r  

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

s i t e s .  The l o g  of t h e  c o n d i t i o n a l  s t a b i l i t y  c o n s t a n t  w a s  

o b t a i n e d  f r o m  t h e  n e g a t i v e  slopes of t h e  p l o t s .  The l o g  

K' a t  t h e  s t r o n g e r  b i n d i n g  s i t e s  a n d  t h e  c o r r e s p o n d i n g  

number  of b i n d i n g  s i t e s  per f u l v i c  ac id  m o l e c u l e ,  n ,  are 

p r e s e n t e d  i n  Table 1 f o r  t h e  m e t a l  i o n s  of C d ,  Cu, N i ,  a n d  

Zn. The c o m p l e x i n g  a b i l i t y  of t h e  a q u a t i c  f u l v i c  acid f o r  

these metal  i o n s  i s  r a n k e d :  Cu > Ni > C d  > Zn w h i c h  
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T a b l e  1 

HAWORTH, PITLUCK, AND POLLARD 

C o n d i t o n a l  s t a b i l i t y  c o n s t a n t s  a n d  number  o f  b i n d i n g  s i t e s  
pe r  f u l v i c  ac id  m o l e c u l e  f o r  me ta l  b i n d i n g  b y  a n  a q u a t i c  
f u l v i c  acid 

Meta l  Log K' n 

+ 
C d  4 . 8 0  t O . 2 0  ( 4 . 9 0 ) *  0 . 0 5  - 0 . 0 2  ( 0 . 0 7 ) *  

c u  3 . 9 8  2 0 . 0 2  ( 4 . 5 1 )  0 . 7 4  2 0 . 0 2  ( 0 . 8 5 )  

N i  4 . 6 3  k O . 0 2  ( 4 . 6 6 )  0 . 0 8  2 0 . 0 3  ( 0 . 2 5 )  

Zn 4 . 9 8  2 0 . 0 5  ( 5 . 2 9 )  0 .0332  0 . 0 0 3  ( 0 . 0 9 )  

* V a l u e s  t a k e n  f r o m  r e f e r e n c e  3 f o r  a t e r r e s t r i a l  f u l v i c  
a c i d .  

agrees w i t h  t h e  r a n k i n g  d e t e r m i n e d  b y  S c h n i t z e r  a n d  Hansen 

( 8 ) .  T h i s  w a s  a l s o  t h e  order of s t a b i l i t y  f o r  m e t a l  

c o m p l e x e s ,  Cu > Pb > C d  > Zn, o f  humic  a c i d s  a s  d e t e r m i n e d  

by p o t e n t i o m e t r i c  t i t r a t i o n ( 9 ) .  S p o s i t o  h a s  a l s o  o b t a i n e d  

a s t a b i l i t y  c o n s t a n t  of l o g  K o f  3 . 9  f o r  t h e  C u - f u l v i c  

acid complex f o r  f u l v i c  ac id  d e r i v e d  f r o m  sewage s l u d g e -  

s o i l  m i x t u r e s  ( 1 0 ) .  The r a n k i n g  of C d  a n d  Zn a r e  

predicted t o  be reversed u s i n g  l i n e a r  c o r r e l a t i o n  a n a l y s i s  

f r o m  data a l s o  t a k e n  b y  p o t e n t i o m e t r i c  t i t r a t i o n s  (11). 

F o r  c o m p a r i s o n  p u r p o s e s  t h e  l o g  K' a n d  n v a l u e s  f o r  o u r  

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

i n  T a b l e  1. W h i l e  t h e  o r d e r  o f  b i n d i n g  i s  t h e  same, it i s  

n o t e d  t h a t  t h i s  sample of a q u a t i c  f u l v i c  acid i s  a weaker  
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METAL AQUATIC FULVIC ACID COMPLEXES 2885 

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

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

m o l e c u l e  as s e e n  by t h e  n v a l u e s  l i s t e d  i n  T a b l e  1. 

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

complexes a c c o r d i n g  t o  t h e i r  s t a b i l i t y  c o n s t a n t s  a n d  n o t  

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

s t r u c t u r e s  ( 1 0 ) .  

The s m a l l e r  number  of b i n d i n g  s i t e s  r e s u l t s  i n  t h e  u s e  

of v e r y  low c o n c e n t r a t i o n s  of a d d e d  meta l  i o n .  The 

S c a t c h a r d  parameters, w h i c h  are d e p e n d e n t  o n  t h e  d e t e r -  

m i n a t i o n  of f r ee  m e t a l  i n  s o l u t i o n ,  were d e t e r m i n e d  

a t  t h e  l i m i t  of  d e t e c t i o n  f o r  t h e  i o n - e x c h a n g e  chroma-  

tography/atomic a b s o r b a n c e  s p e c t r o s c o p y  s y s t e m .  An 

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

m e a s u r e m e n t s  w o u l d  r e q u i r e  a g rea te r  c o n c e n t r a t i o n  of 

f u l v i c  ac id  be u s e d  i n  t h e  s o l u t i o n s  o r  much l a r g e r  sample 

i n j e c t i o n s .  

The e f f e c t  o f  t h e  s o l u t i o n ' s  p H  on  t h e  c o p p e r - f u l v i c  

a c id  c o m p l e x  w a s  a l s o  i n v e s t i g a t e d .  The s o l u t i o n s  h a d  a n  

i o n i c  s t r e n g t h  o f  0 . 1 0  M a n d  c o n t a i n e d  4 x lo-' M f u l v i c  

a c id  a n d  1 . 0  x M t o  4 x M c o p p e r  n i t r a t e .  The 

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

are  p l o t t e d  as  v/[Cu*+] v e r s u s  v i n  F i g .  2 .  The S c a t c h a r d  

p l o t  f o r  t h e  pH 3 s o l u t i o n  i s  g i v e n  as  a n  e r r o r  bar 

b e c a u s e  o f  t h e  i n c o n s i s t e n c y  o f  t h e  d e t e r m i n e d  v a l u e s .  
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p-Tj-1 
CI 

9 

\ 

Scatchard Parameter, Q 

Figure  2 .  Sca tchard  p l o t s  f o r  t h e  binding of Cu(1I )  by an 
a q u a t i c  f u l v i c  a c i d  a t  p H  3 . 0 ,  5 . 0  and 1 . 0 .  

+ 
The pH I so lu t ion  had a log K' value of 3 . 9  - 0 . 1  and 

a n va lue  of 0 . 8 1  - 0 . 0 4 .  T h e  pH 5 s o l u t i o n  had a l o g  K' 

va lue  of 4 . 6  2 0 . 3  and a n value of 0 . 1 8  - 0 . 0 4 .  The 

lower s t a b i l i t y  cons tan t  f o r  pH I could poss ib l e  be  due t o  

t h e  i n a b i l i t y  of t h e  method t o  determine t h e  copper 

b ind ing  t o  s t r o n g  s i t e s  a s  seen by t h e  Scatchard p l o t  i n  

F ig .  2 having o n l y  a smal l  p a r t  of t h e  curve with a l a r g e  

s l o p e .  The s t a b i l i t y  cons tan t  determined f o r  pH 7 may 

a l s o  be a combination of  s t r i n g  and weak binding s i tes .  

Again no assumption on s to ich iometry  can be implied from 

+ 
+ 
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t h e  Sca tchard  p l o t s  nor can t h e  p l o t s  d i s t i n g u i s h  between 

t h e  e x i s t e n c e  i n  a mixture  of s eve ra l  1:l complexes with 

d i f f e r e n t  s t a b i l i t y  cons tan ts  ( 1 2 ) .  The decrease i n  t he  

number of  b inding  s i t e s  per  f u l v i c  a c i d  molecule w i t h  

dec reas ing  pH i s  cons i s t en t  w i t h  t h e  r e s u l t s  ob ta ined  f o r  

t h e  t e r r e s t r i a l  f u l v i c  a c i d .  ( 3 )  Bresnahan using an ion- 

s e l e c t i v e  e l e c t r o d e  method has shown t h a t  t h e  number of 

binding s i t e s  pe r  molecule of f u l v i c  a c i d  inc reased  a s  t h e  

pH inc reased .  This i nc rease  i s  probably due t o  a 

s t r u c t u r a l  change i n  t h e  f u l v i c  a c i d  macromolecule 

molecule which b r ings  more func t iona l  groups t o  t h e  

su r face  where they  can a c t  a s  l igands  ( 1 3 ) .  

We have a l r eady  shown t h a t  d i s soca t ion  of t h e  complex 

on t h e  ion-exchange column was not expected t o  be 

s i g n i f i c a n t  a s  t h e  con tac t  time of t h e  complex with t h e  

ion-exchange column i s  on ly  0 . 7 1  s ( 6 ) .  Furthermore,  t h e  

f a c t  t h a t  peak parameters  of peak width, t a i l i n g  and 

asymmetry of t h e  meta l  ion  peak separa ted  from t h e  complex 

were equ iva len t  t o  peaks of the  metal  s tandard  s o l u t i o n s  

tends  t o  support  t h i s  expec ta t ion .  

CONCLUSIONS 

An ion-exchange chromatography/atomic abosrbance 

spectroscopy method was developed t o  determine t h e  

cond i t iona l  s t a b i l i t y  cons tan ts  f o r  a s e r i e s  of metal-  

f u l v i c  a c i d  complexes. These metal-aquat ic  f u l v i c  a c i d  

complexes had cond i t iona l  s t a b i l i t y  cons t an t s  which were 
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2888 HAWORTH, PITLUCK, A N D  POLLARD 

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

The  a c c u r a c y  a n d  r e p r o d u c i b i l i t y  of t h e  c o n d i t o n a l  

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

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

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

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

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

0 . 0 5  M .  The d e s c r i b e d  n o v e l  c h r o m a t o g r a p h i c  m e t h o d  

provides  a u s e f u l  t e c h n i q u e  f o r  s t a b i l i t y  c o n s t a n t  

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

a re  

1. 

2 .  

3 .  

4 .  

5 .  

6 .  

I .  

8 .  

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