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PART I

D i s s o c i a t i o n  K i n e t i c s  o f  

M agnes ium A m i n o c a r b o x y l a t e  C o m p le x e s
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INTRODUCTION

I n  t h e  p a s t  s e v e r a l  y e a r s  a n um ber  o f  i n v e s t i g a t i o n s  

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

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

a n d  CyDTA. S t r u c t u r e s ,  nam es  and a b b r e v i a t i o n s  f o r  t h e s e  

l i g a n d s  a r e  g i v e n  i n  T a b l e  I .  C o m p le x e s  b e t w e e n  t h e s e  

l i g a n d s  and a v a r i e t y  o f  m e t a l  i o n s  h a v e  b e e n  u s e d :  C a lc iu m

( 1 , 2 ) ,  s t r o n t i u m  ( 3 ) ,  cadmium ( 4 , 5 ) ,  l e a d  ( 6 , 7 ) ,  n i c k e l  

( 8 , 9 ) ,  c o p p e r  ( 1 0 ) ,  a n d  z i n c  ( 1 1 ) .  I n  t h e  c a s e s  o f  c a l c i u m ,  

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

s t r u c t u r a l l y  s i m i l a r  l i g a n d s  h a v e  b e e n  s t u d i e d .  O n ly  i n  t h e  

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

e x t e n d e d  t o  i n c l u d e  t h e  l i g a n d  BDTA, a s t r u c t u r a l  

i n t e r m e d i a t e  b e t w e e n  PDTA a n d  CyDTA. I n  a d d i t i o n  t o  k i n e t i c  

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

t h e s e  l i g a n d s  a n d  a l k a l i  m e t a l  i o n s  h a s  a l s o  b e e n  

i n v e s t i g a t e d  ( 1 2 - 1 7 ) .

I n  many o f  t h e s e  s t u d i e s ,  d i s s o c i a t i v e  p a t h w a y s ,  

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

i n  a d d i t i o n  t o  l i g a n d  d e p e n d e n t  r e a c t i o n s .  C e r t a i n  r a t e  

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

r e p o r t e d  ( 2 , 3 , 1 8 - 2 0 ) ,  b u t  t h e  p a u c i t y  o f  i n f o r m a t i o n  

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

m a g n e s iu m ,  i s  s u r p r i s i n g .

Cne o f  t h e  m os t  f r e q u e n t l y  u s e d  t e c h n i q u e s  f o r  s t u d i e s  

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

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

f u r t h e r  r e q u i r e s  t h a t  t h e  r e a c t i o n  be s lo w  e n o u g h  t o  a l l o w  

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

m e c h a n i c a l  d e t e c t i o n  s y s t e m  w i t h  which  most c o n v e n t i o n a l  

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

r e a c t i o n s  f o r  m agnes ium  a m i n o c a r b o x y l a t e  c o m p l e x e s  a r e  su ch  

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

i n v e s t i g a t i o n .

The s o - c a l l e d  " E i g e n  m e c h a n i s m ” f o r  t h e  f o r m a t i o n  

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

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

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

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

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

t h e i r  r a t e  b e h a v i o r  i n  t h e  l i g h t  o f  t h i s  g e n e r a l  m e ch a n ism .  

E x t e n s i v e  work o f  t h i s  n a t u r e  h a s  b e e n  c a r r i e d  o u t  f o r  

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

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

m u l t i d e n t a t e  l i g a n d s .  I n c l u d e d  among t h e s e  h a v e  b e e n  t h e
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3

a m i n o c a r b o x y l a t e s  ( 2 , 2 1 ) .  A l th o u g h  c a l c i u m  and  s t r o n t i u m  

h av e  b e e n  c l a s s i f i e d  i n  t e r m s  o f  t h i s  m e c h a n i s m ,  l i t t l e  i s  

known o f  t h e  c o r r e s p o n d i n g  r a t e  b e h a v i o r  o f  t h e  m agnes ium  

i o n .  The p u r p o s e  o f  t h e  p r e s e n t  i n v e s t i g a t i o n  i s  t o  p r o v i d e  

t h i s  i n f o r m a t i o n .

I n  t h e  p r e s e n t  s t u d y  t h e  p o l a r i m e t r i c  t e c h n i q u e  was u sed  

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

r e a c t i o n s :

CyDTA ♦ Mg-l-PDTA - — > Mg-CyDTA ♦ l-PD^A ( 1 )

CyDTA + Mg-d-BDTA - — > Mg-CyDTA + d-BDTA ( 2a)

d-CyDTA + Mg-meso-BDTA —— > Mg-d-CyDTA + meso-BDTA (2b)

d-CyDTA + MgEDTA - — > Mg-d-CyDTA EDTA (3)

From t h e s e  m e a s u r e m e n t s ,  d i s s o c i a t i v e  r a t e  c o n s t a n t s  a r e  

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

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

and c o m p a r i s o n s  a r e  made w i t h  " E i g e n  m e c h a n i s m "  f o r m a t i o n  

r a t e  p r e d i c t i o n s .
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TABLE I .

S t r u c t u r e s  o f  A m i n o c a r b o x y l a t e  L i g a n d s

L i g a n d  A b b r e v i a t i o n

E t h y l e n e d i a m i n e t e t r a a c e t a t e  EDTA o r  Y- 4

"ooc-h2c  ^ c h 2-co o '

S t r u c t u r e :  N-CH„-CH9-N
/  \OOC-H2C CH2-COO

L i g a n d  A b b r e v i a t i o n

P r o p y l e n e d i a m i n e t e t r a a c e t a t e  PDTA or P - 4

ooc-h2c  ch2-coo“

S t r u c t u r e :  N-CH—CH.-n ,

/  1 xOOC-H2C CH3 x CH2-COO"

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



TABLE I .  C o n t in u e d

T r a n s -

N,N# N

T r a n s - 1 ,  

N,N, N

Liqand A b b r e v i a t i o n

2 , 3 - D i a m i n o b u t a n e -  BDTA o r  B- 4

' , N ' - t e t r a a c e t a t e

"ooc- h2c xch2- coo"

S t r u c t u r e :  N-CH—CH-n :

OOC-H„C CH, CH CH -COO2 _■> 3 2
Liqand A b b r e v i a t i o n

2 - D i a m i n o c y c l o h e x a n e -  CyDTA o r  Cy- 4

' , N ' - t e t r a a c e t a t e

“OOC-H C ■ . Cl I -COO"

S t r u c t u r e :  N-CH— CH-N

/ /  \  \OOC-H 2C CH2 ^CH2 CH2-COO

H — CH,2 L
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EXPERIMENTAL

R e a g e n t s .  A l l  s o l u t i o n s  were  p r e p a r e d  w i t h  d e i o n i z e d ,  

d i s t i l l e d  w a ter  u s i n g  s t a n d a r d  v o l u m e t r i c  g l a s s w a r e .  Those  

u sed  o v e r  a p e r i o d  o f  t i m e  a s  s t o c k  s o l u t i o n s  w ere  s t o r e d  in  

p o l y e t h y l e n e  b o t t l e s .  Gi lman 2 ml and 0 . 2  ml m i c r o b u r e t s  

were u s e d  f o r  a l l  t i t r a t i o n s  and i n  p r e p a r a t i o n s  o f  s t o c k  

s o l u t i o n s  and r e a c t i o n  m i x t u r e s ,  where such v o lu m es  were  

a p p r o p r i a t e .  A l l  pH a d j u s t m e n t s  were  made u s i n g  r e a g e n t  

q ra d e  n i t r i c  a c i d  or te tram eth y lam m on iu m  h y d r o x i d e  (TMAOH - 

S o u t h w e s t e r n  C h e m ic a l s  I n c . ) .  S t o c k  magnesium and z i n c  ion  

s o l u t i o n s  were  p rep ared  from t h e  c o r r e s p o n d i n g  r e a g e n t  gra d e  

n i t r a t e  s a l t s  and s t a n d a r d i z e d  by t i t r a t i o n  w ith  s t a n d a r d  

d i s o d i u m  EDTA s o l u t i o n .  A l l  m e t a l  i o n - l i g a n d  t i t r a t i o n s  were 

c a r r i e d  o u t  in  e x c e s s  ammonia b u f f e r  (pH~10) u s i n g  e r io c h r o m e  

b l a c k  T i n d i c a t o r .  L igan d  s o l u t i o n s  were  s t a n d a r d i z e d  by 

t i t r a t i o n  w ith  e i t h e r  s t a n d a r d  magnesium o r  s t a n d a r d  z i n c  

s o l u t i o n .  The z i n c  s o l u t i o n  was p r e p a r e d  f o r  u s e  i n  a 

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

t h i s  work was bred p u r e l y  o f  c o n v e n i e n c e .  The magnesium  

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

m ix in q  s t o i c h i o m e t r i c  amounts  o f  s t o c k  magnesium i o n  s o l u t i o n  

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

were p r e p a r e d  from t h e i r  a c i d s :  H EDTA, H -1-PDTA,
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7

H^-d-BDTA, H^-meso-BDTA, H^-d-CyDTA,  and -d1-CyDTA. T h es?  

l i q a n d s  had been p r e v i o u s l y  p r e p a r e d  and r e c r y s t a l l i z e d  by 

D. G. S w a r t z f a g e r  ( 2 ) .  The i o n i c  s t r e n g t h  o f  t h e  r e a c t i o n  

m i x t u r e s  was n o t  s t r i c t l y  c o n t r o l l e d  bu t  v a r i e d  a s  f o l l o w s :

F e a c t i o n  M ix t u r e s  u

Mq-1-PDTA + 1 0 - f o l d  e x c e s s  dl-CyDTA 0 .3

Mq-l-PDTA + > 1 0 - f o l d  e x c e s s  dl-CyDTA 0 . 6

Mq-d-BDTA + 1 0 - f o l d  e x c e s s  dl-CyDTA 0 . 3

Mq-d-BDTA + > 1 0 - f o l d  e x c e s s  dl-CyDTA o • O

Mq-meso-BDTA + 1 0 - f o l d  e x c e s s  d-CyDTA 0 . 0 8

MqEDTA + 1 0 - f o l d  e x c e s s  d-CyDTA 0 . 0 8

MqEDTA + > 1 0 - f o l d  e x c e s s  d-CyDTA 0 . 1  t o

* d e p e n d in q  upon a c t u a l  CyDTA c o n t e n t r a t i o n

A p p a r a t u s .  A l l  r e a c t i o n s  were  m o n i t o r e d  p o l a r i m e t r i c a l l y  

w i t h  a F e r k i n - E l m e r  Model 1h1 p o l a r i m e t e r  eq u ip p ed  w i t h  a 

t h e r m o s t a t t e d  10 cm c e l l .  A perm anent  r e c o r d  o f  o p t i c a l  

r o t a t i o n  as  a f u n c t i o n  o f  t i m e  was made by an a t t a c h e d  

S a r q e n t  model SR r e c o r d e r .  A l l  r e a c t i o n s  were c a r r i e d  o u t  at  

25 ± 0 . 2 ° C ;  su ch  t e m p e r a t u r e  b e i n g  m a in t a in e d  by a Lauda MOW 

w a t e r b a t h .  The o p t i c a l  r o t a t i o n s  o f  a l l  but 11 r e a c t i o n s  

were m o n i t o r e d  a t  365 nm u s i n g  t h e  Hg s o u r c e  w i th  which th e

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



8

p o l a r i m e t e r  was e q u i p p e d .  The o t h e r  11 r e a c t i o n s  ( a l l  

b etw een  MqEDTA and q r e a t e r  than  1 0 - f o l d  e x c e s s  d-CyDTA) were  

m o n i t o r e d  u s in q  an e x t e r n a l  Bausch and Lomb Xenon s o u r c e  with  

a t t a c h e d  power s u p p l y  and q r a t i n q  m on och rom eter . S i n c e  thes<= 

r e a c t i o n s  i n v o l v e d  a l a r q e  e x c e s s  o f  o p t i c a l l y  a c t i v e  

a t t a c k i n g  l i q a n d ,  t h e  a b s o l u t e  amount o f  a t t a c k i n q  l i g a n d  

t h a t  would be c o n v e r t e d  t o  a complexed form would be s m a l l .

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

( r e l a t i v e  t o  t h e  e q u i l i b r i u m  v a lu e )  would a l s o  be s m a l l .

S i n c e  t h i s  chanqe i n  r o t a t i o n  as  a f u n c t i o n  o f  t i m e  i s  t h e  

e x p e r i m e n t a l  p a r a m e te r  o f  r e a l  i n t e r e s t ,  i t  was hoped tha+- 

t h e  more i n t e n s e  Xenon s o u r c e  w ith  c o n t i n u o u s l y  v a r i a b l e  

w a v e le n q t h  would m axim ize  i t s  v a l u e .  A f t e r  c a r e f u l  a l i g n m e n t  

o f  t h e  s o u r c e  w ith  t h e  o p t i c s  o f  t h e  p o l a r i m e t e r ,  t h e  l a r o e s t  

o p t i c a l  r o t a t i o n  v a l u e  f o r  an e q u i l i b r i u m  m ix t u r e  o f  t h e  

r e a c t a n t s  o f  i n t e r e s t  o c c u r r e d  a t  3h5 nm. The improvement in  

s i q n a l  s t r e n q t h ,  h e n c e  i n  o p t i c a l  r o t a t i o n  v a l u e ,  was m odest:  

an i n c r e a s e  o f  a p p r o x i m a t e l y  50* .

A minimum o f  2 h o u r s  was r e q u i r e d  f o r  p o l a r i m e t e r  

warm-up, a f t e r  which t i m e  s i g n a l  d r i f t  was i n c o n s e q u e n t i a l ,  

e v e n  f o r  t h e  l o n q e s t  r e a c t i o n s  (U t o  6 h o u r s ) . P r i o r  t o  

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

z e r o e d  a g a i n s t  an a i r  b l a n k .

S o l u t i o n  pH m easu rem en ts  were made w i th  a c o r n i n g  model 

12 expanded s c a l e  pH m e t e r ,  e q u ip p e d  w i t h  s t a n d a r d  C orning  pH
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