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SUBTIRlENT PARAMETERS OF ORGANOPEOSPHORUS 
COWOUNDS IN HETAL EXTRACTION 

CHENGYE YUAN, SHUSHEN L I ,  S H U I S H E N G  HU 
S h a n g h a i  I n s t i t u t e  o f  O r g a n i c  C h e m i s t r y ,  Academia 
S i n i c a ,  3 4 5  L i n g l i n g  Lu, S h a n g h a i ,  C H I N A  

Abstract The polar a n d  s t e r i c  e f f e c t  o f  l o n g  c h a i n  
a l k y l  and  a l k o x y l  g r o u p s  a t t a c h e d  d i r e c t l y  to  t h e  
p h o s p h o r u s  a tom were e v a l u a t e d  by e x p e r i m e n t a l  
method and  t h e  method of m o l e c u l a r  m e c h a n i c s  
c a l c u l a t i o n .  

INTROWCTION 

I n  q u a n t i t a t i v e  s t r u c t u r e - a c t i v i  t y  r e l a t i o n s h i p  ( Q S A R )  

s t u d i e s  of o r g a n o p h o s p h o r u s  compounds i n  metal e x t r a c t i o n ,  
a s  i n  o t h e r  c h e m i c a l  r e c a t i o n s ,  i t  is i m p o r t a n t  to  
e s t a b l i s h  s u i t a b l e  s t r u c t u r e  parameters f o r  c o r r e l a t i o n  
a n a l y s i s .  The po la r  a n d  s t e r i c  e f fec ts  of l o n g  c h a i n  
a l k y l  a n d  a l k o x y l  g r o u p s  a t t a c h e d  d i r e c t l y  t o  t h e  phos-  
p h o r u s  atom were e v a l u a t e d  b y  e x p e r i m e n t a l  method a n d  by 
t h e  method of molecular m e c h a n i c s  c a l c u l a t i o n  a s  descr ibed 

i n  t h i s  p a p e r .  S a t i s f a c t o r y  to  e x c e l l e n t  c o r r e l a t i o n  
c o e f f i c i e n t s  were r e s u l t e d  i n  QSAR s t u d i e s  o f  p h o s p h o r u s -  
based  l i g a n d  i n  metal  e x t r a c t i o n  w i t h  t h e  a i 6  of these 

p a r a m e t e r s .  I t  is  a p p l i c a b l e  b o t h  t o  t h e  p r e d i c t i o n  of 

e x t r a c t i o n  b e h a v i o u r s  and  t o  t h e  m o l e c u l a r  d e s i g n  of 
e x t r a c t a n t s .  T h i s  t r e a t m e n t  a c h i e v e d ,  however ,  con-  
s i d e r a b l e  empirical s u c c e s s  a n d  l e d  to  a deeper under -  
s t a n d i n g  of t h e  i n f l u e n c e  o f  c h e m i c a l  s t r u c t u r e  o f  
p h o s p h o r u s  compounds upon r e a c t i v i t y  i n  metal e x t r a c t i o n  
I t  is a l s o  e x p e c t e d  t o  e x t e n d  t h e  a p p l i c a t i o n  of these 
parameters for t h e  QSAR or l i n e r  f r e e  e n e r g y  r e l a t i o n s h i p  
( L E E R )  s t u d i e s  of o r g a n o p h o s p h o r u s  compounds i n  g e n e r a l .  
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POLAR CONSTANTS AND GROUP CONNECTIVITY 

The c l a s s i ca l  scale o f  T a f t ' s  u* c o n s t a n t s  f o r  t h e  
p o l a r  e f f e c t  of a l i p h a t i c  s u b s t i t u e n t s  h a s  met cri t icism 
from S h o r t e r  
s u g g e s t e d  a s e t  o f  polar c o n s t a n t s  f o r  o r g a n o p h o s p h o r u s  
compounds by t h e  pKa v a l u e s  o f  v a r i o u s  p h o s p h o r u s  a c i d s .  
S i n c e  t h e  p o l a r  c o n s t a n t s  of l o n g  c h a i n  a l k y l  a n d  a l k o x y l  
g r o u p s  a r e  s t i l l  i n s u f f i c i e n t  i n  t h e  l i t e r a t u r e ,  t h e  
QSAR s t u d i e s  of compounds b e a r i n g  s u c h  g r o u p s  was 
i n h i  b i  t e d .  We r e p o r t e d  e i g h t e e n  UP c o n s t a n t s ,  a n  
e x t e n s i o n  of  K a b a c h n i k ' s  sca le ,  o f  l o n g  c h a i n  a l k y l  and  
a l k o x y l  groups b a s e d  o n  t h e  i o n i z a t i o n  c o n s t a n t  d e t e r -  
m i n a t i o n  of a ser ies  o f  mono-basic  a l k y l p h o s p h a t e s  a n d  
a l k y l p h o s p h o n a t e s .  I t  was o b s e r v e d  t h a t  t h e r e  is  a n  
e x c e l l e n t  l i n e a r  r e l a t i o n s h i p  b e t w e e n  U P  v a l u e  and  g r o u p  
c o n n e c t i v i t y ,  a term r e p r e s e n t e d  a s  X [m4/(4ia-I)] was 
i n t r o d u c e d  by Hanson a s  a p a r a m e t e r  f o r  t h e  p o l a r i t y  
o f  a l k y l  s u b s t i t u e n t s .  A p r e l i m i n a r y  s t u d y  was p e r f o r m e d  
o n  t h e  i n f l u e n c e  o f  s t e r i c  and  s e l f - c o i l i n g  e f f e c t  t o  t h e  
pKa v a l u e  o f  mono-basic  p h o s p h a t e s  a n d  p h o s p h o n a t e s  
c o m p r i s i n g  l o n g  c h a i n  a l k y l  a n d  a l k o x y l  g r o u p s .  Based o n  
o u r  e x p e r i m e n t a l  d a t e  . The e x t r a c t i o n  e q i l i b r i u m  
c o n s t a n t s  o f  ra re  e a r t h  ( K  a c i d i c  p h o s p h o r u s  
based l i g a n d s  a r e  t h e r e f o r e  c o r r e l a t e d  l i n e a r l y  w i t h  t h e  

UP c o n s t a n t s  o f  t h e  s u b s t i t u n t s  w h i l e  t h e  s t e r i c  e f f ec t  
o f f e r s  no  s i g n i f i c a n t  i n f l u e n c e  o n  t h e  e x t r a c t i o n  pro- 
cess. So we c a n  p r e d i c t  e x t r a c t i o n  a b i l i t y  o f  l i g a n d s  
b a s e d  on  t h e  s u b s t i t u e n t s  by t h e s e  empirical  e q u a t i o n s .  

3 4 
a n d  C h a r t o n  . Meanwhile ,  Kabachnik  

1 , 2  
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SUBSTITUENT PARAMETERS FOR THE STERIC EFFECT 

8 . 9  
A s  d e m o n s t r a t e d  by u s  t h e  e x t r a c t i o n  b e h a v i o u r s  o f  
l i g a n d s  are g o v e r n e d  c h i e f l y  by t h r e e  s t r u c t u r a l  f a c t o r s ,  
namely po lar ,  s t e r i c  a n d  s o l u b i l i t y  e f f e c t s .  The l a s t  
factor  c a n  b e  n e g l e c t e d  i n  case of a p p r o x i m a t e l y  same 
numbers of c a r b o n  atoms i n  t h e  s u b s t i t u e n t s  w i t h i n  t h e  
same ser ies  of e x t r a c t a n t s .  S i n c e  t h e  c o r r e l a t i o n  
a n a l y s e s  o f  e q u i l i b r i u m  c o n s t a n t s  i n  n i c k e l  o r  cobalt  
e x t r a c t i o n  w i t h  u p  and C h a r t o n ' s  u , a commonly u s e d  
p a r a m e t e r s  f o r  s t e r i c  e f f e c t s ,  g a v e  o n l y  u n s a t i s f i e d  
resu l t s ,  i t  i s  t h e r e f o r e  n e c e s s a r y  t o  e s t a b l i s h  a new 
parameter, r e f l e c t i n g  s t e r i c  e f f e c t  o f  s u b s t i t u e n t s  o f  
l i g a n d s  i n  c o b a l t  n i c k e l  s e p a r a t i o n  by mono-basic  
a l k y l p h o s p h o n a t e s  and  a l k y l - p h o s p h a t e s .  Based o n  t h e  
g e n e r a l  q u a n t i t a t i v e  e x p r e s s i o n  be tween e x t r a c t i o n  
c o n s t a n t s  w i t h  po lar  and  s t e r i c  e f f e c t  o f  s u b s t i  t u e n t s  
o f  l i g a n d ,  two ser ies  o f  p a r a m e t e r s  E and  E were 
e v a l u a t e d  b e s i d e s  E f o r  l a n t h a n i d e  e x t r a c t i o n .  
An e x c e l l e n t  LFER e x i s t e d ,  however ,  i n  c o r r e l a t i n g  
logKex to  E i n  a d d i t i o n  t o  U P  , i n d i c a t i n g  t h e  
a p p l i c a b i l i t y  o f  t h e s e  p a r a m e t e r s  f o r  t h e  s t e r i c  e f f ec t  

of l i g a n d  s u b s t i  t u e n t s  i n  metal e x t r a c t i o n .  co N i  
I t  is  e x p e c t e d  t o  u s e  E o r  E i n  e x t r a c t i o n  of t h o s e  

PA P A  
metals which p o s s e s s  i d e n t i c a l  c o n f i g u r a t i o n  o f  
c o o r d i n a t i o n  compounds i n  e x t r a c t i o n  process a s d c o b a l t  
or  n i c k e l .  A s  shown by our  s y s t e m a t i c  s t u d i e s ,  E 

s u b s t i t u t e n t  s t e r i c  parameter of a c i d i c  p h o s p h o r u s  
esters i n  l a n t h a n i d e  e x t r a c t i o n  works w e l l  i n  a c t i n i d e  
e x t r a c t i o n  by n e u t r a l  p h o s p h o r u s  es ters .  

co N i  
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M 

PA 
The E value is a n  empirical parameter consis t ing of res idual  
fac tors  besides steric ef fec t .  A theoretical calculat ion based 

on molecular mechanics (All inger 's  MM2 program) was thus 
performed f o r  t h i s  purpose. Dialkyl t-butyl phosphate or d ia lkyl  

t-butylphsophinate m s  chosen as model ccmpound for the 
simulation of steric environment of t h e  canplexes i n  t h i s  

preliminary study. The o p t i m u n  geanetry of the model structure 
and its parent acid were determined by the molecular mechanics 

program, the mst stable s t ruc ture  were selected to canpase with 
each other. It  was found that the difference of the local steric 
energy of hydroxyl oxygen i n  both two canpounds is c lose ly  
correlated with the degree of the s i z e  of subs t i tuent  and can 
thus  be used as  a measurement of the  steric e f f e c t  of t h e  

substi tuents(Es,ex).  A series of Es,ex of allryl and alkoxyl 
groups were evaluated. 
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