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COMPLEX FORMATION OF D- AND F-ELEMENTS W I T H  SULPHUR 
ORGANIC COMPOUNDS I N  EXTRAKTION E Q U I L I B R I A  

Yu. I .  MURINOV 
USSR A c a d .  S c i .  B a s h k i r i a n  Branch I n s t .  Chem., Ufa,  
USSR 

A b s t r a c t  The r e g u l a r i t i e s  i n  r e a c t i v i t i e s  of some 
mono- and  p o l y d e n t a t e  o r g a n o s u l p h u r  compounds have 
been e s t a b l i s h e d  f o r  complex f o r m a t i o n  w i t h  m e t a l  
s a l t s  i n  e x t r a c t i o n - s o r p t i o n  e q u i l i b r i a .  T h e i r  reac- 
t i v i t i e s  have been shown t o  depend upon t h e  s p a t i a l  
a r r angemen t  of donor  cen t r e s  i n  a n  e x t r a c t a n t .  P?ew 
classes of p o l y d e n t a t e  e x t r a c t a n t s  ( k e t o  s u l p h i d e s ,  
amino- su lph ides ,  ke to -aminosu lph ides )  have  been sug- 
g e s t e d .  
Chemical p r o p e r t i e s  of c o o r d i n a t i v e  e x t r a c t i o n s  and  
s o r p t i o n s  have been i n v e s t i g a t e d  f o r  d-  and  f - e l e m e n t s  
t o  b e  t h e  m o s t  i n t r i n s i c  f o r  t h e  above mentioned 
c lass .  The k e t o  g roup  h a s  been  found t o  a f f e c t  t h e  
e l e c t r o n  d e n s i t y  of  s u l p h u r  i n  t h e  k e t o  s u l p h i d e s ,  
t h u s  p r e v e n t i n g  u n d e s i r a b l e  r edox  r e a c t i o n s  between a n  
e x t r a c t a n t  and  t h e  i s o l a t e d  m e t a l  i o n .  The c o o r d i -  
n a t i o n  c h a r a c t e r  and  p r o p e r t i e s  of e x t r a c t e d  and  sor- 
b a t e d  complexes of  d- and  f - e l e m e n t s  w i t h  o r q a n o s u l -  
phur  compounds have been d e t e r m i n e d .  
The donor  c e n t r e s  of p o l y d e n t a t e  o r g a n o s u l p h u r  li- 
gands  i n  t h e  p r o c e s s  of complex f o r m a t i o n  w i t h  d- and  
f - e l emen t s  have been d e t e c t e d  by IR-,.ESR-, PMR-, 
and Raman s p e c t r a l  a n a l y s e s .  

I n t r o d u c t i o n  

The m o s t  a c t u a l  problem i n  t h e  f i e l d  of e x t r a c t i o n  and  

s o r p t i o n  e q u i l i b r i a  i s  t h e  problem t o  e l u c i d a t e  t h e  reac- 

t i v i t y  of p o l y d e n t a t e  o r q a n i c  compounds and  i t s  dependence 

on t h e  n a t u r e  o f  t h e  f u n c t i o n a l  q r o u p s .  Durinq t h e  l a s t  

decade  t h i s  a s p e c t  a c q u i r e d  t h e  h i q h e s t  i n t e r e s t  due to 

b o t h  t h e  ever-growinq a p p l i c a t i o n  of  e x t r a c t i o n  and  s o r p -  

t i o n  p r o c e s s e s  i n  hydrometa l lu rgy  and t h e  i n c r e a s i n g  u s e  

of t h e  b u l k  of  poor  and  complex ores. T h i s  l e a d  t o  a 

s e a r c h  f o r  new r e a y e n t s  and  t h e i r  s y n t h e s i s .  The s u l p h u r -  
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66 YU. I. MURINOV 

o r g a n i c  e x t r a c t a n t s  and s o r b e n t s  a t t r a c t e d  s p e c i a l  i n t e r -  

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

complex fo rma t ion  r e a c t i o n s  and t o  t h e  e x i s t e n c e  of  r a w  

materials r i c h  i n  su lphur -o rqan ic  compounds. The e x t r a c -  

t i o n  and s o r p t i o n  a b i l i t i e s  of r e a q e n t s  w i t h  d i f f e r e n t  

s t r u c t u r e s  may be  e s t i m a t e d  by employing t h e  mass-ac t ion-  

l a w  and s o m e  e q u i l i b r i u m  methods.  However, t h e  m o s t  de- 

t a i l e d  i n v e s t i g a t i o n  of  e x t r a c t i o n  and s o r p t i o n  p r o c e s s  

mechanism and t h e  q u a n t i t a t i v e  i n t e r p r e t a t i o n  of  e x t r a c -  

t a n t  donor  a b i l i t i e s  demand p r o p e r  comparison of  t h e  

r e s u l t s  o b t a i n e d  by t h e  e q u i l i b r i u m  d a t a  and t h e  i n f o r -  

mat ion on t h e  compos i t ions  and s t r u c t u r e s  of t h e  e x t r a c -  

t e d  com-lexes formed. 

While t h e  e x t r a c t i o n  e q u i l i b r i a  a s s i s t e d  by su lphur -o r -  

g a n i c  compounds a s  r e a q e n t s  are i n t e n s i v e l y  i n v e s t i g a t e d  

b o t h  i n  o u r  c o u n t r y  and a b r o a d ,  t h e  development of s u l -  

phur  o r g a n i c  c o o r d i n a t i o n  c h e m i s t r y  h a s  been ,  by f a r ,  n o t  

so much advanced as  t h e  c h e m i s t r y  of N-  and P-organic  

compounds as  l i g a n d s .  Yost i n v e s t i g a t i o n s  a re  known f o r  

c o o r d i n a t i o n  compounds where compounds w i t h  l o w  m o l e c u -  

l a r  weight  (TMS, DMS, DMSO, and TMSO ser ies)  o r  a r o m a t i c  

s u l p h i d e s  and s u l p h o x i d e s  are  used  as  l i g a n d s .  Informa- 

t i o n  on t h e  l i g a n d  p r o p e r t i e s  of  s u l p h i d e s  and s u l p h o x i -  

d e s  w i t h  h i g h  molecu la r  weight  i s  s c a n t y .  A l m o s t  no  s t u -  

d i e s  have been c a r r i e d  o u t  i n t o  the  complex forming 

f e a t u r e s  of p o l y f u n c t i o n a l  s u l p h u r  o r q a n i c  compounds. 

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

and r e a c t i v i t i e s  of  e x t r a c t e d  d- and f -e lement  complexes 

w i t h  mono- and p o l y d e n t a t e  s u l p h u r  o r g a n i c  compounds 

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

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

i n t o  t h e  complex fo rma t ion  phenolena i n  e x t r a c t i o n  and 

s o r p t i o n  p r o c e s s e s .  These p r o c e s s e s  a r e  c h a r a c t e r i z e d  
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COMPLEX FORMATION WITH SULPHUR ORGANIC COMPOUNDS 67 

by t h e  emerqence of  e l ec t ron -donor -accep to r  complexes 

formed by v - a c c e p t o r s  (d-  and €-element n i t r a t e s  and 

ha logen ides  p o s s e s s i n g  a v a c a n t  d- o r  f - o r b i t a l )  to -  
g e t h e r  w i th  n-donors w i t h  an unshared e l e c t r o n  p a i r  

(donor  su lphur  and oxygen atoms of a s o r b e n t  o r  an  ex- 
t r a c t a n t ) .  The n- and v - o r b i t a l  e l e c t r o n  d e n s i t i e s  are 

t o  be e s t i m a t e d  t o  g i v e  q u a n t i t a t i v e  c h a r a c t e r i s t i c s  of 

t he  EDA-bonding. Such e x a c t  e l e c t r o n  d e n s i t y  c a l c u l a t i o n s  

and e v a l u a t i o n s  of molecular  o r b i t a l  e n e r g i e s  i n  m u l t i -  

atom molecules  a re  n o t  p o s s i b l e  by present -day  methods. 

The re fo re ,  p h y s i c a l  chemis t ry  methods such a s  U V / V I S - ,  

I R - ,  NMR-, and Raman s p e c t r o s c o p y ,  e lectro-  and d i e l e c -  

t r o m e t r y ,  thermogravimet ry ,  and t h e  d e t e r m i n a t i o n  of 

molecular  masses of  e x t r a c t e d  complexes have been employed 

f o r  t h e  EDA-interact ion e v a l u a t i o n s  as  w e l l  a s  f o r  t h e  

e s t i m a t i o n  of t h e  complex s t r u c t u r e s  and compos i t ions .  

The p r o c e s s  of c o o r d i n a t i o n  e x t r a c t i o n  of a m e t a l  by 

su lphur  o r g a n i c  compounds can be d e s c r i b e d  by s t o i c h i o -  

m e t r i c  e q u a t i o n s  of t h e  f o l l o w i n ?  t y p e ,  

where K i s  t h e  e q u i l i b r i u m  c o n s t a n t  of t h e  c o o r d i n a t i o n  

e x t r a c t i o n ,  o r  

A Gex = -RTlnKex 

A G e x  c o n s i s t s  of c o n t r i b u t i o n s  by t h e  complex fo rma t ion  

i n  t h e  o r g a n i c  phase ,  by t h e  h y d r a t i o n  i n  t h e  aqueous 

phase ( A G  ) and by t h e  i n t e r a c t i o n s  of t h e  e x t r a c t a n t ,  
aq  

t h e  e x t r a c t e d  complex and t h e  s o l v e n t  ( L I G s )  i n  t h e  or- 

g a n i c  phase .  

+ b G S  ( 3 )  OGcomp1ex - 4' aq  
- -RTlnKex - - 4 G e x  - 
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68 YU. I. MURINOV 

I f  t h e  e x t r a c t e d  compound and t h e  s o l v e n t  a re  h e l d  con- 

s t a n t ,  a change i n  t h e  e x t r a c t i o n  c o n s t a n t  v a l u e  s?eci- 

f i e s  t h e  complex f o r m a t i o n  p r o p e r t i e s  of  s u l p h u r  o r q a n i c  

r e a q e n t s ,  i . e .  Kex i s  a measure f o r  t h e  complex fo rma t ion  

of  metals  w i t h  l i g a n d s  i n  e x t r a c t i o n  e q u i l i b r i a .  The 

method of  i n t e r p h a s e  d i s t r i b u t i o n  of  d- and f -e lement  

s a l t s  between aqueous and o r g a n i c  phases  h a s  been used  

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

complex f o r m a t i o n  of  d- and f - e l emen t s  w i t h  mono- and 

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

i n t e r p r e t a t i o n  of  t h e  r e s u l t s  b e i n g  based  on t h e  mass- 
a c t i o n - l a w .  

COMPLEX FORMATIOF PROPERTIES OF POLYDENTATE ORGANIC SUL- 
PHIDES I N  D-ELEMENT EXTRACTION AND SORPTION 

The s e l e c t i v e  e x t r a c t i o n  and s e p a r a t i o n  of  n o b l e  metal 
i o n s  ( s o f t  a c i d s  by P e a r s o n ' s  c o n c e p t i o n )  demands a cer- 

t a i n  c lass  of s u l p h u r  o r u a n i c  compounds i n  which s u l p h u r  

r e v e a l s  i t s  donor  p r o p e r t i e s  and forms a n  EDA-complex 

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

o r  o r g a n i c  s u l p h i d e s '  be long  t o  such a c lass  of  s u l p h u r  

o r g a n i c  compounds. Vacant d - o r b i t a l s  a l l o w  t h e  s u l p h u r  

atom t o  p l a y  t h e  r o l e  as a n  a c c e p t o r  i n  a rc-dative bond. 

B e s i d e s ,  t h e r e  e x i s t  t w o  unshared  p a i r s  ( U P )  of e l e c t r o n s .  

Thus,  t w o  t y p e s  of i n t e r a c t i o n s  are  p o s s i b l e  i n  s u l p h i -  
d e s :  between s u l p h u r  a t o m  UP-e lec t rons  and r a d i c a l  p- 

o r b i t a l s ,  and between t h e  r a d i c a l  n - e l e c t r o n s  and s u l -  
phur  atom d - o r b i t a l s .  The e l e c t r o n  d e n s i t y  d i s t r i b u t i o n  

i n  such s u l p h u r  compounds h a s  been a s s e r t e d  t o  de te rmine  

t h e  s u l p h u r  a t o m  donor  p r o p e r t i e s  towards  t h e  complex 

forminq i o n s :  An i n c r e a s e  i n  t h e  e l e c t r o n  d e n s i t y  a t  a 

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

p o t e n t i a l  and i n  i n c r e a s i n g  t h e  p o l a r i z a b i l i t i e s  of b o t h  
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COMPLEX FORMATION WITH SULPHUR ORGANIC COMPOUNDS 69 

t h e  s u l p h i d e  and  t h e  complex forming  i o n ,  it c a u s e s  t h e  

o x i d a t i o n  of t h e  s u l p h i d e  i n  t h e  e x t r a c t s  t o  t h e  s u l p h -  

oxicie and  t h e  r e d u c t i o n  of  t h e  m e t a l  i o n  to  a lower  

v a l e n c e  s t a t e  and  s o m e t i m e s ,  to  t h e  metal .  H e r e ,  a n  a l t e r -  
n a t i v e  arises: e i t h e r  t h e  s u l p h u r  a t o m  e l e c t r o n  d e n s i t y  

s h o u l d  be i n c r e a s e d  to  l e a d  t o  qrowing e x t r a c t a n t  e f f e c -  

t i v i t y  and  t o  a l o w e r  redox p o t e n t i a l  (which would i n -  

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

formed i n  t h e  o x i d a t i o n  of t h e  s u l p h i d e s  are less  selec- 

t i v e ) ;  o r  t h e  e x t r a c t a n t  e f f e c t i v i t y  s h o u l d  be lowered 

and  chemica l  s t a b i l i t y  r a i s e d .  The " s t a b i l i z a t i o n "  of 

e l e c t r o n  d e n s i t i e s  h a s  been  viewed a s  t h e  s i m p l e s t  way 

o u t .  

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

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

duced i n t o  t h e  molecu le .  A k e t o n e  g roup  i s  s u i t a b l e  i n  

t h i s  case2. The p r e s e n c e  of a s u l p h u r  atom and a c a r b o n y l  

g roup  i n  t h e  e x t r a c t a n t  mo lecu le  r e s u l t s  i n  s t a b i l i z i n a  

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

F e e b l e  p n - d n - i n t e r a c t i o n s  between k e t o n e  g roup  oxygen 

and  s u l p h u r  i n  s u l p h i d e s  have  been  f i r s t  o b s e r v e d  i n  i n -  

t e r p r e t i n g  t h e  photoelec.Lron-  and  mass - spec t r a  o f  k e t o -  

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

unsha red  p a i r s  of  oxygen and  s u l p h u r  a toms a re  9 . 4 5  and  

8 .51  e V  i n  t h e  k e t o s u l p h i d e  3-(ethyl-thiomethyl)-butanon- 
2 .  The i n c r e a s e  i n  t h e  i o n i z a t i o n  ? o t e n t i a l  of t h e  s u l -  

phur  unsha red  p a i r  i n  t h e  k e t o - s u l p h i d e  as  compared w i t h  

t h a t  o f  d i a l k y l  s u l p h i d e s  (8 .32  e V  f o r  d i p r o p y l  s u l p h i d e )  

i s  e v i d e n c e  o f  a weak i n d u c t i v e  e f f e c t  o f  t h e  k e t o n e  

g roup .  However, t h e  exchanae  of  t h e  e t h y l  g roup  i n  t h e  

k e t o - s u l p h i d e  f o r  t h e  b u t y l  g roup  l e a d s  t o  a decrease 

i n  t h e  i o n i z a t i o n  p o t e n t i a l  o f  t h e  s u l p h u r  UP down t o  

8 .45  e V  and  t o  a n  i n c r e a s e  of  t h e  i o n i z a t i o n  p o t e n t i a l  
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70 YU. 1. MURINOV 

of  t h e  oxygen UP up  t o  9 . 5 5  e V ,  which may s e r v e  as  a 

symptom f o r  i n t e r a c t i o n s  o f  s u l p h u r  a n d  oxygen a t o m  or-  

b i t a l s  t o  r e s u l t .  i n  a n  i n t r a m o l e c u l a r  r e d i s t r i b u t i o n  of  

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

d i s s o c i a t i v e  e l e c t r o n  t r a p p i n g  ( D E T )  found €or  k e t o -  

s u l p h i d e s  p r o v e s  once  more t h e  e x i s t e n c e  o f  i n t e r a c t i o n s  
2 of  t h e  a t o m s :  3 .8  10 "cm , w h i l e  d i a l k y l  s u l p h i d e s  

- 

g i v e  0 . 6  1 0 - ~ ~ c r n ~ .  

The n o n a d d i t i v e  v a l u e  o f  D E T  c r o s s - s e c t i o n  f o r  k e t o - s u l -  

p h i d e s  i n d i c a t e s  p o s s i b l e  prt-dn i n t r a m o l e c u l a r  i n t e r a c -  

t i o n s  of  t h e  k e t o n e  q r o u p  oxyqen and  t h e  s u l p h u r  i n  s u l -  

p h i d e s .  The s t a b i l i z a t i o n  o f  e l e c t r o n  d e n s i t y  a t  a k e t o -  

s u l p h i d e  s u l p h u r  a t o m  i s  corroborated by t h e  r edox  p o t e n -  

t i a l s  o f  t h e  s y s t e m s  d i h e x y l  s u l p h o x i d e  - d i h e x y l  s u l p h i d e  

and  octylthiomethylacetophenGne s u l p h o x i d e  - o c t y l t h i o -  

me thy lace tophenone  s u l p h i d e  as  d e t e r m i n e d  by p o t e n t i o -  

met ry  t e c h n i q u e .  Thus,  Eo  = -0 .41  - + 0 . 0 1  V €or  t h e  f i r s t  

sys t em ( D H S O / D H S )  , r e l a t i v e  t o  t h e  A g / A q  p a i r ,  and  Eo = 

i o . 2 5  - + 0 . 0 1  V r e l a t i v e  t o  H 2 / 2 H  , and  f o r  t h e  second 

sys t em ( k e t o  s u l p h o x i d e / k e t o  s u l p h i d e )  Eo = - 0 . 1 1  f 

0 . 0 1  V and  Eo = +0.55 f 0 . 0 2  V ,  r e s p e c t i v e l y :  D i a l k y l  

s u l p h i d e s  are  easier o x i d i z e d  t h a n  k e t o  s u l p h i d e s .  

The i n t r o d u c t i o n  of a t e r t i a r y  n i t r o a e n  w i t h  pronounced  

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

k i n e t i c s  o f  l i g a n d  s u b s t i t u t i o n  i n  p l a t i n u m  metal e x t r a c -  

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

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

t e s t i n g  them i n  t h e  e x t r a c t i o n  and  s e p a r a t i o n  of n o b l e  

meta ls .  

V a r i o u s  k e t o  s u l p h i d e s  have  been  p r e p a r e d  by t h e  r e a c t i o n  

o f  a k e t o n e  w i t h  formaldehyde  and  a mercap tane  i n  t h e  

p r e s e n c e  o f  sodium h y d r o x i d e  : 

+ 
+ 

3 

3 2 3 R-COCH2R2 + CH20 + R S H  + R-COCHR C H 2 S R  
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COMPLEX FORMATION WITH SULPHUR ORGANIC COMPOUNDS 71 

Table 1 p r e s e n t s  t h e  s y n t h e s i z e d  k e t o  s u l p h i d e s  and 

t h e i r  physico-chemical  p r o p e r t i e s .  

The s t r u c t u r e s  of t h e  k e t o  s u l p h i d e s  w e r e  conf i rmed by 

t h e i r  'H-NMR-spectrum, e l emen ta l  a n a l y s i s ,  and I R  spec-  

trum ass iqnments  of t h e i r  d e r i v a t i v e s ,  i . e .  su lphones  

and d i n i t r o p h e n y l  hydrazones ,  t h e  compounds were 98-99% 

pure .  The o b t a i n e d  k e t o  s u l p h i d e s  r e v e a l  h igh  s t a b i l i t y  

i n  o x i d a t i v e  p r o c e s s e s .  Thus, t h e  p roduc t ion  of  a l i p h a -  

t i c  k e t o  s u l p h i d e s  needs  more r i q i d  c o n d i t i o n s  (tempe- 

r a t u r e ,  c a t a l y s t )  t han  t h o s e  under  which t h e  co r re spon-  

d ing  s u l p h i d e s  a r e  o x i d i z e d  by hydrogen pe rox ide  t o  
su lphox ides  . 

S I L V E R  N I T R A T E  EXTRACTIONS 

The e x t r a c t i o n  p r o p e r t i e s  of a l l  k e t o  s u l p h i d e s  w e r e  i n -  

v e s t i q a t e d  by s i l v e r  n i t r a t e  e x t r a c t i o n  from 0 . 1  mole/l 
n i t r i c  a c i d .  Reagents 1 , 2 , 3 , 5 , 6 , 1 0 , 1 1  (see Table  1 )  and 

s i l v e r  n i t r a t e  appeared  to  form complexes of h i a h  s o l u -  

b i l i t y  i n  t h e  aqueous phcse .  Reagents  4 , 9  and 1 2  gave 

complexes i n s u b l e  i n  o r a a n i c  s o l v e n t s .  Reaaents  7 and 18 
r e v e a l e d  t h e i r  low e x t r a c t i o n  a c t i v i t y  because  of s t e r i c  

f a c t o r s  f o r  t h e  former and of t h e  n e u a t i v e  i n d u c t i v e  

e f f e c t s  of t h e  ca rbony i  group i n  p a r a p o s i t i o n  t o  the  s u l -  

phur  atom f o r  t h e  l a t t e r .  

F i g .  1 shows t h e  i so the rms  of s i l v e r  n i t r a t e  e x t r a c t i o n  

by k e t o  s u l p h i d e s ,  pe t ro leum s u l p h i d e s  ( P S ) ,  and d i h e x y l -  

s u l p h i d e  ( D H S ) .  OTMA a p p e a r s  t o  be t h e  b e s t  monosulphide 

f o r  s i l v e r  n i t r a t e  e x t r a c t i o n  as  compared t o  PS and DHS; 

however, STBMA i s  t h e  most e f f e c t i v e .  An i n c r e a s e  i n  t h e  

e x t r a c t a n t  d e n t a t e  a b i l i t y  f o r  a su lphur  r e s u l t s  i n  a 

p r o p o r t i o n a l  arowth of i t s  c a p a c i t y  €or t h e  s i l v e r .  The 

r a t i o  one s i l v e r  atom p e r  su lphur  atom i s  proved by t h e  

method of s a t u r a t i o n .  A more d e t a i l e d  i n v e s t i g a t i o n  of  
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COMPLEX FORMATION WITH SULPHUR ORGANIC COMPOUNDS I5 

t h e  s i l v e r  n i t r a t e  e x t r a c t i o n  w a s  c a r r i e d  o u t  w i t h  OT?IA. 

The s o l v a t i o n  number w a s  de t e rmined  by t h e  e q u i l i b r i u m  

s h i f t  t e c h n i q u e  to  change froin 3 t o  1 .  S e v e r a l  t y p e s  o f  

complexes w e r e  s u p p o r t e d  t o  e x i s t  i n  t h e  o r g a n i c  phase .  

T h i s  a s sumpt ion  w a s  a s c e r t a i n e d  by t h e  a b s e n c e  o f  cor- 

r e l a t i o n  between t h e  s o l v a t i o n  numbers de t e rmined  by t h e  

above-mentioned methods.  The c o m p o s i t i o n s  o f  t h o s e  c o m -  

p l e x e s  depended on t h e  aqueous  and  o r g a n i c  phase  a c t i v i -  

t y :  AgN03- L ,  AgNOf 2 L ,  AgN03* 3 L ,  where L i s  a n  OTMA 

molecu le .  

I t  shou ld  be  n o t e d  t h a n  a n  i n c r e a s e  o f  t h e  s i l v e r  concen-  

t r a t i o n  i n  t h e  aqueous  phase  and  a d e c r e a s e  of t h e  f r e e  

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

number from 3 t o  1 .  

The c o r r e l a t i o n  between t h e  NMR s p e c t r a  o f  f r e e  OTMA and  

t h o s e  of  t h e  e x t r a c t i o n  p h a s e s  made it- p o s s i b l e  to  ob- 

s e r v e  a change i n  t h e  chemica l  s h i f t  o f  p r o t o n s  a t o  t h e  

s u l p h u r  atom (ca.  0 .16  ppm f o r  s a t u r a t e d  e x t r a c t s ,  ca .  

0.09 ppm a t  t h e  middle  p o i n t  of t h e  i s o t h e r m  l i n e ,  and  

ca .  0 . 0 7  ppm f o r  t h e  s t a r t i n a  p o i n t ) .  A s i m i l a r  change 

i n  t h e  chemica l  s h i f t  w a s  a l so  found f o r  p r o t o n s  a t o  

t h e  C = O  bond ( 0 . 2  ppm) f o r  t h e  o r g a n i c  phase  s a t u r a t e d  

w i t h  s i l v e r  n i t r a t e .  The IR-spectrum o f  t h e  s a t u r a t e d  

e x t r a c t i o n  phase  showed a s h i f t  of t h e  C=O band o f  2 0 -  

30 c m - ’  t o  lower  f r e q u e n c y .  A l l  t h e s e  r e s u l t s  p o i n t  t o  
a f avoured  EDA i n t e r a c t i o n  o f  s i l v e r  and  s u l p h u r  i n  t h e  

s o l v a t e s  and t o  a n  a d d i t i o n a l  c o o r d i n a t i o n  of t h e  car -  

bony1 g roup  by oxygen i n  t h e  case o f  t h e  monoso lva te s .  

The d a t a  o b t a i n e d  l e d  u s  to  assume t h a t  t h e  s i l v e r  n i t r a -  

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

t h e  mechanism, 
- + 

Aq + NO3 + 2 L +  AgN03- qL ( 1 - 2 )  
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76 YU. I. MURINOV 

Y 
*g I B mle'll 0.08 i / 

0.02 0.04 0 .06  0.08 

FIGURE 1 Isotherm lines for silver nitrate extractions 
from 0.1 mole/l of HNO 
extractant solution in o-xylene. 

1 -  dihexyl sulphide ( D H S )  
2- petroleum sulphides (PS) 
3- oc t y 1 t hiome thy 1 ace t ophenone ( OTMA ) 
4 -  bis(benzylthiornethy1)acetophenone 
5- bis(butylthiornethy1)acetophenone 
6- bis(hexylthiornethy1)acetophenone 
7- bis(cyclohexylthiomethy1)acetophenone 
8- symm. tetrakis(butylthiomethy1)acetone ( STB-A) 

by 0.1 mole/l of an 
3 
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COMPLEX FORMATION WITH SULPHUR ORGANIC COMPOUNDS I 1  

The c o n c e n t r a t i o n  c o n s t a n t  of e x t r z c t i o n  w a s  c a l c u l a t e d  

a s ,  

where x and Y a r e  t h e  s i l v e r  e q u i l i b r i u m  c o n c e n t r a t i o n s  

i n  t h e  aqueous and o r g a n i c  p h a s e s ,  r e s p e c t i v e l y ;  

Y = Y  + Y  + Y  - f o r  mono-, Y 2  - f o r  d i - ,  and Y 3  - f o r  

t r i - s o l v a t e .  L = Lo-Y -2Y 2 - 3 Y 3  - t h e  OTMA f r e e  concen- 

t r a t i o n ;  and x + - t he  n i t r i c  a c i d  c o n c e n t r a t i o n  

( 0 . 1  m o l e / l )  . Thus, t h e  n i t r i c  a c i d  s i l v e r  e x t r a c t i o n  

by OTMA may be d e s c r i b e d  as  f o l l o w s ,  

1 2 3 ;  y 1  

1 

H 

N - 2  & 

Y = Y + Y  + Y  = x (xH+ + x + )  . L ( K 1  + K2L + K3L ) ( 1 - 4 )  
1 2 3  Ag AFI 

The h i g h e s t  deqree  of  v a l i d i t y  may be reached  by c a l c u -  

l a t i n q  K 1  and K3 c o n s t a n t s  f o r  t h e  i n i t i a l  p o i n t  of  t h e  

i so the rm l i n e ,  where mono- and t r i - s o l v a t e s  p r e v a i l  

( Y 1 = Y  or  Y 3 Y ,  r e s p e c t i v e l y ) .  Then the  method of q r a d u a l  

approximat ion  should  be  used €or  c a l c u l a t i n g  t h e  concen- 

t r a t i o n  c o n s t a n t  of t h e  d i s o l v a t e  a s  w e l l  a cco rd inq  t o  

equa t ion  ( 1 - 4 ) .  Thus, a l l  t h e  e q u i l i b r i u m  forms cou ld  

be found f o r  s i l v e r  n i t r a t e  i n  an orcranic phase .  

The e q u i l i b r i u m  c o n c e n t r a t i o n  of t he  n i t r i c  a c i d / s i l v e r  

system c a l c u l a t e d  by t h e  above method f o r  t h e  O T - A  

e x t r a c t i o n s  ( 0 . 0 5 ;  0 . 1 0 ;  0 . 2 1 ;  0 . 2 9  m o l e / l )  i n  xy lene  

s a t i s f i e d  the  expe r imen ta l  d a t a  w i t h  K = 1 - + 0 . 0 8 ,  

K 2  = 4 0  - + 7 ,  K 3  = 1000 - + 6 0 .  

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

n i t r a t e  i s  lowered by a t empera tu re  r i se .  The tempera- 

t u r e  dependence of e x t r a c t i o n  w a s  used a t  h igh  e x c e s s  

of e x t r a c t a n t  ( L ) > Y  1 ,  which l e d  t o  t h e  t r i s o l v a t e  on ly  

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

e x t r a c t i o n  by OTMA. 

r. r. 

1 

A9 
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0 .4  

0 . 3  

0 . 2  

0.1 

FIGURE 2 Extraction isotherms f o r  a)gold(Au), b)platinum 
and palladium(Pt and Pd) from 0.5 mole/l of HC1 
by 0.1 mole/l of keto sulphide solutions in 
o-xylene (20OC). 

1 -  DHS; 2- PS; 3- OTMA; 4 -  BCTMA; 5- Sp.TBTMA. 

The c a l c u l a t e d  changes  o f  thermodynamic f u n c t i o n s  i n  t h e  

e x t r a c t i o n  w e r e  e s t i m a t e d  as  f o l l o w s :  

P H = - 4 5  + 0 . 0 5  kJ /mole ,  

CI G = -17.0 - + 0 . 3  kJ/mole, 

A S = -9 .6  - + 0.1 J/mole. 

- 

The v a l u e s  of  e n t h a l p y  changes  are  ev idence  f o r  s t r o n g  

EDA i n t e r a c t i o n s  between s i l v e r  and s u l p h u r  i n  k e t o  s u l -  
p h i d e s .  The l o w e r  t h e  s u b s t i t u e n t  e l e c t r o n e q a t i v i t y  a t  

a s u l p h u r  atom, t h e  hicther i t s  donor  a c t i v i t y  and ,  t h u s ,  

t h e  h i q h e r  t h e  e x t r a c t a b i l i t y  o f  k e t o  s u l p h i d e s  compa- 

r e d  t o  d i a l k y l  s u l p h i d e s  ( c . f .  t h e  s i l v e r  n i t r a t e  e x t r a c -  

t i o n  i s o t h e r m s  w i t h  BBTbW, BHTMA, BCHTMA). 
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COMPLEX FORMATION WITH SULPHUR ORGANIC COMPOUNDS 79 

GOLD (111) , PALLADIUM (11) AND PLATINUM( I V )  EXTRACTIONS 

- FROM HYDROCHLORIC SOLUTIONS 

P r e l i m i n a r y  e x p e r i m e n t s  a f f o r d e d  a n  e s t i m a t i o n  of  t h e  

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

t o  be  2 ,  lo, and 30 min f o r  e a c h  m e t a l  i n  e x - t r a c t i o n s  

of  q o l d ( I I 1 )  , p a l l a d i u m ( I I ) ,  and  p l a t i n u m ( I V ) ,  r e s p e c -  

t i v e l y ,  by k e t o  s u l p h i d e s  f rom h y d r o c h l o r i c  acid s o l u -  

t i o n s .  F i g .  2 shows t h e  i s o t h e r m s  of e x t r a c t i o n s  of 

g o l d ( I I 1 )  , p a l l a d i u m ( I 1 )  , and p la t inum(1V)  by d i f f e r e n t  

k e t o  s u l p h i d e s .  The m o s t  e f f e c t i v e  i s  STBMTA. A s  s e e n  

i n  F i g .  2 ,  t h e  k e t o  s u l p h i d e  " d e n t a t e n e s s "  i s  growing 

w i t h  i t s  c a p a c i t y  i n c r e a s e .  The s o l v a t i o n  numbers w e r e  

de t e rmined  by t h e  e q u i l i b r i u m  s h i f t  method and  a p p e a r e d  

t o  b e  1 ( f o r  g o l d )  , 2 ( f o r  p a l l a d i u m  and p l a t i n u m )  a t  

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

b e i n q  independen t  of  t h e  e x t r a c t a n t  d e n t a t e n e s s .  

The v a l u e s  €or  t h e  s o l v a t i o n  numbers w e r e  f u r t h e r  con-  

f i r m e d  by s t u d i e s  of t h e  complexes i s o l a t e d  from t h e  ex- 

t r a c t i v e  phase .  These e x p e r i m e n t s  gave  no e v i d e n c e  f o r  
Pd and P t  forming  any c y c l e s  w i t h  d i -  and  t e t r a k e t o  

s u l p h i d e s  i n  e x t r a c t i o n s  from h y d r o c h l o r i c  acid s o l u -  

t i o n s .  Consequen t ly ,  d i -  and  t e t r a k e t - o  s u l p h i d e s  asso- 

c i a t e  i n  t h e  o r a a n i c  phase  and  p r e c i p i t a t e  wit-h a n  i n -  

crease i n  Pd and P t  c o n c e n t r a t i o n .  The s o - c a l l e d  " s t e p -  

ped complex f o r m a t i o n "  i s  a l so  observed w i t h  gold t o  be  

de t e rmined  by i n c r e a s i n g  t h e  number of donor  atoms. The 

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

i n  a molecu le )  s e e m s  t o  g r o v e r n  t h e  e x t r a c t i o n  e q u i l i -  

b r i a .  

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

i n c r e a s i n g  c o n c e n t r a t i o n  o f  h y d r o c h l o r i c  a c i d ,  as  w e l l  
a s  of c h l o r i d e  i o n  a t  c o n s t a n t  a c i d i t i e s  i n  t h e  aqueous  

phase .  The r a t i o  of m e t a l  t o  c h l o r i d e  i o n s  i n  t h e  ex-  
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80 W. I. MURINOV 

t r a c t i v e  phase  1 :3 ,  1:2,  1 : 4 ,  r e s p e c t i v e l y ;  t h e  IR spec-  

t r a  demons t r a t ed  no s h i f t s  of t h e  c a r b o n y l  s t r e t c h i n g  

Sand ( 1 7 0 0  c m - I )  . The e x t r a c t i v e  phase  PMR s p e c t r a  qave 

a chanqe of t h e  chemica l  s h i f t  f o r  methylene p r o t o n s  

a - p o s i t i o n e d  t o  C-S bond (0 .3  ppm). T h i s  a l lows  t h e  

assumpt ion  t h a t  m e t a l  c o o r d i n a t i o n  p roceeds  by t h e  k e t o  

s u l p h i d e  s u l p h u r .  

From t h e  q u a n t i t a t i v e  a n a l y s e s  of e x t r a c t s ,  I R -  and PMR- 
spec t rum i n t e r p r e t a t i o n s ,  and t a k i n g  i n t o  a c c o u n t  t h e  

dependences of  metal e x t r a c t i o n s  on t h e  c o n c e n t r a t i o n s  

of c h l o r i d e  i o n s  and o f  e x t r a c t a n t s ,  t h e  mechanism g iven  

below may b e  sugges t ed  f o r  t h e  e x t r a c t i o n  o f  t h e s e  metals 

from h y d r o c h l o r i c  a c i d  s o l u t i o n s .  Accordinq t o  t h i s  m e -  
chanism t h e  e x t r a c t i o n  p roceeds  by s u b s t i t u t i o n  of a 

c h l o r i d e  i o n  by a k e t o  s u l p h i d e  t o  form a n e u t r a l  c o m -  

p l e x . I t  s h o u l d  be n o t e d  t h a t  t h e  e q u i l i b r i u m  d a t a  are 
v a l i d  f o r  metal e x t r a c t i o n s  by d i -  and t e t r a - k e t o  s u l -  

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

i . e .  Cmet << CL.  

AuC1; + L --+ AuC13L + C1-i 

- - [ A U C ~ ~ L ] ~ [ C ~ - ]  aq = 'AU' '~1 
2 KAU-[ AuCl;] aq [ L] XAu' 'L 

PdC1;- + 2L-PdCl2-2L + 2 C l - i  

PtC1;- + 2L- PtCl(2L + 2c1; 
z L 

2 
Pt L 

[PtC14.2LlS[C1-l Ypt'Ccl 

[PtCl--I [Lls KPt= 
aq = ,.# 

x *c 2 
6 aq 

(1-7) 
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COMPLEX FORMATION WITH SULPHUR ORGANIC COMPOUNDS 81 

EXTRACTION PROPEF.TIES O F  APlINO STY'L?HIDES 
~ 

U n s u f f i c i e n t  e f f e c t i v i t y  of p l a t inum and rhodium e x t r a c -  

t i o n s  by keto s u l p h i d e s  i s  caused  by t h e  slow procedure  

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

complexes of  t h e s e  metals.  Temperature v a r i a t i o n  and 

v a r i o u s  l a b i l i z i n g  a u e n t s  w e r e  employed f o r  i n c r e a s i n g  

t h e  l i g a n d  exchanqe r a t e  i n  the  e x t r a c t i o n  by k e t o  s u l -  

ph ides .  Another way, i n s t e a d  of i n c r e a s i n a  t h e  tempera- 

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

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

t e r t i a r y  n i t r o s e n  beincj such an  atom. A new class  of 

su lphur  c o n t a i n i n q  e x t r a c t a n t s ,  namely amino s u l p h i d e s ,  

a t t r a c t i v e  by t h e i r  p r o p e r t i e s ,  w a s  o b t a i n e d  by t h e  

i o l l o w i n a  r e a c t i o n s  

RSH + CH20  + HNR2-RSCH N /R 

'R 
(1-8) 

Table 2 shows t h e  amino s u l p h i d e s  and amino k e t o  s u l p h i -  

d e s  ob ta ined  by t h e s e  r e a c t i o n s .  The e l emen ta l  and mass- 

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

t h e  p roduc t s  t o  be 9 7 % .  E x t r a c t i o n s  of Pd and Pt from 

h y d r o c h l o r i c  and s u l p h u r i c  a c i d  s o l u t i o n s  w e r e  t aken  a s  
models for t h e  d e t e r m i n a t i o n  of amino s u l p h i d e  e x t r a c -  

t i o n  p o p e r t  i e  s . 
Pla t inum i s  w e l l  e x t r a c t e d  by amino s u l p h i d e s  wh i l e  t h i o -  

esters are u n s u i t e d  under  such c o n d i t i o n s .  The method 

of e q u i l i b r i u m  s h i f t s  g i v e s  a s o l v a t i o n  number 2 f o r  

p l a t inum i n  case of a h i q h  r e a u e n t  excess. When t h e  f r e e  
r e a g e n t  c o n c e n t r a t i o n  i s  lowered ( t h e  orcranic phase be-  

i ng  metal s a t u r a t e d )  t h e  s o l v a t i o n  number t ends  t o  b e  
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82 YU. I. MURINOV 

TABLE 2 Amino sulphide structures and extraction properties 

Coefficients of distribu- 

and organic phases (D ) 
Structures tion between Pt aqueous 

Pt 

I .  C ~ H ~  7-~-~~2-~~2-~~2-~3 6.5 

y C q H 9  
2 .  C8H17-S-CH2-CH -CH -N 

2 2 \  
\ 

C4H9 
A 

2 2 2 w  3. C8H17-S-CH -CH -CH -N 0 
A 

4. C8H17-S-CH2-CH 2 \ )  -N 

C H  
5. C8H1 7-S-CH2-CH -N / 4 9  

2 \  
C4H9 

6. C8H,7-S-CH -CH -N 2 2 3  

6.3 

6.1 

6.2 

5.9 

6.5 

A 
7. C H -S-CH2-N-0 2.7 8 17 

A 

8. C8H17-S-CH -N 2 L J  

-S-CH -N /C4H9 
9’ ‘gH17 2 

C4H9 

2 .o  

2 .1  

10. @ o - ( c H ~ ) ~ - s - c H ~ - c H ~ - N  3 5.7 

1 1 .  = co 
2 

7.8 

lowered. The metal-to-liqand relation in the complexes 
isolated from the extraction phase corresponds to the 
values of solvation numbers obtained if Y u L .  met 
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COMPLEX FORMATION WITH SULPHUR ORGANIC COMPOUNDS 8 3  

The PMR s p e c t r a  of t h e s e  complexes shows a change of  t h e  

chemica l  s h i f t  of 0 . 3 3 - 0 . 4  ppm f o r  t h e  p r o t o n s  i n  a-PO- 

s i t i o n  t o  t h e  s u l p h u r  atom. T h i s  c o r r e s p o n d s  t o  a metal 

i o n  c o o r d i n a t i o n  w i t h  t h e  s u l p h u r  atom. The l a b i l i z i n g  

a c t i o n  of t h e  amino s u l p h i d e  t e r t i a r y  n i t r o q e n  i s  sup- 

p o r t e d  t o  p roceed  i n  t h e  f o l l o w i n g  way. 

i s  formed a s  p r e s e n t e d  below.  

Second,  a c h l o r i d e  i o n  i n  t h e  a c i d  complex i s  s p l i t  o f f  

and i s  s u b s t i t u t . e d  by a s u l p h u r  atom t o  form t h e  e x t r a c -  

t e d  complex composed as  

7 /R 
N(CH2)2S. .. PtC1 4...S(CH ) N - R  
H+ 
c1- 

I 
R c1- 

R /R 
N ( c H ~ ) ~ ~ .  .. ptci 4 . . . ~ ( ~ ~  N - R  
H+ " I 

c1- n c1- 

The s t e r i c  s t r u c - t u r e  of  t h e  amino s u l p h i d e  i s  c o n s i d e r e d  

t o  be a f a c t o r  i n f l u e n c i n g  t h e  i n t e r m e d i a t e  complex 

f o r m a t i o n .  The l i g a n d  a b i l i t y  t o  form f i v e -  and  s i x -  

membered r i n a s  shou ld  promote a n  i n c r e a s e  i n  amino s u l -  

ph ide  e x t r a c t i o n  p r o p e r t i e s  a s  w e l l  a s  a d e c r e a s e  i n  t h e  

t i m e  f o r  l i q a n d  exchange .  T h i s  mechanism i s  w e l l  mani- 

f e s t e d  f o r  t h e  Pt(1V) e x t r a c t i o n  by amino s u l p h i d e s  o f  

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

p e r i o d  (Fig. 3 ) .  

The r a t e  of i n t e r p h a s e  e q u i l i b r a t i o n  i s  f a s t e s t  f o r  a 

r e a g e n t  w i t h  two methylene  g r o u p s  between t h e  s u l f u r  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



84 W. I. MURINOV 

and t h e  n i t r o q e n  a t o m s .  The i n t r o d u c t i o n  of  o t h e r  donor 

atoms p o s s e s s i n g  n e g a t i v e  i n d u c t i o n  e f f e c t s  i n t o  an  

amino s u l p h i d e  molecule  r e d u c e s  t h e  n i t r o u e n  n u c l e o p h i l i c  

p r o p e r t i e s  i f  t h e s e  atoms are p l a c e d  i n  n e a r  p rox imi ty  

t o  t h e  n i t r o q e n ,  as i n  t h e  morphol ine s u l p h i d e ,  or i t  

d e c r e a s e s  t h e  s u l p h u r  donor  a b i l i t y  ( a s  i n  t h e  case o f  
a phenyl  r a d i c a l  i n s t e a d  of an a l i p h a t i c  o n e )  t o  l o w e r  

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

THE RELATION BETWEEN THE STRUCTURES O F  ORGANIC SULPHI- 

DES AND T H E I R  EXTRACTIOM PPOPERTIES. THE RELATIVE POSI- 

T I O N  OF KETO AND AMINO SULPHIDES I N  A SERIES OF NEUTRAL 

SULPHUR ORGAMIC EXTRACTANTS. 

While u r a n y l  n i t r a t e  i s  employed a s  a probe  f o r  e l u c i -  
d a t i o n  t h e  su lphox ide  e x t r a c t i o n  a c t i v i t y ,  t h e  e x t r a c -  

t i o n  of A u ( I I 1 )  from h y d r o c h l o r i c  a c i d  s o l u t i o n s  

( 0 . 1  mole/ l  of  H C 1 )  i s  r ega rded  t o  b e  t h e  m o s t  a p p r o p r i -  

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

e x t r a c t i o n  p r o p e r t i e s .  The s o l v a t i o n  numbers w e r e  d e t e r -  

mined by t h e  methods of s a t u r a t i o n  and e q u i l i b r i u m  s h i f t  

f o r  a l l  t h e  e x t r a c t a n t s  u sed .  The s o l v a t i o n  numbers f o r  

monodentate s u l p h i d e s  are e q u a l  t o  1. The e x i s t e n c e  of  

complexes w i t h  v a r i o u s  s t r u c t u r e s  i n  t h e  o r g a n i c  phase  

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

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

fo rma t ion  o f  i n t r a m o l e c u l a r  hydropen bonds i n  hydroxyl  

s u b s t i t u t e d  s u l p h i d e s .  I n t e r m o l e c u l a r  bonds w e r e  o b s e r -  

ved f o r  r e a q e n t  2 (Tab le  31, b u t  i n t r a m o l e c u l a r  bonds 

f o r  r e a q e n t  15 .  The f o l l o w i n s  r i n g  i s  formed i n  t h i s  

case, 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



COMPLEX FORMATION WITH SULPHUR ORGANIC COMPOUNDS 85 

D 
Pt I 
40 - 

30 - 

20 - 

10 - 

F i g u r e  3 :  The i n f l u e n c e  of t h e  phase  c o n t a c t  p e r i o d  on 

P t ( 1 V )  e x t r a c t i o n  by 0.01 m o l e / l  of amino 

= 0 . 5  mole/l, s u l p h i d e s  (0 -xy lene ,  2 0  C ,  CHCl 

‘ m e t  

0 

= 0.0001 m o l e / l ) .  
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t h e r e b y  t h e  s u l ? h u r  donor  p r o p e r t i e s  c h a n a e  ( i t  i s  p ro -  

bable t h a t  t h i s  o c c u r s  a t  t h e  expense  o f  a p a r t i a l  d e l o -  

c a l i z i n ?  o f  t h e  e l e c t r o n  d e n s i t y  i n s i d e  t h e  r i n 9 ) :  

K = 80 f o r  r e a a e n t  2 a n d  K = 2 1 0  f o r  r e a C e n t  15 .  

The e x t r a c t i o n  p r o p e r t i e s  are  almost unchanged by q o i n g  

from d i a l k y l  s u l D h i d e s  to  c y c l i c  compounds: K = 350  €or  

d i h e x y l  s u l p h i d e ,  K = 320 f o r  2 -amyl th i acyc lohexane ,  and  

K = 310 f o r  2-n-amyl-5-methyl t h i a c y c l o F e n t a n e .  However, 

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

i n f l u e n c e s  t h e  s u l p h u r  donor  p r o p e r t i e s .  

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

s u l ? h u r  donor  p r o p e r t i e s  when it i s  i n t r o d u c e d  i n  0-po- 

s i t i o n  o f  d i a l k y l  s u l p h i d e s  (K = 2 2 0 ) ,  w h i l e  i t s  i n t r o -  

d u c t i o n  i n t o  a r i n ?  c a u s e s  a d i s t i n c t  chanqe  i n  t h e  s u l -  

p h i d e  e x t r a c t i o n  a b i l i t i e s  (K = 2 7 ) .  Another  s u l p h u r  

atom i n  p a r a -  or o r t h o - p o s i t i o n  i n  a r i n n  d o e s  not. i n -  

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

t h e  same t i m e ,  i n c r e a s e s  t h e  c a p a c i t y  of a n  e x t r a c t a n t  

t o  become b i - d e n t a t e .  Reauent  1 2  h a s  K = 240,  f o r  rea- 
g e n t  9 K = 270. 

The s u l p h u r  donor  a b i l i t i e s  i n  a s u l p h i d e  a r e  lowered  

by t h e  i n t r o d u c t i o n  o f  a d i s u l p h i d e  s u l p h u r  ( r e a a e n t  1 1 ) .  

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

p r o p e r t i e s  as  w e l l  a s  t h e  s u l ? h u r  donor  a b i l i t i e s  i n  

a s u l p h i d e  ( r e a g e n t  l o ) .  

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

have  a less pronounced  i n f l u e n c e  on t h e  s u l p h i d e  s u l -  

p h u r .  Thus,  a c a r b o n y l  oxyTen i n  y - p o s i t i o n  and  a phenyl  

r a d i c a l  i n  a - p o s i t i o n  have  o n l y  a weak i n f l u e n c e  on t h e  

s u l p h u r  donor  a c t i v i t y  ( r e a g e n t  7 1 ,  w h i l e  t -he change  of 
a n  a l k y l  r a d i c a l  f o r  a pheny l  i n  d i a l k y l  s u l p h i d e s  g i v e s  

a s h a r p  r e d u c t i o n  o f  t h e  e x t r a c t i o n  p r o p e r t i e s  . 
The p r e s e n c e  of a t e r t i a r y  n i t r o q e n  i n  a s u l p h i d e  p ro -  
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COMPLEX FORMATION WITH SULPHUR ORGANIC COMPOUNDS 91 

duces  a n  a c c e l e r a t i o n  o f  t h e  l i q a n d  exchancre a t  t h e  ex- 

pense  of t h e  i n t e r m e d i a t e  complex f o r m a t i o n  t o  r a i s e  

t h e  r e l a t i v e  r e a q e n t  e x t r a c t i o n  a c t i v i t y .  However, i n  

t h e  case where s t e r i c  e f f e c t s  p r e v e n t  a n i t . roqen  t o  p ro -  

duce an  i n t e r m e d i a t e  complex w i t h  a n  e x t r a c t e d  metal ,  

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

atom t h u s  d i m i n i s h i n ?  t h e  r e a p e n t  e x t r a c t i o n  a c t i v i t y  

(TaSle  3 ,  no.  8 ) .  

The dependence on t h e  e x t r a c t i o n  a c t i v i t y  f o r  g o l d ( I I 1 )  

c h l o r i d e  of some s u l p h i d e s  on t h e i r  s t r u c t u r e s  are  shown 
below ( c o n c e n t r a t i o n  c o n s t a n t s  a r e  g i v e n  i n  b r a c k e t s ) .  

T r i t h i a n e s  ( K  = 1 0 5 0 )  and  t e t r a k i s s u l p h i d e s  ( K  = 7 5 0 )  a re  
c o n s i d e r e d  t h e  m o s t  p r o m i s i n a  of a l l  t h e  reaqent -s  s t u d i e d  

i n  t e r m s  of t h e i r  s o l u b i l i t i e s ,  s e l e c t i v i t i e s ,  and  e x t r a c -  

t i o n  a c t i v i t y .  

A s i m i l a r  sequence  a s  i n  F i u .  4 i s  obse rved  f o r  P d ( I 1 )  and  

P t  ( I V )  e x t r a c t i o n  from h y d r o c h l o r i c  a c i d  s o l u t i o n s .  T h i s  

sequence  i s  e v i d e n t l y  v a l i d  f o r  t h o s e  meta l  e x t r a c t i o n s ,  

where t h e  f o r m a t i o n  o f  EDA complexes and  t h e  l i g a n d  sub-  

s t i t u t i o n  o f  a c h l o r i d e  i o n  f o r  a n  e x t r a c t - a n t  a re  t h e  

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

The c o r r e l a t i o n  between t h e  Cold and  p a l l a d i u m  e x t r a c t i o n  

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

h y F o t h e s i s  g i v e n  above ( F i q .  5 ) .  T h i s  c o r r e l a t i o n  i s  d e s -  

c r i b e d  by t h e  e q u a t i o n ,  

lg KAu = 1 . 1 6 6 .  1 U  Kpd - 0 . 3 0 0  ( 1 - 1 0 )  

I n  acco rdance  w i t h  t h e s e  a s s u m p t i o n s  t h e  a c t i v a t i o n  ene rqy  

of  t h e  l i ga r id  exchanue s h o u l d  i n c r e a s e  i n  a reverse re la-  

t i o n s h i p .  

The v a l u i s  of t h e  a c t i v a t i o n  enerCy c h a n a e s  w e r e  c a l c u l a -  

t e d  f o r  t h e  ?recess o f  e x t r a c t i n g  q o l d ( I I I ) ,  p a l l a d i u m ( I 1 )  , 
and p l a t inum(1V)  froin t h e  aqueous  i n t o  a n  o r g a n i c  p h a s e ,  
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92 YU. I .  MURINOV 

c1 (0.5) < 

0 (CH2) 20C2H5 'gH5 

(200) < (C H CHCH2I2S ( 2 2 0 )  < 
9~ 

OH OH OCqH9 

n S 
< C4Hg 1 7  C 4 H g  (240) < C H SCH2N-0 (280) < 

8 17 
S 

< C H 3 0 C 5 H 1 ,  (310) < 0 C5Hll (320) < 
S S 

< C6H13SC6H13 < PS (340) < COCH2CH2SC8Hl (530) < 

C4H9 CH SC H 
/ 2 5 1 1  COCH 

(800)  < SAS (1050) < 

,CH SC H 'gH1 lSCH2\ 2 5 1 1  
l C H C O C H  \ < C H SCH2CH2N 3 (2700) < 

8 1 7  

C5H 1 1 SCH2 CH2SC5H1 1 

F i g u r e  4 :  E x t r a c t i o n  of q o l d ( I I 1 )  c h l o r i d e  by s u l p h i d e s  
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COMPLEX FORMATION WITH SULPHUR ORGANIC COMPOUNDS 93 

t h e  c a l c u l a t i o n s  b e i n s  based  or! t e m p e r a t u r e  dependences  
( 20-60°C) of t h e  c o n c e n t r a t i o n  Fseudo-cons tan t s  of t h e s e  

metal  e x t r a c t i o n s  (TaSle 4 ) .  The d a t a  c o n f i r m  t h e  ear -  

l i e r  a s sumpt ions .  I n  m o s t  cases a d e c r e a s e  i n  t h e  a c t i -  

v a t i o n  ene rgy  i s  obse rved  w i t h  i n c r e a s i n ?  p o l y d e n t a t e  

s u l p h i d e  e x t r a c t i o n  a c t i v i t y ,  i . e .  t h e  reacrent  l a b i l i z i n q  

e f f e c t  on t h e  l i g a n d  exchanqe k i n e t i c s  shou ld  be  t r e a t e d  

as  a d e t e r m i n i n g  f a c t o r  i n  e x t r a c t i n g  g o l d  and  p l a t i n u m  

metals, t h e  i n c r e a s e  o f  su1p: i ide s u l p h u r  a c t i v i t y  b e i n g  

not i m p o r t a n t .  

F i g u r e  5 :  C o r r e l a t i o n  between A u  and  Pd e x t r a c t i o n  con- 
s t a n t s  f o r  t h e  e x t r a c t i o n  by n e u t r a l  s u l p h u r  

o r g a n i c  compounds: 

I ,  2 ,  8,  1 4 ,  1 5 ,  16  - t a k e n  from Tab le  3 ;  

10 ,  1 1  - t a k e n  from Tab le  2 ;  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



94 YU. I. MURINOV 

TABLE 4 Activation energy changes in Pt(IV), Au(III), 
Pd(II), and Ag extractions by different 
s u 1 ph id e s (k J /mo  1 e ) 

Extracted metal Amino sulphides 

extract ant Table 3 
and DHS OTMA BCHTMA STBTMA 3 and 10 f r o m  

A g ( I )  from -56+2 -50+3 -64+2 -7622 -63+3 
O.Imole/l of 
HNO 

A U ( I I I )  from 2821 2321 21+2 1821 13f0.5 
0 .  Imole/l of 
HC 1 
Pd(I1) from 30+ 1 - 2022 1121 
O.lmole/l of 
HC 1 
Pt(IV) from 6923 46f2 - 38+2 3221 
O.Imole/l of 
HC 1 
Pt (IV) from - 
O.lmole/l of 
HC1 in the 
presence of 
0 -000 15mole / 1 
of Fe (11) 

- 

- 25fl - 20f 1 

N 0 B L E ME T AL 

SULPHUR ORGANIC SORBENTS. 

S 0 R P T I 0 N S 13 Y 0 P E M - C H A I M H E T E F.0 - S U B S T I T U T E __ _ _  

The weak i n d u c t i o n  e f f e c t  o f  s u l p h u r  atoms i f  t h e y  a re  

s e p a r a t e d  by one  methylene  g r o u p  (as  i t  i s  s e e n  f o r  t h e  

p o l y d e n t a t e  s u l p h i d e  e x t r a c t i o n  a c t i v i t y  i n  Table 3 )  

l e d  u s  t o  s y n t h e s i z e  a " h e t e r o c h a i n e d  polymer"  o f  t h e  

[ - ( C H  ) 

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

S - l m  t y p e ,  where n = 1 , 2 ,  w i t h  h i g h  s o r p t i o n  2 n  

These s y n t h e s e s  w e r e  s u c c e s s f u l l y  d e v e l o p e d  i n  t h e  Labo- 

r a t o r y  o f  P o l y c o n d e n s a t i o n  o f  t h e  U S S R  Academy of 

S c i e n c e s ,  B a s h k i r i a n  Branch I n s t i t u t e  of  Chemis t ry .  

Po lymethy lene  monosulphide  [ -CH -S- I (PMMS) and  p o l y -  2 
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COMPLEX FORMATION WITH SULPHUR ORGANIC COMPOUNDS 95 

e t h y l e n e  monosulphide [-CH2CH2-S-I, (PEMS) w e r e  p repa -  

r e d  5-6 .  PMMS and  PEMS r e p r e s e n t  h i g h l y  d i s p e r s e d  w h i t e  

powders w i t h  m o l e c u l a r  masses a b o u t  1500,  s o l u b l e  n e i t h e r  

i n  aqueous  a c i d  and  a l k a l i  n o r  i n  o r a a n i c  s o l v e n t s  such  

as a l c o h o l s ,  k e t o n e s ,  e t h e r s ,  aromatic or o t h e r  hydro-  

c a r b o n s .  Tab le  5 p r e s e n t s  t h e  e l e m e n t a l  a n a l y s e s  of t h e  

p r o d u c t s  . 
TABLE 5 Elemental analysis of heterochained polymers. 

Compound Fragment Elemental analysis m . p .  
t "C 

S C H C1 ash 
~~ ~ 

Polymethylene (-CH -S-) 68.05 25 .21  4.95 - 1.76 190- 
monosulphide 

Polyethylene (-CH CH -S-) 49.63 36.75 6.27 2.15 2.27 185- 
monosulphide 

210 2 

(PMNS) 

2 0 0  2 2  

(PEMS) 

The " h e t e r o c h a i n e d  polymers"  w e r e  washed w i t h  1 mole/l 

of  n i t r i c  a c i d ,  t h e n  water and  a c e t o n e ,  and d r i e d  a t  

6 0  C b e f o r e  u s e .  

The s o r p t i o n  p r o p e r t i e s  of PMMS and PEXS w e r e  i n v e s t i -  

g a t e d  employinq Ag n i t r i c  a c i d  s o l u t i o n s  and  Hq(II), 

P t ( 1 V )  , and A u ( I I 1 )  h y d r o c h l o r i c  a c i d  s o l u t i o n s .  Sorp-  

t i o n s  w e r e  c a r r i e d  o u t  by t h e  method of i s o l a t e d  s h o t s  

under  s t a t i c  i s o t h e r m a l  c o n d i t i o n s  and  s t i r r i n g ,  t h e  

r a t i o  of l i q u i d  and  s o l i d  phase  b e i n g  150. The d e q r e e  

of  s o r p t i o n  w a s  d e f i n e d  by chanqes  i n  t h e  i n i t i a l  m e t a l  

c o n c e n t r a t i o n  i n  t h e  l i q u i d  phase .  The o p t i m a l  p e r i o d  

€ o r  t h e  h e t e r o p h a s e  e q u i l i b r i u m  w a s  found e x p e r i m e n t a l l y .  

That  p e r i o d  depended on t h e  i n d i v i d u a l  c h a r a c t e r i s t i c s  

of t h e  metal s a l t  e x t r a c t e d .  
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96 YU. I. MURINOV 

SILVER SORPTION.  

The t i m e  f o r  r e a c h i n g  t h e  i n t e r p h a s e  e q u i l i b r i u m  i n  ex-  

t r a c t i n g  s i l v e r  n i t r a t e  from n i t r i c  a c i d  s o l u t i o n  w a s  

s h o r t ,  o n l y  5-7 min. The i s o t h e r m s  of  t h e  s i l v e r  n i t r a t e  

s o r p t i o n s  w e r e  p l o t t e d  a g a i n s t  t h e  aqueous phase  a c i d i -  

t i es  and t e m p e r a t u r e s .  The h i g h e r  the a c i d i t y  and t e m -  
p e r a t u r e ,  t h e  l o w e r  w a s  t h e  s o r p t i o n  f o r  b o t h  polymers .  

The c a p a c i t y  of  PMMS f o r  s i l v e r  ( 2 . 3  q/q) w a s  l a r g e r  

than  t h a t  of PEMS ( 1 . 7  rJ/g) because  t h e  s u l p h i d e  s u l p h u r  

c o n t e n t  w a s  h i g h e r  i n  t h e  former  compound, i . e .  t h e  

s a t u r a t i o n  o f  t h e  s o r b e n t  proceeded  t o  t h e  Met:S r a t i o  

e q u a l  t o  1 .  The s i l v e r  n i t r a t e  s o r p t i o n  may be  d e s c r i b e d  

by t h e  f o l l o w i n g  e q u a t i o n ,  

(1-1 1 )  

3 AgNO 

MERCURY, GOLD, PALLADIUM, AND PLATINUM SORPTIONS FROM HYDRO- 

CHLORIC A C I D  SOLUTIONS.  

M e r c u r y ( I I ) ,  g o l d ( I I I ) ,  P a l l a d i u m ( I I ) ,  and p l a t i n u m  ( I V )  

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

c o n t a i n i n g  0.61  and 1 mole/l  of  H C 1 .  The t i m e s  f o r  rea- 

c h i n g  t h e  he t e roueneous  e q u i l i b r i u m  were: 1 5  min ( f o r  

A u ( I I 1 ) )  , 30 min ( f o r  H a ( I 1 )  and P d ( I 1 ) )  , and 2 0 0  min 

( f o r  P t ( 1 V ) ) .  The h i q h e r  t h e  a c i d i t y ,  t h e  l o w e r  w e r e  t h e  

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

e x t r a c t i o n  by s u l p h i d e s .  A t e m p e r a t u r e  i n c r e a s e  l e d  t o  
i n c r e a s e d  s o r p t i o n .  A t  room t e m p e r a t u r e ,  r h o d i u m ( I I 1 )  

and i r i d i u m ( I I 1 )  w e r e  a c t u a l l y  u n e x t r a c t a b l e ,  p l a t i n u m  

w a s  h a r d l y  e x t r a c t a b l e ,  wh i l e  g o l d ( I I I ) ,  p a l l a d i u m ( I I ) ,  

and m e r c u r y ( I 1 )  have f a i r  r e s u l t s .  A t  loo°C a l l  p l a t i -  

num m e t a l s  w e r e  w e l l  e x t r a c t e d  by b o t h  s o r b e n t s .  A s  f o r  
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COMPLEX FORMATION WITH SULPHUR ORGANIC COMPOUNDS 91 

t h e  s i l v e r  s o r p t i o n ,  t h e  PMMS capc?..cities f o r  t h e  p l a t inum 

metals w e r e  laruer t h a t  t h o s e  of  PEMS: PMMS s o r p t i o n  capa-  

c i t i e s  w e r e  4 g /g  (Au) , 1 . 2  g / g  (Pd)  and t h o s e  of PEMS 

w e r e  2.3 and 0.7 q / g ,  r e s p e c t i v e l y .  The e l emen ta l  a n a l y -  

s is  of  t h e  s o r b e n t  s a t u r a t e d  by Au, Pd, and H g  c h l o r i d e s  

gave t h e  fo l lowing  r a t i o s  o f  M e t  : C 1  : L : 1 : 3 : 1 ( A u ) ,  

1 : 2 : 2 (Pd,  H q ) ,  which co r re sponds  t o  t h e  fo rma t ion  

of M e t C 1 3 L  and M e t C 1 2 L 2  complexes.  

The s o r p t i o n  c a p a c i t i e s  of b o t h  s o r b e n t s  appeared  t o  be  

much lower f o r  p l a t inum c h l o r i d e  t h a n  f o r  pa l l ad ium ch lo -  

r i d e .  Such d i f f e r e n t i a t i o n  between t h e  s o r p t i o n  of  p l a -  

t inum and t h a t  of pa l l ad ium and gold may be e x p l a i n e d  

by t h e  s t r u c t u r e s  of t h e  i n i t i a l  complex a n i o n s  P t C 1 6  

PdC14 , and A u C 1 4  , because  t h e  h e x a c h l o r o p l a t i n a t e  

an ion  w a s  of l a r g e r  c a p a c i t y  t h a n  PdC14 and AuC14 . 
The i n t e r a c t i o n  of t h e  p l a n a r  complex an ion  PdC14 

t h e  s u l p h i d e  su lphur  w a s  n o t  p reven ted  by any s te r ic  

e f f e c t s  a l lowing  a smooth i n t r o d u c t i o n  of  t h e  former 

i n t o  t h e  s o r b e n t ,  wh i l e  t h e  o c t a h e d r a l  complex an ion  

P t C 1 6  ( w i t h  l a r g e r  c a p a c i t y )  i n t e r a c t e d  d i f f i c u l t l y  

wi th  t h e  i n n e r  r e g i o n  of  t h e  s o r b e n t .  

The k i n e t i c  p r o p e r t i e s  of  t h e  complexing metal c h l o r i d e  

a n i o n s  e x p l a i n  t h e  i n c r e a s e  i n  s o r p t i o n  wi th  t empera tu re  

and i t s  d e c r e a s e  wi th  an i n c r e a s e  i n  t h e  h y d r o c h l o r i c  

a c i d  c o n c e n t r a t i o n .  Temperature rise and c h l o r i d e  i o n  

c o n c e n t r a t i o n  lower ing  i n  t h e  aqueous phase l e d  t o  acce- 

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

su lphur  i n  P t ,  Pd, and Au a c i d  complexes.  The e x t r a c t i o n  

of t h e  metals from h y d r o c h l o r i c  a c i d  s o l u t i o n s  w a s  of  

t h e  s u b s t i t u t i o n  t y p e  and may be  d e s c r i b e d  by t h e  f o l l o -  

wing e q u a t i o n s ,  

-- 
, 

-1  -- 
-- -- 

-- 
and 

-- 
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YU. I. MURINOV 98 

rnA,C14 + [-R-S-] - [-R-S-] + mC1- m 

AuC 1 
+ m 

3 

(1-12) 

where R i s  a me thy lene  o r  a n  e thy l - ene  b r i d u e .  Heie, t h e  

EDA i n t e r a c t i o n s  of P t  and  Pd i o n s  may p r o c e e d  i n  t h e  

same way as i n  t h e  case w i t h  s u l p h i d e  s u l p h u r  atoms of 

one  s o r b e n t  polymer molecu le  as  w e l l  as  w i t h  o t h e r  atoms, 

/Pd\ 
c1 -S-CHZ 

c1 c1 

in palladium sorption by PMMS 
CH2 -CH2 CH2-CH CH2-CH2, ,CH2-CH2 CH2-CH2 

I 
‘s/ s -  

\ J  
PtC14 

/ ‘S’ 

PtC14 
- s \  / 

PtC14 

in platinum sorption by PEMS 
/ CH2-CH CH2-CH2 ,, ,CH2-CH 2 \ s,cH2- 

4 
PtC14 

s - S  + 
PtC14 

VtCI4 t Y4 t 
i 

\ 
- S  

CH - 2 
CH2-CH2 CH2-CH /”\ CH2CH2 /\ 

2 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



COMPLEX FORMATION WITH SULPHUR ORGANIC COMPOUNDS 99 

o t h e r  p l a t i n u m  metals (rhodium, i r i d i u m )  gave  q u a n t i t a -  

The u s e  of  d i f f e r e n t  l a b i l i z i n g  a d d i t i o n s  a c c e l e r a t e d  

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

d e  s u l p h u r  t o  r a i s e  t h e  p l a t i n u m  metal s o r p t i o n s .  

t i v e  y i e l d s  a t  t e m p e r a t u r e s  of  aqueoaa  s o l u t i o n s  o f  loo 0 C .  

The comparison of  t h e  s o r p t i o n  p r o p e r t i e s  o f  " h e t e r o c h a i -  

ned polymer" s o r b e n t s ,  PMMS and PEMS, w i t h  o t h e r  known 

s o r b e n t s  i s  i n  f a v o r  of t h e s e  compounds i n  t e r m s  of t h e i r  

h i g h e r  e f f e c t i v i t i e s ,  s e l e c t i v i t i e s ,  and  c a p a c i t i e s  f o r  

t h e  n o b l e  meta ls .  PMMS and  PEMS are  w e l l  a p p l i c a b l e  f o r  

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

n o n f e r r o u s  metals as  w e l l  a s  f o r  s i l v e r  and  g o l d  a f f i n a g e .  

SULPHOXIDE COMPLEX FORMATION PROPERTIES I N  EXTRACTION 

O F  D- AND F-ELEMENTS 

The p o l y d e n t a t e  s u l p h i d e s  are q u i t e  e f f e c t i v e  and  selec- 

t i v e  €or n o b l e  m e t a l  e x t r a c t i o n s ,  w h i l e  m e t a l  s a l t  ex-  

t r a c t i o n s  ( h a r d  a c i d s  i n  P e a r s o n '  c l a s s i f i c a t i o n )  need  

a n o t h e r  c lass  of  s u l p h u r  o r g a n i c  compounds t o  ac t  as 

h a r d  b a s e s .  The o x i d i z e d  s u l p h i d e s ,  i . e .  s u l p h o x i d e s ,  

p r e s e n t  such  a c lass .  The p r e s e n c e  of  t w o  donnor  a toms 

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

of b o t h  h a r d  and  s o f t  a c i d s .  But i n  m o s t  cases t h e y  

behave as  h a r d  b a s e s .  

Be fo re  a c o n s i d e r a t i o n  of  t h e  e x p e r i m e n t a l  a s p e c t  of  t h e  

s u l p h o x i d e  e x t r a c t i o n  c h e m i s t r y  t h e  p o s i t i o n  of s u l p h -  
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100 YU. I. MURINOV 

o x i d e s  i n  a series o f  n e u t r a l  a c i d - c o n t a i n i n g  e x t r a c t a n t s  

( o r g a n i c  o x i d e s )  of RnXO t y p e  w a s  i n v e s t i g a t e d .  The com- 
p l e x e s  of  t h e s e  compounds w i t h  m e t a l  s a l t s  a re  formed i n  

acco rdance  w i t h  t h e  mechanism of e l ec t ron -donor -accep to r  

(EDA) i n t e r a c t i o n s .  The e x t r a c t i o n  a c t i v i t y  of RnXO c o m -  

pounds depends on t h e  e l e c t r o n  d e n s i t y  on t h e  oxygen atom 

and t h e  molecu la r  geomet r i c  p a r a m e t e r s  which de te rmine  

t h e  e n t r o p y  e f f e c t .  The p r e s e n t  s ta te  of  quantum chemi- 

s t r y  makes a p r e c i s e  a n a l y s i s  o f  e l e c t r o n  d e n s i t i e s  f o r  

mul t i a tomic  RnXO molecule where X = P ,  S ,  N ,  Se e tc .  i m -  
p o s s i b l e ,  t h u s  t h e  b a s i c i t y  i s  r e g a r d e d  t h e  b e s t  c h a r a c -  

t e r i s t i c s  f o r  t h e  oxygen donor  a c t i v i t y  i n  t h e s e  com- 
pounds.  I t  d e f i n e s  t h e  p r o t o n a t i o n  f r e e  e n e r g i e s  of P = O ,  

S = O ,  N=O, and o t h e r  g roups .  The c o r r e l a t i o n  between 

b a s i c i t y  and e x t r a c t i o n  a c t i v i t y  a f f o r d s  an  a c c u r a t e  

e s t i m a t i o n  of  t h e  p o s i t i o n  of  s u l p h o x i d e s  i n  t h e  o x i d e  

series:  between k e t o n e s  and phosphine  o x i d e s .  The reac- 

t i v i t y  i n c r e a s e  f o r  S O  g roups  as compared t o  t h a t  of CO 
groups  i s  a l so  e x p l a i n e d  by t h e  s i z e  of  t h e  s u l p h u r  a t o m  

which i s  l a r g e r  t h a n  t h e  ca rbon  atom (rs = 1 . 0 4  8, 
r 
ene rgy  w i t h  oxygen 

c e d  f o r c e  c o n s t a n t  Ke(SO). The c o r r e l a t i o n  between su lph -  

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

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

= 0 . 7 7  8) and t h e r e f o r e  l e a d s  t o  a lower b i n d i n g  
-m C 

( E  = re , where m,  1 )  and t o  a redu-  

7 

l g  KU = -11.88 + 5 .6  pKs ( 2 - 1 )  

The oxygen b a s i c i t y  i n c r e a s e s  go ing  from d i a l k y l  su lph -  

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

t i o n  a c t i v i t y .  

The e x t r a c t a b i l i t y  €or  c y c l i c  s u l p h o x i d e s  i n c r e a s e s  w i t h  
7 t h e  r i n g  s i z e  ( 6  > 5 > 4 )  i n  acco rdance  w i t h  t h e  b a s i c i t y  

and w i t h  t h e  l i g a n d  exchange.  The pe t ro l eum s u l p h o x i d e s  
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COMPLEX FORMATION WITH SULPHUR ORGANIC COMPOUNDS 101 

c o n s i s t  p r e f e r a b l y  of  c y c l i c  s t r u c t u r e s  and t h e i r  e x t r a c -  

t i v i t i e s  are  laruer t h a n  t h a t  of  d i a l k y l  su lphox ides  and 

TBP,  approximate ly  t h e  same as  t h a t  of phosphonates .  The 

e x t r a c t a b i l i t i e s  of open c h a i n  su lphox ides  may be p r e d i -  

c a t e d  by t h e  e l e c t r o n e g a t i v i t i e s  ( E X )  o r  by t h e  induc-  

t i o n  c o n s t a n t s  (ox) o f  t h e  s u b s t i t u e n t s  a t  s u l p h u r ,  

Sulphoxides  p o s s e s s  h i q h e r  s e n s i t i v i t i e s  towards  changes 

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

t i v i t i e s  as  compared t o  t h e  n e u t r a l  phosphorous o r g a n i c  

compounds ( N P O C ) .  Thus,  t h e  s u b s t i t u t i o n  of an a l i p h a t i c  

r a d i c a l  ( X  = 2 . 0 )  f o r  a phenyl  group (X = 2.34)  i n  NPOC 

r educes  the  uranium e x t r a c t i o n  by a f a c t o r  of 1 7 ,  wh i l e  

i n  t h e  case wi th  su lphox ides  it is  lowered 40 t i m e s .  

The e x t r a c t i o n  a c t i v i t y  of  t h e  su lphox ides  canno t  be p r e -  

d i c t e d  by t h e i r  I R  s p e c t r a ,  a n o t h e r  d i f f e r e n c e  between 

su lphox ides  dnd NPOC. The SO-group s t r e t c h i n g  f requency  

i s  a c t u a l l y  unchanged by t h e  i n t r o d u c t i o n  of  a romat i c  

s u b s t i t u e n t s  whereas t h e  P O  group s t r e t c h i n g  f requency  

i n c r e a s e s  i n  phosphorous orga.nic compounds, 

DMSO 

DBSO 

BPSO 

DPSO 

TBP 

TPP 

TBPO 

TPPO 

( CH3-SO-CH3) 1069 c m - ’  

(C6H5-CH2-SO-CH2C6H3) 1056 c m - ’  
(C6H5-SO-CH2-C 6 5  H ) 1054 c m - ’  
(C6H5-SO-C6H5) 1052 c m - ’  
( C 4 H g 0 )  3po 1 2 7 4  cm-’  

( C 6 H 5 O )  3Po 1306 c m - ’  

( C 4 H g )  3Po 1 1 6 0  cm-I 

(CsH5) 3po 1195 ern-' 

The i n c r e a s e  of  t h e  e x t r a c t i o n  a c t i v i t y  ao inq  from a l i -  

p h a t i c  t o  c y c l i c  su lphox ides  w a s  assumed t o  be i n f l u e n -  

ced  by t h e  e n t r o p y  f a c t o r  * and independent  of  bond e n e r -  

gy i n c r e a s e  of  t h e  complexes formed. 
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102 YU. I. MIJRINOV 

Metal c h l o r i d e s  may be  e x t r a c t e d  by s u l p h o x i d e s  a s  coor- 
d i n a t i v e - s o l v a t e d  complexes,  

and a s  complexed a n i o n s  i n  t h e  i o n  associates ,  

H M C I Z + m *  q L  m (2-4) 

E x t r a c t i o n  w i t h  r ep roduc ing  m e t a l  complex a c i d s  i s  o f t e n  

a s s i s t e d  by w a t e r  ( i . e .  t h e  h y d r a t i o n - s o l v a t i o n  mecha- 

nism i s  implemented) .  The q u a n t i t a t i v e  i n t e r p r e t a t i o n  o f  

t h e  r e s u l t s  i s  compl i ca t ed  by t h e s e  f a c t o r s .  So, t h e  

behav iour  o f  a g iven  sys tem demands a tho rouqh  a n a l y s i s  

and a c o n s i d e r a t i o n  o f  many f a c t o r s  such as  aqueous phase 

s t a t e s ,  a c i d i t y  e f f e c t s ,  t h e  t y p e  o f  t h e  s a l t i n g  a g e n t  

a t  c o n s t a n t  i o n  s t r e n g t h ,  and the  aqueous s t a t e  a c t i v i t y .  

BISMUTH(II1) , A N T I M O N Y ( I I 1 )  , T I N ( I 1 , I V )  , V A N A D I U M ( V )  , 
AND C H R O M I U M ( 1 V )  EXTRACTIONS BY SULPHOXIDES 

The e x t r a c t i o n  chromatography t e c h n i q u e  w a s  employed 

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

above named m e t a l s  by s u l p h o x i d e s  from v a r i o u s  media.  

The f o r m a t i o n  of  an EDA-complex of t h e  m e t a l  s a l t s  w i t h  

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

maxima i n  t h e  c u r v e s  p l o t t i n g  t h e  m e t a l  d i s t r i b u t i o n  co- 
e f f i c i e n t s  ( D )  v s .  t h e  a c i d  c o n c e n t r a t i o n  i n  t h e  aque-  

ous  phase  ( F i q .  6 ) .  The p r e s e n c e  o f  maxima is  e x p l a i n e d  

by t h r e e  f a c t o r s ,  
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Dmet 
2.0 

1 . 5  

1 .o 

0.5 

0 

-0.5 

'1) 

FIGUKE 6 Dependences of Sn ( I I , IV) ,  B i ( I I I ) ,  Sb( I I1)  ch lo r ide  
e x t r a c t i o n s  on hydrochlor ic  ac id  concnet ra t ions  
i n  e x t r a c t i o n s  by 0.05 mole/ l  of DHSO i n  xylene 
( ~ ~ ~ ~ = 1 0 - 3 ~ ~ 1 e / i ,  2 0 0 ~ ) .  

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

5 c 1 )  - 
2 .  t h e  e x t r a c t i o n  o f  t h e  a c i d  ( thermodynamic e x t r a c t a n t  

a c t i v i t y  r e d u c t i o n )  

3 . t h e  n o n - i d e n t i t i e s  i n  e x t r a c t i n g  d i f f e r e n t  complex i o n s  

from a s o l u t i o n .  
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104 YU. I. MURINOV 

The m o s t  comple te  e x t r a c t i o n  from n i t r i c  a c i d  s o l u t i o n  

may be  ach ieved  w i t h  B i ( I I I ) ,  U 0 2  

i n  comparison t o  o t h e r  m e t a l s  (Sb,  Cu, Zn, C o ,  N i ,  Pb, 

+ 2  , Hf ( I V )  , Fr (1V)  

and F e )  . 

THE POSITION OF POLYDENTATE SULPHOXIDES I N  A NEUTRAL EX- 

TRACTANT SERIES. 

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

i n v e s t i g a t e d  m o s t  t ho rough ly .  Di -su lphoxides ,  k e t o - ,  

hydroxy-,  and amino-sulphoxides  w e r e  s y n t h e s i z e d  and i n -  

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

o f  su lphox ide  groups  l e a d s  t o  a r i se  i n  e x t r a c -  

t a n t  c a p a c i t y  and e f f e c t i v i t y .  The p r e s e n c e  o f  a d d i t i o n a l  

donor  c e n t r e s  i n  a su lphox ide  i n  a p p r o p r i a t e  p o s i t i o n s  

a l lows  t o  form a r i n g  between t h e  complex forming i o n  and 

t h e  l i g a n d ,  t h i s  r i n g  fo rma t ion  r e s u l t i n g  i n  a g a i n  o f  

t h e  e x t r a c t i o n  f r e e  ene rqy  ( i n  f a c t ,  o f  t h e  complex f o r -  

mat ion f r e e  e n e r g y ) .  E x t r a c t i o n  e n t r o p y  and e n t h a l p y  

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

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

e x t r a c t i o n  from 0.1 m o l e / l  o f  H N 0 3  w a s  assumed t o  b e  a 

s u i t a b l e  probe  t o  make a compara t ive  e v a l u a t i o n  o f  t h e  

e x t r a c t i o n  a c t i v i t y  of mono- and p o l y d e n t a t e  s u l p h o x i d e s  

of d i f f e r e n t  s t r u c t u r e s .  The aqueous phase  a c t i v i t i e s  

and d i s t r i b u t i o n  c o n s t a n t s  f o r  u r a n y l  n i t r a t e  between 

aqueous and o r g a n i c  phases  have been obse rved  by e x t r a c -  

t i n g  m i c r o q u a n t i t i e s  o f  u r a n y l  n i t r a t e .  I t  shou ld  be  no- 

t e d ,  t h a t  t h e  i n v e s t i g a t e d  p o l y d e n t a t e  s u l p h o x i d e s  are 

p r a c t i c a l l y  i n s o l u b l e  i n  t h e  aqueous phase  and u n a s s o c i a -  

t i v e  i n  an  o r g a n i c  phase  a t  10 mole/l c o n c e n t r a t i o n .  

I n  t h i s  case t h e  e x t r a c t i o n  c o n s t a n t s  shou ld  c h a r a c t e r i z e  

t h e  r e l a t i v e  magnitude of  EDA i n t e r a c t i o n s  between t h e  

u r a n y l  group and t h e  oxygen of t h e  su lphox ide  g roup ,  t h u s  

-3 
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COMPLEX FORMATION WITH SULPHUR ORGANIC COMPOUNDS 1 05 

representing the characteristic for the oxygen donor 
activity in an extractant. 
All the sulphoxides studied produce disolvates (with 
uranyl microconcentrations), a mono-solvate (for disulph- 

oxides), and a semi-solvate (for the keto tetrakissulph- 
oxide) on s a t u r a t i o n  of the organic phase with uranyl 
nitrate. Di-solvate formation is possible only if the 
oxygen atoms are trans-positioned to each other both in 
di- and keto tetrakissulphoxides. The atomic orbitals of 
uranyl ions cannot be fitted into the extractant geome- 
try, therefore the formation of a ring is possible only 
by an additional activity f o r  reorienting the oxygen donor 
atoms which is not compensated by the chelate effect. 

A di-solvate may act as an extractant with increasing the 
uranyl nitrate concentration to promote the extracted 
complex association in the organic phase. Consequently, 
effective constants for the uranyl nitrate extractions 
( K  ) were calculated with its micro-concentration in- 
creasing. The extraction activity increases in the follo- 
wing series: 

U 

(0.3) < C8H17;(CH2)20H (0.5) < C H S(CH2)&0H(1.2) < 
8 1711 

0 0 0 

< 0 C H ~ C O ( C H ~ ) ~ ; C ~ H ~ ~  (3) < @ s - c ~ H ~ ~  (20) < TBP (200) < 0 II 
0 0 

0 0 

0 

< C8H,7;(CH2)4;C8H17 ( 15000) < 
0 0 

0 0 
II II 

C12H25SCH2\ 0 11 /CH2SC12H25 

/ \  
< CHCCH (20000) 

CH2tC1 2H25 C12H25iCH2 
0 0 
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106 YU. I. MURINOV 

T h i s  shows n i c e l y  t h e  i n f l u e n c e  o f  t h e  i n d u c t i o n  e f f e c t  

of s u l p h u r  r a d i c a l s  on t h e  su lphox ide  group donor  a c t i v i -  

t y .  K e t o  t e t r a k i s s u l p h o x i d e s  p o s s e s s  t h e  h i q h e s t  e x t r a c -  

t i o n  a c t i v i t y .  

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

s t r o n g l y  a s s o c i a t e d  i n  t h e  o r g a n i c  phase  and t h e r e f o r e  

i n s o l u b l e  i n  t h e  o r g a n i c  s o l v e n t s  employed as  d i l u e n t s .  

The I R  s p e c t r a  o f  t h e  complexes r e v e a l  a s h i f t  o f  t h e  SO- 

s t r e t c h i n g  v i b r a t i o n  band o f  30-100  cm-’  t o  l o w e r  f r e -  

quency t o  e v i d e n c e  t h e  c o o r d i n a t i o n  o f  t h e  c e n t r a l  atom 
w i t h  t h e  su lphox ide  oxygen. B e s i d e s ,  a n o t h e r  S O  band 

s h i f t e d  by 5-10 c m - ’  i s  obse rved .  T h i s  band i s  a s s i q n e d  

t o  a su lphox ide  group c o o r d i n a t e d  i n  t h e  o u t e r  s p h e r e ,  

i .e .  t h e  complex starts to s o l v a t e .  The s m a l l  s h i f t  o f  

t h i s  band i n d i c a t e  weak i n t e r a c t i o n  o f  t h e  complex w i t h  

t h e  e x c e s s  s u l p h o x i d e .  

The metal c h l o r i d e  and n i t r a t e  complexes w i t h  pe t ro l eum 

s u l p h o x i d e s  ( P S O )  and c y c l i c  s u l p h o x i d e s  (HTSO, TCHSO, e t c . )  

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

as  t h e  m e t a l  s a l t s .  The complexes o f  m e t a l  c h l o r i d e s  w i t h  

a l i p h a t i c  and aromatic s u l p h o x i d e s  w e r e  i s o l a t e d  as  so- 
l i d s  ( e x c e p t i o n :  t h e  l i q u i d  i r o n  c h l o r i d e ( I I 1 )  complex ) .  

The e l e m e n t a l  a n a l y s i s  d a t a  o f  b o t h  t h e  e x t r a c t e d  com- 
p l e x e s  and t h o s e  o b t a i n e d  by a d i r e c t  s y n t h e s i s  show t h a t  

t h e  c h l o r i d e s  and n i t r a t e s  of ( 1 1 ) - v a l e n c e  d- and f - e l e -  

ments produce M e t X  

M e t X 3 .  L 2 .  

T o  conf i rm t h e  compos i t ions  o f  t h e  c o o r d i n a t i o n  compounds 

and t o  g e t  r e l a t i v e  v a l u e s  of t h e i r  s t a b i l i t i e s  molecu la r  

m a s s  measurements w e r e  c a r r i e d  o u t  f o r  t h e  complexes i n  

benzene and a c e t o n e  by t h e  “ t h e r m a l  c o n d e n s a t i o n  e f f e c t  

measurement“ (TCEM) method. The complex c o n c e n t r a t i o n  

w a s  v a r i e d  from 0 . 1  t o  0 .001  m o l e / l ,  t h e  t e m p e r a t u r e  from 

(H2013 L 3 ,  and i r o n  c h l o r i d e  3 
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COMPLEX FORMATION WITH SULPHUR ORGAh'IC COMPOUNDS 1 a1 

2 0  t o  50°C. A s o l u t i o n  of  a n  n - p a r a f f i n i c  hydrocarbon 

of approximate ly  t h e  same molecular  mass w a s  used as  a 

s t a n d a r d .  Molecular  mass d e t e r m i n a t i o n s  r e v e a l e d  t h e  ab-  

sence of  any s i g n i f i c a n t  d i s s o c i a t i o n  i n  benzene and 

ace tone  w i t h i n  t h e  whole r a n a e  of  c o n c e n t r a t i o n s .  With 

i n c r e a s i n g  c o n c e n t r a t i o n  up t o  0 . 2  m o l e / l  some associa- 
t i o n  of t h e  complexes i n  benzene w a s  obse rved .  I n  t h i s  

c a s e  w e  found an i n c r e a s e  o f  t h e  complex molecular  mas- 
ses by lo-15% of t h e  c a l c u l a t e d  v a l u e .  The changes of 

e l e c t r i c  c o n d u c t i v i t y  of t h e  complexes i n  d r y  a c e t o n e  

a t  0 . 0 1  mo le / l  d i d  n o t  demons t r a t e  t h o s e  complexes t o  
be  e l e c t r o l y t e s ,  i . e .  no a c i d  d i sp lacemen t  t o  t h e  o u t e r  

c o o r d i n a t i o n  sphe re  took p l a c e .  
S p e c i a l  a t t e n t i o n  should  be  p a i d  t o  t h e  su lphox ide  c o m -  

p l e x  wi th  i r o n ( I I 1 )  c h l o r i d e  which d i f f e r s  from o t h e r  

c o o r d i n a t i o n  compounds by i t s  unusual  composi t ion  

(FeC13 2 L ) ,  l o w  s o l u b i l i t i e s  i n  aromatic hydrocarbons 

( 0 . 0 0 2  m o l e / l ) ,  and i t s  s t a t e  o f  a g q r e q a t i o n  ( l i q u i d ) ,  

i t s  molecular  mass be inq  800 and 590 i n  benzene and 

a c e t o n e ,  r e s p e c t i v e l y .  The e l ec t r i c  c o n d u c t i v i t y  of t h i s  

complex has  t h e  v a l u e  of  30 .3  c m 2  ohm-' v o l e  

i o n - a s s o c i a t e  s t r u c t u r e  i s  assumed f o r  t h e  i r o n  c h l o r i d e  

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

6 0 . 6  c m 2  ohm-' mole 
r a t i o  1 : l .  The i n c r e a s e  i n  t h e  molecular  mass v a l u e  i n  

ace tone  i s  caused  by ion  a s s o c i a t i o n .  

The s t r u c t u r e s  of t h e  e x t r a c t e d  complexes of d- and f -  
e lements  w i th  su lphox ides  w e r e  e s t a b l i s h e d  by I R - ,  and 

Raman s p e c t r a ,  t h e  a b s o r p t i o n  band r e l a t i o n s  t a k i n g  i n t o  

account  t he  ESP and c r y s t a l  f i e l d  pa rame te r s .  Bes ides  t h e  

d i p o l e  moments w e r e  measured and c a l c u l a t e d  f o r  18 pro-  

b a b l e  complex c o n f i g u r a t i o n s .  

C o n s i d e r a t i o n s  of t h e  whole scope of  r e s u l t s  makes i t  

-1 . I f  an 

-1 co r re spond ing  t o  an e l e c t r o l y t e  
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108 W. I. MURINOV 

D o s s i b l e  t o  conc lude  t h a t  su lphox ide  c o o r d i n a t i o n  c o m -  

p l e x e s  w i t h  ( 1 1 ) - v a l e n c e  m e t a l  c h l o r i d e s  are  of q u a s i -  

t e t r a h e d r a l  s t r u c t u r e s ,  where t h e  t e t r a h e d r o n  i s  n a r r o -  

wed a l o n g  t h e  Z a x i s ,  e s p e c i a l l y  w i t h  C u C 1 2  2 DHSO. 

T h i s  r e s u l t s  from e l ec t ros t a t i c  i n t e r a c t i o n s  o f  l i k e -  

cha rged  l i g a n d s .  Sulphoxide  molecu le s  are  n o t  f i x e d  

r i g i d l y  b u t  rotate  f r e e l y  a round t h e  M e t - 0  bond i n  t h e  

c o o r d i n a t i o n  s p h e r e  of  t h e  complex forming i o n .  PMR 

s p e c t r a  of  t h e  complexes i n d i c a t e  a l so  f r e e  r o t a t i o n s .  

The C2v symmetry t y p e  o f  t h e  complexes i n d i c a t e s  a l s o  

f r e e  r o t a t i o n s .  The C 2 v  symmetry t y p e  w a s  a s s i g n e d  f o r  

t h e  B i C l 3 - 2 L  and SbCl3-2L c o m p l e x e s , i t  c o r r e s p o n d s  t o  a 

deformed s q u a r e  b ipyramid  a c c o u n t i n g  f o r  a n  unshared  p a i r  

of antimony ( 5 s  ) and bismuth (6s ) e l e c t r o n s .  

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

p o s s e s s  c i s - o c t a h e d r a l  s t r u c t u r e s  f o r  manganese (Mn), 

copper  (Cu) , and c o b a l t  ( C o )  , and t r a n s - s t r u c t u r e s  f o r  

u r a n y l e  ( U 0 2 ) ,  n i c k e l  ( N i )  , and Zinc ( Z n ) .  I n  a l l  t h e s e  

complexes t h e  su lFhox ide  molecules  are f i x e d  m o r e  r i g i d l y  

t h a n  i n  t h e  c h l o r i d e  complexes.  T h i s  i s  e v i d e n t l y  due 

t o  an  i o n - n i t r a t e  volume f a c t o r .  

2 2 
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