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ABSTRACT
'  o  -  ‘  -

  - - '• . . PART I
i ^

. A s tu d y ' o f  th e  e x t r a c t i o n  o f  th e  f o u r  s y m m e tr ic a l

a l k y l  k e to x im e  com plexes o f  p a l la d iu m  ( I I )  c h lo r id e -
• . «■ 

i n t o  c h lo r o fo r m  i s  g iv e n .  The e f f e c t s  ’o f  pH on the- 
* . 

i *
c h lo ro fo rm  e x t r a c t i o n  o f  the  4 -hep ta no ne  oxime com plex 

^ *
o f  p a l la d iu m  ( I I )  c h lo r i d e  f ro m  a q u e o u s -a lc o h o l  s o lu t i o n

'  \

i s  p re s e n te d .  A t  l e a s t  99% o f  the  p a l la d iu m  ( I I )  -taken .

i s  e x t r a c t e d  i n t o  c h lo r q fo r m  fro m  1M h y d r o c h l o r i c  a c id  

s o l u t i o n  w h i le  i r t 4 h ^ ( I I I ) '  and n i c k e l  ( I I )  . a re  n o t  e x t r a c te d  

i n  m a c ro s c o p ic  amounts un de r  th e  same c o n d i t i o n s .

P A R T ' I I '  •

A p ro c e d u re  i s  o u t l i n e d  f o r  the  q u a n t i t a t i v e  e x t r a c t i o n

o f  p a l la d iu m  ( I I ) '  i n t o  c h lo r o fo r m  as th e  '4 -hep tan on e

oxime com p lex . The. e f f e c t s  due t o  h y d r o c h l o r i c  a c id ,  )>

a lc o h o l  and oxime c o n c e n t r a t io n s  a r l  d e s c r ib e d .  C o b a l t  ( I I )
•f

and copper ( I -T ) -a re  n o t  e x t r a c t e d  i n  m a c ro s c o p ic  amounts
"■   ■ ‘

u n d e r  th e 's a m e  c o n d i t i o n s  . '
«

PART I I I  •
v-*>» /

^ A p ro c e d u re  i s  o u t l i n e d  f o r  th e  e x t r a c t i o n  o f  th e

g o ld  ( I I I )  c h lo r i d e  com p lex o f  4 -h ep ta n on e  oxime i n t o '

4 »

i i  , -

a
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c h lo r o fo r m .  The e f f e c t s  due to  h y d r o c h l o r i c  a c id  c o n 

c e n t r a t i o n ,  oxime c o n c e n t r a t io n  and m u l t i p l e  e x t r a c t i o n  

a re  d e s c r ib e d ;

PART IV

A s tu d y  o f  the  c h lo r o fo r m  e x t r a c t i o n  o f  th e  p la t in u m

( I V ) ,  rhod ium  ( I I I ) ,  i r i d i u m  ( I V ) ,  i r i d i u m  ( I I I )  and ■
/

p la t in u m  ( I I )  c h lo r i d e s " w i t h  4 -hep tanone^ox irne  i s  g iv e n .  

T race  amounts o f  p la t in u m  ( IV )  and rh o d iu m  ( I I I )  a re  

e x t r a c t e d !  I r i d i u m  ( IV )  and i r i d i u m  ( I I I )  c o n s t i t u t e .

a m in o r  i n t e r f e r e n c e  w h i l e  p la t in u m  ( I I )  c o n s t i t u t e s
\

a ’ m a jo r  i n t e r f e r e n c e .
\

PART V ’

A p ro c e d u re  i s 4 ^ f £ * i n e d  f o r  the  q u a n t i t a t i v e  s e p a r a t io n
• •  « •

o f  m ic ro g ra m  amounts o f  p a l la d iu m  fro m  h y d r o c h l o r i c  

a c id  s o l u t i o n  and h y d r o c h l o r i c  a c id  s o l u t i o n  c o n t a in in g '  

m i l l i g r a m  amounts o f  p la t in u m - ( IV )  and m ic rog ra m  amounts • 

o f  rh o d iu m  ( I I I )  and i r i d i u m  ( I V ) ;

\  PART VI
\  ;

A p ro c e d u re  i s  o u t l i n e d  f o r  th e  s e p a r a t io n  o f  

m ic rog ra m .a m o un ts  o f  p a l la d iu m  ( I I )  f ro m  h y d r o c h l o r i c  

o r  s u lp h u r i c  a c id  s o lu t i o n s  c o n ta in in g  gram amounts 

o f  th e  base medals co p pe r (1 1 ) ,  n i c k e l  ( I I )  and i r o n  ( I I I ) .  

T h is  p ro c e d u re  i s  s a t i s f a c t o r y  f o r  each sys te m  s e p a r a te ly
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. ■ , . I V
o r  a s y n t h e t i c  m ix tu r e .  R e s u l ts  a re  g iv e n  f o r  th e

e f f i c i e n c y  o f  th e  s e p a r a t io n  p ro c e d u re  as a p p l ie d  t o  a

c e r t i f i e d ,  s ta n d a rd  r e fe re n c e  m a t te .

\
i

^  \i
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GENERAL INTRODUCTION

The p a s t  ‘decade has w i tn e s s e d  a c o n s id e r a b le  e x te n s io n

o f  a n a l y t i c a l • c h e m is t r y  i n t o  a d ja c e n t  s p e c ia l i z e d  f i e l d s

o f  c h e m is t r y .  The g r e a t e s t  e x te n s io n  o f  a n a l y t i c a l

methods has r e s u l t e d  i n  a g re a t  mhny, new a n a l y t i c a l  t o o l s
%

• o r  in s t r u m e n ts ;  th e  g r e a t  m a jo r i t y  o f  t o d a y ’ s c h e m ic a l
>

l i t e r a t u r e  p ro v e s  t h i s  p o i n t !  Thus, th e  deve lopm en t o f  

s e p a ra - t io n a l  methods o f  a n a ly s is  has n o t  m atched th e  e v e r  

in c r e a s in g  i n t e r e s t  i n  d e te r m in a t i v e  m e thods .
f

Even to  d a te ,  some o f  th e  com plex  s o lu t i o n  c h e m is t r y  

o f  many n o b le  m e ta ls  i s  n o t  y e t  known. The b a s ic
° \

know ledge o f  n o b le  m e ta ls  i n  s o l u t i o n  w i l l  p r o v id e  the  

a n a l y t i c a l  r e s e a r c h e r  w i t h  :an i n t e l l i g e n t  a t t i t u d e  

tow ards  th e  p ro b le m s  t h a t  he may e n c o u n te r .  Such d a ta  

as e f f e c t s  o f  a c i d i t y ,  s a l t  c o n t e n t ,  s t a b i l i t y  c o n s ta n ts  

and r a te s  'o f  r e a c t i o n  can pave th e  way to  a more b a s ic  

u n d e rs ta n d in g  o f  s e p a r a t i o n a l  methods such as io n -e x c h a n g e ,  

p r e c i p i t a t i o n ,  f i r e  a s s a y ,  c h ro m a to g ra p h y  and s o lv e n t  

e x t r a c t i o n .
\

The new d e te r m in a t i v e  methods such asv a to m ic  a b s o r p t io n  

r a d i o a c t i v a t i o n ,  X - ra y  s p e c tro m e ty  and s p e c t ro c h e m ic a l  

a n a ly s is  a lm o s t  a lw ays  ' le a d  t o  th e  q u e s t io n  o f  f i n a n c i a l ,  

o u t l a y .  F u r th e rm o re ,  d e s p i te  th e  g e n e ra l  u s e fu ln e s s  

o f  these  m e thods , th e  p rob lem s o f  i n t e r f e r e n c e s  s t i l l
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c o n t in u e  to  make n e c e s s a ry  gpod methods o f  s e p a r a t io n .

New methods o f  s o lv e n t  e x t r a c t i o n  m ust be r e c o rd e d  and 

the  d e f i c i e n c ie s  o f  th e  o ld -o n e s  re c o g n iz e d  and overcome.
r '\

In  the  a rea  o f  o re  a n a ly s is  th e  need s t i l l  e x i s t s
4

‘ ' f o r  s e p a r a t i o n a l  methods, o f  n o b le  m e ta ls  from  n a t u r a l l y  

o c c u r r i n g  complex, m a t r i c e s . Such p ro c e d u re s  a re  even 

more n e c e s s a ry  i n  t h e J L ig h t  o f  to d a y s  r i s i n g  c o s ts  o f
* - i

th e  n o b le  m e ta ls .  T h u s , th e  a b i l i t y  f o r  q u i c k ,  r e l i a b l e
*

d a ta  on the  co m m erc ia l u s e fu ln e s s  o f  th e  le s s  r i c h  

d e p o s i ts  becomes- i n c r e a s i n g l y  im p o r t a n t .

S o lv e n t  e x t r a c t i o n  methods f o r  the  s e p a r a t io n  

and p u r i f i c a t i o n  o f  m e ta ls  have d e ve lo p ed  c o n s id e r a b ly  

d u r in g  th e  p a s t  tw e n ty  y e a rs  ow ing  to  s t r i n g e n t  

re q u ire m e n ts  i^or the  p u r i t y  o f  m e ta ls  f o r  com m erica l 

p u rp o s e s .  The c h o ic e  and a p p l i c a b i l i t y  o f  s o lv e n t  

e x t r a c t i o n ,  r a t h e r  th an  a l t e r n a t i v e  methods f o r  s e p a r a t io n  

o r  p u r i f i c a t i o n  p ro c e s s e s  i n  the  p r o d u c t io n  o f  m e ta ls  

depends m o s t ly  on c o s ts  as w e l l  as i t s  u n iq u e  a b i l i t y

to  a c h ie v e  a h ig h  s ta n d a rd  o f  p u r i t y .  Compared to

methods o f  c h ro m a to g ra p h y ,  s o lv e n t  e x t r a c t i o n  possesses
•O .

such advan tages  a s :

.a )  th e y  a re  s u i t a b l e  f o r  c o n t in u o u s  o p e r a t io n

h ) th e y  a re  ca p a b le  o f  p ro d u c in g  v e ry  p u re  p ro d u c ts

in  r e l a t i v e l y  few  s ta g e s ;  

c )  th e y  a re  easy t o ^ o n t r o l ,  and f o r  a g iv e n  s iz e  

o f  eq u ipm en t have a h ig h  th r o u g h p u t .

O th e r  th a n  the  i n t r o d u c t i o n  o f  f i r e  h a za rd s - 'h y  the  use o f

*

*  r "  ■ . •

.......

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



■ 3
'g a n ic  s o lv e n ts  th e  o n ly  d is a d v a n ta g e  o f  s o l v e n t  e x t r a c t i o n  

the  amount o f  p r e l i m in ’a ry  l a b o r a t o r y  s tu d y  n e c e s s a ry  

to  o b ta in  a s a t i s f a c t o r y  p ro c e d u re .

For d e t a i l s  on th e  th e o r y  and a p p l i c a t i o n s  o f  

s o lv e n t  e x t r a c t i o n  i n  a n a l y t i c a l  c h e m is t r y ,  the  e x c e l l e n t

t e x t  o f  M o r r is o n  and F r e i s e r  (1 )  s h o u ld  be c o n s u l te d .
v  t

W i th  re g a rd s  t o  th e  n o b le  m e ta ls  and t h e i r  c h e m is t r y ,

e x te n s iv e  re v ie w s  have been w r i t t e n  by F .E .  Beamish ( 2 ,3 )

Cas w e l l  as an e x c e l l e n t  book (4 )  t o  upda te  the  a c t i v i t i e s

on a l l  a s p e c ts  o f  th e  n o b le  m e ta ls .

I t  i s  a f a c t  t h a t  no p ro v e d  w et p r o c e d u re ,  as

a p p l ie d  to  o re s  and c o n c e n t ra te s  has e v e r  been re c o rd e d ,

b u t  t h e o r e t i c a l l y  w e t methods w i l l  make a v a i l a b le  f o r ;  *

a c c u ra te  d e te r m in a t io n  each o f  the , p la t in u m  m e ta ls .

A p r a c t i c a l  p ro b le m  e x i s t s  when d e a l in g  w i t h ,  even th e

h ig h  g rade  o re s  o f  N o r th e rn  O n t a r io ,  w h ich  d i l u t e  a b o u t

200-400 pg o f  t o t a l  p la t in u m  m e ta ls  i n  a b o u t 30 g o f

crude o re .  The methods most o f t e n  em ployed a re  methods
\  '

grouped  u n d e r  the  h e a d in g  o f  'en  m a sse '.  Of these  

methods th e  one w h ic h  r e c ie v e s  most a c c la im  in  a n a l y t i c a l  

s e p a r a t io n s  o f  n o b le  m e ta ls  i s  f i r e  a ssa y .  Such
I

r

( te c h n o lo g ie s  as fo r m a t io n  o f  f l u x e s ,  l e a d - a l l o y  c o l l e c t i o n  

s i l v e r  bead c o l l e c t i o n  a re  in c lu d e d  u n de r  f i r e  assay 

te c h n iq u e s .

Even th e  a s s a y e r  who r e q u i r e s  th e  h ig h e s t  a c c u ra c y "  

o b ta in a b le  must i n e v i t a b l y  become a q u a in te d  w i t h  the  

m ost s u i . ta b le  w et s e p a r a t i o n a l  m e thods . G i l c h r i s t  and
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W ichers  (5 )  p ro c e d e d  to  d eve lo p  a method o f  s e p a r a t io n

(w h ich  i s  th e  m ost g e n e r a l l y  e f f e c t i v e  s e p a r a t io n  thus^
/

f a r  re c o rd e d )  t o  i s o l a t e  a l l  s i x  o f  th e  p l a t i n u i ^  m e ta ls .

U n f o r t u n a t e l y  t h i s  method i s  n o t  a p p l i c a b le  t o  o res  o r
• /■ ' ■ - 

to  *small amounts o f  p la t in u m  m e ta ls  i n  the  p resence  o f

la rg e  p r o p o r t i o n s  o f  base m e ta ls i

G i l c h r i s t s ’ p ro c e d u re  i s  o u t l i n e d  i n  F ig u re  1.

From s o lu t io n s  o f  the  hexabromosmate o r  s o lu t io n s  made

by c a u s t i c  f u s i o n s ,  dpmium i s  q u i c k l y  d i s t i l l e d  i n  th e

p re sence  o f  a 101 (vo lum e) n i t r i c  a c id  s o l u t i o n .  Ruthen ium

is "  n e x t  i s o l a t e d  by d i s t i l l i n g  i t s  te t r^ o x id e  fro m  a

s o lu t i o n  o f  the  s u lp h a te s  i n  d i l u t e d  s u l f u r i c  a c id  t o  «

w h ich  sod ium  brom ate  i s  added. P la t in u m  i s  s e p a ra te d

by p r e c i p i t a t i o n - as th e  s u lp h id e  and ' d e te rm in e d  a f t e r

i g n i t i o n  to  th e  m e ta l .  In  a c i d i f i e d  medium, p a l la d iu m

. i s  s e p a ra te d  w i t h  dime t h y lg ly o x im e  and then d e te rm in e d

by i g n i t i o n  to  th e  m e ta l .  Rhodium i s  s e p a ra te d  fro m

i r i d i u m  by re d u c in g  i t - t o  th e  m e ta l  w i t h  t i t a n o u s  c h lo r i d e

° i n  a b o i l i n g  s o l u t i o n  o f  th e  s u lp h a te s  i n  s u lp h u r i c  a c id .

The rhod ium  i s  theh  p r e c i p i t a t e d  as th e  s u lp h id e  and

then  reduced  t o  th e  m e ta l .  I r i d i u m  i s  thu s  s e p a ra te d

from  t i t a n i u m  w i t h  c u p fe r ro n  and th e  h y d ra te d  o x id e

p r e c i p i t a t e d  and i g n i t e d  to  the  m e ta l .  T h is  method
v

o f  G i l c h r i s t ' s  i s  recommended f o r  amounts o f  p la t in u m
K.

m e ta ls  o f  th e  o r d e r  o f  a b o u t  lOOmg o r  m ore, thus

l i m i t i n g  i t s  a p p l i c a t i o n .

A com p le te  p ro c e d u re  ' f o r  th e  s e p a r a t io n  and
>

"V
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d e te r m in a t io n  o f  the ' p la t in u m  m e ta ls  on a m ic ro s c a le  

, was re c o rd e d  by W e s t la n d  and Beamish (6 )  and a s c h e m a t ic  

d e s c r i p t i o n  i s  p re s e n te d  i n  F ig u re  2. A f t e r  c o l l e c t i v e  

d i s t i l l a t i o n s  o f  b o th  osmium and ru th e n iu m ,  th io u r e a  

fo rm ed a d d i t i v e  p ro d u c ts  t h a t  were e ^ c t ra c ta b le  w i t h  

c h lo r o fo r m .  P la t in u m  and p a l la d iu m  were i s o l a t e d  from  

i r i d i u m  aftd rhod ium  w i t h  t e l l u r i u m  pow d e r, a f t e r  fum ing  

w i t h  s u lp h u r i c  a c id .  The p la t iu m  and p a l la d iu m  were th en  

d e te rm in e d  u s in g - p - n i t r o s o d im e t h y la m in e ,  Rhodium was 

the n  s e p a ra te d  from  i r i d i u m  by b o i l i n g  a s u lp h u r i c  a c id  •• 

s o l u t i o n  w i t h  an tim ony  d u s t ,  and th u s  p r e c i p i t a t i n g  the  

rh o d iu m . The rhod ium  was th e '^ d c te rm in e d  w i t h  2 -m e rc a p to -4  

5 - d im e t h y l t h ia z p le  and t h e ' i r i d i u m  d e te rm in e d  by th e  

s ta n n o u s  b rom ide  m ethod.

j
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F ig u re  1. S e p a ra j t io n  o f  macro amounts o f  p la t in u m  

m e ta ls .

/
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F ig u re  2. 

m e t a l s .

S e p a ra t io n  o f  m ic ro  amounts o f  p la t in u m ^
\ \

\  -  *
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S in ce  th e se  w o r k e r s ,  many a t te m p ts  have been made 

t o  im prove  th e  s e p a r a t io n  methods t h a t  w o u ld  be a p p l ie d

d i r e c t l y  to  com p lex  m ix tu r e s .  The w ork  t h a t  i s  d e s c r ib e d  

i n  th e  f o l l o w i n g  document i s  an a t te m p t  t o  f i n d  a s o lv e n t  

e x t r a c t i o n  p ro c e d u re  ( s t a r t i n g  w i t h  a s tu d y  on p a l la d iu m )  

u s in g  oximes w h ic h  can be a p p l ie d  t o  some ty p e  o f  com plex 

m a t r i x  and s t i l l  a c h ie v e  a c c e p ta b le  s e p a r a t io n s .
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CHAPTER I  .

INTRODUCTION

’ U n d o u b te d ly  th e  most im p o r ta n t  typ e s  o f  o r g a n ic  .
* L '• - •

re a g e n ts  f o r  p a l la d iu m  a re  th o se  c o n t a in in g  th e  oxime g ro u p .

g r e a t  many of- th e s e  have been s t u d ie d  f o r  use w i t h

p a l la d iu m  b u t  most o f  th e se  a re  used i n  c o n ju n c t io n  
' * * ' . - \

w i t h  a s p e c t r o p h o to m e t r ic  d e te r m in a t i v e  p ro c e d u re .

P ro bab ly -  th e  g r e a t e s t  f i n d  o f  a l l  oximes was d im e th y l

^  g ly o x im e .  It^T  a p p l i c a t i o n  t o  q u a n t i t a t i v e  a n a ly s is

^  was f i r s t  re c o rd e d  by D uparc (7 )  and by Wunder and

T h u r in g e r  (8 -1 0 )  w ^o ^ fo u n d  t h a t  i t  q u a n t i t a t i v e l y

p r e c i p i t a t e d  p a l la d iu m  and n i c k e l  u n de r  d i f f e r e n t  c o n d i t i o n s .

The f a c t  t h a t  p a l la d iu m  can be. p r a c t i c a l l y  c o m p le te ly

c o n v e r te d  to  th e  d im e th y lg ly o x im e  com plex i s  a t t e s t e d

by i t s  a p p l i c a t i o n ,  th ro u g h  s o lv e n t  e x t r a c t i o n ,  to

m ic ro  d e te r m in a t io n s . ' 4

-fc- Benzoylme th y  lg ly o x im e  was p ro p o s e d  by Hanus >tj J u le k

and Lukas (11 ) and l a t e r  by H o lz e r  ( 1 2 ) .  G o ld  i n t e r f e r e d ,

b u t  th e  re m a in in g  p la t in u m  m e ta ls  d id  n o t ;  n o r  was th e re

& i n t e r f e r e n c e  f ro m  a la r g e  number o f  c a t io n s  i n c l u d in g
r

i r o n ,  c o b a l t  and n i c k e l .  The u s u a l  c la im s  o f  a l l  re a g e n ts  

c o m p e t in g  w i t h  d im e th y lg ly o x im e  a re  made, nam ely  a g r e a t e r  

w a te r  s o l u b i l i t y  o f  th e  r e a g e n t ,  a more f a v o u r a b le  

g r a v im e t r i c  f a c t o r  and a p r e c i p i t a t e  o f  im p ro ve d  p h y s ic a l  

c h a r a c t e r i s t i c s .
1-2 '
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- • • 13
S i m i l a r  c la im s  a re  made f o r  such re a g e n ts  as 1 ,2 -

r*
cy c lo h e x a n e d io n e  d io x im e  (n io x im e )  (13) as w e l l  as 

o th e rs ,  such as f? - fu ra ld o x im e  (14 ) , -b e n z o in o x im e  (15 ) 

and o X a le n e d ia ^ i id o x im e  (1 6 ) .

( S a l i c y la ld o x im e  (17) was used f o r  f r a c e  s e p a r a t io n s  

o f  p a l la d iu m  fro m  rh o d iu m  by e x t r a c t i o n  i n t o  4 -m e th y l- '2 -  

p e n ta n o n e .

Some o f  th e  non-o x i- ’me re a g e n ts  used f o r  s e p a r a t in g  

p a l la d iu m  a re  as f o l l o w s :  t r i p h e n y lp h o s p h in e , - a r s in e
V  *

and , - s t i b i n e  ( 1 8 ) ,  t r i - n - o c t y l a m i n e  ( 1 9 ) ,  i s o b u t y l
•i

m e th y l  k e to n e  f o r  s e p a r a t io n  o f  p a l la d iu m  as th e  i o d id e  ( 2 0 ) ,  

d im e th y l  e t h e r  w i t h  t e t r a i o d o p a l l a d a t e  ( I I )  i n t o  m e thy len e  

c h lo r i d e  ( 2 1 ) ,  i s o p r o p e n y la c e ty le n e  (22) a n d . R e in e e k e s ’

s a l t  (23 )  w h ic h  s’e p a ra te s  p a l l a d i u m ,fro m  g o ld  and p la t in u m
i

w i t h  re a s o n a b le  a c c u ra c y .

H o l la n d ’“ and c o -w o rk e rs  have e x te n d e d  th e  use o f

. ox imes to  s p e c t r o p h o to m e t r i c  p ro c e d u re s  f o r  p a l la d iu m .

Such re a g e n ts  as 2 ,2 ’ - d i p y r i d y  1 k e to x im e  (24) and 
* *

2 , 2 1- d i q u i n o l y l  k e to x im e  (25 ) were p ro p o s e d .  As w e l l

2 , 2 ’ - d i t h i e n y !  k e to x im e  (26 ) was used f o r  th e  g r a v im e t r i c

s e p a r a t io n  o f  p a l la d iu m .  H o l la n d  u t i l i z e d  the  f a c t
*

t h a t  no  s e p a r a t io n  o f  iso m e rs  was r e q u i r e d  w h e n ^ y m m e t r ic a l  

ke to x ira e s  were s y n th e s iz e d .

. W i th  th e  id e a  o f  u s in g  s y m m e tr ic a l  k e to x im e s  as 

a n a l y t i c a l  re a g e n ts ,  the  p o s s i b i l i t y  o f  i s o l a t i n g  complexes 

o f  p a l la d iu m  ( I I )  w i t h  2 -p rd p an on e  \ x i m e ,  3-pen ta n  one • /  

o x im e , 4 -hep ta n on e  ox im e and 5-nonan^ne  oxim e was a c c o m p l is h e d

■ V
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by DiMenna (2 7 ) .  I t  was d is c o v e re d  t h a t  th e se  com plexes 

showed e x t r e m e ly  h ig h  s o l u b i l i t i e s  i n  c h lo r o fo r m .  The 

p o s s i b i l i t y  o f  u t i l i z i n g  th e s e  ox im es f o r  s o lv e n t  e x t r a c t i o n  

p u rp o se s  o f  m i l l i g r a m  amounts o f  p a l la d iu m  became 

• i n c r e a s in g ly  e v id e n t .

, The p r e s e n t  w ork  c o n s t i t u t e s  an i n v e s t i g a t i o n  i n t o
j

the  e x t r a c t a b i l i t y  o f  these / com plexes o f  p a l la d iu m .

A s tu d y  o f  4 -h e p ta n o n e  oxijme y i e l d s  r e s u l t s  o f  the  e f f e c t  

o f  pH on th e  p e r c e n t  p a l l p d i u m ( I I ) e x t r a c t e d  f ro m  an 

a q u e o u s -a lc o h o l  s o l u t i o n ,  a s t a t i s t i c a l  s tu d y  o f  th e  ‘ 

amount o f  p a l l a d i u m ( I I ) e x t r a c t e d  fro m  an a q u e o u s -a lc o h o l  

s o l u t i o n  1.0M i n  h y d r o c h l o r i c  a c id  and an i n v e s t i g a t i o n  

o f  th e  e x t r a c t i o n  o f  i r o n  (111 ) „  and n i c k e l  ( I I )  from  

an a q u e o u s -a lc o h o l  s o l u t i o n  1.0M in  h y d r o c h l o r i c  a c id .
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CHAPTER I I»»

EXPERIMENTAL 

1 A . APPARATUS AND MATERIALS
*

1) In s t ru m e n t

A S a rg e n t  M odel - D R pH m e te r  was used f o r  a l l  

pH measurements * ■

2) 4 -H ep tanone  Oxime

The oxime was p re p a re d  by r e f l u x i n g  4 -h e p ta n o n e  

w i t h  h y d ro x y la m in e  h y d r o c h lo r id e  i n  an a lk a l i y ie  a ld o h o l -  

w a te r  m ix tu r e ,  e v a p o r a t in g  th e  excess a l c o h o l ,  d r y in g
i

th e  o i l y  to p  l a y e r  o v e r  anhyd^otas c a lc iu m  c h lo r i d e  and 

d i s t i l l i n g  un de r  vacuum.

3) S ta n d a rd  P a l la d iu m  ( I I )  C h lo r id e  S o l u t i o ^  »

. A js to c l :  s o l u t i o n  was p re p a re d  by d i s s o l v i n g  a n h y d r o u ^ ^  

p a l la d iu m  ( I I )  c h l o r i d e  in  30 m l o f  c o n c e n t ra te d  

h y d r o c h lo r i c  a c id ,  d i l u t i n g  to  1 l i t e r  w i t h  d i s t i l l e d  

w a te r  and s t a n d a r d i z in g  g r a v i m e t r i c a l l y  w i t h  d i - 2 - p y r i d y l  

k e to x im e  (281 t o  g iv e  a s o l u t i o n  c o n t a in in g  45 mg o f  

p a l la d iu m  ( I I )  p e r  25 ml o f  s to c k  s o l u t i o n .

4) D iv e rs e  C a t io n  S o lu t io n s

Reagent g ra d e  ^ h l o r i d e  s a l t s ’ o f  n i c k e l  ( I I )  and 

i r o n  ( I I I )  w ere  u se d . \

5) M is c e l la n e o u s  Reagents
\

The c h lo r o fo r m ,  e th a n o l ,  h y d r o c h l o r i c  a c id  and

15

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



sod ium  h y d ro x id e  werb A .C .S .  g ra d e .

6) P a l l a d i u m ( I I ) C h lo r id e

P u r i f i e d  a nhyd rous  p a l la d iu m  ( I  I )  c h lo r i d e  was o b ta in e d  

f ro m  F is h e r  S c i e n t i f i c  Company.
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B. PROCEDURES

1) E x t r a c t i o n  P roce du re  Used to  S tu dy  the  S e r ie s  o f

A l i p h a t i c  Oximes

A 25 m l a l i q u o t  o f  *the s ta n d a rd  p a l la d iu m  ( I I )

c h lo r i d e  s o l u t i o n  was t r a n s f e r r e d  to  a 150 m l b e a k e r

\  • 'and th e  pH a d ju s te d  to  3 .0  by the  a d d i t i o n  o f  sod ium  

h y d ro x id e  s o l u t i o n .  The s o l u t i o n  was t r a n s f e r r e d  t o  a 

250 m l g ra d u a te d  s e p a r a to r y  f u n n e l .  To a 100 m l b e a ke r  

was added 0 .010  mole o f  th e  a l k y l  k e to x im e J  12 m l o f  

a lc o h o l  and 2 m l o f  d i s t i l l e d  w a t e r .  A f t e r . a d j u s t i n g  '

th e  pH to  3 .0  by the  a d d i t i o n  o f  d i l u t e  h y d r o c h lo r i c
/

a c id ,  th e  oxim e s o l u t i o n  was added to  th e  s e p a r a to r y  

f u n n e l .  The e le c t r o d e s  w ere  r in s e d  w i t h  1 ml o f  a l c o h o lm

and th e  r i n s i n g s  added t o  th e  s e p a r a to r y  f u n n e l .  The 

s o l u t i o n  i n  the  s e p a ra to r y  f u n n e l  was d i l u t e d  to  100 ml 

w i t h  d i s t i l l e d  w a te r  o f  pH 3 .0 ,  shaken and th e n  a l lo w e d  

to  s ta n d  f o r  20 m in u te s  and e x t r a c t e d  w i t h  th re e  30 m l 

p o r . t io n s  and one 10 m l p o r t i o n  o f  c h lo r o fo r m .  The 

c h lo r o fo r m  e x t r a c t s  w ere  c o l l e c t e d  i n  a 250 m l b e a k e r  

and e v a p o ra te d  to  d ry n e s s  on a steam b a th .

2) P a l la d iu m  A n a ly s is  o f  th e  C h lo ro fo rm  La ye r

To th e  re s id u e  i n  th e  b e a k e r  were added 10 ml o f  

aqua r e g ia  and the  s o l u t i o n  was e v a p o ra te d  to  d ry n e s s .  

The aqua r e g ia  d ig e s t i o n  was re p e a te d  once more and

. 17
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10 m l o f  c o n c e n t ra te d  h y d r o c h lo r i c  a c id  were added to

th e  r e s id u e .  The s o l u t i o n  was e v a p o ra te d  to  n e a r  d ry n e s s .

4 f t e r  the  a d d i t i o n  o f  25 ml o f  d i s t i l l e d  w a te r ,  th e  s o lu t i o n

was f i l t e r e d  i n t o  a *250 ml b e a k e r .  The f i l t e r  p a p e r ,

c o n t a in in g  a s m a l l  amount o f  i n s o l u b l e  m a t t e r ,  was

d r ie d  and i g n i t e d  i n  a p o r c e la in  c r u c i b l e .  To the  re s id u e

were added a few drops o f  f o r m ic  a c id  (29 )  and the

c r u c ib l e  h e a te d  t o  d ry n e s s  on a h o t  p l a t e .  The v e ry
/

s m a l l  amount o f  p a l la d iu m  was d is s o lv e d  i n  a few m l 

o f  c o n c e n t ra te d  h y d r o c h lo r i c  a c id  c o n t a in in g  a few 

d rops  o f  c o n c e n t ra te d  n i t r i c  a c id .  The s o lu t i o n  i n  th e  

c r u c ib l e  was t r a n s f e r r e d  t o  the  b e a k e r  c o n ta in in g  the  

o r i g i n a l  f i l t r a t e  and the  p a l la d iu m  c o n te n t  d e te rm in e d  

g r a v i m e t r i c a l l y  w i t h  d i - 2 - p y r i d y l '  ke-toxime (2 8 ) .

The r e s u l t s  a re  summarized in  T a b le  I .

3) P a l la d iu m  A n a ly s is  o f  th e  W ate r L a ye r  ( ,

To the  w a te r  l a y e r  were added 10 m l o f  aqua r e g ia
*

and th e  s o l u t i o n  e v a p o ra te d  t o  d ry n e s s .  , The aqua r e g ia  

d ig e s t i o n  was re p e a te d  once m ore , th e  r e s id u e  f e ^ u g h t  

i n t o  s o lu t i o n  by th e  a d d i t i o n  o f  50 m l o f  d i s t i l l e d  

w a te r  and th e  p a l la d iu m  d e te rm in e d  g r a v i m e t r i c a l l y  

w i t h  d i - 2 - p y r i d y l  k e to x im e .

The r e s u l t s  o f  the  a n a ly s e s  a re  summarized i n  T a b le  I .

4) P ro ce du re  f o r  th e  S tud y  o f  th e  E f f e c t  o f  A c i d i t y   .    -----------------------------

on the  E x t r a c t i o n - o f  th e  4 -H eptanone  Oxime Complex o f  Pd ( I I )  

A 25 ml a l i q u o t  («̂ < 45 mg) o f  th e  s ta n d a rd  p a l la d iu m  ( I I )  

c h lo r i d e  s o l u t i o n  was t r a n s f e r r e d  to  a 150 ml b e a ke r

\

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



19
and th e  pH a d ju s te d  by th e  a d d i t i o n  o f  sod ium  h y d ro x id e  

o r  h y d r o c h l o r i c  a c id  s o l u t i o n .  The s o l u t i o n  was t r a n s f e r r e d
i

t o  a 250 ml g ra d u a te d  s e p a r a to r y  f u n n e l .  To a 100 m l 

b e a k e r  was added 0 .01 0  mole o f  4 -hep tan o ne  o x im e , 13 ml 

o f  a l c o h o l  and 2 m l o f  d i s t i l l e d  w a te r .  A f t e r  a d ju s t i n g  

the  pH t o  th e  same v a lu e  as th e  p a l la d iu m  ( I I )  c h lo r i d e  

s o l u t i o n ,  th e  oxime s o l u t i o n  was added to  the  s e p a ra to r y  

f u n n e l .  The m ix tu r e  was d i l u t e d  to  the  100 ml mark 

w i t h  d i s t i l l e d  w a te r  o f  th e  same pH, shaken and a l lo w e d  

t o  s ta n d  f o r  20 m in u te s  th e n  e x t r a c t e d  w i t h  t h r e e  30 ml

and one 10 ml p o r t i o n  o f  c h lo r o fo r m .
\

The amount o f  p a l la d iu m  in  the  c h lo r o fo r m  e x t r a c t s  
** • 

was d e te rm in e d  g r a v i m e t r i c a l l y  as p a l la d iu m  id ^ ta l  by the

f o l l o w i n g  p ro c e d u re .  *

The c h lo r o fo r m  e x t r a c t s  were c o l l e c t e d  i n  a 250 ml

b e a k e r , e v a p o ra te d  on a steam b a ^ i  and the  r e s id u e

t r a n s f e r r e d  «to a ta r e d  p o r c e la in  c r u c i b l e .  The c r u c ib l e

was h e a te d  on a h o t  p l a t e  t o  d e s t r o y  th e  co m p le x ,  i g n i t e d

o v e r  a b u r n e r  and c o o le d .  A few d ro ps  o f  f o r m ic  a c id

were added to  reduce  any s u r fa c e  o x id e  to  the"~m eta l.

The c r u c ib l e  was th e n  p la c e d ’ i n  an oven a t  125°C f o r

a p p ro x im a te ly  1 h o u r ,  c o o le d  and w e ig h e d . .

The r e s u l t s  a re  sum m arized i n  T a b le  I I  and

i l l u s t r a t e d  i n  F ig u re  3.

5) S t a t i s t i c a l  S tu d y  o f  the  Amount o f  P a l la d iu m  ( I I )  

E x t r a c te d  fro m  an A q u e o u s -E th a n o l S o lu t io n  1M in  

H y d r o c h lo r i c  A c id
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T h e 'e x t r a c t i o n  p ro c e d u re  o u t l i n e d  above ( s e c t i o n  4) 

was fo l lo w e d .  A l l  s o lu t i o n s  were 1M i n  h y d r o c h l o r i c  

a c id .  The c h lo r o fo r m  e x t r a c t s  were e v a p o ra te d  on a 

steam b a th .  N i t r i c  and s u lp h u r i c  a c id s  were added to  

the  r e s id u e  and the  b e a k e r  h e a te d  on a h o t  p l a t e  u n t i l

dense w h i te  fumes a p pe a red . D i l u t e  h y d r o c h l o r i c  a c id
1 *  .

was added and the  p a l la d iu m  d e te rm in e d  g r a ' v im e t n c a l l y

w i t h  d i - 2 - p y r i d y l  k e to x im e .

The r e s u l t s  a re  p re s e n te d  in  Tab le  I I I .

6 ) E x t r a c t i o n  o f  I r o n  ( I I I )  and N ic k e l  ( I I )  f rom  an 

A q u e o u s -a lc o h o l  S b lu t io n  1M i n  H y d r o c h lo r i c  A c id

The e x t r a c t i o n  p ro c e d u re  g iv e n  above ( s e c t io n  4) 

was fo l lo w e d  u s in g  a p p ro x im a te ly  4 .2  X 10 ^ mole each 

o f  f e r r i c  c h lo r i d e  h e x a h y d ra te  and n i c k e l  ( I I )  c h lo r i d e  

h e x a h y d ra te .  The aqueous la y e r s  were c o l l e c t e d  in  

400 ml b e ake rs  and the  o r g a n ic  m a t te r  d e s t ro y e d  by 

d ig e s t i o n  w i t h  s u lp h u r i c  a c id  and hyd rog en  p e r o x id e .

I r o n  ( I I I )  was d e te rm in e d  g r a v im e t r i c a l l y .  w i t h> t
V

8 - h y d r o x y q u in o l in e  and th e  n i c k e l  ( I I )  wrfs d e te rm in e d  

g r a v i m e t r i c a l l y  w i t h  dime t h y lg ly o x im e .

The r e s u l t s  a re  sum m arized i n  T a b le  TV.
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TABLE I

P a l la d iu m  A n a ly s e s -  P a l la d iu m  Taken, 4 4 .9  mg.
I

V.

Oxime Pa l la d iu m  
Found in  
W a te r  La ye r

mg

P a l la d iu m  
Found in  
C h lo ro  form  
Layer 

mg

T o ta l  
P a l la d iu m  
Re cove re d

mg

1
P a l la d iu m
E x t r a c te d

A ce tox im e 4. 3 40 .0 44 .3 88 .9

4 .2 4 0 .1 44 .3 8 9 .3

3 -P entanone
b

0 .2  ' 44. 3 44 .5 98 .7
Oxime

0 .0 4 4 .9 4 4 .9 100

4-Heptanone 0 .1 44 .5 44 .6 99 .1
Oxime

0 .1  ‘ 4 4 .9 45. 0 100

5 -Nonanone 0 .1 44 .3 4 4 .4 9 8 .9
Oxime

0.1 44. 5 44 .6 99.1
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TABLE I I

E f f e c t  o f  pH on th e  Amount o f  P a l la d iu m  E x t r a c te d

pH

»

P a l la d iu m  
T ake n , mg

P a l la d iu m  fo u n d  
i n  C h lo ro fo rm  
E x t r a c t ,  mg

% P a l la d iu m  
E x t r a c te d

2.51 44. 9 4 5 .2 100 .7

2. 50 44. 9 44.5 99 .1

2. 00 4 4 .9 4 4 .4 9 8 .9

2 .01 4V. 9 44 .5 9 9 .1

1. 49 44. 9 4 4 .9 1 0 0 .0

1. 50. 44 .9 44 .5 99.1

0 .5 4 44. 9 44.-6 99. 3

0.54 44. 9 44 .5 99.1

0. 0 ( 1M HC1) 45 .0 4 4 .6 99.1

0 . 0(1M HC1) 45. 0 44. 7 9 9 .3

- 0 .1 8 ( 1 .  5M HC1) 45. 0 4 4 .4 98 .7

- 0 . 1 8 ( 1 . 5M HC1) 45. 0 ' 44 .4 9 8 .7

- 0. 4 8 ( 3 . 0M HC1) 45. 0 39. S ’ 87 .8

- Q. 48 (3 . 0M HC1) 45. 0 . 39 .1
C

86 .9

- 0 . 7 0 ( 5 . 0M HC1) 45. 0 15. 3 3 4 .0

- 0 . 7 0 ( 5 . 0M HC1) 45. 0 1 5 .1 3 3 .6

\ ................................... ......................
9
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TABLE I I I

Amount o f  Pd E x t r a c te d  f ro m  A q u e o u s -a lc o h o l  

S o lu t io n  1M i n  H y d r o c h lo r i c  A c id  

Pd Taken 4 5 .0  mg

P a l la d iu m  Found 
Run in  C h lo ro fo rm  E x t r a c t ,

mg

1 • fjr 45. 0 1 00 .0

2 44.6- 9 9 .1

3 / 4S.1 100.2

4 / 4 4 .9 9 9 .8

5 44 .8 99 .6

6 44 .9 99. 8

*

Ave rage 44 .9 99 .8

S ta n d a rd + 0 .2 + 0 .4
D e v ia t io n

%. P a l la d iu m  
E x t r a c te d
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Reproduced with

\  TABLE IV  

E x t r a c t i o n  o f  I r o n  C H I )  and N ic k e l  ( I I )  

from  A q u e o u s -a lc o h o l  S o lu t io n s  

1M in  H y d r o c h lo r i c  A c id

Fe ( I I I )  Fe ( I I I )  fo u n d  Ni ( I I )  N i ( I I )
ta k e n ,  . i n  aqueous ta k e n ,  fo u n d  in
mg la y e r ,m g  mg aqueous

la ^ e  r , mg

2 3 .6  23 .5  - 2 5 .8  2 5 .6

2 3 .5  2 3 .4  2 6 .0  2 5 .9

*
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F ig u re  3. E f f e c t  o f  A c i d i t y  on th e  Amount o f  

P a l la d iu m  E x t r a c te d .  :

\

• .• 1 '
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■ f ; CHAPTER I I I

RESULTS AND DISCUSSION

From th e  c o n c e p t io n  o f  th e  id e a  o f  u s in g  s y m m e tr ic a l  

a i k y l  k e to x im e s  as c o m p le x in g  agen ts  f o r  p a l la d iu m  ( I I )  

comes th e  f o l l o w i n g  r e s u l t s . .  The r e s u l t s  o f  the  o r i g i n a l  

c h lo ro fo rm  e x t r a c t i o n  s tu d y  i n d i c a t e  t h a t  r e l a t i v e l y  

la r g e  amounts o f  p a l la d iu m  ( I I )  c h lo r i d e  may be e x t r a c t e d  

i n t o  c h lo r o fo r m  a f t e r  r e a c t i o n  w i t h  s y m m e tr ic a l  a l k y l  

k e to x im e s  i n  a q u e o u s -a lc o h o l  s o l u t i o n  a t  pH 3 . 0 .

The s tu d y  o f  s c a n n in g  th e  f o u r  a l i p h a t i c  oximes , 

r e v e a le d  t h a t  i n  th e  case o f  3 -pen tanone  o x im e ,  4 -hep ta n on e  

oxime and 5-nonanone ox im e , the  e x t r a c t i o n  appears  to  

be q u a n t i t a t i v e .  The r e s u l t s  seem to  i n d i c a t e  t h a t  a 

le n g th e n in g  o f  the  a l i p h a t i c  c h a in  may le a d  t o  a more
. V

q u a n t i t a t i v e  r e a c t i o n  and e x t r a c t i o n . '  T h is  p r o b a b ly  _

w i l l  be c o u n te ra c te d  by th e  f a c t  t h a t  the  ^ s o l u b i l i t i e s  

i n  w a te r  o f  the  a l i p h a t i c  oximes w o u ld  become lo w e r  as 

th e  c h a in ' ' l e n g t h  is .  in c r e a s e d ,  th us  l i m i t i n g  the  

r e a c t a b i l i t y  i n  an aqueous m e d ia . .

The c h o ic e  o f  f u r t h e r  s t u d y in g  4-heptan 'one ox im e \ J 

i s  made s in c e  i t  appears  to  be q u a n t i t a t i v e  i n  e x t r a c t i n g  

p a l la d iu m  ( I I )  as th e  c h lo r i d e  com plex i n t o  c h lo r o fo r m .  

S in c e  t h i s  oxime does n o t  seem t o  be a t  th e  c r i t i c a l j 

p o i n t  i n  c h a in  le n g th  to  e f f e c t  d i f f e r i n g  e x t r a c t a b i l i t i e s

27 ‘
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and s in c e  i t  i s  a p p r e c ia b ly  s o lu b le  i n  a q u e o u s -a lc o h o l,

s o lu t i o n s  t o  g iv e  s a t i s f a c t o r y  r e a c t i o n  c o n d i t i o n s  i t

.w a s  chosen to  be s t u d ie d  a t  d i f f e r e i f t  a c i - d i t i e s .

The r e s u l t s  o f  the  s tu d y  o f  th e  e f f e c t  o f  a c i d i t y

on th e  amount o f  p a l la d iu m  ( I I )  e x t r a c t ^  (T a b le  I I )
\

seem to  i n d i c a t e  t h a t  99 t o  !>00% o f  th e  m i l l i g r a m  

^amounts ( i *  45mg) o f  p a l l a d i u n ^  ( I I ) may be e x t r a c t e d  

i n t o  100 ml o f  c h lo r o fo r m  a f t e r  r e a c t i o n  w i th ^ 4 -h e p ta n o n e  

oxime i n  100 ml o f  an a q u e o u s -a lc o h o l  s o lu t i o n  o v e r  

the  pH range  0 - 2 .5 .

The a c i d i t y  i n  t h i s  range seems n o t  to  be c r i t i c a l .  

S in c e  one o b je c K lv e  o f  t h i s  w ork  , i s  t o  s tu d y  th e  s e p a r a t io n  

o f  p a l la d iu m  ( I I )  f ro m  th e  base m e ta ls  by c h lo r o fo r m  

e x t r a c t i o n  o f  th e  a l k y l  k e to x im e  complexes -of p a l la d iu m  ( I I )  

c h l o r i d e ,  i t  was c o n s id e re d  n e c e s s a ry  to  d e te rm in e  the  

g r e a t e s t  h y d r o c h l o r i c  a q id  c o n c e n t r a t io n  t h a t  c o u ld  

be used and s t i l l  e f f e c t  «99 - 100% e x t r a c t i o n .  Low 

a c id  c o n c e n t r a t io n s  c o u ld  r e s u l t  i n  s e p a r a t io n  d i f f i c u l t i e s  

due to  h y d r o l y s i s  o f  th e  a s s o c ia te d - \b a s e  m e ta ls  as 

w e l l  as p a l la d iu m  i t s e l f .  , ’ ‘ '

As can be seen fro m  th e  r e t a i l  t s  p re s e n te d  i n  T a b le
/ :

I I I ,  g r e a t e r  th a n  991 * o f  th e  p a l l a d i i im  ( I I )  ta ke n  can 

e x t r a c t e d  f ro m  1M h y d r o c h l o r i c  a c id  s o l u t i o n s .  The 

ave rage  p e r c e n t  e x t r a c t e d  i s  99.8% w i t h  a s ta n d a rd  

d e v ia t i o n  o f  0.4%. From T a b le  IV  i t  can be seen t h a t  

^ m a c ro s c o p ic  amounts o f  i r o n  ( I I I )  and n i c k e l  ( I I )  a re  

n o t  e x t r a c t e d  a t*  tM .s  h ig h  a c id  c o n c e n t r a t io n  u n d e r  

■ <  ’ /

r
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th e  same c o n d i t i o n s .  The/ s t a b i l i t y  o f  b o th  the  oxime 

and the  p a l la d iu m  oxime complex a t  t h i s  h ig h  a c id  

c o n c e n t r a t io n  i s  somewhat s u r p r i s i n g  s in c e  i t  does n o t  

fo rm  a c h e la te  t h a t  m ig h t  add to  i t s  s t a b i l i t y .

In  a p r i v a t e  co m m un ica t ion  (30 ) i t  was d is c o v e re d  

t h a t  unde r th  1M h y d r o c h l o r i c  a c id  c o n d i t i o n s ,  4 -h e p ta n o n e  

oxime d id  n o t  h y d ro ly s e  c o m p le te ly  i n  the  recommended
i <

*

tw e n ty  m inu te  w a i t i n g  p e r io d  f o r  r e a c t i o n .  A t ' t im e s  

lo n g e r  than  tw e n ty  m inu te s  the^ oxime' was h y d ro ly s e d

e c ia b l y  back to  the  ke to n e  and h y d ro x y la m in e  

h y d r o c h lo r id e ,  and thus was n o t  a v a i l a b le  t o  r e a c t  w i t h  

the  p a l la d iu m  ( I I ) .

J
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CHAPTER XV 

SUMMARY AND CONCLU^ONS

A s tu d y  o f  th e  e x t r a c t i o n  o f  the  f o u r  s y m m e tr ic a l  

a l k y l  ke to x im e  complexes o f  p a l la d iu m  ( I I )  c h lo r i d e  

i n t o  c h lo r o fo r m  i s  g iv e n .  The c h o ice  o f  4 -hep ta n on e  

oxime as the re a g e n t to  s tu d y  i s  r a t i o n a l i z e d .  A s tu d y  

o f  the  e f f e c t  o f  pH on the  c h lo r o fo r m  e x t r a c t i o n  o f  th e  

4 -h ep ta n o n e  oxime com plex o f  p a l la d iu m  ( I I )  c h lo r i d e  

from  a q u e o u s -a lc o h o l  s o l u t i o n  i s  p r e s e n te d ;  A t l e a s t  

99% o f  the  p a l la d iu m  ( I I )  taken  i s  e x t r a c t e d  i n t o  c h lo r o fo  

from  1M h y d r o c h lo r i c  a c id  s o lu t i o n  w h i l e  i r o n  ( I I I )  and 

n i c k e l  ( I I )  a re  n o t  e x t r a c t e d  in  m a c ro s c o p ic  amounts 

u n d e r  th e  same c o n d i t i o n s .

A condensed v e r s io n  o f  t h i s  work has been p u b l i s h e d  

( 2 7 ,3 1 ) .

- >
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PART I I

THE QUANTITATIVE EXTRACTION OF THE 4-HEPTANONE 

OXIME COMPLEX OF PALLADIUM ( I I )

CHLORIDE INTO CHLOROFORM

f

i

i

i
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'CHAPTER I 

INTRODUCTION

r

C o n t in u e d  s tu d ie s  s h o u ld  i l l u m i n a t e  the  r e a c t io n  

t h a t  o ccu rs  be tween p a l la d iu m  ( I I )  c h lo r i d e  and 4 -h ep tan on e  

oxime and i t s  su bseq u en t e x t r a c t a b i l i t y .

C ,H ,— C — Ct H'3 7

HO

II
N

3 7 + PdCl. C3Hr  .9""’ C3̂ 7l

HO

.PdC l.

Q
The p re v io u s  w ork  d e s c r ib e d  in  P a r t  I  showed r e s u l t s  

t h a t  g iv e  p ro m ise  i n  th e  f a c t  t h a t  a p ro c e d u re  m ig h t  

be d e ve lo p e d  i n  w h ic h  a t r u l y  q u a n t i t a t i v e  method 

( i . e .  >  9 9 .9 1 )  o f  e x t r a c t i o n  c o u ld  be e f f e c t e d .

In  o rd e r  to  a t te m p t  t h i s ,  the  amount o f  p a l la d iu m  ( I I )  

ta ke n  was re d uce d  from  45 mg to  18 mg. I t  i s  w ith .  * 

t h i s  r e d u c t io n  th e  hope f o r  q u a n t i t a t i v e  e x t r a c t i o n  

can be a c h ie v e d . .  j

The p u rpo se  o f  the  p re s e n t  w ork  i s  t o  i n v e s t i g a t e  

th e  a p p l i c a t i o n  o f  a* doub le  e x t r a c t i o n  te c h n iq u e  i n  

o rd e r  to  e f f e c t  a q u a n t i t a t i v e  e x t r a c t i o n  o f  p a l l a d i u m ( I I )  

An i n v e s t i g a t i o n  o f  the  e x t r a c t i o n  o f  c o b a l t  ( I I )  and 

co p p e r  ( I I )  u n d e r  t h i s  d e ve lo p e d  p ro c e d u re  i s  a ls o  g iv e n .

I
32
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CHAPTER I I  

EXPERIMENTAL 

A. APPARATUS AND MATERIALS

1) In s t ru m e n ts

S p e c t r a l  s tu d ie s  were made w i t h  a Beckman D B
/

s p e c t ro p h o to m e te r  e q u ip p e d  w i t h  a S a rg e n t Model - SRL 

r e c o r d e r  and 1 .00  cm m atched s i l i c a  c e l l s .  A S a rg e n t  

Model - DR pH m e te r  was used f o r  pH m easurem ents .

2) 4 -H ep tanone  Oxime
/ t

T h is  re a g e n t  was p re p a rb d  as o u t l i n e d  p r e v io u s l y  (27 )

by r e a c t i o n  o f  h y d ro x y  la m in g  h y d r o c h lo r id e  w i t h  4 -h e p ta n o n e .

3) P a l la d iu m  ( I I )  C h lo r i j

P u r i f i e d  a n h y d ro u s /p a l la d iu m  ( I I )  c h lo r i d e  was 

o b ta in e d  fro m  F is h e r  S c i e n t i f i c  Company.

4) D iv e rs e  C a t io n  S o lu t io n s  *

Reagent grade c h lo r i d e  s d l t s  o f  c o b a l t  ( I I )  and 

co p p e r  ( I I )  were used i/n th e s e  s t u d i e s .

5) S ta n d a rd  P a l la d iu n /  ( I I )  C h lo r id e  S o lu t io n

A s to c k  s o l u t i o n  was p re p a re d  by d i s s o l v i n g  anhydrous 

p a l la d iu m  ( I I )  c h lo r i d e  i n  30 ml o f  c o n c e n t ra te d  h y d r o c h l o r i c  

a c id ,  d i l u t i n g  to  1 l i t r e  w i t h  d i s t i l l e d  w a te r  and . 

s t a n d a r d i z in g  w i t h  d i - 2 - p y r i d y l  k e to x im e  ( 2 8 ) .  The s o l u t i o n  

c o n ta in e d  1 8 .2  mg p a l la d iu m  ( I I )  p e r  10 ml a l i q u o t .

6) . M is c e l la n e o u s  Reagents

S3
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The c h lo r o fo r m ,  e th a n o l  and h y d r o c h lo r i c  a c id  

w ere  A .C .S .  g ra d e .  The 4 -h e p ta n o n e  was' o b ta in e d  fro m  

th e  A l d r i c h  C hem ica l Company and was r e d i s t i l l e d  b e fo r e  

u se . The h y d ro x y la m in e  h y d r o c h lo r id e  was o b ta in e d  

f ro m  th e  M a l l i n c k r o d t  C hem ica l W orks.

A
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B. PROCEDURES

1) Recommended P rocedu re

T r a n s fe r  a 10 ml a l i q u o t  o f  p a l la d iu m  ( I I )  c h lo r i d e  

s o l u t i o n  c o n t a in in g  a p p ro x im a te ly  1 8 .mg o f  p a l la d iu m  ( I I )

' . to  a 250 ml g ra d u a te d  s e p a ra to r y  f u n n e l .  Add s u f f i c i e n t

■?* c o n c e n t ra te d  h y d r o c h l o r i c  a c id  so t h a t  th e  s o l u t i o n ,  .

upon d i l u t i o n  t o  100 ml J ja rk  i s  1M in  h y d r o c h l o r i c  a c id .
' t

T r a n s fe r  0 .3 0  ml o f  4 -h ep ta n o n e  ox im e to  the  s e p a r a to r y
a

fu n n e l  and s h a ke . A l lo w  the  s o l u t i o n  t o  s ta n d  f o r  10 

m in u te s  and shake a g a in .  "Let t h i s  s ta n d  an a d d i t i o n a l  

. 10 m in u te s  and e x t r a c t  w i t h  tw o  25 m l p o r t i o n s  o f  c h lo r o fo r m .  

T r a n s fe r  the  c h lo r o fo r m  e x t r a c t s  to  a s u i t a b l e  c o n t a in e r .
I

Repeat, the  above p ro c e d u re  w i t h  th e  r e s id u a l  w a te r  l a y e r .  

Combine the  c h lo r o fo r m  e x t r a c t s  ( ^ o t a l  o f  100 m l)  w h ich  

c o n ta in  more th a n  99 .91  o f  the  p a l la d iu m  ta k e n .

2) P a l la d iu m  A n a ly s is  o f  th e  W a te r L aye r

The w a te r  lay -e r was t r a n s f e r r e d  to  a 400 ml b e a k e r .

The s e p a r a to r y  fu n n e l  was then  r i n s e d  w i t h  5 m l o f  

c o n c e n t ra te d  n i t r i c  a c id  t o  d is s o lv e  any t r a c e  amounts 

 ̂ o f  p a l la d iu m  t h a t  may have a d he re d  t o  the  g la s s w a re .

The s o l u t i o n  was e v a p o ra te d  to  a s m a l l  volume and concen - 

1 t r a t e d  h y d r o c h l o r i c  a c id  was added r e p e a te d ly  to  e l i m i n a t e

the  o x id e s  o f  n i t r o g e n  i n  s o l u t i o n .  The p a l la d iu m  i s

th e n  d e te rm in e d  s p e c t r o p h o t o m e t r i c a l l y  w i t h  d i - 2 - p y r i d y l
/

- k e to x im e  ( 3 2 ) .

35
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3) E f f e c t  o f  H y d r o c h lo r i c  A c id  C o n c e n t ra t io n

The recommended p ro c e d u re  d e s c r ib e d  above was used w i t h  

. e x c e p t io n  to  the  f o l l o w i n g  changes. The t o t a l  volume 

o f  4 -h e p tan o ne  oxime re a g e n t used was 1 .4  m l.  T h is  

was a d m in is te r e d  in  two a d d i t i o n s  o f  0 .7  ml each in s t e a d  

o f  the  recommended v a lu e  o f  0 .3  m l.  T h is  s tu d y  was 

u n d e r ta k e n  i n  th e  p re se n ce  o f  13 ml o f  95% e th a n o l .  I n s te a d  

o f  th e  recommended v a lu e  o f  1M i n  h y d r o c h lo r i c  a c id , . t h e s e  

v a lu e s  were v a r ie d  from  0.75M to  3.00M in  h y d r o c h l o r i c  

a c id .  The r e s u l t s  o f  t h i s  s tu d y  are g iv e n  in  Tab^e V.

4) E f f e c t  o f  T o ta l  Volume o f  4-Heptanone Oxime

The recommended pVocedure  d e s c r ib e d  above was used 

i n  t h i s  s tu d y  e x c e p t  th e  e x t r a c t i o n s  were done i n  th e  

p re se n ce  o f  13 m l o f  951 e th a n o l .  The recommended 1M 

h y d r o c h l o r i c  a c id  c o n c e n t r a t io n  was k e p t  c o n s ta n t  as 

r e q u i r e d  and th e  t o t a l  vo lume o f  4 -hep ta n on e  oxime 

v a r ie d  from  1 .0  to  0 .2  m l.  T h is  amount o f  oxime a g a in  

was added i n  do ub le  a d d i t i o n s  ( i . e .  2 X 0 .1  m l ) .  The 

r e s u l t s  o f  t h i s  s tu d y  a re  sum m arized  in '  T a b le  V I .

- 5) E f f e c t  o f  Volume o f  A lc o h o l

The recommended p ro c e d u re  d e s c r ib e d  above was used 

i n  t h i s  s tu d y  e x c e p t  t h a t  th e  v o lu m e ^ o f  95% e th a n o l  

p r e s e n t  _ in the  e x t r a c t i n g  s o l u t i o n  was v a r ie d  from  

0 t o  10 m l.  The r e s u l t s  o f  t h i s  s tu d y  a re  sum m arized 

i n  Ta b le  V I I .  '

6 ) E x t r a c t i o n  o f  C o b a l t  ( I I )  and Copper ( I I )
-4The recommended p ro c e d u re  was fo l lo w e d  u s in g  4 .2  X 10

/
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mole each o f  c o b a l to u s  c h lo r id e  h e x a h y d ra te  and c u p r ic
^ 7  ’

c h lo r i d e  d ih y d r a t e .  The aqueous la y e r s  were c o l l e c t e d
f

in  400 m l b e ake rs  and the  o r g a n ic  m a t te r  ( i n  th e  case 

o f  the  c u p r i c  sys tem ) was d e s t ro y e d  by the a d d i t i o n  o f
V

10 ml c o n c e n t ra te d  n i t r i c  .a c id  and 30 ml o f  c o n c e n t ra te d  

h y d r o c h lo r i c  a c id .  Repeated a d d i t i o n s  o f  h y d r o c h lo r i c  

a c id  a f t e r  e v a p o r a t in g  the sys tem  to  a s m a l l  volume 

caused a l l  o x id e s  ( o f  n i t r o g e n  t o  be e x p e l le d .  The 

coppe r ( I I )  was then  d e te rm in e d  g r a v i m e t r i c a l l y  w i t h  

c<-benzoin oxime (3 3 ) .  In  the  case o f  t^he c o b a l to u s  

system  the  o r g a n ic  m a t te r  was d e s t ro y e d  by d ig e s t i o n  

. w i t h  c o n c e n t ra te d  s u lp h u r i c  a c id  and th e  c o b a l t  ( I I )  

then d e te rm in e d  g r a v i m e t r i c a l l y  w i t h  sod ium  a n t h r a n i l a t e  

(34 ) t h a t  wps p re p a re d  from  a n t h r a n i l i c  a c id .

The r e s u l t s  a re  sum m arized , in  T a b le  V I I I .

I
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TABLE V

E f f e c t  o f  H y d r o c h lo r i c  A c id  C o n c e n t r a t io n

P a l la d iu m  ta k e n ,  1 8 .2  mg; T o t a l  vo lum e o f  4-
i

h ep tanone  ox im e,

1 . 4 . ml (2 X 0 . 7 ) ;  vo lume o f  a f c o h o l ,  13 m l .

Run M o l a r i t y  o f  
H y d r o c h lo r i c  
A c id

P a l la d iu m  
Found i n  
W ater La ye r 

. | mg

% P a l la d iu m  
i n  W ate r 

, La ye r

1 0 .7 5 0 .0 0 1 0 .0 0 5

0 .7 5 0 .0 02 v 0 .0 1

2 1 .0 0 0 .010 . 0 .0 6

1 .00 0 .0 0 9 0 .0 5

3 1 .25 0 .0 1 0 0 .0 5  .

1 .2 5 0.0.08: 0. 04

4 1 ,5 0 0 .009 0 .0 5

1 .5 0 0 .008 0 .0 4

5 2 .00 0 .012 0 .0 7

2 .00 0 .012 O '. 07

6 3 .0 0 0 .5 3

3 .0 0 0 .5 3
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TABLE V I

E f f e c t  o f  T o t a l  Volume o f  4 -H ep tanone  Oxime

\
P a l la d iu m  ta k e n ,  1 8 .2  mg; Volume o f  a l c o h o l , 13 m l ;

H y d r o c h lo r i c  a c id  c o n c e n t r a t io n ,  1M.

Run T q t a l  Volume 
o f  o x im e , m l

. P a l la d iu m  
Found i n  
W ater L a y e r ,  
mg

% P a l la d iu m  
Found i n  
W ate r Layer

1 1 .0 ’ 0 .003 0 .02

1 .0
1

01008 0 .0 4

2 /  0 .6 ** 0 .006 0 .,03

0 .6 0 .002 0 .01

3 0 .4 0 .011  . 0 .0 6

0 .4 0.008 0 .0 4

4 ’ 0 .2 . 0 .154 0 .85

0 .2 0 .166 0 .91

■ d *
■

'
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TABLE V I I  .

• 1

E f f e c t  o f  Volume o f  A lc o h o l

P a l la d iu m  ^aken 18 .2  mg; T o t a l  vo lume o f 4 -h e p ta n o n e

o x im e , 0 .6 m l (2 X 0 . 3 ) ; H y d r o c h lo r i c a c id  c o n c e n t r a t io n

1M.
-

Run Volume o f P a l la d iu m  Found % P a l la d iu m
a lc o h o l , i n  W ater L a y e r , Found i n
ml mg W a te r  L a ye r

1 lb 0 .007 p . 04

10 0 .0 0 3 0 .02

2- 5 0 .001 0 .005

5 0 .003 0 .0 2

3 3 0 .0 0 6 0 .0 3s

.> ' 3 \  0 .005  J 0 .0 3

4 1 ' 0 > 0 9 0 ,0 5

1
1

0 .010 0 .05

5 ^  . 0 0 .006 0 .03

0 0 .00 6 0 .0 3

6 ■ 0 , 0.007 0 .0 4

0 0 .005 0 .0 3

7 0 0 .012 0 .07

0 0 .011 0 .0 6

8 0 0.002 0 .0 1

0 0 .002 0 .0 1
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V

TABLE V I I I  . . .

E x t r a c t i o n  o f  Copper ( I I )  and C o b a l t  ( I I )

A c c o rd in g  to  th e  Recommended P ro ce du re
*

For P a l la d iu m  ( I I )

Cu ( I I )
ta k e n ,
mg

■ <

Cu ( I I )  fo u n d  
i n  Aqueous 
l a y e r ,  mg

Co ( I I )  
ta k e n ,  ° 
mg

Co (11)1 
fo u n d  in  
Aqueous l a y e r  
mg

3a. 9 30 .8 2 8 .4 2 8 .4

3 0 .9 30 .8 ' 28 .4 28 .3
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n. CHAPTER I I I ,

RESULTS'TCND DISollSSION

The p o s s i b i l i t y  o f  d e v e lo p in g  a p ro c e d u re  f o r  the  

q u a n t i t a t i v e  s e p a r a t io n  o f  p a l la d iu m  ( I I . )  became e v id e n t  

fro m  p r e v io u s  s tu d ie s  (P a r t  I ) .  The c h o ic e  o f  re d u c in g  

th e  l e v e l  o f  p a l la d iu m  ( I I )  ta k e n ,  from  45 mg t o  18 mg 

p ro v e d  v e ry  s u c e s s fu l  i n  the  l i g h t  o f  th e  r e s 'u l t s  

o b ta in e d  f ro m  th e  above s t u d f e s .  •

' From th e  r e s u l t s  o b ta in e d  i n  T a b le  V*d<t can be
« *r " . L /

seen t h a t  th e  c o n c e n t r a t io n  o f  th e  h y d r o c h l o r i c  a c id
<r

i s  n o t  c r i t i c a l  o v e r  th e  c o n c e n t r a t io n  range 0.75M t o

2.00M. Over t h i s  range g r e a t e r  th a n  9 9 .9  p e r c e n t  o f  th e
&

p a l la d iu m  ( I I ) - f o r m s  a com p lex  w i t h  4 -hep tanone  oxime 

t h a t  i s  e x t r a c t a b le  i n t o  c h lo r o fo r m .

From t h i s  s tu d y ,  th e  1M h y d r o c h l o r i c  a t id ^  c o n d i t i o n  

was chosen £ o r  f u r t h e r  s t u d ie s  s in c e  thj^s p o i n t  w o u ld
t

n o t  be a- c r i t i c a l  f a c t o r  i n  d e te r m in in g  how much p a l la d iu m

c o u ld  be e x t r a c t e d .

The s tu d y  d e a l in g  w i t h  th e  e f f e c t s  o f  the  t o t a l

vo lum e o f  ox im e was then  co n d u c te d  a t  the  1M h y d r o c h l o r i c

a c id  c o n d i t i o n .  The r e s u l t s  o f  T a b le  V I i n d i c a t e  t h a t

g r e a t e r  th an  9 9 . 9 t * p f  th e  p a l la d iu m  ( I I )  ta k e n  i s  e x t r a c t e d

wheh a t o t a l  o f  0.^4 t o l . O  m l o f  th e  ox im e : i s  used . S in c e

t h i s  to o ,  gaye a range i n  w h ic h  the  e x t r a c t a b i l i t y  was
8
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43
n o t  c r i t i c a l ,  i t  was chosen t o  use the  t o t a l  volume

I

o f  0 .6  ml ( i . e .  2 X 0 .3  m l)  f o r  f u r t h e r  s t u d ie s .

The n e x t  v a r i a b l e  t o  s tu d y  i s  the  e f f e c t  o f  v a r y in g  

th e  amount o f  951 e th a n o l  used to  s o l u b i l i z e  the  oxime 

i n  aqueous media  f o r  b e t t e r  r e a c t i o n  c o n d i t i o n s .  N!he 

r e s u l t s  o f  t h i s  s tu d y  (T a b le  V I I  i n d i c a t e  t h a t  more\ 

than  99.9% o f  th e  p a l la d iu m  ( I I )  ta ke n  i s  e x t r a c t e d  

when 0 to  13 ml o f  a lc o h o l  i s  used. In  th e  recommended 

p ro c e d u re  u s in g  18 mg o f  p a l la d iu m  ( I I )  p e r  “ 100 m l ,  

no a lc o h o l  i s  r e q u i r e d  as a r e s u l t  o f  t h i s  s tu d y .  The 

s tu d y  o f  p a l la d iu m  a t  the  45 mg p e r  100 ml l e v e l  used 

th e  a lc o h o l  i n  o r d e r  t o  in c re a s e  the  s o l u b i l i t y  i n  

w a te r  f o r  the  l a r g e r  amounts o f  oxime use d . T h is  s h o u ld  

be a v o id e d  because i n  some cases e th a n o l  can a c t  as a 

re d u c in g  ag en t w h ic h  w o u ld  be d e t r im e n t a l  i n  any e x t r a c t i o n  

p ro c e d u re  r e q u i r i n g  a p a r t i c u l a r  o x id a t i o n  s t a t e  o f  a 

m e ta l  i n  s o l u t i o n .

The r e s u l t s  o f  th e  s tu d y  o f  e x t r a c t i o n  o f  coppe r ( I I )  

and c o b a l t  ( I I )  u n d e r  the recommended p ro c e d u re  f o r  

p a l la d iu m  a re  g iv e n  i n  T ab le  V I I I .  These r e s u l t s  i n d i c a t e  

t h a t  m a c ro s c o p ic  amounts o f  co p p e r  ( I I )  and c o b a l t  ( I I )  

a re  n o t  e x t r a c t e d  u s in g  th e  recommended p ro c e d u re .

These r e s u l t s  as w e l l  as th e  r e s u l t s  o f  th e  o t h e r  base 

m e ta ls ,  i “£on and n i c k e l ,  g iv e  r i s e  t o  th e  id e a  o f  how 

la rg e  amounts o f  th e s e  base m e ta ls  can be t o l e r a t e d .

L a te r  s tu d ie s  w i l l  r e v e a l  the  e x t r a c t a b i l i t y  o f  p a l la d iu m  in *  

the  p re se n ce  o f  l a r g e r  p r o p o r t io n s  o f  base m e ta ls .
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CHAPTER V 

SUMMARY AND CONCLUSIONS

A p ro c e d u re  i s  o u t l i n e d  u t i l i z i n g ,  a do ub le  e x t r a c t i o n  

p ro c e d u re  t o  e f f e c t  a q u a n t i t a t i v e  e x t r a c t i o n  ( i . e .  > 9 9 .9 % )  

o f  p a l la d iu m  ( I I ) .  The e x t r a c t i o n  in v o lv e s  th e  fo rm a t io n  

o f  th e  4 -hep ta n on e  oxim e com plex o f  p a l la d iu m  ( I I )  

c h lo r i d e  i n  aqueous 1M h y d r o c h l o r i c  a c id  s o l u t i o n  and 

i t s  su b seq ue n t s e p a r a t io n  i n t o  c h lo r o fo r m .  The e f f e c t s  

due t o  h y d r o c h lo r i c  a c id ,  a l c o h o l  and oxi,me‘ c o n c e n t ra t io n s  ‘ 

a re  d e s c r ib e d .  C o b a lt  ( I I )  and co p p e r  ( I I )  a re  n o t

e x t r a c t e d  i n  m a c ro s c o p ic  amounts u n d e r  th e  same 

recommended p ro c e d u re .

A condensed v e r s io n  o f  t h i s  w ork  has been p u b l i s h e d  (35)

44
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j*

4-HEPTANONE OXIME COMPLEX OF 

GOLD ( I I I )  CHLORIDE
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CHAPTER I

INTRODUCTION

» G o ld  s e p a r a t io n s  fro m  the  p la t in u m  m e ta ls  p re s e n t

no p ro b ld m . A v a r i e t y  o f  re a g e n ts  have been p ro p o s e d ,  

the  g r e a t e r  p e rc e n ta g e  o f  w h ic h  a re  re d u c in g  a g e n ts .

* G o ld  can r e a d i l y  be p r e c i p i t a t e d  ,'from e x t re m e ly  d i l u t e ,  

a c id  s o lu t i o n s  by such re d u c in g  agen ts  as s tannous
v

c h l o r i d e ,  z in c  and magnesium i f  a s u i t a b l e  c o l l e c t o r

i s  used ( 3 6 ) .  M e rc u ry ,  m ercurous  c h l o r i d e ,  le a d  and

t e l l u r i u m  have been used s u c c e s s f u l l y  as c o l l e c t o r s .
> «»

D i r e c t i o n s  f o r  th e  t e l l u r i u m  c o p r e c i p i t a t i o n  a re  g iv e n  

by P o l l a r d  (3 7 )  i n  c o n n e c t io n  w i t h  the  rhodan in©  method 

f o r  the  d e t e r m in a t io n  o f  g o ld .

Maynard (38) has used te tra e th y la m m o n iu m  c h lo r i d e  

to  s e p a ra te  g o ld  fro m  s m a l l  amounts o f  p a l la d iu m  and 

p la t in u m .

G i l c h r i s t  r e p o r t e d  (39) a s u c c e s s fu l  p ro ce d u re  

u s in g  sod ium  n i t r i t e  t o  s e p a ra te  g o ld  f ro m  the  p la t in u m  

m e ta ls .

Gold  can be p r e c i p i t a t e d  w i t h  v a r io u s  o r g a n ic  

re d u c in g  agen ts  such as p -p h e n y le n e d ia m in e , and h y d ro -  

q u in o n e  (4 0 ,4 1 )  f ro m  h o t  h y d r o c h l o r i c  a c id  s o l u t i o n .

Lehner (42) g iv e s  a l i s t  o f  p h o to g r a p h ic  d e v e lo p e rs  

w h ich  p r e c i p i t a t e  g o ld  i n s t a n t l y  fro m  e i t h e r  a c id  o r
t

46
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a l k a l i n e  s o lu t i o n s .

The use o f  e t h y l  e t h e r  and e t h y l  a c e ta te  as e x t r a c t 

a n ts  o f  c h l o r a u r i c  a c id  f ro m  h y d r o c h lo r i « ^ a c id  medium 

i s  w e l l  documented ( 4 3 -4 7 ) .  I s o p r o p y l  e t h e r  has been 

fo u n d  more s a t i s f a c t o r y  as a s o lv e n t  f o r  e x t r a c t i n g  

g o ld  th a n  e t h y l  e t h e r ,  e t h y l  a c e ta te ,  o r  h e x o n e .

T r io c t y Ip h o s p h in e  o x id e  was used by H o lb ro o k  2nd 

Rein (4 8 )  t o  p roduce  a g ,o ldb rom oaura te  com plex  e x t r a c t a h le  

by c h lo r o fo r m .

Z ie g le r  d e s c r ib e s  s e v e r a l  u s e f u l  p ro c e d u re s  (4 9 -5 1 )  

y o f  s o lv e n t  e x t r a c t i o n  o f  g o ld " “f ^ m  some p la t in u m  and 

base m e ta ls  u s in g  p o ly e th y le n e  g l y c o l  400 and e x t r a c t i n g  

i n t o  d ic h lo ro m e th a n e .

E t h y l  v i o l e t  has fo u n d  so (5 2 ) i n  an e x t r a c t i v e

p h o to m e t r ic  d e te r m in a t io n  o f  g o ia .  
i

Tarayan  e t a l i  (5 4 )  removed g o ld  w i t h  e t h y l  a c e ta te  

a t  pH 1 .0  as the  h y d r o c h l o r i c  a c id  s o l u t i o n .

T h is  w o rk  p re s e n ts  a s tu d y  o f .  the  e x t r a c t i o n  o f  •

( I I ) .  As w e l l  i t  w i l l  d e s c r ib e  v a r i a t i o n s  i n  d i f f e r e n t

*•
g o ld  a c c o rd in g  to  th e  recommended p ro c e d u re  f o r  p a l la d iu m

parariPeters t o  a t te m p t  a q u a n t i t a t i v e  s e p a r a t io n  o f  

g o ld  ( I I I )  f ro m  h y d r o c h l o r i c  a c id  s o l u t i o n .
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CHAPTER I I  

EXPERIMENTAL 

A. APPARATUS AND M ATERIA^

1) Ins  t ru m e n ts

S p e c t ro p h o to m e t r ic  measurements were made w i t h  a 

Beckman DB s p e c t ro p h o to m e te r  e q u ip p e d  w i t h  a S a rg e n t*  

Model-SRL r e c o rd e r  and 1 .00  cm matched s i l i c a  c e l l s .

A S a rg e n t Model-DR pH m e te r  was used f o r  pH m easurem ents.

2 ) 4-Heptanone Oxime
3-

The re a g e n t  i s - p r e p a r e d  by the  r e a c t i o n  o f  h y d r o x -  

y la m in e  h y d r o c h lo r id e  w i t h  4 -hep tan on e  as p r e v io u s ly  

d e s c r ib e d  (2 7 ) .  The re a g e n t  was s ta b le  f o r  a t  l e a s t  

one ye a rN *

3) r C h lo r o a u r i c  A c id

C h lo r o a u r i c  a c id  was o b ta in e M  from  Posher S c i e n t i f i c  

Company.

4) S ta n d a rd  Gold ( I I I )  C h lo r id e -  S o lu t io n

A s to c k  s o lu t i o n  was p re p a re d  by d i s s o l v i n g  7 g 

o f  c h lo r o a u r i c  a c id  i n  82 ml ' o f  c o n c e n t ra te d  h y d r o c h lo r i c  

a c id ,  d i l u t i n g  t o  1 l i t e r  w i t h  d i s t i l l e d  w a te r  and
-i

s ta n d a r d i z in g  w i t h  h y d ro q u in o n e  a c c o rd in g  to  the  method 

o f  Beam ish , R usse l and Sea th  ( 4 0 ) .

5) M is c e l la n e o u s  Reagents &

The c h lo r o fo r m  and the  h y d r o c h lo r i c  a c id  were A .C .S .

48
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B. PROCEDURES

1) E x t r a c t i o n  o f  Go ld  ( I I D  A c c o rd in g  t o  th e  Recommended
\

P ro ce d u re  f o r  P a l la d iu m

An a l i q u o t  c o n t a in in g  33 .8  mg o f  g o ld  ( I I I )  was

t r a n s f e r r e d  t o  a 250 m l s e p a r a to r y  f u n n e l .  Upon d i l u t i o n

to  th e  100 m l mark the  s o l u t i o n  was made 1.0M in  
*

h y d r o c h l o r i c  a c id .  The p ro c e d u re  o u t l i n e d  i n  P a r t  I I  

o f  th e  d i s s e r t a t i o n  was a dhe red  t o .  T h a t  i s ,  a t o t a l  

vo lum e o f  0 .6  m l o f  4 -hep ta n on e  oxime was used i n  a 

d o u b le  e x t r a c t i o n  te c h n iq u e  (2 X 0 .3  m l ) .  The tw e n ty  

m in u te  r e a c t i o n  t im e  was o b se rve d  and then  th e  s o lu t i o n  

y e x t r a c t e d  as recommended. The w a te r  l a y e r  was a n a ly z e d  

as d e s c r ib e d  b e lo w .  The r e s u l t s  a re  sum m arized i n  

T a b le  X I I .

2) A n a ly s is  o f  G o ld  ( I I I )  i n  the  W a te r  La ye r

The w a te r  l a y e r  was t r a n s f e r r e d  t o  a 15.0 m l b e a ke r  

and aqua r e g ia  added. The s e p a r a to r y  f u n n e l  was then
J -

. r in s e d  w i t h  c o n c e n t ra te d  n i t r i c  a c id  t o  d is s o lv e  any 

t r a c e  amounts o f  g o ld  t h a t  m£.y have a d he re d  to  the  

g la s s w a re .  These r i n s in g s  were added to  the  150 ml 

b e a k e r  and th e  s o l u t i o n  was then  e v a p o ra te d  to  a s m a l l  

vo lum e . C o n c e n tra te d  h y d r o c h l o r i c  a c id  was r e p e a te d ly  

r in s e d  down th e  s id e s  o f  th e  b eake rs  d u r in g  th e  e v a p o r a t io n  

s te p  t o  a v o id  lo s s e s  o f  g o ld  and e x p e l l  th e  o x id e s  o f
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n i t r o g e n  w h ic h  m ig h t reduce  the  g o ld .  The g o ld  ( I I I )

was then  d e te rm in e d  s p e c t r o p h o t o m e t r i c a l l y  w i t h  d i - 2 -

p y r id y l k e t o x im e  (5 5 ) .

3) A n a ly s is *  o f  G o ld  i n  th e  C h lo ro fo rm  L aye r

The c h lo r o fo r m  e x t r a c t s  were c o l l e c t e d  i n  250 ml

b e ake rs  and e v a p o ra te d  to  d ry n e s s .  The r e s id u a l  o r g a n ic

m a t te r  was d e s t ro y e d  by d ig e s t i o n ^ w i t h  aqua r e g ia .

A g a in ,  c o n c e n t ra te d  h y d r o c h l o r i c  a c id  was r e p e a te d ly

r in s e d  down th e  s id e s  o f  th e  b e a ke rs  d u r in g  the  e v a p o r a t io n

s te p  to  a v o id  lo s s e s  o f  g o ld  and e x p e l  th e  o x id e s  o f

n i t r o g e n  w h ich  m ig h t  reduce  the  g o ld .  The g o ld  was then
► ‘ 

d e te rm in e d  g r a v i m e t r i c a l l y  by th e  method o f  Beamish,!-

R u s s e l l  and Sea th  ( 4 0 ) .

4) S tu d ie s  t o  D e te rm in e  a Recommended P ro ce d u re  o f  

E x t r a c t i o n  f o r  G o ld  ( I I I )

S tu d ie s  were u n d e r ta k e n  t o  a l t e r  the  recommended 

p ro c e d u re  o f  e x t r a c t i o n  t h a t  was p r e v io u s ly  d eve lop ed  

( P a r t  I I )  f o r  p a l la d iu m  ( I I ) .  The e f f e c t s  o f  v a r y in g  

the  h y d r o c h l o r i c  a c id  c o n c e n t r a t io n ,  r e a c t i o n  t im e ,  

t o t a l  volume o f  4 -h e p ta no ne  oxime used and the  number o f  

e x t r a c t i o n s  p e r fo rm e d  were s t u d ie d .  The op tim um  c o n d i t i o n s  

fo u n d  i n  th e s e  s tu d ie s  th e n  became p a r t  o f  th e  recommended 

p ro c e d u re  f o r  the  e x t r a c t i o n  o f  g o ld  ( I I I ) .  The aqueous 

and o r g a n ic  la y e r s  in v o l v e d  i n  these  s tu d ie s  were a n a ly z e d '  

a c c o rd in g  t o  the  p ro c e d u re s  o u t l i n e d .a b o ve . The r e s u l t s  o f  

th e se  s tu d ie s  a re  sum m arized i n  T a b le s  IX ,  X, X I ,  and X I I I ,

5) Recommended P ro ce du re  fo r ,  th e  E x t r a c t i o n  o f  G o ld  ( I I I )
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T r a n s f e r  a 10 m l a l i q u o t  o f  g o ld  ( I I I )  c h lo r i d e

¥ 'S*»«
s o lu t i o n  w h ic h  i s  1.0M in  h y d r o c h l o r i c  a c id ' and c o n ta in s  

a p p r o x im a t e ly '34 mg o f  g o ld  ( I I I )  i n t o  a 250 m l g ra d u a te d  

s e p a r a to r y  f u n n e l .  D i l u t e  t o  th e  100 m l mark w i t h  

d i s t i l l e d  w a te r  m ak ing  th e  s o l u t i o n  0.1M i n  h y d r o c h lo r i c  

a c id .  T r a n s fe r  0 .5 0  ml o f  4 -h ep ta n on e  oxime i n t o  the  

s e p a r a to r y  f u n n e l  and shake v i g o r o u s l y  foT  t h i r t y  se co n d s . 

E x t r a c t  w i t h  two 25 ml p o r t i o n s  o f  c h lo r o fo r m  (20 seconds 

s h a k in g  t im e  e a c h ) .  T r a n s fe r  th e  c h lo r o fo r m  e x t r a c t s  

to  a s u i t a b l e  c o n t a in e r .  Repeat the  aboVe p ro c e d u re  

tw ic e  w i t h  th e  r e s id u a l  w a te r  l a y e r .  Combine th e  c h lo r o fo r m  

e x t r a c t s  w h ich  c o n ta in  g r e a t e r  than  99.0% o f  th e  g o ld  ( I I I )  

ta k e n .

\

1
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TABLE IX

* E f f e c t  o f  H y d r o c h lo r i c  A c id  C o n c e n t ra t io n

Gold taken  3 3 .8  mg; T o t a l  volume o f  4 -h e p ta n o n e  o x im e , 
1 .5  m l '(3  X 0 .5 )

4-
Ru M o l a r i t y  o f  

H y d r o c h lo r i c  
A c i  d

\  Gold  Found . 
'  i n  W ater 

L a y e r ,  mg

.i

1 G old . Found 
i n  W a te r , 
L aye r

■>

1 5 .0 17.5 51 .8
5 .0 18.5

&
2 3. 0 6 .3 3 18.7

3 .0 6 .2 1 18 .4

3 1 .0 0 .527 1'.6
1 .0 0 .527 1 .6

4 0 .5 0 .439 1 .3
0 .5 0 .386 1 .1

5 0 .2 0 .095 0 .3
0 .2 0 .07 1 0 .2

6 0 .1 0 .071 0 .2  7 .
0 .1 0 .064 0.2
0 .1 0 .0 40 0 .1
0 .1 0 .048 0.1

7 t 0 .05 0.192 0 .6
0. 05 0 .090 0 .3

8 0. 01 0 .069 0 .2
0.01 0 .046 0 .1

9 0 .001 0 .110 0 .3
0 .00 1 0.112 0 .3

f

/
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TABLE X

• 1E f f e c t  o f  T o ta l  Volume o f  4 -H eptanone  /Oxime

Gold
0.1M;

ta k e n ,  33 .8  mg; H y d r o c h lo r i c  A c id  
t r i p l e  e x t r a c t i o n ,  ' . r

C o n c e n t r a t io n ,

*

Run T o ta l  Volume Gold Found % G o ld  Found
o f  Oxime, m l > i n  W ater in  Watefr

L a y e r ,  mg Layer

1 1 .80 (3 x 0 .6 ) 0 .122 0 .4
1. 80

•
(3 x 0 .6 ) 0 .118 0 .3

2 1.65 (3 x 0 .5 5 ) 0 .110 • 0 .3
1.65 (3 x 0 ,5 5 ) 0 .112 0 .3

■ 3 1 .50 (3 x 0 .5 ) 0 .071 0.2
j  1. SO 

1 .5 0
(3 x 0 .5 ) 0 .064 0.2
(3 x0 \ 5) 0 .040 0 .1

1 .50 (3 x 0 .5 ) 0 .048 0.1

• 4 1.35 (3 x 0 .4 5 ) 07154 1 0 .5
1 .35 (3 x 0 .4 5 ) 0 .146 0 .4

5 1 .2 0 (3 x 0 .4 ) 0 .2 0 3 0 .6
1 .20 (3 x 0 .4 ) 0 .195 0 .6

L '
r
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TABLE XI 

E f f e c t  o f  M u l t i p l e  E x t r a c t i o n

Gold  t a ^ m  . 
0 .1M ; T o t a l

3 3 .8  mg; H y d r o c h lo r i c  A c id  C o n c e n t r a t io n ,  
Volume o f  Oxime, 1 .5 0  ml

Number o f Oxime Volume G o ld  Found % G o ld  Found
E x t r a c t i o n s ml i n  W a te r i n  W a te r

-
-

L a y e r ,  mg 

»

Lay e r

One 1 x 1 .5 0 1 .4 4 4 .3
* 1 x 1 ,50 1 .39 4 ,1

♦ .

Two 2 x 0 .75 0. 312 0 .92
2 x 0 .75 0. 338 1 .0

Three 3/Oc 0 .50 0 .047 ' 0 .13

/
5 x 0 . 5 0 0 .054 0 .1 6

Four '  4 x 0 .3  75 0. 091 0 .2 7
. 4 x 0 .3 75 .

L ............ ,

0 .080 0 .2 3

£
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TABLE X I I

"  '  /  E x t r a c t i o n  o f  G o ld  ( I I I ) ~ " f t c c o r d in g  t o  th e
i

P ro ce du re  Recommended f o r  T ^ f l a d iu r n

Go Id  taken/, 
T o ta l  Vo I

 ' ------------------------------------------

G o ld  Found in  
W a te r  L a y e r ,  
mg

mg; H y d r o c h lo r i c  A c id  C o n c e n t r a t io n ,  1 .0M ; 
im e , O'. 6 / m l ; ( 2 x 0 .  3)

% Gq/dyFound 
i n  vfater L a ye r

A
1 0 .9

9 .7

32.2

28. 7

It- \

)

• t
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X I I I

^ E x t r a c t io n  o f  Go ld  C H I )  by Recommended 

P ro c e d u re :  M a t e r ia l  Ba lance

56

n

Gold
T o ta l

ta k e n j  3 3 .8  
Volume o f

mg; H y d r o c h lo r i c  A c id  C o n c e n t ra t io n  0 .1M ; 
Oxime, 1 .5  n l  (3 x  0 .5 )

Run

»

G o ld  Found 
i n  W a te r  
L a v e r ,

>

Gold  Found 
i n
C h lo ro fo rm  
L a y e r ,  mg .

% G o ld  ’
Found
i n
W ate r
L a y e r

\  G o ld  %
Found Re.covery 0 
i n  i  '
C h lo ro fo rm
L a y e r ' '

1 0. 3 33.5 0 .9  • 99 .1 100 .0

2 0 .3 33.5 0 .9  • 99.1 lOp.O

3 0. 3 33.5 0. 9 99 .1 100. 0

4 0 .3
J

33.5
tea

0 .9 99 .1 1 0 0 .0

5 0.2 33.5 0 .6 99 .1 9 9 .7  °

6 4 0 .2 33.6

» 4

0 .6

----------

9 9 .4 1 0 0 .0

■?

y \ '
4

y
s

\ .
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CHAPTER I I I

RESULTS AND DISCUSSION

The d eve lopm en t o f  a q u a n t i t a t i v e  e x t r a c t i o n  p ro c e d u re  

f o r  p a l la d iu m  ( I I )  i n  the  p re v io u s  w ork  le a d s  to  f u r t h e r  

s tu d ie s  t h a t  s h o u ld  be i n i t i a t e d .  In  a l l  s e p a ra t io n  

p ro c e d u re s  i t  m ust be d e te rm in e d  t o  w h a t e x t e n t  a s s o c ia te d
w

m e ta ls  w i l l  be c o e x t r a c te d .  The s.tudy o f  the base m e ta ls  

coppe r ( I I ) ,  n i c k e l  ( I I ) ,  c o b a l t  ( I I )  and i r o n  ( I I I )

was th u s  u n d e r ta k e n .  The r e s u l t s  o f  th e se  s tu d ie s  were 

r e p o r t e d  in  P a r t  I I .
J

I n ' t h e  a p p l i c a t i o n  o f  p a l la d iu m ,  w h e th e r  i t  be i n  

j e w e l l e r y ,  d e n t i s t r y ,  m e ta l lu r g y  o r  c h e m ic a l  p ro d u c ts  

on the  com m erc ia l m a rk e t ,  th e re  q u i t e  o f t e n  e x i s t s  th e  

p re se n ce  o f  a n o th e r  p re c io u s  m e ta l ,  n a m e ly ,  go 'ld . In  

any a s s a y in g  p ro c e d u re  i t  i s  n e c e s s a ry  u s u a l l y  t o  s e p a ra te  

g o ld  fro m  p a l l a d iu m .  I t  was then  n e c e s s a ry  t o  f i n d  the 

e x t e n t  o f  c o e x t r a c t i o n  o f  g o ld  ( I I I )  a c c o rd in g  t o ' t h e  

recommended p ro c e d u re  f o r  p a l l a d i u m ( I I )  .

taken  a t  the  34 mg l e v e l  i s  e x t r a c t e d  when th e  recommended

p ro c e d u re  f o r  th e  q u a n t i t a t i v e  e x t r a c t i o n  o f  p a l la d iu m  ( I I )  

i s  f o l lo w e d .  Gold  ( I I I )  t h e r e f o r e  c o n s t i t u t e s  a m a jo r

i n t e r f e r e n c e  f o r  th e  q u a n t i t a t i v e  s e p a r a t io n  p ro c e d u re

/

o f  Tab le  X I I  i n d i c a t d ^  t h a t  a p p ro x im a te ly

f o r  p a l la d iu m  ( I I ) .  I t  i s  e v id e n t  t h a t  a g r e a t  many
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o t h e r  p ro c e d u re s  w ou ld  f a r  su rp ass  th e  u s e fu ln e s s  o f  

4 -h e p ta no n e  oxime i n  s e p a r a t in g  a s y n t h e t i c  sys te m  o f  

•g o ld  ( I I I )  and p a l la d iu m  ( I I )  c h lo r i d e s .

S in c e  g o ld  ( I I I )  was 701 e x t r a c t e d  u n d e r  the  recommended 

e x t r a c t i o n  p ro c e d u re  f o r  th e  q u a n t i t a t i v e  s e p a r a t io n  

o f  p a l la d iu m  ( I I ) ,  i t  became e v id e n t  t h a t  i t  m ig h t  be 

p o s s ib le  to  make t h i s  a q u a n t i t a t i v e  p ro c e d u re .  A s tu d y  • 

was th e n  con du c ted  to  i n v e s t i g a t e  the  e f f e c t s  o f  V a r y in g  

the  h y d r o c h io r i c » a c id  c o n c e n t r a t i o n , r e a c t i o n  t im e ,  t o t a l  

vo lume o f  4 -hep tanone  o^ im e used and th e  number o f  

e x t r a c t i o n s '  p e r fo rm e d .  A c o m b in a t io n  o f  changes in  these  

c o n d i t i o n s  m ig h t  c o n c e iv a b ly  r e s u l t  i n  a q u a n t i t a t i v e  

p ro c e d u re  f o r  s e p a r a t in g  m i l l i g r a m  ampunts o f  g o ld  ( I I I ) .
9

The r e s u l t s  o f  v a r y in g  th e  h y d r o c h l o r i c  a c id  co ncen 

t r a t i o n  a re  g iv e n  i n  T a b le  IX .  These r e s u l t s  i n d i c a t e  t h a t  

t h e - c o n c e n t r a t i o n  o f  th e  h y d r o c h l o r i c  a c id  i n  th e  range

0.2M to  0.001M i s  n o t  c r i t i c a l .  G re a te r  than  99.0% o f  th e  

g o ld  ( I I I )  ta ke n  a t  th e  34 mg l e v e l  i s  e x t r a c t e d  o v e r  t h i s  

ra n g e .  In  o r d e r  to  be a t  a s a fe  p o in t  i n  t h i s  ra n g e , the  

v a lu e  0.1M was chosen t o  be a c o n s ta n t  i n  f u t u r e  s t u d ie s .

Thus, w i t h  th e  c o n c e n t r a t io n  o f  h y d r o c h l o r i c  a c id

re m a in in g  c o n s ta n t  a t  0.1M, a s tu d y  was made o f  v a r y in g

th e  t o t a l  vo lume o f  4 -h ep ta n o n e  o x im e . The r e s u l t s  are

g iv e n  i n  T a b le  X and i n d i c a t e  t h a t  g r e a t e r  tha n  99.0%
*

o f  t h e  g o ld  ( I I I )  t a k e n ,  i s  e x t r a c t e d  when a t o t a l  o f  

1 .2 0  m l t o  1 .8 0  ml o f. the  ox im e i s  used.

A g a in ,  h o ld in g  th e  h y d r o c h l o r i c  a c id  c o n c e n t r a t io n
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c o n s ta n t  a t  0.1M and h o ld in g  th e  t o t a l  vo lume o f  4 -hep tanone  

oxime c o n s ta n t  a t  1 .50  m l,  a s tu d y  o f  v a r y in g  th e  m u l t i 

p l i c i t y  o f  the  e x t r a c t i o n  te c h n iq u e s  was made. The 

r e s u l t s  a re  g iv e n  in  T a b le  XI and th e se  r e s u l t s  i n d i c a t e  

t h a t  a t  l e a s t  a t r i p l e  e x t r a c t i o n  p ro c e d u re  i s  n e c e s s a ry  

t o  r e c o v e r  g r e a t e r  than  99.0% o f  th e  g o ld  ( I I I )  taken  

a t  th e  3 4 mg l e v e l .

The r e s u l t s  o f  a s tu d y  d e a l in g  w i t h  the  r e a c t i o n

t im e  r e q u i r e d  i n d i c a t e  t h a t  th e re  i s  e s s e n t i a l l y  a com p le te  
*

r e a c t i o n  o f  the  4 -hep tan o ne  oxime w i t h  g o ld  ( I I I )  i n  

a c id  s o l u t i o n  a f t e r  30 seconds s h a k in g .  I t  i s  im p o r ta n t

j - j  i n  th e  case o f  g o ld  t h a t  no e th a n o l  i s  p re s e n t  s in c e

;he o x id a t i o n  o f  g o ld  i s  v e ry  e a s i l y  a l t e r e d .  I n  t h i s  

case o f  p a l la d iu m  ( I I )  w h ic h  i s  more s ta b le  th a n  g o ld ,  

the  e th a n o l  c o u ld  be t o l e r a t e d  a t  h ig h e r  c o n c e n t r a t io n s  

i n  o r d e r  t o  s o l u b i l i z e  th e  l a r g e r  amounts o f  4 -hep ta n on e  

oxime r e q u i r e d  f o r  r e a c t i o n .  T h is  w o u ld  te n d  to  i n d i c a t eI
t h a t  a f u r t h e r  s tu d y  o f  g o ld  ( I I I . )  e x t r a c t e d  a t  l a r g e r  

m i l l i g r a m  q u a n t i t i e s  m ig h t  be l i m i t e d  i f  e th a n o l  were 

r e q u i r e d  f o r  s o l u b i l i t y  p u rp o s e s .

The o v e r a l l  r e s u l t  o f  th e s e  s tu d ie s  show t h a t  a- 

c o m p le te ly  q u a n t i t a t i v e  ( i . e . > 9 9 .9 % )  e x t r a c t i o n  p ro c e d u re  

i s  n o t  p o s s ib le  a t  the  34 mg l e v e l .  The recommended 

y  p ro c e d u re  f o r  th e  e x t r a c t i o n  o f  g o ld  ( I l ^ ^ a s  thu s

d e v e lo p e d  fro jn  the  c u m u la t iv e  optimum c o n d i t i o n s  o f  a l l  

the  s t u d ie s .  T h i s ’ p ro c e d u re  i s  veTy a c c e p ta b le  f o r  

e x t r a c t i n g  g re a te r1 than  99.'9% o f  th e  g o l d ( I L I )  com plex

V.
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o f  4 -hep ta no n e  oxime i n t o  c h lo r o fo r m .  I t  s h o u ld  bo n o te d  

t h a t  s tu d ie s  o f  p a l la d iu m  (even though  th e ^  a re  n o t  

e x a c t l y  com parab le  c o n d i t i o n s )  i n d i c a t e  t h a t  b o th  p a l la d iu m  

( I I )  and g o ld  ( I I I )  w o u ld  be n e a r l y  q u a n t i t a t i v e l y  

e x t r a c t e d  unde r the  c o n d i t i o n s  f o r  the  recommended 

p ro c e d u re  f o r  g o ld  ( I I I ) .  *

In  a p r i v a t e  com m un ica t ion  ( 3 0 ) ,  Dunn d e s c r ib e d  

e x p e r im e n ts  w i t h  t r a c e  amounts o f  g o ld  ( I I I ) .  I t  became
I

e v id e n t  t h a t  a t  t h i s  l e v e l  the  e f f i c i e n c y  o f  e x t r a c t i o n  

d ropped  o f f  c o n s id e r a b ly .  These s tu d ie s  le a d  to  an 

e x p la n a t io n  o f  why a t r u l y  q u a n t i t a t i v e  p ro c e d u re  f o r  the  

e x t r a c t i o n  o f  g o ld  ( I I I )  a t  the  34 mg le v e l  i s  n o t  p o s s ib l e .

I . t  appears t h a t  h y d r o l y s i s  o f  th e  o x im e , even a t  t r a c e  

l e v e l s ,  y i e l d s  the  ke to n e  and h y d ro x y la m in e  h y d r o c h lo r i d e .

The h y d ro x y la m in e  h y d r o c h lo r id e  a c ts  as a re d u c in g  agen t 

and thus  a 1001 e x t r a c t i o n  becomes im p o s s ib le  as th e  g o ld  

may a p pea r as g o ld  ( I )  o r  even as e le m e n ta l  g o ld .  The 

reduced  a c i d i t y  (0 .1M ) as opposed to  the  1 . 0M c o n d i t i o n  

f o r j 5 a l l a d iu m .  may be the  reason  f o r  a s u b s t a n t i a l  in c re a s e  

i ;£ -ex  t r a c t i o n  f ro m  70% t o  g r e a t e r  than  99.0%.

A m a t e r ia l  b a la n c e  was made s tu d y in g  the  p e rc e n t  >

re c o v e ry  o f  a s e r ie s  o f  e x t r a c t i o n s  a c c o rd in g  to  the
v

recommended p ro c e d u re  o f  e x t r a c t i o n  f o r  g o ld  ( I I I ) .  The
*»

r e s u l t s  o f  t h i s  s tu d y  a re  sum m arized i n  T a b le  X I I I  and 

these  r e s u l t s  i n d i c a t e  t h a t  g r e a t e r  th a n  99.0% o f  th e  

g o ld  ( I I I )  i s  e x t r a c t e d .  The r e l i a b i l i t y  o f  , t he ' me thods  

used i n  th e  a n a ly s e s  o f  the  w a te r  and c h lo r o fo r m  la s e r s
’ of
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i s  good s in c e  the  p e r c e n t  re c o v e re d  i n  th e  mass b a la n ce  

w a s ’ a lm o s t  a lways 100%.
' i

In  o r d e r  to  u n d e rs ta n d  the  r e a c t i o n  o f  g o ld  ( I I I )  

w i t h  4 -hep ta n on e  o x im e , a t te m p ts  were made t o  i s o l a t e  

th e  com plex. The c o m p o s i t io n  o f  the  com plex c o u ld  n o t  

be d e te rm in e d  as a l l  a t te m p ts  to  i s o l a t e  th e  g o ld  com plex 

fro m  th e  w a te r  l a y e r  b e fo re  e x t r a c t i o n , o r  from  the 

c h lo r o fo r m  l a y e r  a f t e r  e x t r a c t i o n , f a i l e d  due to  decomp-
i  •

o s i t i o n  w i t h ’ d e p o s i t i o n  o f  e le m e n ta l  g o ld .

\ /

>
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CHAPTER IV  ,

SUMMARY AND CONCLUSIONS

A p ro c e d u re  i s  o u t l i n e d  f o r  th e  e x t r a c t i o n  o f  the  

g o ld  ( H I )  c h lo r i d e  com plex o f  4 -h ep tan o ne  oxime i n t o  

c h lo r o fo r m .  U s ing  th e  recommended p r o c e d u re ,  g r e a t e r  

th a n  99.0% o f  th e  g o ld  ( I I I )  ta ke n  a t the  34 mg p e r  100 

m l l e v e l  i s  e x t r a c t e d .  The e f f e c t s  due t o  h y d r o c h l o r i c  

a c id  c o n c e n t r a t io n ,  oxime c o n c e n t r a t io n  and m u l t i p l e  

e x t r a c t i o n  a re  d e s c r ib e d .  The e x t e n t  o f  i n t e r f e r e n c e  

o f  g o ld  ( I I I )  a c c o rd in g  t o  the  recommended p ro c e d u re  

f o r  p a l la d iu m  ( I I )  i s  a l s o  g iv e n .

A condensed v e r s io n  o f  t h i s  w ork  has been p u b l i s h e d

(5 6 ) .
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PART IV

THE CHLOROFORM EXTRACTION OF THE OTHER 

PLATINUM METALS AFTER REACTION 

J.U1H 4*-HEPT/\NQNE OXIME 
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CHAPTER I  

C' INTRODUCTION

I n  th e  p re v io u s  w o rk  p re s e n te d  i n  t h i s  d i s s e r t a t i o n ,  

a p ro c e d u re  was d e ve lo ped  t o  e f f e c t  th e  q u a n t i t a t i v e  

e x t r a c t i o n  i n t o  c h lo r o fo r m  o f  p a l la d iu m  ( I I )  f ro m  1.0M
j

h y d r o c h l o r i c  a c id  s o l u t i o n  as th e  4 -h e p ta n o n e  oxime

co m p lex . I t  was d is c o v e re d  t h a t  th e  base m e ta ls  i r o n  ( I I I ) ,

n i c k e l  ( I I ) ,  c o b a l t  ( I I ) ,  and c o p p e r - ( I l ) ^ w e r e  n o t

. s j ^ f n i f i c a n t . l y  e x t r a c te d  u n d e r  th e  same c o n d i t i o n s  a t  th e

m i l l i g r a m  l e v e l .  .S in c e  g o ld  i s  o f t e n  a s s o c ia te d  w i t h

p a l la d iu m ,  a s tu d y  was co n d u c te d  and i t  was shown t h a t  g o ld

. i n t e r f e r e s  s e v e r e ly  i n  th e  q u a n t i t a t i v e  p ro c e d u re  f o r

s e p a r a t in g  p a l la d iu m  ( I I ) .  B u t upon c h a n g in g ' t h e  c o n d i t i o n s

. o f  e x t r a c t i o n  i t  was a ls o  shown t h a t  g o ld  ( I I I )  c o u ld  be

e x t r a c te d  g r e a t e r  th a n  99.0% a t  th e  34 m i l l i g r a m  l e v e l .

I t  was t h e r e f o r e  p o s s ib le  to  s e p a ra te  b o th  p a l la d iu m

( q u a n t i t a t i v e l y )  and g o ld  (n e a r  q u a n t i t a t i v e l y )  from  a

s y n t h e t i c  sys tem  o f  each.

A s e p a r a t i o n a l  sys tem  f o r  p a l la d iu m  w o u ld  n o t  be |

.co m p le te  i f  a s tu d y  o f  th e  o th e r  p la t in u m  m e ta ls  w ere  n o t
*

i n c l u d e d . ’ The p r e s e n t  w o rk  c o n s t i t u t e s  an i n v e s t i g a t i o n  

o f  th e  e x te n t  o f - e x t r a c t i o n ,  o f  p i^ t i r f ih m  ( I V ) ,  p la t in u m  ( I I ) ,
*1 tr ’ ^

i r i d i u m  ( I V ) ,  i r i d i u m  ( I I I )  and r h o d iu n  ( I I I ) ,  a f t e r  

r e a c t i o n  w i t h  4 -h e p ta n o n e  o x im e , i n t o  c h lo r o fo r m  f o l l o w i n g

64
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th e  recommended p ro c e d u re  f o r  th e  q u a n t i t a t i v e  e x t r a c t i o n  

o f  p a l la d iu m  ( I I ) .

V
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CHAPTER I I  

EXPERIMENTAL 

A. APPARATUS AND MATERIALS

1) In s t ru m e n ts
a

S p e c t r o p h o to m e t r ic  measurements were made w i t h  a 

Beckman DB s p e c t ro p h o to m e te r  e q u ip p ed  w i t h  a S a rg e n t  

Model-SRL r e c o r d e r  and 1 .0 0  cm m atched s i l i c a  c e l l s .

A S a rg e n t  Model DR pH m e te r  was used f o r  a l l  pH 

m easurem ents .

2) M is c e l la n e o u s  Reagents 

The c h lo r o fo r m  and h y d r o c h lo r i c  ^acid were b o th

A . C ,S . g ra de .

3) C h l o r o p l a t i n i c  A c id  

The p u r i f i e d  c h l o r o p l a t i n i c  a c id  was o b ta in e d  from

Johnson  and Mathey Company.

4 )  Rhodium T r i c h l o r i d e  '

. The a n a ly z e d  rh o d iu m  t r i c h l o r i d e  t r i h y d r a t e  was

o b ta in e d  fro m  the  Mathey and B ish o p  Company.

5) P la t in u m  and I r i d i u m  C h lo r id e  

B o th  the  p la t in u m  d i c h l o r i d e  and c h l o r o i r i d i c  a c id

w ere  s u p p l ie d  by th e  A l f a  I n o r g a n ic  Company. <. —

6) 4 -H ep tanone  Oxime 

The re a g e n t  was p re p a re d  by r e a c t i o n  o f  4 -h e p ta no n e

w i t h  h y d ro x y la m in e  h y d r o c h lo r id e  as p r e v io u s l y  d e s c r ib e d  ( 2 7 ) .
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7) S ta n d a rd  P la t in u m  ( IV )  C h lo r id e  S o lu t io n

A^-stock s o lu tio n  was prepared by d is s o lv in g  8 .V~gm 

of c h lo ro p la t in ic  acid  in to  a sm all amount o f d is tiT I& d —■ 

w ater and' 82 ml concentrated  h y droch lo ric  ac id  added.

The s o l u t i o n  was th e n  d i l u t e d  to  1 l i t r e  w i t h  d i s t i l l e d  

^ d e i o n i z e d  w a te r .  The s o l u t i o n  was then  s ta n d a rd iz e d  

g r a v i m e t r i c a l l y  by the  sod/i urn fo rm a te  methafa o f  Beam ish , 

R u s s e l l ,  and Sea th  (40) ter g iv e  a s o lu t i o n  t h a t  con ta inS '& v  

32 .8  mg p la t in u m  ( IV )  p e r  10 m l a l i q u o t .

8 ) S ta n d a rd  Rhodium ( I I I )  C h lo r id e  S o lu t io n

A s to c k  s o l u t i o n  was p re p a re d  by d i s s o l v i n g  rh o d iu m  

t r i c h l o r i d e  t r i h y d r a t e  i n  d i s t i l l e d  w a te r  and C o n c e n t ra te d  

h y d r o c h l o r i c  a c id  added to  make the  s o l u t i o n  1.0M i n  

h y d r o c h l o r i c  a c id  when d i l u t e d - t o  1 l i t r e .  The s o lu t i o n  

was s ta n d a rd iz e d  g r a v i m e t r i c a l l y  by p r e c i p i t a t i o n  o f  the  

rh o d iu m  as the  s u lp h id e 1 jand  i g n i t i n g  to  th e  m e ta l  under 

a s tre a m  o f  h yd rogen  (5 7 ) .
I

9) S ta n d a rd  P la t in u m  ( I I )  C h lo r id e  S o lu t io n

A s to c k  s o l u t i o n  was p re p a re d  by d i s s o l v i n g  an 

a n a ly z e d  l o t  o f  p la t in u m  d i c h l o r i d e  and b o i l i n g  i t  i n

O  f 40 m l o f  c o n c e n t ra te d  h y d r o c h l o r i c  a c id  f o r  one h o u r .
} •>

The s o l u t i o n  was a l lo w e d  to  s e t t l e ,  d e ca n ted  and f i l t e :  

i n t o  a 1 l i t r e  f l a s k .  The re s id u e  was then  d is s o lv e d ,  

i n  a n o th e r  40 m l o f  c o n c e n t ra te d  h y d r o c h lo r i c  a c id  

b o i l i n g  i t  one o r  two h o u r s . The c o n te n ts  we< 

then  f i l t e r e d  i n t o  t h e 'V o lu m e t r i c  f l a s k  and d i l u t e d  to  

1 l i t r e  w i t h  d i s t i l l e d / d e i o n i z e d  w a te r .  The g r a v im e t r i c

* ' Ar
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s t a n d a r d i z a t i o n  by the  method o f  Beam ish , R u s s e l l  and 

Seath  (40) gave a \ t o c k  s o l u t i o n  w h ic h  c o n ta in e d  30 .5  mg 

o f  p la t in u m  ( I I )  p e r  10 m l a l iq u o t - .

10) S t a n d y d  I r i d i u m  ( IV )  C h lo r id e  S o lu t io n  .

j  A s to c k  s o l u t i o n  was p re p a re d  by d i s s o l v i n g  5 .00  gm

o f  c h l o r o i r i d r ^ f c c i d  i n  d i s t i l l e d  d e io n iz e d  w a te r .
i.

' A p p ro x im a te ly  5 7 m l o f  c o n c e n t ra te d  h y d r o c h l o r i c  a c id  

were added , the  s o lu t i o n  f i l t e r e d  i n t o  a v o lu m e t r i c  

f l a s k  and d i l u t e d ,  to  th e  700 ml mark w i t h  d i s t i l l e d  

d e io n iz e d  w a t e r .  The s o l u t i o n  was s ta n d a rd iz e d  g r a v i 

m e t r i c a l l y  by p r e c i p i t a t i n g  the  i r i d i u m  as th e  h y d ra te d  

o x id e  and fc{ien i g n i t i n g  the  o x id e  t o  i r i d i u m  m e ta l  under 

a s t re a m  o f  hyd rog e n  ( 5 7 ) .  Teh m l o f  th e  s to c k  s o lu t i o n  

c o n ta in e d  2 6 .3  mg o f  i r i d i u m  ( I V ) .

11) S ta n d a rd  I r i d i u m  ( I I I )  C h lo r id e  S o lu t io n

A s to c k  s o lu t i o n  was p re p a re d  by r e d u c t io n  o f  a
I %

khown v o lu m e -o f  the  s ta n d a rd  i r i d i u m  ( IV )  s to c k  s o lu t i o n  

w i t h  h y d ro x y la ra in e  h y d r o c h lo r i d e .  These s o lu t i o n s  had 

to  be f r e s h l y  p re p a re d  b e fo re  use t o  a v o id  any a i r  

o x id a t i o n  when i n  a h y d r o c h lo r i c  a c id  m ed ia .
/

<

I
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i 1

1D?JRES  ̂ r ~ ^ sB. PROCEDURES ^

1) E x t r a c t i o n  P roce du re  j
   • /

A 10 ml a l i q u o t  o f  one o f  the  s ta n d a rd  p la t in u m
A

m e ta l  s o lu t i o n s  was t r a n s f e r r e d  to  a 250 ml- g ra d u a te d  

s e p a r a to r y  f u n n e l  and s u f f i c i e n t  s ta n d a rd iz e d  c o n c e n t ra te d  

h y d r o c h l o r i c  a c id  added so  t h a t  on d i l u t i o n  t o  the  1 0 0  ml 

mark th e  s o lu t i o n  was' 1.0M i n  h y d r o c h l o r i c  a c id .  The 

e x t r a c t i o n  p ro c e d u re  o u t l i n e d  f o r  th e  q u a n t i t a t i v e  

e x t r a c t i o n  o f  p a l la d iu m  ( I I )  f ro m  a 1.0M h y d r o c h l o r i c  

a c id  s o l u t i o n  a f t e r  . r e a c t io n  w i t h  4 -hep ta n on e  oxime was 

f o l l o w e d .1 The p ro c e d u re  was re p e a te d  w i t h  10 m l a l i q u o t s
i

o f  each o f  the  s ta n d a rd  p la t in u m  m e ta l  s o lu t i o n s . - '

( 2) P ro ce du re  t.o D e te rm ine  4 c id  C o n c e n t ra t io n s  o f  the  
• * %

P la t in u m  M e ta l  S to ck  S o l u t i o n s ’ #
■ t  --------------------------------- -------------------------------------------------------- -----------------------------------------------------T ~ ^t|
t The h y d r o c h l o r i c  a c id  c o n c e n t ra t io n s  o f  th e  s ta n d a rd -

i z e ^ p l a t i n u m  ( I p l a t i n u m  ( I I ) ,  rhod ium  ( I I I )  and

i r i d i u m  ( IV )  s to c k  s o lu t i o n s  were d e te rm in e d  by w i th d ra w in g

a p p r o p r ia t e  a l i q u o t s ^ a d d i n g  1 gm o f  sod ium  c h lo r id e
¥ * *

..and t i t r a t i n g  to  a pH o f  5..00 w i t h  a s ta n d a rd  sod ium

h y d ro x id e  s o l u t i o n .  '

3) P u r i t y  S tu d ie s  o f  th e  P la t in u m  M e ta l  S to c k  S o lu t io n s  , 

~ A l l  p la t in u m  meat a l  s t o c k  s o lu t i o n s  were checked 

f o r  i m p u r i t i e s  o r  h y d ro ly z e d  p ro d u c ts  by v i s i b l e  s ^ e c t r o -  

p h o to m e t r ic  sca n s . The , r e s u l t a n t  s p e c t r a  were a n a ly z e d

.. r  -- ' • «  c

■' :■ \  ^  
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and compared t o  l i t e r a t u r e  v a lu e s  o f  shapes and e x t i n c t i o n  

c o e f f i c i e n t s  g iv e n  by Jo rgensen  [5 8 ,5 9 )  and d is c u s s io n s  

by B a l lh a u s e n  ( ^ )  '

4) P la t in u m  ( IV )  A n a ly s is  o f  th e .  C h lo ro fo rm  L a y e r

The com bined c h lo r o fo r m  e x t r a c t s  were c o l l e c t e d  

i n  a 250 ml b e a k e r  and e v a p o r a t e d ' t o  a sy ru p  on a steam 

b a th .  The s y ru p  was t r a n s f e r r e d  to  a p o r c e la in  e v a p o r -  

, a t i n g  d is h  and taken  t o  d ryn ess  /On a h o t  p l a t e .  The d is h  

was c o o le d  and 10 m l o f  1 :9  s u lp h u r i c  a c id  p lu s  15 m l 

o f  c o ld  h yd rbge n  p e ro x id e  were added and the  s o l u t i o n
it-

warmed g e n t l y  on a h o t  p l a t e .  The s o lu t i o n  was h e a te d  

to  fumes and s lo w ly  b ro u g h t  t o  d ry n e s s .  _ The re s id u e  

was i g n i t e d  i n  the  f u l l  f la m e  o f  a Meker b u rn e r  f o r  

e x a c t l y  f o u r  m in u te s .  T h is  was c o o le d  f o r  two m inu tes -  

and 2 ml o f  aqua r e g ia  a d d e d - c a u t io u s ly  t o  th e  h o t  

e v a p o r a t in g  d is h .  T h is  was b o i l e d  down t.o a p p ro x im a te ly  

0 .5  m l and th e n  t r a n s f e r r e d  to  a 5j) m l b e a k e r .  Concen

t r a t e d  h y d r o c h l o r i c  a c id  was added r e p e a te d ly  u n t i l  the 

s o lu t i o n  was f r e e  o f  the  o x id e s  o f  n i t r o g e n  u s in g  m o is te n e d  

p o t a s s iu m - io d id e - s t a r c h  im p re g n a te d  t e s t  p a p e r .  Ther * . . .

s o lu t io n s  were th e n  a n a ly s e d  s p e c t r o p h o t o m e t r i c a l l y  

w i t h  p - n i t r o s o d im e t h y l a n i ^ in e  a c c o rd in g  to  th e  method 

o f  K i r k la n d  and Yoe [6 1 )  • The r e s u l t s 1 a re  p re s e n te d  

i n  T a b l l  X IV . - “ ^  • ' . ' .

5) P la t in u m  ( I I )  A n a ly s is  o f  th e  W a te r  Layer 

A f t e r *  the  e x t r a c t i o n  p ro c e d u re  an a p p r o p r ia te

a l i q u o t  o f  the  r e s id u a l  w a te r  l a y e r  was t r a n s f e r r e d

' i
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t o  a 100 m l W eaker and t r e a t e d  w i t h  1 .5  gm o f  sodium
*  * ^

c h lo r a t e  and 4 m l o f  c o n c e n t ra te d  h y d r o c h l o r i c  a c id .

The s o lu t i o n s  were e v a p o ra te d  w i t h  re p e a te d  a d d i t i o n s  o f

^ c o n c e n tra te d  h y d r o c h l o r i c  a c id  u n t i l  the  p o t a s s iu m - io d id e -

s ta r c h  i n d i c a t o r  p a p e r  showed th e  absence o f  any o x id a n t .

The s o lu t io n s  w ere then  t r a n s f e r r e d  to  a 2 5 .0  ml v o lu m e t r i c

f l a s k ,  d i l u t e d  t o  the  mark and the  p la t in u m  d e te rm in e d

s p e c t r o p h o t o m e t r i c a l l y  a t  455^ nm. The absorbemce re a d in g s

were compared t o  th o s e  o b ta in e d  w i t h  s ta n d a rd  p la t in u m  ( IV )

s o lu t i o n s  t r e a t e d  i n  th e  same manner. The r e s u l t s  a re

p re s e n te d  i n  Ta b le  X I v Z ^

6 ) Rhodium ( I I I )  A n a ly s is  o f  the  C h lo ro fo rm  Laye r
i

The combined c h lo r o fo r m  e x t r a c t s  were e v a p o ra te d
1 / 

t o  a sy ru p  on the  steam  b a th  and th e  o rg a n ic  m a t te r  was

d e s t ro y e d  by c a r e f u l  d ig e s t i o n  w i t h  s u lp h u r i c  a 'c id ta n d

h yd rog en  p e r o x id e .  The rh o d iu m  c o n te n t  was d e te rm in e d

s p e c t r o p h o t o m e t r i c a l l y  w i t h  t i n  ( I I )  b rom ide  a c c o rd in g

.^jto the  p ro c e d u re  o f  Berman and I r o n s id e  ( 6 2 ) .  »The r e s u l t s

are summarized i n  T a b le  X IV .

7) I r i d i u m  ( IV )  A n a ly s is  o f  the  W a te r  L a y ? /

A f t e r  th e  e x t r a c t i o n  p ro c e d u re ,  an a p p r o p r ia t e  

a l i q u o t  o f  the  i^ a te r  l a y e r  was t r a n s f e r r e d  t o  a 1 0 0  ml 

b e a k e r . .  To t h i s  was added 0 .5  gm sod ium  c h lo r a te  as w e l l  

as 4,7ml o f  c o n c e n t ra te d  h y d r o c h l o r i d  q ^ i d .  The h y d r o 

c h l o r i c  a c id  tT ea tm e n t/w a s  re p e a te d  u n t i l  the  .s ,o lu t io n

S^ ' /’~ 'wak f r e e  o f  O x id a n t .  The m o is te n e d  p o ta s s iu m - io d id e -  ,
*  ^  \  

s t a r c h  im p re g n a te d  t e s t  p a p e r  was used f o r  th ife  t e s t .  To

the  hot- 'S 'cS tuti on was adde^i 2 . 2 S gm o f  sod ium  c h lo r id e
I

* • ■ ■ ■ ■ . ' •  ■ V

. i ;  ■ ■. .  ‘ ;
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i n  o rd e r  t o  s t a b i l i z e  th e  c h l o r o i r i d a t e  a n io n .  The 

s o l i * t i o n  was th e n  c o o le d ,  t r a n s f e r r e d  to  50 ml v o lu m e t r i c  

f l a s k s  and d i l u t e d  to  th e  ma»kj* The i r i d i u m  ( IV )  c o n te n t  

was th e n  d e te rm in e d  s p e c t r o p h o t o m e t r i c a l l y  a t  490 nm; 

th e  absorbance  re a d in g s  b e ii^g  compared to  those  o b ta in e d
9

w i t h  s ta n d a rd  i r i d i u m  ( IV )  s o lu t i o n s  t r e a t e d  i n  th e  •

same manner. The r e s u l t s  a re  summarized in  Tab le  X IV .

8 ) ’’ i r i d i u m  ( I I I )  A n a ly s is  o f  the  W ater Layer

A f t e r  the  e x t r a c t i o n  p ro c e d u re  an a p p r o p r ia t e

a l i q u o t  o f  th e  w a te r  l a y e r  was t r a n s f e r r e d  t o . a  1 0 0  m l

b e a k e r  and t r e a t e d  w i t h  c o n c e n t ra te d  h y d r o c h lo r i c  a c id

and sod ium  c h lo r a t e  as was done i n  the  I r  ( IV )  a n a l y s i s .

A f t e r  re p e a te d  e v a p o ra t io n s  w i t h  h y d r o c h l o r i c  a c id  the

i r i d i u m  c o n te n t  was d e te rm in e d  s p e c t ro p h o to m e tr ic a J L ly  ^

a t  490 nm. The absorbance re a d in g s  were then compared
>

to  tho se  o b ta in e d  w i t h  s ta n d a rd  i r i d i u m  (TV) s o lu t i o n s  

t h a t  had been t r e a t e d  i n  the  same m anner. The r e s u l t s  

a re  sum m arized i n  T a b le  X IV .

\ ‘i

v .  *  . ■ •
•  9 /

I ' .
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TABLE XIV

I  E x t r a c t i o n  i n t o  C h lo ro fo rm  a f t e r  R e a c t io n  w i t h  4 -H entanone  Oxime

M e t a l ' / •
...................................

Tahen \  
mg I

F o u h d , 
mg

Range, 
mg

1 $

9
Number o f  
De te r m in a t io n s

Average I. 
E x t r a c t i o n  ^

Pt. ( IV )

. . . . .  . .. 

.32. 8 . 0 .0 3 1 * * 0 .0 J 8  - 0 .044 1 0

1
0 .0 9

.

P t ( I I ) 30. 5 29.2  * • 28 .7  - 30 .5 16 4 .2 6  /

Rh ( I I I ) 28 .3
4

0 .0 0 9 * * 0 .0 0 7  - 0 .0 1 3 8 0 .0 3  \A ~ ~

I r  ( IV ) 26. 3 •26.1 * 25 .5  - 2 6 . 3 2 2 0 .76 j

I r  ( I I ’I ) ' 2 6 .3 26. 0  * 

/

25. 4 - 26( 3 

— 9 -----------------------------------------------

^  18 
C

1.15 

------:------- ---------------

* ave rage  mg fo u n d  i n  w a te r  l a y e r  

* *  average  mg f^ound i n  c h lo r o fo r m  la y e r
- . a jf 'S

*

{

$

t

A t

f
Au.



CHAPTER I I I

RESULTS AND DISCUSSION

I n  o rd e r  t h a t  the  p ro c e d u re  ' f o r  th e  q u a n t i t a t i v e  

e x t r a c t i o n  o f  p a l la d iu m  ( T l T o e  c o m p le te ,  i t  was n e ce ssa ry  

t o  i n i t i a t e  a s tu d y  t o  inV es . t ig s  t e t h e e x t e n t  t o  w h ich  

the  o th e r  p la t in u m  .m e ta ls  m ig h t  c o - e x t r a c t  u nde r th e  same 

c o n d i t i o n s .  I t  can be n o t^ d  a t  t h i s  p o i n t  t h a t  many 

s tu d ie s  o f  methods o f  s e p a r a t io n  o f  p a l la d iu m  ( I I ' )  t h a t

a r§  r e p o r te d  i n  th e  l i t e r a t u r e  do n o t  a t te m p t  th e 'S tu d y
)  * 

o f  the  a s s o c ia te d  base m e ta ls  o r  th e  re m a in in g  p la t in u m

m e ta ls .  I t  i s  t r u e  t ^ a t  each a n a ly s t  s h o u ld  t r y  the  9 ?

^ re p o r te d  methods as a p p l ie d  s p e c i f i c a l l y  to  h is  own 

Cj " m a t r i x  b u t  a g r e a t  d e a l  o f  w ork  c o u ld  be a v o id e d  i f  the

o r i g i n a l  a u th o rs  Qaemld g iv e  some i n d i c a t i o n  o f  i n t e r f e r i n g

s u b s ta n ce s  i n  a g iv e n  p ro c e d u re .  I t  i s  a ls o  t r u e ,
V —

t h a t  one ca n no t s tu d y  e v e ry  p o s s ib le  s u b s ta n c e  t h a t  may

be e n c o u n te re d ,  s1otIri t  i s  th e  pu rpo se  o f  P a r t  IV  o f  t h i s  

d i s s e r t a t i o n  to  g iv e  s o m k ^ J J ^ lg h t  i n t o  th e  r e l a t i v e  

e x t e n t  o f  c o - e x t r a c t i o n  o f  th e  o th e r  p la t in u m  mettals 

( p la t in u m ,  i r i d i u m  apd rh o d iu m ) t h a t ^ m i^ h t  be p r e s e n t  

i n  a g iv e n  sys tem  w i t h  p a l la d iu m  ( I I ) .

I t  s h o u ld  be n o te d  f V r s t . o f  a l l  ,t h a t  osmium and

ru th e n iu m  were .n o t  s t u d ie d  as th e y  a re , a lm o s t  a lw ays
\  ■>r e a d i l y  s e p a ra te d  by e f f i c i e n t  d i s t i l l a t i o n  s te p s  p r i o r

>
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t o  arty a n a ly s is  o f  the  o th e r  f o V  p la t in u m  m e ta ls .

$  The r e s u l t s  o f  t h i s  s tu d y  are  sum m arized i n  T a b le - 

X IV .  I n  th e  cases o f  p la t in u m  Cl v f  and rho 'dium ( I I I )  

th e  a n a ly s e s  were p e r fo rm e d  on the  ch lo ro fg ^ rm  la y e r s

posed  to  the  cases o f  i r i d i u m  ( I V ) ,  p la t in u m  ( I I )  and 

i r i d i u m  ( I I I )  i n  w h ic h  th e  a n a lyse s  were p e r fo rm e d  on

e aqueoqs ph ase s . The r e s u l t s - i n d i c a t e  t h a t  p la t in u m  ( IV )

does n o t  c o n s t i t u t e  an i n t e r f e r e n c e  s in c e  le s s - ’vthan 0 . 1 %
V

o f  th e  p la t in u m  ta ke n  a t  the  33 mg l e v e l  was e x t r a c t e d  
•' . \ * 

u n d e r  the  c o n d i t io n s  g iven*. The p - n i t r o s o  dime th y  Ian  i  l i n e

was chosen as i t  was v e ry  s e n s i t i v e  and v e ry  a p p l i c a b le  

to  the  amounts t h a t  were p r e s e n t . ' i n  the  c h lo r o fo r m  l a y e r .

X  p ,u re ly  w e t d ig e s t i o n  p ro c e d u re  f a i l e d  to  d e s t ro y  th e  

com plex t h a t  was fo rm ed  and e x t r a c t e d  i n t o  th e  c h lo r o fo r m ,  

An i g n i t i o n  s te p  a l l e v i a t e d  t h i s  p ro b le m  b u t  in t r o d u c e d  

a n o th e r .  When u s in g  p o r c e l a i n  c r u c ib l e s ,  i i g n L t i o n  a t  

te m p e ra tu re s  w h ic h  were r e q u i r e d  t o  decompose the  o r g a n ic  

m a t t e r ,  caused t r a c e s  o f  p la t in u m  ( IV )  to  be' adso rb ed

i n t o  th e  u n p o l is h e d  f i n i s h  o f  the  c r u c i b l e  f t . l l  a t te m p ts

t o  r e c o v e r  the  adsorb ed  ( o r  baked  ̂ p l a t i n u m  were u n s u c c e s s 

f u l ,  even a b o i l i n g  aqua r e g ia  t r e a tm e n t  ( f o r  d a y s ) .

T h is  was a l l e v i a t e d  by u s in g  p o r c e la in  e v a p o r a t in g  d ish e s  

t h a t  were h i g h l y  p o l i s h e d .  The s te p  i n  th e  p ro c e d u re

g iv e n ,  i . e .  to  h e a t  u n d e r  th e  f u l l  h e a t  o f  a meker
'■ ' * 

b u r n e r  f o r  e x a c t l y  f o u r  m in u te s  g a v e . m e t a l l i c  p la t in u m

t h a t  was r e a d i l y  re c o v e re d  w i t h  2 m l o f  b o i l i n g  aqua r e g ia .  
T

T h is  p ro b le m  c o u ld  n o t  have been s o lv e d  by m e re ly  d i g e s t i n g
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th e  p la t in u m  s o lu t i o n  to  a s m a l l  vo lume o f  fu m in g  s u lp h u r i c

a c id  s in c e  Jhe s p e c t r o p h o to m e t r ic  p ro c e d u re  to  f o l l o w  
/  9 ■&
s s e n s i t i v e  to  s u lp h a te  a t  l e v e ls  g r e a t e r  than  300 ppm.

 ̂ In  the  p la t in u m  ( I I )  s tu d y  i t  was fo u n d  t h a t  p la t in u m  

( I I )  c o n s t i t u t e d  a m a jo r  i n t e r f e r e n c e  i n  th e  q u a n t i t a t i v e  

p ro c e d u re ,  f o r  e x t r a c t i o n  o f  p a l la d iu m  ( I I ) .  A n a lyse s

3  ̂ .w e re  p e r fo rm e d  on the  w a te r  l a y e r  and good r e s u l t s  c o u ld
\

Be o b ta in e d ^ b y  o x i d i  z in g L . p la t i n u m . ( I I ) c fo  p la t in u m ( I V )  

and co m par ing  absorbances a t  455 nm t t rx lT b s e  o b ta in e d  

by s ta n d a rd  p la t in u m  ( IV )  s o lu t i o n s  c o n ta in in g  e q u a l 

amounts as th o se  ta ke n  i n  th e  e x t r a c t i o n  p ro c e d u re .  The

r e s u l t s  were l i m i t e d  i n  a c c u ra c y  t o  t h a t  o f  the  s p e c t r o -
V '

p h o to m e te r ,  b u t  these  were s u f f i c i e n t > i n  i n d i c a t i n g  the
T

degree o f  i n t e r f e r e n c e  t h a t  p la t in u m  ( I I )  m ig h t  p r e s e n t .

Rhodium ( I I I )  p r o v id e d  a sys tem  th ^ t^ w a s^ *s im p le  

and c o u ld  be a n a ly z e d  q u i t e  e a s i l y  s p e c t r o p h o t o m e t r i c a l l y  

• w i t h  th e  t i n  (KL) b ro m ide  com p lex . The r e s u l t s  show t h a t  

rho d ium  ( I I I )  .does n o t  c o n s t i t u t e  an i n t e r f e r e n c e  a c c o rd in g
\  I

t o  the  recommended p ro c e d u re  f o r  p a l la d iu m  ( I I ) .

The r e s u l t s  f o r  the  i r i d i u m  a n a ly s e s  show t h a t  b o th  

i r i d i u m  ( I I I )  and i r i d i u m  ( IV )  c o n s t i t u t e ,  m in o r  i n t e r f e r 

ences to  th e  recommended p ro c e d u re  f o r  p a l la d iu m  ( I I ) .

The a n a ly s e s  o f  i r i d i u m  ( IV )  and i r i d i u m (  (111\) were done 

i d e n t i c a l l y  by com paring  th e  v i s i b l e  s p e c t r a  o f  the  

unknown e x t r a c t e d  s o lu t i o n s  t o  known q u a n t i t i e s  t h a t  were

t r e a t e d  in  a . k i m i l a r  manner. The lo w e r  o x id a t i o n  s t a t e  ( * 3 )  

o f  i r i d i u m  c o u ld  be q u a n t i t a t i v e l y  c o n v e r te d  t o  the  h ig h e r
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£ + 4 ) ^ , t a t e  by t r e a tm e n t  w i t h  h y d r o c h l o r i c  a c id  and s^dTum 

c h lo r a t e .

The i n t e r f e r e n c e s  fro m  i r i d i u m  ( I I I )  and p la t in u m  ( I J )

t h e r e f o r e  can be overcome b e fo re  e x t r a c t i o n  by o x id a t i o n

to  the  h ig h e r  o x id a t i o n  s t a t e .  I n  most a p p l i c a t i o n s

a d ig e s t i o n  p ro c e d u re  i n v o l v i n g  aq u fty jreg ia  w o u ld  { jd n is e d

thus  r e s u l t i n g  w i t h  the  p la t in u m  m e ta ls  b e in g  i n  [ t h e i r

h ig h e s t  o x id a t i o n  s t a t e  t h a t  i s  s t a b le  i n  s o l u t i o n :

In  the  case o f  the  4 .26  p e r c e n t  e x t r a c t i o n  <jf p la t in u m  
*

( I I )  a t  the  30 mg l e v e l ,  a p r e l i m in a r y  i n v e s t i g a t i o n  

i n d i c a t e s  t h a t  p la t in u m  ( I I )  may be q u a n t i t a t i v e l y  . 

e x t r a c t e d  a f t e r  r e a c t i o n  w i t h /4 - h e p ta n o n e  oxime i n t o  

c h lo r o fo r m  by re d u c in g  th e  c h lo r i d e  io n  c w K ^ e n t ra t io n  

and a l lo w in g  a lo n g e r  s ta n d in g  t im e  b e fo re  e x t r a c t i o n  (6 3 ) .
i

The v i s i b l e  s p e c t r o p h o to m e t r ic  s tu d ie s  on the  p u r i t y

o f  the  p la t in u m  m e ta l  s to c k  s o lu t i o n s  p r o v id e d  a v e ry

*  . Wu s e f u l  method o f  c h e c k in g  h y d r o l y s i s  o r  any, o x id a t i o n

t h a t  m a ^4rave o c c u r re d  w h i le  the  s t o c i T \ o l u t i o n s  were 

s t a n d i n g  T h is  was e s p e c i a l l y  h e l p f u r  i n  the  m o n i t o r in g  

o f  the  i r i d i u m  ( I I I )  s o l u t i o n  v ^ i c h  was p re p a re d  by . 

r e d u c t i o n  o f  th e  s to c k  i r i d i u m  ( IV )  s o l u t i o n .

' The c o n c e n t ra t io n s  o f  ' h y d r o c h lo r i c  a c id  i n  the  

s to c k  s " o i i i t io n s  were s u c c e s s f u l l y  d e te rm in e d  by t i t r a t i o n  

o f  th e  a c id  s o lu t i o n s  a g a in s t  a s ta n d a rd  sod ium  h y d ro x id e  

p s o l u t i o n .
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CHAPTER IV  

SUMMARY‘ jAND CONCLUSIONS

A s tu d y  o f  th e  c h lo r o fo r m  extraesfeion o f  th e  p la t in u m  

C IV ), rh o d ium  ( I I I ) ,  i r i d i u m  ( I V ) ,  i r i d i u m  ( I I I )  and 

p la t in u m  ( I I )  c h lo r i d e s  a f t e r  r e a c t i o n  w i t h  4 -h ep ta n o n e
I

oxime i i i  1.0M h y d r o c h l o r i c  a c id  s o l u t i o n  i n d i c a t e s  t h a t  

p la t in u m  ( I I )  c o n s t i t u t e s  ‘a m a jo f  i n t e r f e r e n c e  i n  th e
4 i •

q u a n t i t a t i v e  e x t r a c t i o n  o f  th e  p a l la d iu m  ( I I )  c h l o r i d e - 4 -  

hep tanone  oxime com p le ^ . T race  amounts o f  p la t in u m  ( IV )

and rho d ium  ( I I I )  a re  e x t r a c t e d .  I r i d i u m  ( IV )  and i r i d i u m
i '

( I I I )  c o n s t i t u t e  a m in o r  i n t e r f e r e n c e .

A cond&ased v e r s io n  o f  t h i s  w ork  i s  i n  p r e s s .

r '
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PART V
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CHAPTER I

j  INTRODUCTION

In '  th e  p re v io u s  s e c t io n  ( P a r t  I V ) ,  i t , w a s  d is c o v e re d  

t h a t  the  n o b le  m e ta ls  p la t in u m  ( I V ) ,  i r i d i u m  ( I V ) ,  and 

rhod ium  ( I I I )  c o n s t i t u t e d  a t  th e  m o s t ,  a m in o r  i n t e r f e r e n c e  

t o  th e  recommended p ro c e d u re  f o r  th e  q u a n t i t a t i v e  ■ e x t r a c t i o n  

o f  p a l la d iu m  ( I I ) , .  The s m a l l  amount t h a t  p la t in u m  ( IV )  

was e x t r a c t e d  i s  t o  some e x t e n t  q u i t e  s u r p r i s i n g !  A 

la rg e  p e rc e n t  o f  the  s o ly e n t  e x t r a c t i o n  methods o f  s e p a r a t io n
f

in c lu d e  p la t in u m  as an i n t e r f e r e n c e .  ^ In ^so m e  o f  the  

methods th o u g h , b o th  p a l la d iu m  and p la t in u m  w i l l  be 

s e p a ra te d  c o m p le te ly  and s im u l t a n e o u s ly . T h is  th en  w o u ld  

le a d  to  a p ro b le m  o f  s e p a r a t in g  th e  p a l la d iu m  fro m  the  

p la t in u m .

The most g e n e r a l l y  u s e f u l  method f o r  s e p a r a t in g  

p a l la d iu m  from  p la t in u m  was d es .c r ib e d  by Z i e g le r  and 

B u ch o lz  ■ (2 2 ) .  T h is  method a l lo w s  f o r  s e p a r a t io n  fro m  

1 0 0 0 - f o l d  q u a n t i t i e s  o f  p la t in u m  w i t h  a la r g e  excess o f  

i r o n ,  c o b a l t ,  n i c k e l ,  copper and chrom ium . P a l la d iu m  i s  

e x t r a c t e d  from  pH 1 -4  i n  h y d r o c h l o r i c  a c id  s o lu t i o n s  by 

p h e n y la c e ty le n e  o r  i s o p r o p e n y la c e ty le n e  i n t o  d i c h l o r o -  

methane as (R C =C ).,.  Pd. The m a jo r  s t i p u l a t i o n  i s - t h a t  th e» A L

1 0 0 0 - f o l d  r a t i o  o f  s e p a r a t io n  i s  t r u e  o n ly  f o r  s o l u t i o n s '
(

c o n ta in in g  le s s  th a n  tw e n ty  mg o f  p la t in u m .  T h is  p ro c e d u re

80 - ’
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i s  p r o b a b ly  th e  most f a v o u r a b le  p u M is h e d  i n  th e  l i t e r a t u r e

to  d a te .  • ^

R e in e c k e ’ s s A l t  was used to  s e p a ra te  p a l la d iu m  from

g o ld  and .p la t in u m  w i t h  re a s o n a b le  a ccu ra cy  when p r e s e n t  

i n  e q u a l  am ounts.

E g l i  (64) used 2 - c h lo r o p y r id i n e  t o  s e p a ra te  and
■’ \

d e te r m in e - p a l la d iu m  and p la t in u m .  The te c h n iq u e  has the
'  \

drawback th a t ,  th e  e x t r a c t i o n  must be a p p l ie d  w i t h  e x a c t

p r e c i s i o n .  V a r ia t i o n s  i n  t im e ,  a f t e r  th e  a d d i i i o n  o f  the

 ̂ c h lo r o p y r id i n e  w i l l  a l t e r  th e  d i s t r i b u t i o n  o f  th e  p la t in u m

i n  th e  two phases because o f  th e  d i s s o c i a t i o n  o f  th e

p la t i n u m - c h l o r o p y r i d in e  com plex.

L y s to v a  (65) used th io o x im e  ( 8 - q u i n o l i n e t h i o l )  to

s e p a ra te  p a l la d iu m  and p la t in u m  u s in g  a mas’k in g  p ro c e d u re

w h ic h  i n v o l v e d  t h i o u r e a ;  J ' >

Mezharaups e t a l .  (6 6 ,6 7 )  used t h io o x im a te  i n  a s o lu t i o n
*

o f  b o th  p la t in u m  and p a l l a d iu m ,  t o  s e p a ra te  and d e te rm in e  

each . The method i s  a p p l i c a b le  to  samples c o n t a in in g  

2 0 -200  / ig  o f  p la t in u m  and 2 0 -150  ;ug o f  p a l l a d iu m ,  b u t  the  

^  sum o f  th e  m e ta ls  must be le s s  1:han 2 0 0  / i g .

M iyam oto  ( 6 8 ) s e p a ra te d  p la t in u m  and p a l l a d iu m  fro m
t  •

h ig h  p u r i t y  go l-d : A i / t e r  a d d in g  hyd rog en  b ro m id e  the

g o ld  was e x t r a c t e d  w i t h  i s o p r o p y l  e t h e r .  The p a l la d iu m  

was th e n  s e p a ra te d  as th e  d im e th y lg ly o x im a te  i n  c h lo r o fo r m .  

F i n a l l y  the  t r a c e  p la t in u m  was s e p a ra te d  by e x t r a c t i o n  

w i t h  d i t h i z o n e  iA to .  ca rbon  t e t r a c h l o r i d e  and th e n  d e t e r 

m ined w i t h  t i n  ( I I )  d f l o r i d e .  /  •

/ ■'
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I n  d e te r m in in g  p la t in u m  and p a l la d iu m  in  ro c j

the c o n v e n t io n a l  method o f  t e l l u r i u m  p r e c i p i t a t i o n  was

used by G r im a ld i  a nd  Schnepfe  ( 6 9 ) ,  The p a l la d iu m

e v e n t u a l l y  s e p a ra te d  by th e  s e le c t i v e  e x t r a c t i o n  o/

p 'a l- lad ium  as th e  - f u r i l d i  oxime i n  c h lo r o f o n n < ^ r h e  **

p la t in u m  a g a in  i s  d e te rm in e d  by t h ^ ^ t i n  ( I I )  c h lo r i d e

p ro c e d u re .  The r e c o v e r y - o f  94y o f  th e  two m e ta ls  leave s  
*

s o m e th in g  t o  be d e s i r e d .
r

The pu rpo se  o f  the  p r e s e n t  w ork  i s  to  t e s t  the  e f f i c  

ie n c y  o f  s e p a r a t io n  o f  t r a c e  amounts o f  p a l la d iu m  ( I I )  ‘ 

f ro m  mg amounts o f  p la t in u m  i*j> h y d r o c h l o r i c  a c id ,  as w l l
(j ^

as fro m  mg amounts o f  p la t in u m  c o n ta in in g ,  m ic rog ram  

amounts o f  rho d ium  ( I I I )  and i r i d i u m  ( I V ) .

V

■I
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CHAPTER I I  

EXPERIMENTAL 

'A. APPARATUS AND MATERIALS

1) In s t ru m e n ts
—  ■ —. . .  ■ . ,

S p e c t r o p h o to m e t r ic  measurements were  made w i t h  a 

Beckmah DB s p e c t ro p h o to m e te r  e q u ip p e d  w i t h  a S a rg e n t  

M odel-SRL r e c o r d e r  and 1 .0 0  cm matched s i l i c a  c e l l s .

A S a rg e n t  Mo d e l-D R  pH m e te r  was used f o r  a l l  pH measure-
' t

m e n ts . , ^  %

2 ) “M is c e l la n e o u s  Reagents

The c h lo r o fo r m ,  h y d r o c h l o r i c  a c id ,  h y d ro x y  la m in e  

h y d r o c h lo r i d e  and sod ium  c h lo r a t e  w e re ^ A .C .S . g ra d e .

.3) .4-Heptan'one Oximd~

The - re a g e n t  i s  p re p a re d  by th e  r e a c t i o n  o f  h y d ro x y  

la m in e  h y d r o c h lo r id e  w i t h  4 -h ep ta n on e  as p r e v io u s l y  

d e s c r ib e d  ( 2 7 ) .  The r e a g e i i t  was s t a b le  f o r  a t  l e a s t  

one y e a r .

4) Rhodium T r i c h l o r i d e  T r i h y d r k t e
‘ t ♦

The rh o d iu m  t r i c h l o r i d e  t r i h y d r a t e  was o b ta in e d

f ro m  an a n a ly z e d  l o t  f ro m  Mathey and B ish o p  Company.
  -( ' % ;

5 )  C h l o r o i r i d i c  A c id  " ' .

The c h l o r o i r i d i c  a c id  was p acked  u n d e r  a rg on  and 

was o b ta in e d  f ro m  A l f a  I n o r g a n ic  Company.

6 ) P la t in u m  Sponge

83
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The p la t in u m  sponge o b ta in e d  f ro m  Johnson M athey

«WT* • ►

Company was u lt ra p V a re . .The s p e c t r o g r a p h ic  a n a ly s is  ■*

• o f  t h i s  sponge was a ls o  o b ta in e d .

7) ^P allad ium  C hloride

P u r i f i e d  anhydrous p a l la d iu m  c h lo r i d e  was o b ta in e d '
•  *

f rom  F is h e r  S c i e n t i f i c  Company.

8 ) S ta n d a rd  Rhodium ( I I I )  C h lo r id e  S o lu t io n

A s to c k  s o lu t i o n  was p re p a re d  by  d i s s o l v i n g  rh o d iu m

t r i c h l o r i d e  t r i h y d x a t e  i n  h y d r o c h l o r i c  a c id  and d i l u t i n g

t o . 1 l i t r e  w i t h  d i s t i l l e d ,  d e io n iz e d  w a te r .  The s o l u t i o n  

.was s ta n d a r d iz e d  g r a v i m e t r i c a l l y  by p r e c i p i t a t i o n  o f  the  

rhod ium  as th e  s u lp h id e  and i g n i t i n g  t h i s  to  th e  m e ta l  

u n de r a s t re a m  o f  h yd roge n  (5 7 ) .

9) S ta n d a rd  I r i d i u m  ( IV )  C h lo r id e  S o lu t io n

A s to c k  s o l u t i o n  was p re p a re d  by d i s s o l v i n g  c h l o r o 

i r i d i c  a c id  i n  h y d r p c h l o r i c  a c id  and d i l u t i n g  to  a p p ro x 

im a t e ly  700 m l w i t h  d i s t i l l e d ,  d e io n iz e d  w a t e r .  The s o lu t i o n  

was s ta n d a r d iz e d  g r a v i m e t r i c a l l y  by p r e c i p i t a t i n g  th e

i r i d i u m  as, th e  h y d r a te d  o x id e  and i g n i t i n g  t o  th e  m e ta l
c

un d e r  a s t re a m  o f  h yd ro g e n  (5 7 ) .
w *

10) S ta n d a rd  P a l la d iu m  ( I I )  C h lo r id e  S o lu t io n

A s to c k  s o l u t i o n  was p re p a re d  by  d i s s o l v i n g  anhydrous 

p a l la d iv f lh  ( I I )  c h lo r i d e  i n  h o t  c o n c e n t ra te d  h y d r o c h l o r i c  „ 

a c id  and d i l u t i n g  t o  1  l i t r e  w i t h  d i s t i l l e d ,  d e io n iz e d  

w a te r .  The s o lu t i o n  was s ta n d a r d iz e d  g r a v i m e t r i c a l l y  

w i t h  d i - 2 - p y r i d y l  k e to x im e  (2 8 ) .

11) S ta n d a rd  P la t in u m  ( IV )  C h lo r id e  S o lu t io n

t

*
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A s to c k  s o l u t i o n  was p re p a re d  by d i s s o l v i n g  an
e - a

a c c u r a t e l y  w e ig h ed  amount o f  the  u l t r a  p u re  p la t in u m  

sponge i n  aqua r e g ia ,  e v a p o r a t in g  r e p e a te d ly  w i t h  h y d r o 

c h l o r i c  5 c i d  and d i l u t i n g  to  an e x a c t  volume w i t h  d i s t i l l e d  

d e io n iz e d  w a te r .

A p p r o p r ia te  d i l u t e d  s to c k  s o lu t i o n s  were made fro m  

the  above s ta n d a rd  s=tock ^ s o lu t i o n s .

1
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■ V  ’ ’
*

V

B . PROCEDURES

1) E x t r a c t i o n  P ro ce d u re

An a l i q u o t  o f  th e  s ta n d a rd  p a l la d iu m  ( I I )  c h lo r i d e  

s o l u t i o n  c o n ta in in g  50 / ig  o f  p a l la d iu m  was t r a n s f e r r e d  

to  a Z50 m l g ra d u a te d  s e p a r a to r y  fu n n e l  and s u f f i c i e n t  

s ta n d a rd iz e d  h y d r o c h l o r i c  a c id  added £ o , t h a t  on d i l u t i o n  to  

th e  100 ml mark th.e s o l u t i o n  was 1.0M i n  h y d r o c h l o r i c  

a c id .  The e x t r a c t i o n  p ro c e d u re  o u t l i n e d  f o r  th e  q u a n t i t 

a t i v e  e x t r a c t i o n  o f  p a l la d iu m  ( I I )  f ro m  a 1.0M h y d r o c h lo i * ic  

a c id  s o l u t i o n  a f t e r  r e a c t i o n  w i t h  4 -h e p ta n o n e  oxime was

f o l lo w e d .  The p ro c e d u re  was re p e a te d  w i t h  added1 Jbnown
# \

amounts o f  p la t in u m  ( I V ) ,  rh o d iu m  ( I I I )  and i r i d i u m  ( I V ) .

2) . P a l la d iu m  A n a ly s is  o f  th e  C h lo ro fo rm  E x t r a c t

The combined c h lo r o fo r m  e x t r a c t s  w ere  e v a p o ra te d  

t o  d ryness  on th e  s team  b a th .  The r e s id u a l  o rg a n ic  

m a tte r*w a s  d e s t ro y e d  by  t r e a tm e n t  w i t h  0 .5  gm o f  sod ium  

c h lo r a t e  and 4 ml o f  c o n c e n t ra te d  h y d r o c h l o r i c  a c id .

The s o lu t i o n s  were  e v a p o ra te d  w i t h  re p e a te d  a d d i t i o n s ,  

o f  c o n c e n t ra te d  h y d r o c h l o r i c  a c id  u n t i l  th e  p o ta s s iu m -  

i o d i d e - s t a r c h  i n d i c a t o r  p a p e r  showed th e  abs-ence o f  any 

' o x id a n t .  The p a l l a d iu m  c o n te n t  was th e n  d e te rm in e d  

s p e c t r o p h o t o m e t r i c a l l y  w i t h  d i - 2 - p y r i d y l  k e to x im e  (32)/.

The r e s u l t s  a re  sum m arized  i n  T a b le  XV.

3) D e te rm in a t io n  o f  A c id  C o n c e n t ra t io n s  o f  S tock  S o lu t io n s
*»
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The h y d r o c h l o r i c  a c id  c o n c e n t ra t io n s  o f  th e  p la t in u m

( I V ) ,  rh o d iu m  ( I I I )  . i r i d i u m  ( IV )  and .p a l la d iu m  ( I I )  s to c k  

s o lu t i o n s  w ere  d e te rm in e d  b y  w i  th d ra w in g  a p p r o p r ia t e  

a l i q u o t s  t a d d in g  1  gm o f  sod ium  c h lo r i d e  and t i t r a t i n g  

w i t h  a s ta n d a rd  sod ium  h y d ro x id e  s o l u t i o n  to  a pH o f  5 .0 0 .

II
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% R e c o v e ry .o f  P a l la d iu m  ( I I )  a f t e r  R e a c t io n  w i t h  4 -Hep ta n  one Oxime and E x t r a c t i o n

■O
CD

i n t o
t

C h lo ro  fo rm ; To t a l  Volume o f  Oxime, 0 .4 in i ( 2  x 0 . 2 ) •

\
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ta k e n

Average 
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*
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CHAPTER I I I

RESULTS AND' DISCUSSION

.The r e s u l t s  o f  p re v io u s  w o rk  d e s c r ib e d  i n  t h i s

d i s s e r t a t i o n  have shown t h a t  p a l la d iu m  ( I I )  c o u ld  be

s e p a ra te d  f ro m  h y d r o c h l o r i c  a c id  s o lu t i o n s  b o th  a t  the

45 mg and 18 mg l e v e l /  I t  has been Shown i n  T a b le  XV
*

t h a t  p a l la d iu m  ( IT )  can  a ls o  be s e p a ra te d  a t  l e v e l s  

down t o  100 and even 50 jug f ro m  a h y d r o c h lo r i c  a c id  

s o l u t i o n .  • '  , ’

The somewhat s u r p r i s i n g  e v id e n c e  t h a t  was d is c o v e re d
4

i n  P a r t  IV  showed t h a t  p la t in u m  ( IV )  d id  n o t  i n t e r f e r e  

g r e a t l y  i n ’ th e  s e p a r a t io n  p ro c e d u re  f o r  p a l la d iu m  ( I I ) .

Ta b le  XV showed t h a t  when 50 jug o f  p a l la d iu m  a re  e x t r a c te d  

i n  the  p re s e n c e  o f  50 mg ( 1 0 0 0 - f o l d ' q u a n t i t i e s . )  o f  

p la t in u m  ( IV )  a, s u c c e s s fu l  s e p a r a t io n  i s  a c h ie v e d  ( i ; 6 : 101%) 

. w i t h  a s ta n d a rd  d e v ia t i o n  o f  o n ly  1 .1  jug . T h is  a ls o  was 

th e  case i n  an i d e n t i c a l  e x t r a c t i o n  o f  1 0 0 0 - f o l d  q u a n t i t i e s  

o f  p la t in u m  ( IV )  when rh o d iu m  ( I I I )  and i r i d i u m  ( IV )  

w ere  p r e s e n t  i n  q u a n t i t i e s  r o u g h ly  e q u a l  t o  t h a t  o f  * 

p a l la d iu m  ( I I ) .  .T h is  same sys tem  c o n t a in in g  50 jug o f  > 

p a l la d iu m  ( I I ) r h o d i u m  ( I I I )  and i r i d i u m  ( IV )  was

s tu d ie d  w h i l e  i n c r e a s in g  th e  p la t in u m  ( IV )  t o  1 0 , 0 0 0 - f o ld .
'  . *

The r e c o v e ry  was v e r y  good s in c e  99.8% o f  th e  p a l la d iu m  ( I I )  

ta ke n  was re c o v e re d  w i t h  a s ta n d a rd  d e v ia t i o n  o f  0 .2 6  jug.

The b e s t  p ro c e d u re  y e t  r e p o r t e d  f o r  th e  same system
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was t h a t  by Z ia g le r  and B u c h o lz  (22 )  i n  1965. They • 

s t a t e  t h a t  th e  s e p a r a t io n  o f  p a l la d iu m  fro m  1 0 0 0 - fo ld  

q u a n t i t i e s  o f  p la t in u m  can be a c h ie v e d  u s in g  a c e ty le n e

d e r i v a t i v e s .  S e p a ra t io n s  a re  made f ro m  a pH ran ge  o f  

1 -4 .  T h is  may w e l l  le a d  t o  t r a c e  a m o u n ts .o f  h y d r o l y s i s .  

I n  t h i s  re 's p e c t  th e  p r e s e n t  method i s  s u p e r i o r .  Z e ig le r

i s  20 jug p a l la d iu m  and 2.0 mg p la t in u m .  The p r e s e n t

as 5 00 mg o f  p la t in u m  were s tu d ie d  i n  th e  p re s e n c e  o f  

50 jug o f  p a l la d iu m .  ^ •

I t  i s  t h i s  a u t h o r ' s  o p in io n  t h a t  t h i s  m ethod c o u ld  

q u i t e  c o n c e iv a b ly  be j u s t  as e f f e c t i v e  a t  th e  1 0 0 ,000- 

f o l d  l e v e l  o f  p la t in u m  w i t h  no a p p r e c ia b le  lo s s e s  i n  

r e c o v e r y .  ’ - -

The s tu d y  o f  p a l la d iu m  f ro m  1 0 ,0 0 0 - f o l d  q u a n t i t i e s  

o f  p la t in u m  can be th o u g h t  o f  i n  a d i f f e r e n t  m anner.

F o r  an a p p l i c a t i o n  ty p e  s tu d y  , t h i s  w o u ld  show t h a t

p a l la d iu m  c o u ld  b e * s e p a ra te d  fro m  p u re  p la t in u m  m e ta l
$ »

even a t  l e v e l s  down to  0.01% i m p u r i t y ' . (as p a l la d iu m )  

even i n  th e  p re se n ce  o f  t r a c e  amounts o f  i r i d i u m  and 

.■« rh o d iu m .

T h is  method o f  s e p a r a t io n  c c u ld  th e n  le a d  t o  a 

p ro c e d u re  f o r  th e  d e te r m in a t io n  o f  m ic ro g ra m  am ounts__ 

o f  p a l l a d iu m  i n  p la t in u m  sponge o r  p la t in u m  c h lo r i d e s  

and f o r - t h e  p r e p a r a t i o n  o f  c h l o r o p l a t i n i c  a c id  o r .

and Buchol-z have a d e f i n i t e  l i m i t a t i o n  i n  the  f a c t  t h a t

th e  u p p e r / l i m i t  to  w h ic h  t h e i r  method i s  a p p l i c a b le

l i m i t s .  Q u a n t i t i e s  as h ig h

y
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CHAPTER IV  

SUMMARY AND CONCLUSIONS

A p ro c e d u re  i s  o u t l i n e d  f o r  th e  q u a n t i t a t i v e  s e p a r a t io n  . 

o f  m ic ro g ra m  amounts o f  p a l la d iu m  fro m  h y d r o c h l o r i c  a c id  

s o lu t io n : .  ' T h is  p ro c e d u re  i s  e f f e c t i v e  a ls o  f ro m  h y d r o c h lo r i c  

a c id  s o lu t io n s  c o n ta in in g  m i l l i g r a m  amounts o f  p la t in u m  ( IV )  

and m ic ro  gram amounts o f  rh o d iu m  ( I I I )  a n d - i r i d i u m  ( I V ) .

A condensed v e r s io n  o f  t h i s  w ork  i s  p r e s e n t l y  i n  

n p r esrs. . .

\
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THE SEPARATION OF TRACE AMOUNTS OF 

PALLADIUM ( I I )  FROM MACRO AMOUNTS 

OF COPPER, IRON AND NICKEL
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CHASTER I  

INTRODUCTION

In  p re v io u s  s e c t io n s  ( P a r t  I  and- I I )  i t  was shown '

t h a t  mg q u a n t i t ie s  o f  th e  base m e ta ls  i r o n ,  n ic k e l  and

coppe r d id  n o t i n t e r f e r e  in  th e  recommended p ro c e d u re

f o r  p a lla d iu m  ( I I ) ,  The p o s s i b i l i t y  o f  in c re a s in g

th e se  base m e ta l le v e ls  t o  a m acro s c a le  then  became '

e v id e n t .  * '

The p re s e n t  w o rk  c o n s t i t u te s  an. / in v e s t ig a t io n  in t o

a s tu d y  o f  e x t r a c t io n  o f  th e  base m e ta ls  a t  gram le v e ls .

The re c o v e ry  o f  jug le v e ls  o f  p a lla d iu m  ( I I )  fro m  th e  base.-,

m e ta ls  a t  t h is  gram le v e l  i s  s tu d ie d .  The base m e ta ls

a re  in t ro d u c e d  b o th  as th e  c h lo r id e s  and s u lp h a te s .  A

s y n th e t ic  m ix tu r.e  o f  th e s e -b a s e  m e ta ls  i s  made and a

re c o v e ry  o f  jug q u a n t i t ie s  o f  p a lla d iu m  ( I I )  fro m  t h is  and

a known a n a ly z e d  m a t r ix  i s  g iv e n .

In  m ost w o rk  re p o r te d  i n  th e  l i t e r a t u r e  to  d a te ,  (

e i t h e r  the  s e p a ra t io n  *o f . p a l la d o u m ^ I I )  fro m  la rg e

q u a n t i t ie s  o f  n i c k e l ,  co p pe r and i r o n  i s  n o t r e p o r te d
• I

o r  one o f  th e  th re e  *b as e m e ta ls  - causes an in t e r f e r e n c e .  ^

In  .the cases w here  th e se  th re e  base m e ta ls  do n o t  i n t e r f e r e
J *

th e  c o - e x t r a c t io n  o f  p la t in u m ,  rh o d iu m  o r i r id iu m  u s u a l ly
¥

e x is t s .  The a p p l ic a t io n  o f  R e in e c k e ’ s s a l t  t o  th e  

s e p a ra t io n  o f  p a lla d iu m  fro m  g o ld  and^ p la t in u m  y ie ld s

I
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re a s o n a b le  a c c u ra c y . The data ., in d ic a te d  a s i g n i f i c a n t  

la c k  o f  p r e c is io n  f o r  s e p a ra t io n s  fro m  h ig h  p r o p o r t io n s  

o f  c o p p e r , i r o n ,  c o b a l t  and n ic k e l  ( 2 3 ) .  /

Z ie g le r  and Pape (2 1 ) e x t r a c t  m ic ro g ra m  amounts
i  • • •

o f  p a lla d iu m  : in  th e  p re s e n c e  o f  la rg e  q u a n t i t ie s  o f

n ic k e l  and c o b a l t  b u t  in te r fe r e n c e s  fro m  p la t in u m ,  co p p e r

and i r o n  r e q u ir e d  a p r i o r  s e p a ra t io n  .to  o b ta in  re a s o n a b le  
* • * • * •

r e s u l t s .  , ’

r

V%

J
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CHAPTER I I  

A . APPARATUS AND MATERIALS/ *>-

1 ) " In s  trum en ts  I  ( 1/

S p e c tro p h o to m e tr ic  m easurem ents w W /m a d e  w i t h  a 

Beckman.DB s p e c tro p h o to m e te r ,  u s in g  1 .0 0  cm n o tc h e d  s i l i c a  

c e l l s .  A S a rg e n t M odel-D R  pH. m e te r was used f o r  a l l  

. pH m easurem ents . *

2 ) 4 -H eptanone  Oxime

The 4 -h e p ta n o n e  oxim e was p re p a re d  by r e a c t io n  o f  

4 -he p tan o n e  w i t h  h y d ro x y la m in e  h y d r o c h lo r id e  as p r e v io u s ly  

d e s c r ib e d  ( 2^ ) .  ^

3) M is c e lla n e o u s  Reagents ‘ > •

The c h lo ro fo rm ,  h y d r o c h lo r ic  a c id ,  sod ium  c h lo r a tel • #.< » ,
x and s u lp h u r ic  a c id  w ere .A ljif A .C :S . g ra d e .

• 4) Base M e ta l S a lt 's  ^ ■

The f e r r i c  c h lo r id e  h e x h y d ra te ,  c u p r ic  c h lo r id e

d ih y d ra te  and n ic k e l  ( I I ' )  c h lo r id e  h e x a h y d ra te  w ere

A .C .S . g ra d e .

5 ) P a lla d iu m  C h lo r id e

P u r i f i e d ,  anhydrous p a l la d iu m  c h lo r id e  was o b ta in e d  (

, ’ fro m  t h e , F is h e r .  S c i e n t i f i c  Company.

C 6^~ S ta n d a rd  P a lla d iu m  ( I I )  C h lo r id e

A s to c k ,  s o lu t io n  was p re p a re d  by d is s o lv in g  anhyd rou s

p a lla d iu m  ( I I )  c h lo r id e  in  h o t  c o n c e n tra te d  h y d r o c h lo r ic
♦

j 96

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



Vf S ■ 97

a c id  an)| d i l u t i n g  to  l  l i t r e  w i t h  d i s t i l l e d  d e io n iz e d

w a te r  a f t e r  f i l t e r i n g .  The s o lu t io n  was s ta n d a rd iz e d

g r a v im e t r i c a l l y  w i t h  d i- * 2 - p y r id y l  k e to x im e  (2 ,8 ). An 

a p p ro p r ia te  d i lu t e d  s to c k , s o lu t io n  was made fro m  th e  

above s ta n d a rd iz e d  s t o c k f s o iu t io n ,  to  c o n ta in 'a p p r o x 

im a te ly  1 0  jug p e r  m l.  >

7) S ta n d a rd  Copper ( I I )  C h lo r id e  S o lu t io n

A s to c k  s o lu t io n ■ ^ a S ’ p re p a re d  by d is s o lv in g  175 gm 
• \

o f  c u p r ic .  c h lo r id e  d ih y d ra te  in  a b o u t a l i t r e  o f  d i s t i l l e d

d e io n iz e d  w a te r .  C o n c e n tra te d  h y d r o c h lo r ic  a c id  was "added 
♦ « 

so  t h a t  th e  S o lu t io n  w o u ld  be 1M in  h y d r o c h lo r ic  a c id

upon d ir lu t io n  to  th e ' 2 l i t r e  m ark . An a p p ro p r ia te  a l iq u o t

was w ith d ra w n  and s ta n d a rd iz e d  a g a in s t  a s ta n d a rd  sod ium

th io s u lp h d te  s o lu t io n .

8 ) S ta n d a rd  Copper ( I I )  S u lp h a te  S o lu t io n

A s to c k  s o lu t io n  was p re p a re d  by d is s o lv in g  175 gm

o f  c u p r ic  c h lo r id e  d ih y d ra te  in  a bou t 1  l i t r e  o f  d i s t i l l e d  ,

d e io n iz e d  w a te r .  C o n c e n tra te d  s u lp h u r ic  a c id , was added 

so t h a t  th e  s o lu t io n  w o u ld  be fN  in  s u lp h u r ic -  a c id  upon 

d i l u t i o n  to  th e  2 l i t r e  m a rk . The co p p e r s o lu t io n  was - 

s ta n d a rd iz e d  as d e s c r ib e d  above .

9) S ta n d a rd  N ic k e l  ( I I  ) C h lo r id e  S o lu t io n

A s to c k  's o lu t io n  was p re p a re d  by d is s o lv in g  396 gm

o f  n i c k e l ( I l ) c h l o r i d e  hexahydT a te  in  a b o u t 1 l i t r e  o f  

d e io n iz e d  d i s t i l l e d  w a te r  and enough c o n c e n tra te d  h y d ro 

c h lo r i c  a c id  added so  t h a t  th e  s o lu t io n  w o u ld  be 1M in  

h y d r o c h lo r ic  a c id  upon d i l u t i o n  to  th e  2 l i t r e  m ark.
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The s o lu t io n  was s ta n d a rd iz e d  g r a v im e t r i c a l l y  w i t h ,  

d im e th y l g ly o x im e ,

10) S ta n d a rd  N ic k e l ( t i p )  S u lp h a te  S o lu t io n

A s to c k  s o lu t io n  was p re p a re d  by d is s o lv in g ,  396 gm 

o f  n ic k e l i ( T l ) c h lo r id e  h e x a h y d ra te  in  a b o u t 1  l i t r e  o f  

d e io n iz e d  d i s t i l l e d  w a te r  and enough c o n c e n tra te d  s u lp h u r ic  

a c id  added so  t h a t  th e  s o lu t io n  w o u ld  be IN  in  s u lp h u r ic  

a c id  upon d i l u t i o n  to  th e  2 l i t r e  m ark. The n ic k e l  

s o lu t io n  was s ta n d a rd iz e d  as d e s c r ib e d  above .

11) S ta n d a rd  I r o n  ( I I I )  C h lo r id e  S o lu t io n

A s to c k  s o lu t io n  was p re p a re d  by d is s o lv in g  '316._gm 

o f  f e r r i c  c h lo r id e  h e x a h y d ra te  in  1  l i t r e  o f  d i s t i l l e d  

w a te r .  Enough c o n c e n tra te d  h y d r o c h lo r ic  a c id  was added 

so  t h a t  th e  s o lu t io n  w o u ld  be 1M in  h y d r o c h lo r ic  a c id  

upon d i l u t i o n  to  th e  2 l i t r e  m a rk . An a p p ro p r ia te  a l iq u o t  

was w ith d ra w n  and s ta n d a rd iz e d  t i t r i m e t r i c a l l y  w i t h  

p o ta s s iu m  d ic h ro m a te .
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, B. PROCEDURES

l)fc  P ro ce d u re  f o r  'D e te rm in in g  A c id  C o n c e n tra t io n s  o f

the  S to c k  .S o lu t io n s

The a c id  c o n c e n t ra t io n  o f  c o p p e r , n ic k e l  and p a lla d iu m

s to c k  s o lu t io n s  w ere  d e te rm in e d  by  w ith d ra w in g  a p p ro p r ia te

a l iq u o ts ',  a d d in g  1  gm o f  sod ium  c h lo r id e  and r a p id ly  

t i t r a t i n g  w i t h  a s ta n d a rd  sod ium  h y d ro x id e  s o lu t io n  t o  a 

pH o f  5 . The a c id  c o n c e n t ra t io n  o f  th e  . f e r r i c  c h lo r id e  

s to c k  s o lu t io n  was e s t im a te d  fro m  th e  a p p a re n t pH re a d in g  

o f  th e  s o lu t io n .

2) E x t r a c t io n  P ro ce d u re

An a l iq u o t  o f  th e  p ta i id a r d  p a lla d iu m  ( I I )  c h lo r id e  

s o lu t io n  c o n ta in in g  80 jug o f  p a lla d iu m  was t r a n s fe r r e d  

to  a 250 m l g ra d u a te d  .s e p a ra to ry  fu n n e l.  Known amounts 

o f  th e  base m e ta ls  co p p e r ( I I ) ,  n ic k e l  ( I I )  and i r o n  ( I I I )  

w ere added s e p a r a te ly  in  gram q u a n t i t ie s .  S u f f i c i e n t  

a c id  i s  added so  th a t  on d i l u t i o n  t o  th e  1 0 0  m l mark

th e  s o lu t io n  i s  IN  in  a c id .  The e x t r a c t io n  p ro c e d u re
O '  ’

o u t l in e d  (P a r t  I I )  f o r  th e  q u a n t i t a t iv e  e x t r a c t io n  o f

p a lla d iu m  ( I I )  was fo l lo w e d  e x c e p t t h a t  th e  t o t a l  am ount

o f  4 -hep ta rtone  oxim e was re d u ce d  t o  0 ,4  ml ( i . e .  2 x 0 . 2 'm l

3) P a lla d iu m  A h a ly s is  o f  th e  C h lo ro fo rm  L a ye r

The com bined c h lo ro fo rm  e x t r a c t s  w ere e v a p o ra te d

ryn e ss  on th e  s team  b a th .  The r e s id u a l  o rg a n ic

f
99
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...r

100
m a tte r  was d e s tro y e d  by tre a tm e n t w i t h  sod ium  c h lo ra te  

and h y d ro  c h lo r i c  a c id .  A f t e r  re p e a te d  e v a p o ra t io n s  w ith  

h y d r o c h lo r ic  a c id  th e  p a lla d iu m  c o n te n t was d e te rm in e d  

^ p e c t r o p h o to m e t r ic a l ly  w i t h  d i - 2 - p y r i d y l  k e to x im e  (3 2 ) .

The r e s u l t s  a re  sum m arized in  T a b le  X V I.

4) S tudy  o f  th e  E x te n t  o f  E x t r a c t io n  o f  Gram Q u a n t i t ie s
t % I

o f  C opper, N ic k e l  and I r o n

A liq u o ts  o f  c o p p e r, n ic k e l  and i r o n  as c h lo r id e s  

and s u lp h a te s  were added ( s e p a r a te ly )  t o  a 250 ml g ra d u a te d  

s e p a ra to ry  fu n n e l.  The a p p ro p r ia te  c o n c e n tra te d  a c id  

was added so  t h a t  th e  s o lu t io n  w o u ld  be IN  in  a c id  when, 

d i l u t e d  to  th e  100 m l m ark . The recommended e x t r a c t io n  

p ro c e d u re  o u t l in e d  above was fo l lo w e d  and th e  c h lo ro fo rm  

e x t r a c ts  w ere  c o l le c te d .

5 ) Copper A n a ly s is  o f  th e  C h lo ro fo rm  L a y e r

The com bined e x t r a c ts  o f  th e  co p p e r e x t r a c t io n  

w ere c o l le c te d  and e v a p o ra te d  to  d ryn e ss  on the  s team
✓

b a th .  The r e s id u a l  o rg a n ic  m a t te r  was d e s tro y e d  b y . 

re p e a te d  a d d i t io n s  o f  aqua r e g ia  and f i n a l l y  b ro u g h t 

t o  fumes w i t h  25 m l o f  1 :5  s u lp h u r ic  a c id .  Tfye s o lu t io n s  

w ere  th e n  t r e a te d  a p p r o p r ia te ly  and t i t r a t e d  w i t h  p r e v 

io u s ly  s ta n d a rd iz e d  sod ium  t h io s u lp h a t e .

S im i la r  a n a ly s e s  w ere p e r fo rm e d  on th e  c h lo ro fo rm
\

e x t r a c ts  of^ th e  c o p p e r sys te m  in  w h ic h  th e  co p p e r had 

been in t r o d u c e d  as th e  s u lp h a te  

r ^ u l t s ^  a:The ; re S u lts  a re \su m m a ri zed in  T a b le  X V II .

£0 N ic k e l  jfc r ia ly s iX  o f  th e  C h lo ro fo rm  E x t r a c t
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The com bined c h lo ro fo rm  e x t r a c ts  w ere  e v a p o ra te d  

t o  d ryn ess  on a s team  b a th  and th e  r e s id u a l  o r g a n ic  

m a t te r  d e s tro y e d  by ^ i le  a d d i t io n  o f  sod ium  c h lo r a te  an<f 

h y d r o c h lo r ic  a c id .  A f t e r  re p e a te d  h y d r o c h lo r ic  a c id  

t r e a tm e n t ,  th e  n ic k e l  c o n te n t  was d e te rm in e d  g r a v im e t r i c a l l y  

w i t h  d im e th y l g ly o x im e .

S im i la r  a n a ly s e s  w ere  p e r fo rm e d  on th e  c h lo ro fo rm  

e x - tra c ts  o f  the  n ic k e l  sys te m  in  w h idh  th e  n ic k e l  had 

been in t ro d u c e d  as th e  s u lp h a te .

The r e s u l t s  a re  sum m arized  in  T a b le  X V I I .

7) I r o n  A n a ly s is  o f  th e  C h lo ro fo rm  E x t r a c t

The com bined c h lo ro fo rm  e x t r a c ts  were e v a p o ra te d  

t o  d ryn e ss  on a steam  b a th  and th e  r e s id u a l  o rg a n ic  

m a t te r  was d e s tro y e d  by th e  a d d i t io n  o f  aqua T e g ia . The 

s o lu t io n  was re p e a te d ly  e v a p o ra te d  to  a s m a ll volum e 

w i t h  c o n c e n tra te d  h y d r o c h lo r ic  a c id  u n t i l  a l l  o ^ d e s  

o f  n i t r o g e n  w ere e x p e l le d .  The i r o n  was th e n  d e te rm in e d  

t i t r i m e t r i c a l l y  w i t h  p o ta s s iu m  d ic h ro m a te  a f t e r  th e  

a p p ro p r ia te  t r e a tm e n t .

The r e s u l t s  a re  sum m arized  i n  T a b le  X V I I .

8 ) E x t r a c t io n  o f  P a lla d iu m  ( I I )  fro m  a Com plex M a t r ix

T ra n s fe r  by  p ip e t t e  80 jug  o f  p a lla d iu m  ( I I )  c h lo r id e
. •• . 3

i n t o  a 250 ml s e p a ra to ry  " fu n n e l .  Add to  th e  s e p a ra to ry

fu n n e l ,  a p p ro x im a te ly  y>0 mg o f  i r o n  ( I I I ) ,  3 .0  gm o f  

co p p e r ( I I )  and 4 .5  gm o f  n ic k e l  ( I I )  as th e  c h lo r id e s .

A p p ro p r ia te  amounts o f  h y d r o c h lo r ic  a c id  a re  added to

e n su re  t h a t  th e  f i n a l  s o lu t io n  i s  1M in  a c id  when d i lu t e d

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



to  th e  100 ml mai;k. The 'e x t r a c t io n  p ro c e d u re ' ( s e c t io n

2 ) o u t l in e d  above is  fo l lo w e d  and th e  c h lo ro fo rm  la y e rs

a re  t r e a te d  w i t h  sod ium  c h lo r a te  and h y d r o c h lo r ic  a c id

as p r e v io u s ly  d e s c r ib e d . A f t e r  t h i s  t r e a tm e n t ,  th e

s o lu t io n s  a re  made a p p ro x im a te ly  1M in  h y d r o c h lo r ic  a c id

and th e  recommended 'e x t r a c t io n  p ro c e d u re ' re p e a te d  a g a in .

T h ^  c o l le c te d  c h lo ro fo rm  e x t r a c ts  a re  e v a p o ra te d

and t r e a te d  once more w i t h  th e  sod ium  c h lo r a te - h y d r o c h lo r ic

a c id  t r e a tm e n t .  The p a lla d iu m  c o n te n t  i s  th e n  d e te rm in e d

s p e c t r o p h o to m e t r ic a l ly  w i t h  d i - 2 - p y r id y l  k e to x im e .

The r e s u l t s  a re  sum m arized in  'T a b le  XVI .

9) S e p a ra t io n  o f  P a lla d iu m  fro m  a S ta n d a rd  R e fe re n ce  M a tte

A s ta n d a rd  re fe re n c e  n ic k e l - c o p p e r  m a tte  c e r t i f i e d

by th e  C anad ian  M ines B ranch  in  O tta w a , O n ta r io  was used

as a chbck to  compare th e  a b i l i t y  o f  4 -hep tanone  oxim e

to  s e p a ra te  t r a c e  amounts o f  p a lla d iu m  ( I I )  fro m  a

com plex m a t r ix .

A c c u ra te ly  w e ig h  o u t  a p p ro x im a te ly  10 gm o f  the

c e r t i f i e d  c o p p e r -n ic k e l m a tte  and le a c h  i t  i n  a 600 m l

b e a k e r w i t h  60 m l o f  c o n c e n tra te d  h y d r o c h lo r ic  a c id .

A t t h i s  p o in t  th e  h yd rog e n  s u lp h id e  s h o u ld  cease to ;
3 ^

be e x p e l le d .  Add 5 m l o f  c o n c e n tra te d  n i t r i c '  a c id  and ,

b o i l  th e  s o lu t io n  u n t i l  y e l lo w  s u lp h u r  i s  p r e c ip i t a t e d

in  a s o l i d  mass on th e  s u r fa c e .  C o o l, and add 1 -2  ml o f

A .C .S . b ro m in e  d ro p w is e .1 t o  d is s o lv e  th e  s u lp h u r .  Warm

g e n t ly  u n t i l  th e  excess b ro m in e  has been b o i le d  o f f .

F i l t e r  th e  s o lu t io n  th ro u g h  a medium p o r o s i t y ,  s in t e r e d
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glass c ru c ib le  to separate any undissolved m atte r. Add
¥

concentrated h y droch lorioxac id  repeated ly  u n t i l  the s o lu t io n

i s  f r e e  o f  th e  o x id e s  o f  n i t r o g e n .  A d ju s t  th e  volum e
• • I

to  100 m l and a p p ro x im a te ly  1M in  h y d r o c h lo r ic  a c id ,
* . \

then Tinse the soiution into a 250 ml separatory funnel
w it h  15-2 0 m l o f  1M h y d r o c h lo r ic  a c id .  The s o lu t io n

: ' is - t h e n  e x t r a c te d  a c c o rd in g  t o  th e  recommended ’ e x t r a c t io n

. p ro c e d u re *  as d e s c r ib e d  in  s e c t io n  ( 8 ) .  The. e x t r a c ts

a re  w orked  up w i t h  a sod ium  c h lo r a te - h y d r o c h lo r ic  a c id

tre a tm e n t and th e  ’ e x t r a c t io n  p ro c e d u re ' re p e a te d  a g a in .  *■

A f t e r  w o rk in g  up th e ' c h lo ro fo rm  e x t r a c ts  a g a in  w i t h  a 
«

sod ium  c h lo r a te - h y d r o c h lo r ic  a c id  t r e a tm e n t ,  th e  p a lla d iu m  

was a n a ly z e d  s p e c t r o p h o to m e t r ic a l ly  w i t h  d i - 2 - p y r id y l
i

k e to x im e .

The r e s u l t s  a re  sum m arized in  T a b le  X V I I I .
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TABLE XVI

S e p a ra t io n  o f  T ra ce  Q u a n t i t ie s  o f  Pd ( I I )  fro m  M acro 

Q u a n t i t ie s  o f  Base M e ta ls  *

Base 
M e ta l (s )

M e ta l
Taken
(gm)

Pd ( I I )
added
(u g )

Pd 4 ; i l )
fo u n d
(u g )

/

S ta n d a rd
D e v ia t io n
(ug )

C u£ l 2 

( in  HC1)

2 .94 8014 8 0 .4 1 . 1

*

QuC1 2 2 .9 5 8 0 .4 8 0 .4 0 .9

( in  H2 S0 4 ’
N iC l2 

( in  HC1)

4 .5 4 8 0 .4
>

8 0 .0 1 . 2

N iC l2 3 .48 8 0 .4 8 0 .0 0 .7

( i n  H2 S0 

F e C l3 3 .06 8 0 .4 8 0 .6 0 . 6

( in  HC1)

F e C l3 ft* ”0  .17 > i '

N iC l2 4 .4 3 8 0 .4 8 0 .0 1 . 8

C uC l2 2 .87 -

( i n  HC1)
-

* Each r e s u l t  i s  th e  ave rage  o f  12 d e te rm in a t ip n s

* *  T h is  m a t r ix  re q u ire 'd  a d o u b le  e x t r a c t io n ^ te c h n iq u e

to  p ro du ce  c o n s is te n t  b la n k s .
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TABLE X V II

E x t r a c t io n  o f  ^ase M e ta ls  Under th e  Recommended P roce du re  

f o r  P a lla d it^ n  ( I I )

Base M e ta l M e ta l
Taken
(gm)

, r
Found 
in  C HC l, 
(mg)

% E x tra c te d  . 

1

C uC l2  ( in  HC1) .2 .94 3 .5 0 . 1 2

C uC l2 ( i n  H2 S04) 2 .9 5 7 .0 0 .2 4

N iC l2 ( in  MCI) 4 .5 4 2 . 8 0 .06

N i.C l2 ( in  H2 S0 4) 3 .48 1 .9 0 .0 6  -

F e C l3 ( in  H C l) • 3 .06 1 .4 0 .05

*
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TABLE XVIII j
S e p a ra t io n  o f  P a lla d iu m  fro m  a S ta n d a rd  R e fe ren ce  M a tte

The recommended y a lu e , c e r t i f i e d  b y - th e  C anadian M ines

B ranch  is  0 .2 4  o lc /to n
1

4 -

Run Taken Pd Found
(gm) - o z / to n

( *

1 1 0 . 0 ’ 0 .262

2 1 0 . 0 0.262

3 1 0 . 0 ‘ 0 .257

4 1 0 . 0 0 .256  '

5 9 .9 8 0 .256

6 1 0 . 0 0.263

7

oof-l 0 .262

8 1 0  i0 0 .25 9

9 1 0 . 0 0 .2 5 3

1 0 1 0 . 0

\
0 .2 6 3

1 1 1 0 . 0 0 .2 5 9

1 2 1 0 . 0 0 .2 5 8

*

ave rage  0 .2 5 9

s ta n d a rd  0 .0 0 3  
d e v ia t io n
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CHAPTER III
RESULTS AND DISCUSSION

The ’ e x t r a c t io n  p ro c e d u re 1 used in  s tu d y in g  th e  

e x t r a c t io n  o f  p a lla d iu m  ( I I )  a t  th e  80 >ug le v e l  vfas th e/  . 
iyL t a t isame as th e  recommended p ro c e d u re  f o r  th e  q u a n t i t a t iv e  

e x t r a c t io n  o f  p a lla d iu m  g iv e n  in  p a r t  ( I I )  e x c e p t f o r  th e  

re d u ce d  vo lum e o f  re a g e n t .  The t o t a l  vo lum e o f  re a g e n t 

was re d u ce d  to  0 .4  m l (2  x 0 .2  m l)  because o f  th e  s m a ll  

am ounts o f  p a lla d iu m  to  be re c o v e re d .

The r e s u l t s  o f  T a b le  XVI in d ic a te  t h a t  t r a c e  amounts 

o f  p a lla d iu m  ( I I )  c a n tf je  s e p a ra te d  q u a n t i t a t i v e l y  fro m  

gram amounts o f  each o f  th e  a s s o c ia te d  base m e ta ls  co p p e r 

( I I ) ,  n ic k e l  ( I I )  and' i r o n  ( I I I ) .  The r e s u l t s  a ls o  

in d ic a te  t h a t  e i t h e r  th e  c h lo r id e  o r  th e  s u lp h a te  sys tem  

can be used to  a c h ie v e  q u a n t i t a t iv e  s e p a ra t io n s .  \

A s tu d y  o f  th e  e f f e c t  o f  each base m e ta l a c c o rd in g  

to  th e  recommended p ro c e d u re  . f o r  p a lla d iu m  ( I I )  i s  g iv e n  

in  T a b le  X V I I .  These r e s u lt s *  s h o w ^ th a t th e  c o - e x t r a c t io n ,  

o f  gram  amounts >of th e  base m e ta ls  s tu d ie d ,  do n o t  

c o n s t i t u t e  a m a jo r  in t e r f e r e n c e .  The sm aTl m i l l ig r a m  

amounts t h a t  a re  e x t r a c te d  g iv e  some p ro b le m s  in  l a t e r  

w o rk  in  w h ic h  a p ro p e r  b la n k  m ust be used f o r  a s p e c t r d A ^  

p h o to m e t r ic  d e te rm in a t iv e  s te p  o f  an unknown m ix tu r e .

The in te r fe r e n c e s  t h a t  th e se  base m e ta ls  have on su b se q u e n t
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s p e c t ro p h o to m e tr ic  b la n k in g  p ro c e d u re s  can be e l im in a te d  

b y  e m p lo y in g  a d o u b le  w o rk  u p 'p ro c e d u re  as Was done in  

th e  a n a ly s is  o f  th e  s y n th e t ic  m a tte  and th e  s ta n d a rd  

re fe re n c e  m a tte .

In  o r d e r  to  a tte m p t to  v e r i f y  a s e p a r a t io n a l p ro c e d u re ,
^ t ' i

i t  s h o u ld  S hovfc-tes ted  p e rfo rm a n c e  i h  a-comple^x m a t r ix .

The c e r t i f i e d  c o p p e r -n ic k e l  m a tte  was chosen f o r  a com p lex 

m a t r ix  c o n ta in in g  tra c e  amounts o f  p a l la d iu m .  T h u s , a
I *

s y n th e t ic  m a tte  was made up and th e  re s 'u lts  a re  g iv e n  

in  T a b le  X V I. The r e s u l t s  in d ic a te  t h a t \ e r y  good 

re c o v e r ie s  o f  p a lla d iu m  can be a c h ie v e d  p ro v id e d  a d oub le  

w o rk -u p  p ro c e d u re  i s  em p loyed . Even when r e s u l t s  o f  a ._/«
t

s y n th e t ic  sy s te m  a re  s tu d ie d ,  th e re  must be a s e t  o f  r e s u l t s

c o m p ile d  f o r  a known a n a ly z e d  m a tte .

T h e 'c e r t i f i e d  s ta n d a rd  c o p p e r -n ic k e l  m a tte  was

o b ta in e d  fro m  th e  C anadian M ihes B ranch  i n  O ttaw a f o r. <

a c o m p a riso n . The r e s u l t s  o f  T a b le  X V I I I  in .d ic a te  t h a t  

th e  e f f i c ie n c y  o f  u s in g  4 -h ep ta n o n e  oxim e in  a s e p a ra t io n  

o f  p a lla d iu m  C H ) fro m  a com plex m a t r ix ,  i s  com parab le

to  r e s u lts K o b ta in e d  f o r  th e  s ta n d a rd  m a tte .  T h u s , t h i s
■' f  *

m ethod o f  s e p a ra t io n  g iv e s  r e s u l t s  t h a t  can compare to

tho se  r e s u l t s  o b ta in e d  by f i f e  assay fo l lo w e d  by a to m ic  

absorpt*jon> o r  s p e c t r o g ra p h ic  a n a ly s is .  The c e r t i f i e d  

m a tte  was g iv e n  a recommended v a lu e  o f  0 .2  4 o z / to n  o f  

p a lla d iu m . The p re s e n t  m ethod gave 0 .2 5 9  o z / to n  w i t h  

a s ta n d a rd  d e v ia t io n  o f  0 . 003 o z / to n .

c The p o s s i b i l i t y  o f  t h i s  s e p a ra t io n  p ro c e d u re  le a d in g
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c o n c e iv a b le .  F u r th e r  s tu d ie s  s h o u ld  be i n r 6Q,£Tg/l in  

o rd e r  to , p ro v e  t h i s  ag-d to  e x te n d  th e  use o f  4 -h e p tan o n e  

oxim e in t o  a re as  o f  f u r t h e r  a p p l ic a t io n s .

%t o  a jn^h<od o f  s e p a ra t io n  and d e te rm in a t io r i s  q u i te

v.

t f
r

j

N.
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CHAPTER IV
_  ’  SUGARY AND CONCLUSIONS ‘ y

f

A p ro c e d u re  is  o u t l in e d  f o r  th e  s e p a ra t io n  o f
*

m ic ro g ra m  amounts o f  p a lla d iu m  ( I I )  fro m  h y d r o c h lo r ic
f

o r  s u lp h u r ic  a c id  s o lu t io n s  c o n ta in in g  gram amounts *

o f .  th e v base m e ta ls  co p p e r ( I I ) ,  n ic k e l  ( I I )  and i r o n  ( I I I ) .

K ' ^T h is  p ro c e d u re  i s  s a t i s f a c t o r y  f o r  each sys*tem s e p a ra te ly  

o r  a s y n th e t i 'c  m ix tu r e .  R e s u lts  a re  g iv e n  f o r  th e  

e f f i c ie n c y  o f  th e  s e p a ra t io n  p ro c e d u re  as a p p l ie d  to  a 

c e r t i f i e d ,  s ta n d a rd  re fe re n c e  m a tte .  . j

*\
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