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REVERSED PHASE EXTRACTION CHRO- 
MATOGRAPHIC SEPARATION OF 
ANTIMONY (111)  WITH TRIOCTY L 

PHOSPHINE OXIDE 

R. B. Heddwr and S. M. Khopkar 
Department of Chemistry 

Indian Institute of Technology 
Bombay-400 076, India 

ABSTRACT 

Antimony( 111) was separated by ex t r ac t ion  
chromatography with t r l o c t y l  phosphine oxide as 
s t a t i o n a r y  phase on column of s i l i ca  ge l  wi th  0.5 M 
hydrochlor ic  ac id  as t h e  mobile phase. 
s t r ipped  with 3 11 hydrochlor ic  acid.  Antimony(II1) 
wae separated from l a r g e  number of elements belonging 
t o  a l k a l i  and a l k a l i n e  earths, t r a n s i t i o n  and main 
groups i n  b i n a r y  mixtures by s e l e c t i v e  ex t rac t ion .  
It  w a s  poss ib l e  t o  separate antimony(II1) i n  multi- 
component mixtures by exp lo i t i ng  d i f f e rences  i n  
a c i d i t i e s  at which var ious  elements were eluted. 
The method was extended f o r  the  ana lys i s  of antimony 
from s o l d e r  and brasa. 

It was 

INTRO DUC I! I O N  

Although the re  are s e v e r a l  methods f o r  the e x t r a c t i o n  

chromatographic sepa ra t ion  of  antimony from f i s s i o n  product 

elements, very few methods are ava i l ab le  f o r  the  sepa ra t ion  

of  antimony from commonly assoc ia ted  elements. 

Copyright 0 1985 by Marcel Dekker, Inc. 
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96 HEDDUR AND KHOPKAR 

Antimony was separated f r o m  l ead  by ex t r ac t ion  

chromatography u t i l i z i n g  t r i b u t y l  phosphat e (1) as t h e  

s t a t iona ry  phase. It was separated from indium with 

t r i b u t y l  phosphate ( 2 )  from the  ch lor ide  media. Antimony 

waa separated from t i n  on s i l i c a  g e l  coated w i t h  t r i b u t y l  

phosphate from hydrochlor ic  acid ( 3 ) .  

from tin on Teflon-6 column with methyl i aobu ty l  ketone as 

an ext rac tan t  (4 ) .  Amberlite LA-2 was a l s o  u t i l i z e d  f o r  

the ex t r ac t ion  chromatographic sepa ra t ion  of antimony from 

t i n  (5). Antimony was separated f r o m  gold and thallium on 

ce l lu lose  column with t r i o c t y l  phoaphine oxide as an 

ext rac tan t  (6 ) .  It  was a l s o  separated from a r s e n i c  on 

ce l lu lose  column coated w i t h  t r i o c t y l  phosphine oxide ( 7 ) .  

However such a sepa ra t ion  was poss ib le  from higher concen- 

t r a t i o n  of hydrochlor ic  acid (1). 

antimony from indium was feasible by ex t r ac t ion  chromato- 

&raphy with t r i b u t y l  phosphate and ace ty lace tone  (2 ) .  

separa t ion  of antimony and t i n  in  t r i b u t y l  phosphate was 

f e a s i b l e  f r o m  11 M hydrochlor ic  acid (3). 

of t i n  from antimony on Teflon 6 column was not  p rac t i cab le  

as t h e  ex t r ac t an t  was s t r ipped  off ( 4 ) .  

i nves t iga t ions  on the reversed phaae ex t r ac t ion  chromato- 

graphic  s e p m t i o n  of antimony w i t h  t r i o c t y l  phosphine 

oxide as s t a t iona ry  phase are lacking.  An endeavour i s  

made i n  t h i s  paper t o  present  such s tud ie s .  The methods 

a r e  given f o r  the separa t ion  of antimony from binary and 

multicomponent mixtures w i t h  which it is comonly assoc ia ted .  

It was also separa ted  

The sepa ra t ion  of 

The 

The separa t ion  

The systematic  
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SEPARATION OF ANTIMONY (111) 97 

EXPERIMENTAL 

Apparatus and reagents  

The apparatus  and chromatographic column was similar 

t o  t h e  one descr ibed earlier (6). 

The s tock  so lu t ion  of antimony(II1) was prepared by 

d i s so lv ing  2.11 g antimony(II1) ch lor ide  (BDH Anal@) in 

25 ml of concentrated hydrochlor ic  acid. It waa then  

made upto 250 m l  with  d i s t i l l e d  water. The s o l u t i o n  on 

s t anda rd i sa t ion  with chloramine T (9 )  contained 4.5 m g / m l  

of antimony( 111). 

w a s  prepared by appropriate  d i l u t i o n .  

The d i l u t e d  so lu t ion  containing 60 pg/m& 

S i l i c a  g e l  (60-120 mesh BDH) was rendered hydrophobic 

by exposing it t o  t h e  vapours of dimethyl d i ch lo ros i l ane  

i n  an atmosphere o f  n i t rogen  f o r  about t h r e e  hours (lo), 

then washed w i t h  anhydrous methanol and d r i e d  at 100°C. 

One ml of dimethyl d ich loros i lane  is  adequate f o r  10 g 

o f  s i l i c a  gel. Three grams of t h i s  ge l  waa soaked i n  

5 ml of 0.1 M t r i o c t y l  phosphine oxide i n  to luene  f o r  

24 hrs. It was then  cent r i fuged  t o  ob ta in  s l u r r y  of  eel 
i n  water and packed i n  the  column. The chromatographic 

column (0.8 x 20 c m )  consis ted of a pyrex t ube  f i t t e d  

with glass wool plug at t h e  bottom. 

column used w a s  6 cms. The bed was covered w i t h  opaque 

paper  t o  avoid photochemical degradat ion of t h e  ex t r ac t an t .  

The bed he ich t  of  t h e  

General procedure 

An a l iquo t  o f  so lu t ion  containing 60 g of  antimOny(II1) r 
was made t o  0.5 M In hydrochlor ic  ac id  i n  t o t a l  volume of 
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98 HEDDUR AND KHOPKAR 

2 m l .  The so lu t ion  was then  passed through the column at 

the flow r a t e  of 1 ml/min. Antimony which was ex t r ac t ed  

by t r i o c t y l  phosphine oxide on column, was s t r ipped  wi th  

var ious  mineral ac ids  and salts as e luan t s ,  Twenty f r a c t i o n s ,  

each of 2 m l ,  were co l l ec t ed  and subsequently analysed f o r  

antimony spectrophotometr ical ly  as i ts  complex w i t h  phenyl- 

f luorone at 555 nm (11). 

RESULTS AND DISCUSSION 

I n  bat  ch ex t r ac t  ion antimony( 111 W a s  quant it at ive ly  

extracted f r o m  2-4 

phosphine oxide i n  cyclohexane (12) whereas antimony(V) 

was ex t rac ted  from 8-10 16 hydrochlor ic  acid.  However, it 

was poss ib le  t o  lower down the a c i d i t y  t o  0.5 M hydrochlor ic  

ac id  f o r  t he  q u a n t i t a t i v e  ex t r ac t ion  of antimony(II1) i n  

the presence of aluminium t r i c h l o r i d e  2s t h e  s a l t i n g  out 

agent. 

column wi th  0.25 t o  4 M hydrochlor ic  acid revealed that  

antimony was quan t i t a t ive ly  ex t rac ted  between 0.25 t o  

0.75 I hydrochloric acid. 

antimony( I11 ) with  t r i o c t y l  phosphine oxide and hydro- 

ch lo r i c  acid was d i s soc ia t ed  at 1-4 16 of hydrochlor ic  acid.  

Therefore it was s t r ipped  off the  column. Hence the  optimum 

conditions f o r  the ex t r ac t ion  of  ant imony(II1)  was 0.5 M 

hydm ch lo r i c  acid. 

hydrochloric ac id  with 0.1. M t r i o c t y l  

The sys temat ic  s t u d i e s  o f  ant imony(II1)  on the  

The i o n  a s soc ia t ion  spec ies  of 

The sys temat ic  s t u d i e s  on t h e  s t r i p p i n g  of antimony 

were ca r r i ed  out with Various eluants .  

and n i t r i c  ac id  o r  1-4 M of au lphur ic  acid quan t i t a t ive ly  

1-6 X I  of hydrochlor ic  
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SEPARATION OF ANTIMONY (111) 99 

T A B U  - 1 

j t u d i e s  on s t r i p p i n g  of Antimony(II1) 

-I- -i_ - 
HC 1 1 1 2  24 100.8 

2-4 6 18 99.2 

5-6 4 14 99.5 

HN03 1 14 20 99.2 

2 10 18 99.5 

3-5 6 14 100 a 8  

6 4 14  99.7 

H2304 1-4 6 1 4  99.2 

s t r ipped  o f f  antimony(II1) (Table 1). 

ac id  was t h e  best  s t r i p p i n g  agent wi th  rninimuq volume o f  

e l u t i o n ,  it was not  prefer red  as an e luant  on account o f  

problems encountered i n  t h e  d i r e c t  spectrophotonietric 

determinat ion of antimony. r7or almost sin;ilar reasons 

n i t r i c  acid was not prefer red .  The choice o f  was t h u s  

confined t o  3 M hydrochlor ic  acid 8.8 t h e  e l u t i n g  agent. 

A l l  t h e  salts  proved t o  be poor e l u t i n g  agents. 

Althouph su lphur i c  

Separa t ion  of antimony( 111) from bina ly  mixtures 

"hen antimony(II1) w a s  e x t m c t e d  at 0.E M hydrochl.oric 

ac id  f r o m  column coated with 0.1 M t r i o c t y l  phosphine oxide 
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100 HEDDUR AND KHOPKAR 

fore ign  elements such as a lka l i  and  a l k a l i n e  ea r ths ,  

t r a n s i t i o n  and main group elements were not  ex t rac ted  by 

t r i o c t y l  phosphine oxide and the re fo re  passed through t h e  

column (Table  2 ) .  

column was l a t e r  s t r i p p e d  wi th  3 M hydrochlor ic  acid.  

w a s  poss ib le  t o  sepa ra t e  antimony(II1) from commonly 

oeeociated elements such as a r sen ic ,  l ead ,  t e l lu r ium,  r u b i d i u m  

e tc .  i n  binary mixtures i n  the  concentrat ion range of l r100.  

h t i m o n y ( I I 1 )  which was ext rac ted  on t h e  

It 

~ e p a r a t  ion  o f  an t  imonv( 111) from multiconiponent mixtures 

It was i n t e r e s t i n g  t o  note  that  var ious  metals were 

extracted at various a c i d i t i e s  with appropr ia te  d i l u e n t ( l 3 ) .  

Thus bismuth, antimony( III 1, and t i n  were q u a n t i t a t i v e l y  

extracted by t r i o c t y l  phosphine oxide from 0.5 M hydrochlor ic  

ac id ,  whereas t h e  metals  such as t i n ,  molybdenum(\/ I ) ,  

chromium(V1) and gold were ex t r ac t edk  w? r i o c t y l  phosphine oxide 

f r o m  3 M hydrochloric acid. Jhe elements such as copper, 

i r o n ,  t i t an ium were ex t rac ted  from 7-8 I\I hydrochlor ic  acid.  

Thus it was poss ib l e  t o  exp lo i t  t h e  d i f f e rences  i n  a c i d i t i e s  

f o r  ex t r ac t ion  t o  develop the  methods f o r  separa t ion .  k’or 

ins tance ,  t h e  metals which were not ex t rac ted  from 0.5 M 

hydrochlor ic  acid such as copper, a r sen ic ,  gallium, t e l lu r ium,  

l ead ,  aluminium, zinc, germanium were s t r i p p e d  at t h i s  a c i d i t y ,  

The extracted tin and bold were s t r i p p e d  of f  w i t h  2 and 7 M 

n i t r i c  acid respec t ive ly .  

i n  multicomponent mixtures could be achieved by s e l e c t i v e  

ex t r ac t ion  and s e l e c t i v e  s t r i p p i n g  of the ex t rac ted  spec ies  

on the  column. 

Thus t h e  separa t ion  of antimony 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
4
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SEPARATION OF ANTIMONY (111) 101 

TABLE - 2 

j e p a r a t i o n  of Antimony( 111) from a i n a r y  IvIixtures 

Antimony(II1) - 60 Pg 

~~ 

J'oreign i o n  
--- 

13.6 

10.1 

7.9 

6.1 

9.5 

8.4 

9.6 

9.8 

10.4 

5 .t: 

7.3 

8.7 

6.9 

9.4 

b.5 

10.5 

7.8 

7.5 

5.6 

9.9 

8.2 

13.4 

9.8 

5.5 

9 .o 
10 .o 

60.5 

59.5 

59.2 

60.2 

59.7 

59.7 

5Y.5 

59.2 

60.2 

59.2 

59.5 

59.5 

60.5 

59.7 

60.5 

59.7 

59.5 

59.2 

60.5 

60.2 
59.7 

59.7 

59.5 

60.5 

60.2 

60.2 

100.8 

99.2 

96.7 

100.3 

99.5 

99.5 

99.2 

98.7 

1170.3 

98.7 

99.2 

39.2 

100. e 
99.5 

100.8 

99.5 

99.2 

98.7 

1.00.8 

100.3 

99.5 

99.5 

99.2 

100.8 

100.3 

11'0.3 
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--- 
Element 

HEDDUR AND KHOPKAR 

Taken Found $ 

rg rg - 

'IABLE - 3 

Yeparat ion  of Antimony( III ) from kilticomponent !fixtures 

1 CU/"4S(III) 50 
Sb( 111) 60 
Sn( IV) 59 

2 A 1  70 
Sb( 111) 60 
AU( 111 1 100 

3 Pb/Ga 75 

MO(VI) 59 
Sb( 111) 60 

4 le(IV) 50 

3b( 111) 60 
In 75 

5 Zn 54 
Sb( 111) 60 
MO( VI) 50 

Cr( VI ) 51 

6 Ge 22 

Sb(II1) 60 
Fe( I11 62.5 
sn( IV 1 59 
AU( 111 19 0 

49.5 
60.5 
59.2 

71 
59.5 

101 

76 
59.7 
58.6 

49.7 

60.5 
74.1 

53.6 
60 
49.5 

50 

21.8 

59.7 
63  

60 
100.5 

99 
100.6 
130 e 3 

101.4 
99.2 

101 

101 8 3 
99.5 
99.3 

99.4 

100 -8 

98.e 

99.3 
100 
99 

98 

99.1 

99.5 
100 -8 

10 1 

100 5 

0.5 N H C 1  
3 M H C 1  
2 M H N O ~  

0.5 M H C 1  
3 M H C 1  
7 M HW03 

0.5 M H C 1  

3 N! H C 1  
0.1 M H C 1  

0.5 M H C 1  
+1 M L I C l  
3 It HC1 
0.1 M H C 1  

0.5 M H C 1  
3 M H C 1  
0 .1  M H C 1  

H20 
0.75 I H C 1  

3 M H C 1  
+ 2 M L i C l  

0.25 M H C 1  

2 M HNO3 

7 ,M HNO3 

8 
1 4  
10  

€3 

14 
10 

8 

14 
16 

8 

1 4  

20 

6 

14  
1 6  

22 

a 

14 
1 6  

10 
10 
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SEPARATION OF ANTIMONY 011) 103 

The mixture of  copper/arsenic( I I I ) ,  antimony( 111) and 

t in ( IV)  i n  0.5 M hydrochlor ic  acid w a s  passed through t h e  

column. 

t r i o c t y l  phosphine oxide at t h i s  a c i d i t y  they  passed through 

t h e  column. Antimony(II1) and t i n ( N )  which were ex t r ac t ed ,  

were e lu ted  wi th  3 h1 hydrochlor ic  a c i d  and 2 M n i t r i c  ac id  

respect ively.  

As copper o r  a r s e n i c ( I I 1 )  w a s  not extracted by 

The mixture containing aluminium, antimony( 111) and gold 

was passed on the  column f r o m  0.5 M hydrochlor ic  acid when 

aluminium was not  extracted and it passed  through the column. 

The ex t rac ted  antimony(II1) wa8 s t r ipped  with 3 M hydrochlor ic  

ac id  and gold w i t h  7 M n i t r i c  acid.  

The mixture containing l ead ,  antimony(II1) and 

molybdenum(V1) was made t o  0.5 M hydrochlor ic  acid and w a s  

passed on the column when l ead  w a s  not extracted. The 

ex t rac ted  antimony(II1) and molybdenum(V1) were s t r ipped  

wi th  3 M and 0.1 M hydrochlor ic  ac ids  respec t ive ly .  

The mixture containing tellurium(1V) , antimony(II1) 

and indium was passed on the  column from 0.5 M hydrochlor ic  

acid containing 1 bl l i t h ium chlor ide,  when te l lur ium(1V) 

passed out as it was not extracted. 

s t r ipped  with 3 M hydrochlor ic  ac id  while  extracted indium 

w a e  s t r i pped  w i t h  0.1 1 hydrochlor ic  acid. 

Antimony(II1) was then 

The mixture o f  z inc,  antimony( I11 1, molybdenum(V1) 

and chromium(V1) i n  0.5 M hydrochlor ic  acid was passed 

through the  column. Zinc waa not  ex t rac ted  and hence it 

wae washed wi th  0.5 M hydrochlor ic  acid.  The extracted 

antimony(II1) waa s t r ipped  wi th  3 M hydrochlor ic  ac id ,  
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104 HEDDUR AND KHOPKAR 

molybdenum(V1) w i t h  0.1 M hydrochlor ic  acid and chromium(V1) 

with water. 

The mixture of  germanium, antimOny(III), i r o n ( I I I ) ,  

t in(1V) and go ld ( I I1 )  was made t o  0.75 M hydrochlor ic  ac id  

containing 2 M lithium chlor ide  and w a s  passed on t h e  column 

when germanium was not ex t rac ted .  

off with 3 M hydrochlor ic  ac id  while i r o n ( I I I ) ,  t in(1V) a n d  

go ld( I I1)  were re ta ined  on the  column. They were when 

successively s t r ipped  w i t h  0.25 I hydrochlor ic  ac id ,  2 M n i t r i c  

ac id  and 7 M n i t r i c  acid respect ively.  

Antimony(II1) was s t r ipped  

Throughout t h e  above separa t ions ,  flow rate w a s  maintained 

at 1 ml/min. A l l  t h e  elements a f t e r  s epa ra t ion  were determined 

spectrophotometr ical ly  with appropr ia te  che la t  ing l i gands  (14). 

The method w a a  extended f o r  t he  ana lys i s  of antimony 

fmm so lde r  and brass.  

Separat ion of antimony from s o l d e r  

About 0.1 Q of the a l loy  wa8 disso lved  i n  concentrated 

hydrochlor ic  acid. 

dryness and then made up t o  500 m l  containing 2% hydrochlor ic  

acid.  An a l iquo t  of so lu t ion  containing t i n ,  lead and antimony 

was passed on the  column from 0.5 M hydrochlor ic  acid.  

lead w a s  not extracted at t h i s  a c i d i t y  it passed through 

whereae t i n  and antimony were both ex t rac ted .  Antimony was 

then  s t r i p p e d  with 3 M hydrochlor ic  acid followed by e l u t i o n  

of t i n  wi th  2 M n i t r i c  acid. From the  e f f luen t  l o t  antimony 

was determined spectrophotometr ical ly .  The amount of ant  b o n y  

waa 4.52% age.inst c e r t i f i c a t e  value of 4.5%. 

The s o l u t i o n  was evaporated nea r ly  t o  

S ince  
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SEPARATION OF ANTIMONY (111) 105 

SeDaration of antimonv fmm braes 

About 0.2 g of the a l l o y  was dissolved i n  concentrated 

hydrochlor ic  acid.  

dryness and extracted with water  conta in ing  2% hydrochlor ic  

ac id  and it w a s  made up t o  100 ml. An a l iquo t  o f  s o l u t i o n  

containing copper, z inc,  l ead ,  t i n  and antimony was passed 

from 0.5 M hydmchlor ic  ac id  on t h e  column. Copper, z inc 

and l e a d  were not ex t rac ted  and they passed through the  

column leaving  t i n  and antimony on the  column. Antimony w a s  

then  e lu ted  w i t h  3 M hydrochlor ic  ac id  and t i n  wi th  2 M n i t r i c  

ac id .  

value of  0.11% 

The s o l u t i o n  was evaporated almost t o  

The amount of  antimony was 0.16 agains t  c e r t i f i c a t e  

The separa t ion  of  antimony from t i n ,  l ead ,  t e l lu r ium,  

copper, a r sen ic ,  aluminium is important as they are assoc ia ted  

with it i n  var ious low f u s i b l e  a l loys .  It w a s  n o t  Dossible 

t o  sepa ra t e  antimony f r o m  bismuth as both blgd i d e n t i c a l  

condi t ions of ex t rac t ion .  The sepa ra t ion  of antimony from 

copper, cadmium, a rsen ic ,  lead and t i n  is use fu l  as they 

belong t o  t h e  same group i n  q u a l i t a t i v e  ana lys i s .  The t o t a l  

time required f o r  t he  sepa ra t ion  and determinat ion i s  2 hrs .  

The r e s u l t s  a r e  reproducible. 
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