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PAPER CHROMATOCAAE'HIC SEPllRATIONS OF METAL IONS 
O N  COLLIDINILJM TUNGSTOARSENATE PAPERS. 

A.K. Ja in ,  S. Agrawal and R.P. Singh 
Department of Cheml s t r y  
Universit of Roorkee 
Roorkee-2x7672, India 

ABSTRACT 

A systematic study of t he  chromatography of m e t a l  
ions on collidinium tun  stoarsenate papers has been 
performed using seven df f fe ren t  mixed solvent systems. 
R 
dfng technique end are  discussed. The study demonstrates 
t h a t  spec i f ic  ex t rec t ion  of both Sn(+i)  and Sn(iv) is 
possible  in 0.1 mol dm-3 Hm3 in 80 ;J ( v/v) 1-propanol 
and t h e i r  mutual separation can be car r ied  out i n  solvent 
system 1 001 dm-3 Z l  i n  33$(v/v ) 1-propanol. 
addi t ion some binary and te rnary  separat ion of metal ions  
have also been achieved on these papers. For a comparison 
Rf values on p l a in  papers have also been determined in all 
t h e  solvent systems. 

values of 30 metal ions have been determined by ascen- 

In  

I "FtODUCTIO N 

Ion exchange is the  only technique by which separat ion 
of  very similar ion ic  species, a s  d i f fe ren t  valency states 
of a par t i cu la r  ion,  is possible.  I n  t h e  l a s t  two decades 
inorganic exchangers have been extensively invest igated 
regarding t h e i r  use a s  impregnating and column mater ia l  i n  
t h e  separation of metal ions on papers, t h i n  l aye r s  and 
columns(1-5). O f  t he  various inorganlc exchangers, t h e  
heteropolyacid s a l t s ,  being more se lec t ive  i n  t h e i r  exchange 
proper t ies  have been more extensively used f o r  these purposes. 
Ammonium molybdophosphate (6) was t h e  first exchanger t o  be 
used as impregnating material  f o r  paper chromatographic 
separation of a l k a l i  metal ions. 

Recently(7-11) we have reported on t h e  usefulness of 
heteropoly tungstoarsenatea subs t i tu ted  w i t h  different cat ions 
for the  above purposes. It has been observed t h a t  by subs t i t u t ing  
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JAIN, AGRAWAL, AND SINGH 2074 

cat ions of d i f fe ren t  valency arld ionic s i z e  i n  tungstoarsenate 
matrix, the s t ruc ture  of  resu l t ing  compounds and t h e i r  i on  
exchange s e l e c t i v i t i e s  are  changed. 

Present s tudies  deal  with the  chromatographic separation 
of metal ions cn papers impregnated with coll idinium tungsto- 
arsenate (CTA) which has been found t o  possess promising 
exchange propert ies  (11). 

MATERIAL 

Reagents 

All metal s a l t s  and acids were of ana ly t ica l  grade 
collidinlum n i t r a t e  was prepared by mixing nitrlc acid and 
d i s t i l l e d  2,4,6- co l l id ine  i n  equimolecblar quant i t ies .  
solvent prapanol was pur i f ied  by d i s t i l l a t i o n .  

Metal Ions Studied 

The 

The oxidation numbers of the  metals used were Ag(i), 
T l ( i ) ,  Mg(ii), S r ( i i ) ,  Ba( i i ) ,  F e ( i i ) ,  Co( i i ) ,  N i ( i i ) ,  Cu( i i )  
Zn( i i ) ,  Pd ( i i ) ,  Cd( i i ) ,  S n ( i i ) ,  Hg(li), P b ( i i ) ,  A l ( i i i ) ,  F e ( l i i ) ,  
L a ( i i i ) ,  S b ( i i i ) ,  Bi(iii), C e ( i i i ) ,  Pt(iv),  Sn(iv),  T i ( iv ) ,  
Th(iv) ,  Ce(iv), M ( i v ) ,  s e ( iv ) ,  Mo(vi), ard U02(vi). 

Apparatus 

Chromatography was performed on Whatmann No.3 chromato- 
2 3 graphic paper s t r i p s  (15~5.5 cm ), using 20x10~28 cm 

jars .  

Preparation of Ion Exchanne Papers 

g lass  

Ion exchange papers were prepared by impregnating paper 
s t r i p s  with coll idinlum tungstoarsenate, 
first dipped i n  a f reshly prepared so lu t ion  of sodium 12-tungato- 
arsenate for -10 seconds. The solut ion was prepared by mixing 
aqueous solut ion of 3.5 g of sodium tungstate  with 0.15 g of 
arsenic pentoxide I n  aqueous sodium hydroxide and adding 
concentrated hydrochloric acid u n t i l  t he  mixture is st rongly 
acidic.  Total  volume of the  so lu t ion  was kept 100 cm . The 
excess solut ion on paper s t r i p s  was b lo t t ed  out and these were 
d r i ed  a t  room temperature f o r  15  minutes. The s t r i p s  were 
again dipped i n  0.1 mol dm-3collidinium n i t r a t e  so lu t ion  f o r  
-10 seconds. The excess solut ion was drained of f  and the 
s t r i p s  were dr ied a t  room temperature. 

The paper s t r i p s  were 
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Composition of Impregnated Papers 
2075 

Impregnated paper s t r i p s  were tret-ited w i t M . 1  rnol dm-3 
sodium hydroxide so lu t ion  f o r  some t i m e  i n  order  t o  decompse 
coll idinium tungstoarsenate formed on papers. 
then  washed with water and the  so lu t ion  was made up t o  100 cm 
i n  a measuring f lask.  Col l idine was estimated spectrophotometri- 
c a l l y  a t  263 nm and tungsten w a s  determined by thiocyanate method 
a t  398 nm. 

The s t r i p s  were 
3 

The analysis  of t he  ion  exchange papers shows that 
col l idine/ tungsten molar r a t i o  i s  same as was  found f o r  
coll idinium tungstoarsenate exchanger, (C8%1NH)3MD12AS040), 
used f o r  column separation (11). 

Test  Solutions and Detectors 

most of the  metal cat ions (0.1 mol dm-3) were prepared i n  0.1 rnol 
dm-3corresponding acids as reported e a r l i e r  (8,9). Detection o f  
metal ions was car r ied  out  by standards methods (12). 

Procedure 

Test so lu t ions  of chlor ides ,  nitrates o r  sulphates  of 

T e s t  so lu t ions  were spot ted with t h i n  g lass  c a p i l l a r i e s  

It 
and the papprs were developed by t h e  ascending technique i n  
chromatoqraphic chambers conditioned w i t h  t he  developers. 
took 1.5 - 2 hours for 11 cm ascent o f  t he  solvent.  After 
de tec t ing  the  spots ,  t he  Rf values were measured. I n  case 
of  spreading, t he  front  (F$,)  and rear (%) l i m i t s  of t h e  spots  
have been meMioned. For a comparison, Rf values on p l a in  
paper s t r i p s  were a l so  determined. 

RESULTS AM) DIsniSSION 

Thir ty  metal ions were chromatographed on impregnated as 
w e l l  a s  on p l a i n  papers i n  seven d i f f e ren t  solvent  systems, i .e . ,  
(a) 1 mol dm’3 n i t r i c  acid i n  30 percent ( v/v)l-propanol, 
(b)  1 mol d~n’~ n i t r i c  acid i n  50 percent( v/v)l-propanol, 
( c )  0.1 mol nitric acid i n  50 percent( v/v)l-propanol, 
(d )  0.1 mol dm-3 nitric acid i n  80 percent( v/v)l-propanol, 
( e )  1 rnol hydrochloric acid i n  33 percent (v/v)l-propanol, 
( f )  1 mol dm’3 hydrochloric acid i n  50 percent (v/v)l-propanol and 
( g )  0.1 mol dm’3 hydrochloric acid i n  50 pen:ent(v/v)l-propanol. 
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2076 J A L N ,  AGRAWAL, AND SINGH 

TABLE E t 

Emerlmentally achieved SeDarations on CTA Papers 

Solvent System Separations 

( a )  Th{ivl 1 0.40-0.58 1 - Pd[ l i /  1 0.75-0.91 1 
Ce i v  0.54-0.68 - Sn iv 0.81-0.94 
Ag i 0.00-0.00 - T1 i 0.20-0.56 - N i  I1 0.69-0.91 

Ag( 1 ) (  0.006.00 ) 

Ba( i i  ) (  0.35-0.54 

0.~0-0.20 - Sn I1 0.74-0.85 

T i  IV 0.00-0.21 - Se IV 0.35-0.63 
Sn i v  0.73-3.87 

~~[~~~ (0.024.18) - I ig / i l /  1 0.50-0.80 1 

B a ( i i  >(0.31-0.47) - Mg(i1). ( 0.60-0.82 ) 

The Rf on Impregnated papers and Ri(Rf on p la in  papers - Rf on 
impregnated papers)  values for various metal Ions on these 
papers were detewined I n  a l l  t h e  seven solvent systems. Some 
Important and d i f f i c u l t  separations,  seemed possible  on the  bas i s  
of Rf values, achieved on these papers and are l i s t e d  I n  Table 1. 
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The Rf value for Ag(i) i s  zero i n  a l l  t he  solvent systems on 
impregnated as  well  as  on p la in  papers. I n  hydrochloric acid- 
propanol mixtures, T l ( i )  and P b ( i i )  show t a i l i n g  from the  point 
o f  appl icat ion ( due t o  t h e i r  insoluble chlor ides  ) but n i t r i c  acid- 
propanol mixtures move them and can, therefore ,  be used t o  
separate them from Ag(i). The f a c t  t ha t  s i l v e r  ion  is  also retained 
i n  n i t r i c  acid-propanol mixture as  w e l l  as on p la in  papers, 
ind ica tes  some sort of  metal ion matrix in te rac t ion  I n  addition 
t o  t h e  formation of AgC1. 
s o r b e d  (s ta t1c) fur ther  confirmed t h i s  f a c t , a s  Ag(1) i s  not 
adsorbed at a l l  from d i l u t e  aqueous solutions(l1).  Apart from 
Ag(i), T l ( i )  and P b ( i i ) ,  spec i f ic  s e l e c t i v i t i e s  (low Rf values) 
i n  some solvent systems, i.e., Ba( i i )  i n  solvent system(b) and 
( f ) ;  u02(vi) and Sr( i1)  i n  solvent system (c) ;  
solvent system ( e )  are  also observed on these papers. 
system (d)  Rf values are decreased s igni f icant ly  f o r  almost 
a l l  t h e  metal ions. I n  this solvent system Sn(ii), Sn(iv) and 
Hg(i.1) are not retained (showed high Rf) values) and can be 
separated from other  metal ions. The decrease i n  Rf values 
i n  t h i s  solvent system on impregnated as  well as on p la in  
papers may be due t o  a check on mobility of ions i n  higher 
amount of propanol. This solvant system can, therefore ,  be 
used for almost spec i f lc  extract ions of Sn(1i)  or Sn(iv) 
(Fig.1). Separation of Sn(11) and Sn(1v) can be achieved i n  
solvent system (e) .  

Sorption s tudies  car r ied  out  on t h i s  

and Th(iv) i n  
I n  solvent 

A comparison of Rf values on impregnated and p l a in  papers 
showed almost similar pat te rn  for most of t he  metal ions  except 
t h a t  impregnated papers gave more compact spots ,  i.e., showed 
l e s s  spreading. 
gnated papers are cleaner as compared t o  p l a in  papers. I n  
addi t ion t o  t h i s ,  some important Separations which a re  not 
possible  on p l a in  papers can be car r ied  out on impregnated 
papers. These separations,  of sourse,  are due t o  the  se l ec t i -  
v i t y  of the inlpregnating material. Some of these possible  
separations o f  one metal ion from numerous others  on CTA 
papers are: Tl(i) from 26 ca t ions  i n  solvent system(e), i n t r r -  
ferences are  Ag(i), Pb( l i ) ,  Mo(vi); Pb ( i i )  from 26 cat ions i n  
solvent system ( e ) ,  interferences are Ag(i), T l ( i ) ,  Mo(vi)# 
Th(iv) from 20 cat ions i n  solvent system ( e ) ,  interferences 
a re  

Therefore, t he  separations achieved on impre- 

Mo (vij , TI( iv ) ,  Ce(iv3, C e ( l i i ) ,  Sb(iii), Mg(il), 
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Ba ( i i ) ,  Sn(iv), Se(iv); Ba( i i )  from 19 cations I n  solvent 
system ( f ) ,  interferences a re  T l ( i ) ,  S r ( i i ) ,  F e ( i i ) ,  Pb ( i i ) ,  
F e ( i i i ) ,  S b ( i i i ) ,  Ce ( i i i ) ,  T i ( iv ) ,  Ce(iv), Mo(vi). 
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