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A FAST CATION ESHANGE SEPARATION OF I R O N ( I 1 )  AND 
I R O N ( I I 1 )  ON ZIRCONIUM(1V) ARSBNOFSOSX%APE 

COLUMNS USING POTASSIUH TMOCYANA'IB 
AS A COMPLEXING AGENT 

IC,G,Varshney, Sanjay Agrawal and Kanak Varshney 

Analyt i c a l  Laborat o r i  88, 
Chemistry Section, 

Faoulty of Engineering & Technology, 
Aligarh Muslim University, 

Aligarh-202001, India. 

ABSTRACT 

the  separation of ferrous and f e r r i c  i ron on zirco- 
nium(1V) arsenophosphate colunms using the  cation 
exchange properties of t h i s  material and the complex 
forming abi l i ty  of potassium thfocyanate. The method 
is rapid and requires simply water a s  the eluant, the  
r e s u l t s  obtained being precise and acourate within 
the experimental e r ro r  range (23%) 

A new quant i ta t ive method has been developed f o r  

IbFpBODUCTION 

Separation of the d i f fe ren t  valence s t a t e s  of 
i ron has been the subjeet of several invest igat ions 
during t h e  past  many years  using various analyt ical  
techniques snoh a s  paper crhronatography (l-3), elec- 
trophoresis (4), solvent extraction (5) and th in  layer 
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chromatography (6 ) .  
convenient and ve r sa t i l e  analyt ical  technique f o r  auch 
d i f f i c u l t  separations and a survey af l i t e r a t u r e  
reveals t ha t  mostly anion exohangers have been used 
f o r  the separation of ferrous and ferric i ron (7-10). 
Only ra re ly  a cation exchanger has been used f o r  t h i s  
separation (11). Moreover, as  far as we are  aware, 
inorganic ion-exchangers have not been used so f a r  
f o r  the separation of d i f fe ren t  valence s t a t e s  of the 
same metal. The present a r t i c l e  summarizes our 
e f fo r t s  i n  th i s  direct ion which have resul ted a rapid 
and quant i ta t ive separation of Fe(1I) and Fe(II1). 
Zirconium(1V) arsenophosphate (ZAP) has been selected 
beoause it has earlier (12) shown excellent s t a b i l i t y  
and ion-exchange behaviour. 

Ion-exchange chromatography is a 

EXPERIMENTUI 

Reagent 8 and Chemiahl s 

Zirconyl chloride, tri -sodium orthophosphate , 
di-sodina arsenate, potassium thioayanate, ferrous 
amnonium sulphate and f e r r i c  n i t r a t e  used in these 
studies were of AnalaR grade (98-99%) obtained e i the r  
frola the  B.D.H.Poole (England) or E.Merck (Darmstadt). 

Apparatus 

A Pye unicam model SP 2900 atomic absorption 
spectrophofometer was used for a l l  the detenninations. 

Synthesis and Ion-ExchanZce Behaviour of ZAP 

WP was synthesized by the  method reported 
e a r l i e r  (12). It was subjected t o  heating at 200 C 
f o r  1 h in a muffle furnace t o  obtain e - Z A P  as a 
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modified phase (13) showing the Na+-exchange capacity 
as 1.03 meq/dry g. 
se l ec t iv i ty  f o r  iron and shows an exaellent reproduci- 
b i l i t y  in i t s  ion-exchange behaviour w i t h  a high 
regeneration power In addition t o  i ts  improved 
chemical s t a b i l i t y  (14). 
t o  remove any metall ic or non-metallic i rpur i t iea ,*  
washed with demineralized water (M?) and dried a s  
usual before use. 

This phase has anunusually high 

It was boiled w i t h  4MHN03 

Separation Procedure 

The sample solution (1 m1) containing Fe(I1) and 
Fe(II1) ions was t reated w i t h  an excess of potassium 
thiocyanate (IM) solution and the red solution, thus 
obtained, was loaded on a oolumn of the ion-exchange 
material  (2 g) In a g l a s s  tube ( internal  diameter& 

The elut ion was performed with 15 a1 DMW 
t o  remove ferric ions while ferrous ions were eluted 
out w i t h &  25 m l  of 2M HN05 at a flow r a t e  of 3.5 m 1  
per minute. 
Iron contents by atomic absorption spectrophotometry, 
the r e s u l t s  being suamarized in Table 1. 

0.6 cm). 

The ef f luents  were analyzed for t h e i r  

RESULTS AND DISCUSSION 

The main feature of t h i s  study has been t o  devlse 
a f a s t  analyt ical  procedure fo r  the quant i ta t ive 
separation of Fe(I1) and Fe(II1). 
concentration thiocyanate gives a s e r i e s  of i n t ense ly  
red-ooloured soluble aomplexes (15) w i t h  Fe (I11 ), 
formulated as [Fe(SCN)a136 where n = I .... 6. A t  a 
very high thiocyanate concentration, the aomplex 
formed is [Pe(SCN)6]3-. Thus, when t o  a mixture 

Depending upon Its 
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aontaining Fe(I1) and Fe(1II)  ions, an excess of con- 
centrated potassium thiocyanate solution is added, 
f e r r i c  i ron I s  aomplexed t o  give negatively charged 
species. 
a oolupm of Q(-ZAP in H*-form, f e r r i c  i ron  is removed 
simply by washing w i t h  DMW. 
out w i t h  2M Iw03. 
spec i f ic  f o r  t h i s  separation. 
10-15 minutes for the  complete process. 

c i b l e  and accurate resu l t s .  However, the  assays tend 
t o  be s l igh t ly  higher f o ~  i ron(II1)  and lower for 
iron(I1).  Also, a higher Fe(II) /Fe(III)  r a t i o  in the  
sample solution r e s u l t s  i n  a higher e r ro r  range f o r  
Ft(II1) .  
Fo(1I) by the residual a i r  in the solvent, as  
observed e a r l i e r  by other workers (4,5) f o r  t h i s  
separat Ion.  

On passing t h i s  red colored solution through 

Ferrous is then eluted 
The method is quite  f a s t  and 

It requires only 

As Table 1 indicates  the method gives reprodu- 

It may be due t o  some auto-oxidation of 

ACKNOWLEDGEMISNTS 

The authors thank Prof. Mohsin Qureehi f o r  
reeearch facilities and t o  the C.S.I.R, India f o r  the 
f inancial  support. 

1. Stevane,R.M., Anal .Chin.Acta, 2, 538, 1956. 

e, Pollard,F,H., McOmie,J.F.W,, Banister,A.J. and 

3. Qureshi,M., Alrhtar,I. and Varshney,K.G., Anal. 

4. Lingren,W.E., Beeck,G.R, and Marson,B,J., Anal. 

Nickless,G., Analyst, 82, 780, 1957. 

Chea., 38, 1415, 1966. 

Chem,, 40, 1583, 1968. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
2
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



206 VARSHNEY, AGRAWfi, AND VARSHNEY 

Lieser,K.R. and Schroeder,H., Z.Anal .Chem., 

Johr1,K.N. and Hehra,H.C., Chromatographla, -' 4 80, 1971. 
Kraus, K.A. and Moore, 0 .E . , J .Am.Cher. Soc . , 
Pollard,F.H., McOmie,J.F.W., Nickless,G. and 
Haason,P., J.Chromatogr., i, 108, 1960, 

Pollard,F.H. and Niokless,G., J.Chromatogr,, - 4, 196, 1960. 

Sagortaohew,B., Cheui.Anal. (Warsaw), 17, 973, 
1972 

Popa,G., Vladescu,L. and Preda,E., Rev.Chim., - 28, 582, 1977. 

Varshney,K.G. and Premadas,A., Sepn.Sci. & 
Technol., s, 793, 1981. 
Varshney,K.G., Varshney,K. and bgrana1,S. 
Sepn.Soi. & Technol., (in prese). 

Varshney,K.G,, Agrana1,S. and Varshney,K., 
J.Llquid Chromatogr., (in press), 

174, 1960, 

-' 75 1460, 1953. 

Vogel,A.I., A Textbook of Quantitative Inorganic 
Analysis, Longman Inc., New York, 1978 t P. 743. D

o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
2
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


