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ABSTRACT

A new quantitative method has been developed for
the separation of ferrous and ferric iron on zirco-
nium(IV) arsenophosphate columms using the cation
exchange properties of this material and the complex
forming ability of potassium thiocyanate. The method
is rapid and requires simply water as the eluant, the
results obtained being precise and accurate within
the experimental error range (+3%).

INTRODUCTION

Separation of the different valence states of
iron has been the subject of several investigations
during the past many years using various analytical
techniques such as paper chromatography (1-3), elec-
trophoresies (4), solvent extraction (5) and thin layer
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chromatography (6). Ion-exchange chromatography is a
convenient and versatile analytical techmnique for such
difficult separations and a survey of literature
reveals that mostly anion exchangers have been used
for the separation of ferrous and ferric iron (7-10).
Only rarely a cation exchanger has heen used for this
separation (11). Moreover, as far as we are aware,
inorganic ion-exchangers have not been used so far
for the separation of different valence states of the
same metal, The present article summarizes our
efforts in this direction which have resulted a rapid
and quantitative separation of Fe(II) and Fe(III).
Zirconium(IV) arsenophosphate (ZAP) has been selected
because it has earlier (12) shown excellent stability
and ion-exchange behaviour.

EXPERIMENTAL

Reagents and Chemicals

Zirconyl chloride, tri-sodium orthophosphate,
di-godium arsenate, potassium thiocyanate, ferrous
amnonium sulphate and ferric nitrate used in these
studies were of AnalaR grade (98-99%) obtained either
from the B,D.H.Poole (England) or E.Merck (Darmstadt),

Apparatus

A Pye unicam model SP 2900 atomic absorption
spectrophotometer was used for all the determinations,

Synthesis and Ion-Exchange Behaviour of ZAP

ZAP was synthesized by the method reported
[ J
earlier (12)., It was subjected to heating at 200 C
for 1 h in a muffle furnace to obtain o -ZAP as a
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modified phase (13) showing the Na*-exchange capacity
as 1,03 meq/dry g. This phase has anunusually high
selectivity for iron and shows an excellent reproduci-
bility in its ion-exchange behaviour with a high
regeneration power in addition to its improved
chemical stability (14). It was boiled with 4M HNO3
to remove any metallic or non-metallic impurities,:
washed with demineralized water (DMW) and dried as
usual before use,

Separation Procedure
The sample solution (1 ml) containing Fe(II) and

Fe(III) ions was treated with an excess of potassium
thiocyanate (1M) solution and the red solution, thus
obtained, was loaded on a column of the ion-exchange
material (2 g) in a glass tube (internal diameter ~s

0.6 cm). The elution was performed with 15 ml DMW
to remove ferric ions while ferrous ions were eluted
out with ~ 25 ml of 2M HNO3 at a flow rate of 3.5 ml
per minute. The effluents were analyzed for their
iron contents by atomic absorption spectrophotometry,
the results being summarized in Table 1,

RESULTS AND DISCUSSION

The main feature of this study has been to devise
a fast analytical procedure for the quantitative
separation of Fe(II) and Fe(II1XI). Depending upon its
concentration thiocyanate gives a series of intensely
red-coloured soluble complexes (15) with Fe(III),
formulated as\[re(SCN)u]s'n where n = 1 ..., 6. At a
very high thiocyanate concentration, the complex
formed is [re(SCN)G]S'. Thus, when to a mixtare
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containing Fe(II) and Fe(III) ions, an excess of con-
centrated potassium thiocyanate solution is added,
ferric iron 1s complexed to give negatively charged
species, On passing this red colored solution through
a column of o(~ZAF in n*-rorm, ferric iron is removed
simply by washing with DMW, Ferrous is then eluted
out with 2M ENO3. The method is quite fast and
specitic for this separation. It requires only

10-15 minutes for the complete process.

As Table 1 indicates the method gives reprodu-
cible and accurate results. However, the assays tend
to be slightly higher for iron(III) and lower for
iron(II). Also, a higher Fe(II)/Fe(1I1) ratio in the
sample solution results in a higher error range for
Fe(IIT1). It may be due to some auto-oxidation of
Fe(I1) by the residual air in the solvent, as
observed earlier by other workers (4,5) for this
separation.
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