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Samples of zirconium(IV)iodotungstate have been synthesized under varying mixing order and ratios of
aqueous solution of potassium iodate, sodium tungstate and zirconium oxychloride at pH 1. A tentative
formula was proposed on the basis of chemical composition, FTIR and thermogravimetric studies. The
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material shows a capacity of 0.68 meq g (for K ) which can be retained up to 200 C. pH titration data
reveal its monofunctional behavior. The distribution coefficient values of metal ions have been determined
in various solvent systems. A number of important and analytically difficult quantitative separations
of metal ions have been achieved using columns packed with this exchanger. In order to demonstrate
practical utility of this material, Hg2+ and Pb2+ have been selectively separated and determined in the
synthetic mixtures. Assay of Al3+ and Mg2+ in commercial tablets and analysis of lead in the standard

lso be
reference material have a

. Introduction

Significant accumulation of toxic metals in the environment
nd their persistent nature have been the subject of great concern
n recent years due to their over increased use in various indus-
ries. The hazardous heavy metal ions that pose potential dangers
o human lives from the industrial effluents include lead, mer-
ury, cadmium, chromium, copper, zinc and nickel. The toxicities
f heavy metals may be caused by the inhibition and reduction of
arious enzymes, complexation with certain ligands of amino acids
nd substitution of essential metal ions from enzymes [1]. Their
uantification in industrial effluents, various water and biological
amples is important, especially in the environment monitoring
nd assessment of occupational and environmental exposure to
oxic metals. Removal of toxic metals from the industrial efflu-
nts has special importance from the ecotoxicological point of
iew. Despite rapid development in the detectability of instru-
ental methods for analysis, a direct determination of trace metal
ons in the samples of complex matrices still remains a difficult
ask because of insufficient sensitivity and selectivity of the meth-
ds used and strong interference from the sample matrix [2]. The
atrix effects become more prominent when the limitations of

∗ Corresponding author. Tel.: +91 09897124670.
E-mail address: nabi syed@rediffmail.com (S.A. Nabi).

304-3894/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
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sophisticated analytical devices go unheeded [3]. Thus, the best
way is to separate the metal ions from the matrix constituents
prior to their determination. Solid phase extraction using inor-
ganic ion exchanger for the separation of metal ions has been
preferred over conventional solvent extraction and coprecipitation
[4–6]. The possibility to extract selectively a number of analytes
over a wide pH range, quantitative sorption and elution, kineti-
cally faster sorption and desorption mechanisms, regenerability,
simplicity in handling, higher thermal and resistivity to radiations
are frequently quoted as an advantage [7]. During the last decades
inorganic ion exchangers have also found applications in the field
of sensor [8], wastewater treatment [9], radiochemical separation
[10] and chromatographic separation of pesticides [11,12] because
of their unusual selectivity towards certain ionic species. Synthesis
of two component ion exchangers by introducing tetravalent met-
als (Zr and Sn) into phosphate, silicate, arsenate and molybdate
have been the extensively studied groups owing to their vari-
able coordination number [13]. Inorganic ion exchangers of three
components have been found to exhibit enhanced ion exchange
capacity and selectivity [14–17]. Tungstates of chromium, thorium,
titanium, tin and zirconium exhibited low capacities that varied

from 0.02 to 0.05 meq g−1, poor selectivities and stability [18,19].
However, stannic(IV)tungstoselenate synthesized in our lab and
stannic(IV)tungstoarsenate have shown higher capacities 0.88 and
1.06 meq g−1, respectively [20,21]. Iodate containing exchangers
zirconium(IV)iodophosphate and stannic(IV)iodophosphate have

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:nabi_syed@rediffmail.com
dx.doi.org/10.1016/j.jhazmat.2009.06.168
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een found to show higher selectivities towards Pb2+ and Hg2+,
espectively [15,22]. Therefore, it is worthwhile to synthesize zirco-
ium(IV)iodotungstate and investigate its ion exchange properties
nd applications in a systematic manner.

. Experimental

.1. Reagents and chemicals

Zirconium(IV)oxychloride and sodium tungstate were obtained
rom S.D. fine Chem. Ltd. (India) and potassium iodate was
btained from E. Merck (India). Phramaceutical preparations
elusil MPS (aluminium hydroxide gel 300 mg/tablet, magne-

ium hydroxide 150 mg/tablet, magnesium aluminium silicate
ydrate 75 mg/tablet), Logascid (dried aluminium hydroxide gel
00 mg/tablet, magnesium hydroxide 200 mg/tablet) and acidin
PS (magnesium hydroxide 250 mg/tablet, dried aluminium

ydroxide gel 250 mg/tablet) by Parke Davis, Astra-IDL and East
ndia, respectively, were used. Standard reference material (Rompin
ematite, JSS 800-3) was used from Japan Steel Society. All other

hemicals and reagents used were of anal R grade.

.2. Instrumentation

An Electronic India-III E digital pH meter and a Spectronic
0 Genesis spectrophotometer were used to measure pH and
bsorbance, respectively. Powder X-ray diffraction pattern was
ecorded using a diffractrometer PW 1820 with Cu K˛ radiation
˛ = 1.5418 Å). A PerkinElmer FTIR 1730 spectrometer was used for
ecording FTIR spectra using KBr disc method. TGA analysis was
arried out with a general V2.2 A Du Pont 9900 thermal analyzer
t a rate of 10 ◦C min−1 in nitrogen atmosphere. A temperature
ontrolled shaker (SICO-India) was used for shaking. Muffle fur-
ace (Narang Scientific works-India) was used for heating samples
t different temperatures. Atomic absorption spectrophotometric
easurements were performed on PerkinElmer 3100 model.

.3. Synthesis of the ion exchange material

Samples of zirconium(IV)iodotungstate (ZIW) were synthesized
ither by adding a mixture of aqueous solution of 0.2 M potassium
odate and sodium tungstate into aqueous solution of 0.2 M zirco-
ium(IV)oxychloride solution or by reverse order with continuous
tirring to obtain a gel under varying mixing ratios. The desired
H was adjusted by adding dilute HCl solution. The precipitate so

ormed was allowed to settle overnight at room temperature and
hen filtered under suction. The excess acid was removed by wash-
ng with demineralized water (DMW) and it was kept in an oven at
0 ± 1 ◦C for drying. The dried product was then cracked into small
ranules by putting in DMW, which was then treated with 1 M HCl
or 24 h to ensure complete conversion to H+ form at room tem-
erature (25 ± 2 ◦C). The material was finally washed with DMW to
emove any excess of acid.

.4. Ion exchange capacity

The ion exchange capacity (IEC) of the material was determined
y the column process. The 0.5 g of the exchanger in H+ form packed

n a column (internal diameter of 0.8 and 35 cm of length) with
lass wool support and washed with DMW to remove any excess of

cid remained sticking on the particles. Metal nitrate solutions were
sed to elute the H+ ions completely from the exchanger column at
flow rate of 1 mL min−1. The effluent was collected and titrated

gainst a standard NaOH solution to determine the total H+ ions
eleased. To study the effect of drying temperature on the IEC the
Materials 172 (2009) 202–207 203

material was heated at different temperature in a muffle furnace
for 1 h and IEC was determined by column method.

2.5. pH-titration

Topp and Pepper’s batch method [23] was used for pH-titration
of the material using 0.1 M solution of KCl–KOH systems. The 0.5 g
of exchanger was equilibrated with 50 mL of the mixed solution of
KCl and KOH in an Erlenmeyer flask for 4 h at 25 ± 1 ◦C.

2.6. Chemical stability and composition

To study the chemical stability, 0.5 g exchanger was equilibrated
with 50 mL of desired solutions at 25 ± 2 ◦C for 24 h with occa-
sional shaking. For the determination of chemical composition of
the sample ZIW-5, 0.1 g of exchanger was dissolved in minimum
amount of concentrated HNO3. The solution was diluted to 100 mL
with DMW. Zirconium, tungstate and iodate released in the solu-
tions were determined spectrophotometrically using alizarin red-S,
sodium metavanadate [24] and pyrogallol [25], respectively, as col-
oring reagents.

2.7. Distribution studies

The distribution coefficients (Kd) of metal ions on ZIW were
determined by the batch method in demineralized water (DMW),
hydrochloric acid (HCl), aqueous solutions of ammonium chloride
(NH4Cl) and dimethyl sulphoxide (DMSO). The ion exchange capac-
ity of metal ions in DMW is also determined by batch method. The
0.4 g exchanger was equilibrated continuously with 40 mL solution
of concerned metal ions (1.25 × 10−3 mol L−1) in appropriate sol-
vent for 4 h in a shaker at 25 ± 1 ◦C. The amount of metal ion left in
the solution was determined by titrating against standard solution
of the disodium salt of ethylenediaminetetra acetic acid (EDTA). The
distribution coefficient was calculated using the following equa-
tion.

Kd= mmoles of metal ions/g of exchanger
mmoles of metal ions/mL of solution (after sorption)

(mL g−1)

2.8. Sample preparation

For the preparation of synthetic samples of metal ions, different
amounts of Pb2+ and Hg2+ were mixed with Mn2+ (0.549 mg), Ni2+

(0.587 mg), Zn2+ (0.654 mg), Cd2+ (1.124 mg) and Mn2+ (0.549 mg),
Ni2+ (0.587 mg) Al3+ (0.269 mg), Co2+ (0.589 mg), respectively.

For the determination of Al3+ and Mg2+ in pharmaceutical prepa-
ration, three tablets were powdered and were digested in a beaker
with 2 mL of concentrated HNO3 by slowly increasing the temper-
ature until a solid residue remained. After cooling, the residue was
dissolved in 12 mL of concentrated HNO3. The solution was gently
evaporated on a steam bath till a residue was again left. After adding
10 mL of distilled water to it, concentrated HNO3 was added drop
wise with moderate heating until a clear solution was obtained. It
was then filtered and the clear solution was diluted to 100 mL with
DMW.

The solution of standard reference material (Rompin Hematite,
JSS 800-3) was prepared by dissolving 0.5 g of the substance in
20 mL of hydrochloric acid (1 + 1) by heating on a water bath and

then 2 mL of 30% hydrogen peroxide was added to it. The excess
of peroxide was decomposed by heating the solution on a water
bath. The solution was cooled, filtered and the filtrate was diluted
to 25 mL with DMW. The concentration of Pb in this stock solution
will be 4.4 �g.
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Table 1
Synthesis and few properties of zirconium(IV)iodotungstate.

Sample Mixing ratio Z:I:Wa Order of mixing IEC for K+ ions (meq g−1 exchanger) Appearance after drying
at 50 ± 1 ◦C

ZIW-1 1:1:1 Z is added to mixture of I and W 0.49 Light yellow
ZIW-2 1:1:2 Z is added to mixture of I and W 0.56 White
ZIW-3 1:2:1 Z is added to mixture of I and W 0.54 Off white
ZIW-4 1:1:1 Mixture of I and W is added to Z 0.60 Brown
ZIW-5 1:1:2 Mixture of I and W is added to Z 0.68 White
ZIW-6 1:2:1 Mixture of I and W is added to Z 0.62 Light yellow
ZIW-7 1:2:2 Z is added to mixture of I and W 0.52 Off white
ZIW-8 1:2:2 Adjusted the pH of mixture of I and W and Z is added 0.51 Very light pink
ZIW-9 1:2:2 Mixture of I and W is added to Z 0.66 White
ZIW-10 1:2:2 Adjusted the pH of Z, then mixture of I and W is added 0.66 White
Z
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strong peak in the region 3500–3000 cm−1 which represent O–H
stretching of lattice water molecule [29]. Another strong and sharp
peak at 1650 cm−1 may be due to H–O–H bending. A sharp peak in
the region 550–500 cm−1 may be ascribed to the coordinated IO3

−

Table 2
IEC of ZIW for alkali and alkaline earth metal ions.

Metal ions Hydrated ionic radii (A0) IEC (meq g−1 exchanger)

Na+ 7.90 0.63
K+ 5.30 0.68
Mg2+ 10.80 0.68
Ca2+ 9.60 0.46
Sr2+ 9.40 0.44
Ba2+ 8.80 0.58
IW-11 1:2:2 ZIW-2 refluxed for 12 h
IW-12 1:2:2 ZIW-5 refluxed for 12 h

a Concentration of Z (zirconium(IV)oxychloride), I (potassium iodate) and W (sod

.9. Quantitative separation and determination of metal ions

Quantitative separations of metal ions were achieved on the
olumns having an internal diameter of 0.8 and 35 cm of length. The
olumn was packed with 2.0 g of exchanger and washed thoroughly
ith DMW. Sample of metal ions (0.2–1.5 mL) to be separated was

oaded on it. After recycling three times to ensure complete adsorp-
ion of the mixture on the column, the separation was achieved by
assing a suitable solvent through the column as eluent at a flow
ate of 1 mL min−1. The metal ions in the effluent were determined
itrimetrically using standard disodium salt of EDTA.

.10. Analysis of lead in the standard reference material

In the case of standard reference material, 5 mL of stock
olution was loaded onto a column packed with 2.0 g of zirco-
ium(IV)iodotungstate. After complete sorption by recycling three
imes, less strongly adsorbed metal ions were eluted by passing
0 mL of DMW. The remaining strongly adsorbed metal ions were
luted by passing 50 mL of 0.1 M HCl and subsequently lead was
etermined in this effluent by atomic absorption spectrophotomet-
ic method at 217.0 nm.

. Results and discussion

Table 1 describes the preparation of samples of zirco-
ium(IV)iodotungstate. It is clear from the table that the order
f mixing affects the IEC which is higher when mixture of iodate
nd tungstate is added to zirconium(IV)oxychloride. On increasing
he tungstate content of the mixture increases the ion exchange
apacity of the materials to a better extent than iodate. However,
ncreasing both the contents of iodate and tungstate at one time
ould not increase the ion exchange capacity any further. Adjusting
he pH of either the mixture of tungstate and iodate or zirconium by
dding HCl before mixing have no significant effect on ion exchange
apacity. Refluxing the bulk mixture does not improve the yield but
ignificant loss of ion exchange capacity was observed. This loss
f ion exchange capacity may be ascribed to the fact that some of
he surface hydroxyl groups disappeared from the exchanger after
efluxing in the bulk mixture [26]. The variation in colours of the
roducts was also observed which may be due to the redox reac-
ions of IO3

− groups of the material [14]. Sample ZIW-5 (in H+ form)
as chosen for detailed studies owing to its higher IEC and reported

s ZIW hereafter.

Data from Table 2 reveals that the ion exchange capacity for

lkali metals increases from Na+ to K+ due to a decrease in their
ydrated ionic radii as expected. The attraction between anions
nd cations in ionic crystals, obeys coulombs law which demands
hat for cations of equal charge a small ion be attracted with a
0.38 Yellow
0.54 Light yellow

ungstate) was 0.2 M and pH was adjusted to 1 ± 0.05.

greater force and held more tightly than a large ion. The ions with
smaller hydrated radii easily enter the pores of exchanger, resulting
in higher adsorption [15,27]. Strangely enough the alkaline earth
metals exhibit a reverse relationship except barium. This is simi-
lar to the investigation reported by Nachod and Wood [28] for the
exchange of alkali and alkaline earth metal ions on a carbonaceous
zeolite. Perhaps factors other than ionic radius are responsible for
this unusual uptake of ions.

The pH titration studies (Fig. 1) reveals monofunctional weak
acid behavior of the material and the exchange capacity was found
to be 0.63 meq g−1 for K+ which is in close agreement with capacity
data obtained by column method.

It is apparent from Table 3 that material is fairly stable in lower
concentrations of HCl, HNO3, NH4Cl, dimethyl sulphoxide (DMSO)
and also quite stable in organic acids like formic acid.

Based on the chemical composition analysis the molar ratio of
Zr, IO3 and WO4 was found to be 4:3:2.

The FTIR spectrum of the exchanger (Fig. 2) shows a broad but
Fig. 1. pH titration curve of zirconium(IV)iodotungstate.
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Table 3
Chemical stability of ZIW in some solvents.

Solution Amount released (mg/50 mL)

Zr(IV) IO3 WO4

DMW 0.00 0.15 0.05
0.1 M HCl 0.00 0.55 0.25
0.5 M HCl 2.50 9.10 6.00
1.0 M HNO3 6.00 14.05 6.50
1.0 M Formic acid 3.00 8.30 6.00
1
1
0

g
8
o

t
T
w
i
s
(
i

Table 4
Effect of drying on IEC and color of ZIW.

Heating temperature (◦C) IEC for Mg2+ (meq g−1 exchanger) Color

50 0.68 White
100 0.68 Off white
200 0.67 Light brown
300 0.64 Very light brown
400 0.54 Brown
500 0.46 Pale yellow
.0 M NH4Cl 2.50 6.00 5.50
0% DMSO 0.25 1.35 0.45
.05 M NaOH 26.50 2.50 33.05

roup. Spectrum also shows broad and weak bands in the region
30–780 and 900–825 cm−1 which can be assigned to the presence
f WO4

2− and metal oxide groups, respectively [30–32].
Thermogram of ZIW (Fig. 3) shows some interesting informa-

ion. The derivative curve exhibits three endothermic peaks with
max at 121.3, 379.0 and 585.9 ◦C corresponding to three distinct
eight losses. The external water molecule is lost up to 150 ◦C as
ndicated by the first peak of the derivative curve which corre-
ponds to a weight loss of 10%. Only a little gradual loss in weight
2.7%) is observed from 150 to 401.86 ◦C owing to the removal of
nterstitial water molecules by condensation of –OH groups and

Fig. 2. FTIR spectrum of zirconium(IV)iodotungstate.

Fig. 3. Thermogram of zirconium(IV)iodotungstate.
600 0.32 Light pink
700 0.30 Pink (brownish)
800 0.24 Pink

volatilization of IO3
− groups [15]. This loss is supported by an

endothermic peak at 379.0 ◦C. The weight loss beyond 401.86 ◦C
which continues up to 690 ◦C due to the loss of tungsten. This has
been indicated by an endothermic peak at 585.9 ◦C. The weight
becomes almost constant above 690 ◦C owing to the formation of
metal oxides as final product. The heating effect on ion exchange
capacity (Table 4) also justify the loss of iodate and tungsten as
the IEC (for Mg2+) of the material at 400 and 600 ◦C decreases to
0.48 and 0.32 meq g−1, respectively. However, only 6% of capac-
ity was observed to be lost when the exchanger dried at 300 ◦C.
The corresponding mass loss from the thermogram was only 12%.
These facts makes zirconium(IV)iodotungstate more thermally sta-
ble compared to other iodate and tungstate containing inorganic
exchanger [15,18–19,22].

X-ray diffraction pattern of ZIW showed no peaks at all thereby
suggesting an amorphous nature of the material.

On the basis of chemical composition, IEC, FTIR and TGA, a ten-
tative formula for zirconium(IV)iodotungstate may be written as
[(ZrO2)4 (HIO3)3 (H2WO4)2]·nH2O. It was observed from thermo-
gravimetric analysis that the weight loss due to the presence of
water molecules in the gel is 10%. The number of such molecules
(n) per mole of exchanger can be computed from Alberti’s equation
[33].

18n = X(M+18n)
100

where X is the percent water content and M + 18 is the molecular

weight of the material. It gives the value of ‘n’ as 9.38.

It is clear from Table 5 that Kd values vary with the composition
and nature of the solvent system. It decreases with the increase in
concentration of hydrochloric acid. The Kd values of almost all the

Table 5
Kd values of metal ions on ZIW in different solvent systems (×102 mL g−1).

Metal
ions

Kd values (×102 mL g−1) IEC (mg g−1)

DMW HCl (0.01 M) HCl (0.1 M) NH4Cl
(0.05 M)

DMSO
(10%)

DMW

Mg2+ 2.89 0.23 0.16 0.08 3.07 0.90
Ca2+ 0.55 0.18 0.00 0.07 1.00 0.71
Sr2+ 0.44 0.30 0.27 0.23 0.55 1.34
Ba2+ 2.00 0.37 0.23 0.50 2.00 4.60
Zn2+ 0.20 0.18 0.00 0.70 0.22 0.56
Cd2+ 0.46 0.16 0.21 0.00 0.56 1.78
Cu2+ 0.75 0.16 0.07 0.07 0.93 1.36
Ni2+ 0.10 0.08 0.00 0.00 0.16 0.27
Pb2+ 8.50 1.16 0.10 3.00 9.00 9.27
Al3+ 0.22 0.18 0.11 0.00 0.40 0.24
Hg2+ 7.00 3.00 0.00 0.00 12.00 8.78
Bi3+ 5.00 4.00 0.00 4.00 0.71 8.73
Co2+ 0.30 0.18 0.00 0.07 1.50 0.68
Fe3+ 3.00 1.00 0.25 1.50 3.79 2.09
Zr4+ 2.50 2.50 0.25 7.00 2.58 3.26
Th4+ 1.80 1.50 1.33 3.00 1.90 7.47
La3+ 0.71 0.33 0.00 0.44 1.16 2.88
Mn2+ 0.30 0.08 0.07 0.16 0.57 0.63
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Table 6
Quantitative separation of metal ions on ZIW column.

Metal ions Amount loaded (mg) Amount found (mg) RSDa (%) Recovery (%) Eluent used Volume of eluent (mL)

Zn2+ 0.65 0.62 4.04 95.00 DMW 30.0
Pb2+ 2.07 2.07 1.83 100.00 0.1 M HCl 45.0
Ni2+ 0.58 0.54 2.79 93.00 DMW 25.0
Pb2+ 2.07 2.00 1.25 97.00 0.1 M HCl 45.0
Al3+ 0.26 0.25 5.95 93.00 DMW 25.0
Pb2+ 2.07 2.03 1.77 98.00 0.1 M HCl 50.0
Cd2+ 1.12 1.07 1.94 95.99 DMW 40.0
Pb2+ 2.07 2.06 1.28 99.8 0.1 M HCl 35.0
Ni2+ 0.58 0.53 4.99 91.99 DMW 30.0
Bi2+ 2.08 1.88 3.52 90.00 0.1 M HCl 35.0
Cd2+ 1.12 1.07 3.37 96.00 DMW 40.0
Hg2+ 2.00 1.96 1.84 97.99 0.1 M HCl 35.0
Al3+ 0.26 0.25 5.95 DMW 35.0
Hg2+ 2.00 1.92 2.46 93.99 0.1 M HCl 45.0
Al3+ 0.26 0.24 4.16 92.30 DMW 30.0
Mg2+ 0.24 0.23 6.45 95.83 0.1 M HCl 40.0

a Mean of three replicate determinations.

Table 7
Selective separation of Hg2+ from a synthetic mixture of Al3+, Ni 2+, Mn2+ and Co2+ on ZIW column.

Amount loaded (mg) Amount found (mg) RSDa (%) Recovery (%) Eluent used Volume of eluent (mL)

6.02 5.92 2.48 98.43 0.1 M HCl 40.0

m
s
t
w

T
S

A

1

T
C

T

G
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M

A

A

M

L

A

M

10.03 9.74 2.01
14.04 13.61 2.89

a Mean of three replicate determinations.
etal ions are high in DMSO as compared to other solvent systems
tudied. This may be due to its more basic nature, which favours
he release of the hydrogen ions from the exchanger and metal ions
ere sorbed on it. DMSO plays a very important role in reflecting

able 8
elective separation of Pb2+ from synthetic mixture of Zn2+,Cd2+, Ni 2+ and Mn2+ on ZIW c

mount loaded (mg) Amount found (mg) RSDa (%)

4.14 4.00 2.74
8.29 8.29 2.83
2.43 11.86 2.59

a Mean of three replicate determinations.

able 9
olumn chromatographic separation of Al3+and Mg2+ in three pharmaceutical preparation

ablet; metal ions Amount loaded (mg) Amount found (mg) R

elusil MPS

l3+ 1.02 1.01 2.
2.04 2.01 2.
3.06 2.98 2.

g2+ 0.65 0.65 3.
1.30 1.27 2.
1.95 1.86 2.

cidin MPS

l3+ 0.78 0.77 3.
1.30 1.28 2.
2.59 2.54 2.

g2+ 0.63 0.62 3.
1.55 1.53 2.
2.50 2.44 2.

ogascid

l3+ 1.04 1.03 3.
2.07 2.05 2.
3.11 3.10 4.

g2+ 0.50 0.49 2.
1.25 1.23 2.
2.00 1.96 3.

a Mean of three replicate determinations.
97.15 0.1 M HCl 40.0
97.00 0.1 M HCl 50.0
differential behavior of metal ions towards ion exchange materials.
The Pb2+, Hg2+, Bi3+ and Zr4+ have high Kd values in almost all the
solvent systems studied. However, Zn2+, Ni2+, Al3+, Cd2+ and Cu2+

have low Kd values.

olumn.

Recovery (%) Eluent used Volume of eluent (mL)

96.62 0.1 M HCl 45.0
100.00 0.1 M HCl 50.0

94.41 0.1 M HCl 55.0

s on zirconium(IV)iodotungstate.

SDa (%) Recovery (%) Volume of eluent (mL) Eluent used

83 99.03 45.0 DMW
58 98.52 50.0 DMW
52 97.39 55.0 DMW

12 100.00 30.0 0.1 M HCl
00 97.69 35.0 0.1 M HCl
84 95.39 40.0 0.1 M HCl

51 98.72 40.0 DMW
94 98.46 45.0 DMW
12 98.07 50.0 DMW

00 98.41 30.0 0.1 M HCl
75 98.71 40.0 0.1 M HCl
06 97.60 45.0 0.1 M HCl

74 99.04 45.0 DMW
91 99.03 50.0 DMW
03 99.68 55.0 DMW

55 99.20 25.0 0.1 M HCl
93 98.40 35.0 0.1 M HCl
44 98.00 40.0 0.1 M HCl
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Table 10
Analysis of Pb2+ in the standard reference material.
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On the basis of distribution studies, the most promising prop-
rty of this material was found to be selectivity for Pb2+and Hg2+

n DMSO and DMW medium which are major polluting metals.
he potential of this material has been demonstrated by achieving
ome important binary separations such as Zn2+–Pb2+, Ni2+–Pb2+,
l2+–Pb2+, Cd2+–Pb2+, Ni2+–Bi3+, Cd2+–Hg2+ and Al3+–Hg2+. The
etails are summarized in Table 6. These separations can be utilized

n the removal of particular metal ions which may interfere in the
etermination of certain other metal ions. Different amounts of lead
nd mercury have been selectively separated from a synthetic mix-
ure containing other metals on a small column of this exchanger.
he sequential elution of ions through column depends upon the
etal-eluting power of the eluent. The weakly retained metal ions

luted first. A striking feature of these selective separations is that
b2+ and Hg2+ could be recovered at more than 95% (with less than
% RSD) using a common acid (HCl) as evident from Tables 7 and 8.
ssay of Al3+ and Mg2+ in two commercial available pharmaceu-

ical tablets has been checked by column chromatography using
his material (Table 9). To check the accuracy and applicability of
he method, standard reference material was also analysed for the
eparation and determination of lead (Table 10).

. Conclusion

A new amorphous ion exchanger, zirconium(IV)iodotungstate,
as been synthesized which exhibits monofunctional cation
xchange behavior. Cation exchange capacity is found to be highest
0.68 meq g−1) for K+ ions. The material was found to be quite stable
n mineral and organic acids. On the basis of differences in Kd val-
es of metal ions, a few binary separations of metal ions have been
chieved utilizing the columns of this material. It is selective for
ead and mercury. Hence, the exchanger can be used to remove Pb2+

nd Hg2+ selectively from industrial effluent and to preconcentrate
rom various water, environmental and biological samples.
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