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ABSTRACT: A PVC-based membrane containing cerium phosphate was developed. Unlike
the cerium phsophate itself that acts as a cation exchanger, the membrane exhibited
anion-exchange properties. Therefore, the utility of this compound as a sensory element for
detection of molybdate ions was pursued. The response of molybdate selective electrode
based on this membrane was perfectly linear in the concentration range 1.98 x107° 10 107"
M. Characteristics of this electrode such as electric resistance, stability and membrane
preconditioning process, and regeneration of its sensitivity are reported.
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INTRODUCTION

Inorganic ion-exchangers besides their being used
in separatory purposes, have been utilized as mem-
brane electrodes [1-3]. Among inorganic exchangers,
cerium phosphate mostly has been used as a cation
exchanger [4-7]. However, it exhibits anion-exchange
properties, too [8]. Previous synthesis of cerium
phosphate in the form of fibers or fine powders was
unsuitable for cation exchange purposes [4-7]. But, in
a different synthesis method the anion exchanging
capacity of cerium phosphate was improved [8]. The

cerium phosphate exchanger synthesized by addition
of salt to the reaction mixture of cerium ammonium
nitrate and orthophosphoric acid have produced mate-
rials of acceptable exchange capacities. Its subsequent
treatment by hydrochloric acid lowers the sodium ion
concentration, reflecting an anion exchange selectivity
effect [8].

There have been several attempts to construct
electrodes selective to molybdate ions [3, 9-11]. A
polystyrene-based zirconium oxide membrane [3] as
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well as a zirconium molybdate membrane [9] showing
selectivity to molybdate have been reported. In the
present work we have developed a PVC-based mem-
brane containing cerium phosphate and examined the
utility of this product as a sensory element for
detection of molybdate ions. The characteristics of
the constructed molybdate electrode are reported.

EXPERIMENTAL
Reagents

All reagents used were of analytical grade and
purchased from E. Merck, Darmstadt.,, Germany.
"Araldite D", an epoxy resin, was from Ciba Geigy,
Switzerland. The cerium phosphate exchanger was
prepared and characterized by the method reported
by Dyer and Jasem [8]. A pH-potentiometer (Consort,
model P614) having a resolution of +0.1 mV was used
for potential measurements.

Preparation of membrane

Homogeneous membranes containing cerium phos-
phate ion exchanger was not mechanically stable but,
heterogeneous membranes obtained by binding the
cerium phosphate with Araldite D or polyvinyl
chloride (PVC) were found to be quite satisfactory.

The powdered cerium phosphate ion exchanger was
further ground in a mortar then mixed with a solu-
tion of PVC in tetrahydrofuran (THF). To reduce the
hardness of membrane a given amount of dioctylpheta-
late (DOP) was added as plastisizer to the mixture.
The mixture was then cast in a coined shaped die and
left to dry slowly at room temperature. When the
membrane was dried and relatively hardened a disc,
14 mm in diameter, was cut out. To find out the
optimum condition, the ratios of cerium phosphate
ion exchanger, PVCand DOP were changed and selecti-
vity of product membranes to molybdate ions and
also stability of obtained potentials were examined.

A large number of membranes (thickness between
0.25 and 0.30 mm) with different compositions were
prepared and examined. Membranes with the composi-
tion of 91 parts of ion exchanger, 3 parts of PVC and
6 parts of DOP showed the best electrochemical per-
formance together with a good conductance and stabi-
lity. The membranes with such a composition were
chosen for further studies.
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Membrane preconditioning

To achieve maximum ion exchange properties, the
membranes thus obtained were preconditioned in 0.1
M sodium molybdate solution for 7-8 days. During
this period the solution was daily renewed. This
process is necessary to bring the electrode response
to an optimum sensitivity. After preconditioning, the
membrane was washed with deionized water to remove
the excess sodium molybdate ions from the surface of
membrane. The optimum period for this process was
determined based on preliminary experiments (data
not shown). It was observed that membranes equili-
brated at shorter times did not give stable potentials.

Potential measurements

The electrode assembly used in this work is shown
in Fig. 1. It was ‘constructed from the ion exchange
membrane cemented at the end of a glass tube. The
internal solution contains 0.1 M sodium molybdate
and a silver wire coated with silver chloride was used
as an’ internal reference electrode. The molybdate

~ selective electrode thus obtained together with a

saturated calomel electrode, as external reference,
was connected to a pH-potentiometer. All measure-
ments were carried out at 25+0.1°C. The response
potentials were read when a steady state was reached.

Connector
/ Internal reference electrode

%{ Internal cover tube _
Glass tube

\ Membrane \\5 _/

et e 3 -

Fig. 1: Components of molybdate membrane electrode

RESULTS AND DISCUSSION

Cerium phosphate is well known to possess cation
exchange properties [8]. However, a small uptake of
anions such as chloride and floride ions has also been
reported [8]. The membrane obtained by the proce-
dure mentioned above, showed significant anion
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Table 1: Dynamic range of electrode response for five selected membranes

4 Membrane composition weight % Dynamic range of

Slope (mW\

No PVC ion exchanger DOP concentration (M) activity decade)
1 40° 60 0 1.78x107% - 0.1 282
2 .19 45 36 7 11 g 283
I 61.5 15.5 1x10™* - 0.1 30.7
4 23 72 5 3.16x10° - 0.1 30.8
A% o2l 76 4 3.16x107° - 0.1 30.8v. 1o/

a: PVC, has been replaced by epoxy resin

exchange characteristics. Therefore, the constructed
electrodes were used for potentiometric measure-
ment of molybdate anions. About 25 membranes
(thickness between 0.25 and 0.30 mm) with different
compositions were prepared and examined. Table 1
shows the electrode linear responses (mV) for five
selected membranes with different compositions.
From this data it is revealed that the membranes
with the above mentioned weight ratio, showed the
widest dynamic range. The potentials observed with
such a cerium phosphate membrane are shown in
Fig. 2. This composition was choosen as the opti-
mized membrane and used for further study.

220

180

E/mv

140 +

100

Log [Molybdate] /M

Fig. 2: Potential changes versus logarithm of molybdate ion
concentration the points are the mean values of five experi-
ments. (For details see text)

In order to determine selectivity of the membrane
electrode’ for molybdate ions over other anions, the
potential changes in the presence of various interfer-
ing ions were measured. Selectivity coefficient (Ky) is

defined as ability of an ion-selective electrode to
distinguish between different ions in the same solu-
tion [12]. For a non-interfering pair, Ky is zero.
When Kj; is unity, the electrode responds equally to
either of the species, i.e; the interferent or the
desired ion. We used the fixed interference method
[12] to check the electrode selectivity. The values of
selectivity coefficients for a number of interfering
ions were determined and compared with the selecti-
vity coefficient reported by others [3,9]. From the
data depicted in Table 2, it is apparent that the
electrode selectivity towards molybdate ions over
several other anions is satisfactory. The univalent
interferents that show very low K&’gvalues, would not
interfere even when present at the same concentra-
tion as that of molybdate ions. There were some in-
terference by multivalent anions since their selectivity

Table 2: Values of selectivity coefficients for a number of
interfering ions comparing with those reported by others

/Interfering ion Selectivity coefficient K&g N

1x10~° Ref. 3 Ref. 9 Present work
VO; — 2 0.099
cIr 14 0.9 0.17
NO; 10:5 =08 0.17
CH,COO"~ — — 0.14
clo; 155 — 0.216
SCN- 155  — 0.22
WO;~ 022 0.022 0.53
507 — 0018 0.59
Cro;~ — 0014 0.75

A0y 0.13 - 0595 )
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coefficient are ranged from 0.5 to 0.8.

Potential changes observed with the electrode
when interposed between sodium molybdate solu-
tions (10'?—10'l M concentration) are shown in Fig.
2. Potential changes depicted in Fig. 2 revealed that
the potential versus logarithm of molybdate anion
concentration, is perfectly linear in the concentration
range 3.16x10™° to 10~! M (R= 0.9985). The slope
of plot (29 with a standard deviation of *0.56) is
very close to that of Nernst equation. The membrane
electrode under investigation can thus be used for
selective determination of molybdate ions within the
linear range mentioned above.

According to the IUPAC recommendations for ion
selective electrodes [12] in practice, the detection
limit, may be taken as the concentration correspond-
ing to the point of intersection of the two extrapola-
ted lines as shown in Fig. 2. Thus, the lowest concen-
tration of molybdate ion to which this electrode is
applicable, is about 1.98%10™> M. This ability makes
the electrode particularly useful in the continuous
analyses.

To determine the electrode response time, the
IUPAC recommendations were followed [12]. The
experimental response time was 30 s. when the solu-
tion in contact with the electrode was in the range
from 0.001 M to 0.01 M. The electrode shows a res-
ponse time of 100 s. when the molybdate solution
was changed from 0.01 M to 0.1 M.

The pH dependence of the membrane electrode was
also investigated. Fig. 3 shows the potential vs. pH
plots of 0.1 and 0.01 and 0.001 M concentration of
molybdate ions at room temperature. It is clear that
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Fig. 3: pH dependence of membrane electrode response at
three different concentrations of sodium molybdate solution
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in the pH range of 6 to 10, the electrode response is
quite independent of the pH. In the pH range lower
than 6 a deviation in potential was observed (data
not shown) probably due to formation of para-, tri-
and/or tetramolybdate ions [13].

For determination of membrane electric resistance,
the membrane was installed between two reference
electrodes in a 0.1 M sodium molybdate solution.
The resistance was measured when the reference
electrodes were connected to a digital multitester.
The resistance difference of the solution with and
without membrane was designated as the membrane
resistance. The membrane with the thickness of 0.25
mm and the mentioned composition showed an
electric resistance of 29.5 K Ohms.

Stability of the membrane was also considered.
The results (data not shown) indicated that the
response of membrane after preconditioning was
quite stable. the constructed electrode showed a
reproducible response for at least six months. In the
case when the membrane lose its sensitivity, we were
able to regenerate their sensitivity. For this purpose,
first the internal reference solution of the electrode
was exchanged with deionized water and for a period
of 72 h. the deionized water was renewed daily.
Following the regeneration process, the membrane
was preconditioned accordingly as described earlier.

The stability of the membrane response in a non-
aqueous solution was investigated. We used a mix-
ture of water-acetone solution as a typical non-
aqueous media. For a 0.075 M of molybdate concen-
tration when the electrode was placed in solutions of
low acetone concentrations its response was the same
as that of the aqueous solutions. However, a drastic
change was observed when placed in a 20% acetone
solution. For 10 fold lower concentration of molyb-
date solution the drastic change in potential began at
about 17% acetone solution. It seems that strong and
also effective interaction between membrane and ions
in solution, would not be obtained in this nonaque-
ous solutions.

In conclusion we have been able to introduce a
heterogeneous PVC-based membrane that exhibits
selectivity towards molybdate anions. Due to its
longterm stability in a wide range of pHs and in low
concentration of aqueous organic solutions, it seems
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to be applicable as a molybdate ion- selective
electrode. Comparing to the previously reported
electrodes [3,7] this electrode showed a Nernstian
response to molybdate anions in a wider dynmaic
range, and exhibited a lower selectivity coefficient
over other univalent interferents ions.
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