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ABSTRACT

A potentiometric zirconium sensor based on the use of 4-nitrophenylazo-N-(2-hydroxypropylamine)salicylidine
(NHPS) as an ion carrier in poly (vinyl chloride) (PVC) matrix, was developed. The best performance was
observed for the membrane composition including 26.27% PVC, 65.67% N-POE, 5.43% NaTPB and 2.63%
ionophore.The electrode which can be used for at least 1 month without observing any deviation exhibited a
Nernstian slope of 29.37 mV per decade and a linear range of 1.0x107 t02.0x10” mol L™, with a detection
limit of 2.0x10°® mol L™, for zirconium ion. Also it showed a fast response time of about 10 s. The proposed
membrane sensor revealed good selectivity for zirconium ion over a wide variety of other metal ions and could
be used in pH range of 5-9.5. It was successfully used as an indicator electrode in potentiometric titration of

zirconium ion.
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1. INTRODUCTION

Zirconium is a significant engineering material which
has become important as secondary metal for carrying
out certain kind of industrial processes such as
manufacturing of photoflash bulbs, surgical equipments,
and tanning of leather [1]. Naturally occurring isotopes
of zirconium are non radioactive in nature and some
isotopes like Zrg; and Zrgs are produced as a result of
uranium fission and dissolution of “Zircaloy” fuel
cladding. Due to its long half life (1.5x10° years), it has
importance in nuclear fuel cycle [2]. Thus, because of
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increasing industrial uses of zirconium compounds, its
determination is the subject of considerable efforts.

Potentiometric sensors possess many advantages such
as accuracy, reproducibility, relatively fast response,
lower costing, time saving, affectivity and facility in
preparation. Also, the ion-selective electrodes (ISEs)
allow non-destructive, and on line monitoring of
particular ions in small volume of sample without any
pretreatment. These characteristics have inevitably led
to the preparation of numerous sensors for several ionic
species, and the list of available electrodes has grown
substantially over the past years [3-6].


http://www.google.com/search?q=%D9%BE%DA%98%D9%88%D9%87%D8%B4%DA%A9%D8%AF%D9%87+%D8%B5%D9%86%D8%A7%DB%8C%D8%B9+%D9%85%D8%B9%D8%AF%D9%86%DB%8C&hl=fa&lr=&tbs=clir:1,clirtl:en,clirt:en+Mineral+Industry+Research+Institute&ei=hBnNS_jQJ4iM0gTSldzsDw&sa=X&oi=clir_tip&ct=search_link&resnum=11&ved=0CCkQ_wEwCg
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In the present work, a highly selective and sensitive
potentiometric Poly Vinyl Chloride (PVC) membrane
electrode based on 4-nitrophenylazo-N-(2-
hydroxypropylamine)saicylidine (NHPS) (Fig.1) is

N
0, N

reported for zirconium ion. NHPS is a new Schiff base
that recently synthesized in our laboratory [7].

The proposed electrode has been preliminary applied to
zirconium solutions and as indicator electrode in
potentiometric titration of zirconium ion.

C=N -CH,-CH-CHj

oH OH

Fig.1: The structure of ionophor 4-nitrophenylazo-N-(2-hydroxypropylamine)salicylidine (NHPS)

2. EXPERIMENTAL

2.1. Apparatus

All  potentiometric measurements were made at
25+0.1°C with a pH/mV meter (Zag Chimi, Iran) using
the proposed sensor in conjunction with a double
junction Ag/AgCl (Azar Electrode, Iran) as a reference
electrode.

2.2. Reagents and materials

All aqueous solutions were prepared using the
chemicals of Analytical reagent grade and double
distilled water. High molecular weight Poly Vinyl
Chloride powder, diocthyl phthalate (DOP), dibuthyl
phthalate (DBP), dimethyl sebacate (DMS), and
tetrahydrofuran (THF), were supplied from Aldrich.
Sodium tetraphenyl borate (NaTPB) and o-nitrophenyl
octyl ether (NPOE) were obtained from Fluka.
zirconylchloride (ZrOCl,.8H,0) was purchased from
Merck. Also all salts of metal nitrates (all from Merck)
were of the highest purity available and used without
any further purification except vacuum drying over
P,Os. Ligand (NHPS) was synthesized and purified as
previously reported [7].

2.3. Electrode preparation
The procedure of preparation the PVC membrane was
to dissolve a mixture of PVC powder, the plasticizer,

ionophore (NHPS) and the additive NaTPB in 3 ml of
THF, at the relative proportions given in Table 1. The
resulting mixture was transferred into a glass dish of
2cm diameter. The solvent was evaporated slowly at
room temperature until an oily concentrated mixture
was obtained. A pyrex tube (3-5 mm id. on top) was
dipped into the mixture for about 10 s so that a
transparent membrane with the thickness of about 0.3
mm was formed. Pulled out from the mixture, the tube
was kept at room temperature for about 1 h and then
was filled by internal filling solution (1 10 mol L™ of
zirconylchloride). The electrode was finally conditioned
for 24 h by soaking it in a 1x 10 mol L™solution of
zirconylchloride. A silver/silver chloride coated wire
was used as an internal reference electrode. The ratio of
various ingredients, concentrations of equilibrating
solution and time of contact were optimized to provide
membranes which resulted in reproducible and stable
potentials with relatively little noise.

2.4. Emf measurements

All emf measurements were carried out with the
following cell assembly: All measurements were carried
out in a 50-ml double-walled glass cell, with constant
magnetic stirring of the test solution. Activities were
calculated according to Debye-Huckel procedure [8].

Ag-AgCl| internal solution (1 x 10 mol L™ of zirconylchloride) | PVC membrane| test solution| Ag-AgCl.

2. RESULTS AND DISCUSSION

The structure of NHPS as an ion-selective ionophore is
presented in Fig. 1. In preliminary experiments, it was
used as a neutral carrier to prepare PVC-based
membrane electrodes for a variety of metal ions. The
potential responses of the most sensitive electrodes,

prepared under the same experimental conditions
(except for 24 h conditioning in a 1.0x102 M of the
corresponding cations) are shown in Fig. 2. As it can be
seen, except for the zirconium ion-selective electrode,
for all other cations, the slope of the corresponding
potential pM plots is much lower than the expected
Nernstian slopes.
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Figure 2. Potential response of different ion-selective electrode based on NHPS ligand

It is well known that the sensitivity and selectivity
obtained for a given sensor significantly depend on the
membrane composition [9-20]. Thus, some important
features of the PVC membrane such as the nature and
amount of ionophore, the properties of the plasticizer,
the plasticizer/PVC ratio, and especially, the nature of
additives used are reported to be significantly effective
the sensitivity and selectivity of the ion selective
electrode. To find the best plasticizer, different

membranes containing NHPS as ionophore were
prepared. The obtained results are shown in Table 1.
Among four different plasticizers which are often used
with PVC-membrane electrodes, including NPOE,
DOP, DBP, and DMS, the best calibration parameters
and mechanical characteristics of the membranes were
observed in the case of NPOE; hence, this plasticizer
was used in further studies.

Table 1: Optimization of membrane ingredients

No Composition(%ow/w) Slope Linear rang

PVC Plasticizer Ligand NaTPB (mVper

decade)

1 30.67 DOP,66.46 2.87 _ 1.1 _
2 76.14 B 7.62 16.24 13.16 1.0x10°-1.0x107®
3 28.18 DOP,61.82 3.36 6.64 12.76 1.0x10°-1.0x107
4 30.74 N-POE,60.03 2.87 6.63 20.52 1.0x10°-5.0x1072
5 33.73 DOP,59.46 _ 6.81 2.19 _
6 32.93 DOP,55.63 5.46 5.98 9.35 1.0x10°-1.0x107
7 30.60 DBP,60.11 3.42 5.87 2.2 _
8 28.24 DOP,60.72 3.09 7.95 11.67 1.0x10°-1.0x107®
9 26.27 N-POE,65.67 2.63 5.43 29.37 2.0x107-1.0x1072
10 28.90 DMS,62.12 3.38 5.6 18.37 5.0x10°-5.0x1072

Although neutral-carrier-based ISE membranes may
work properly even when they contain only a very small
number of ionic sites, the addition of a salt of lipophilic
ion is advisable and beneficial. In fact, it has been
demonstrated that the presence of lipophilic negatively
charged additives in cation selective membrane
electrodes not only diminishes the ohmic resistance and
enhances the response behavior and selectivity but also,
in cases where the extraction capability is poor, it
increases the sensitivity of the membrane electrodes
[21-27]. Considering the data presented in Table 1, it is

seen that the addition of NaTPB can increase the
sensitivity of the electrode response considerably. Use
of 5.43 %( w/w) NaTPB resulted in Nernstian behavior
of the electrode (No. 9).

The obtained results indicated that the best sensitivity
and linear range were obtained using membrane number
9 resulted in Nernstian behaviors of the membrane
electrode over a wide concentration range.
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Zirconium is present in aqueous solution in the form of
[Zr (OH)] **, [Zr (OH) oJ*", [Zr (OH)3] *, [Zr (OH) 4],
[Zr (OH) ] ", [Zrs (OH) ]**, [Zrs (OH)&]™, [Zr4 (OH)
o]®" and ZrO, . The dissolution and hydrolysis of zirconyl
chloride (that was used as source of zirconium in this
study) is a multivariate process. The existence of each
of these species or others depends on different variables
such as pH, temperature, zirconium concentration and
chloride concentration [28]. In the crystal structure of
zirconylchloride, the dominant from of zirconium is
[Zrs (OH) g]** ion, with water molecules grouped
around this polymeric ion and no cross-linking between
the units of zirconium species [29] When the crystal is
added to water, it is readily dissolved and the zirconium
polymers are simply lifted out of the lattice into
solution. The obtained slope of 29.37 mV/decade was
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equivalent to Nernstian slope for a double-charged
cation. Accordingly, it can be concluded that the
response of the electrode may be due to [Zr (OH) ,]**
cation.

The effect of H30" ion concentration on the electrode
response was studied in a 1.0 x10° M zirconium
solution in which the pH adjustment was carried out in
the presence of HNO; and NaOH. The corresponding
results are depicted in Fig. 3, showing that the potential
electrode based on (NHPS) seems to be hardly affected
by pH in the range of 5.0-9.5. The observed changes of
potential at lower and higher pH values could be due to
the protonation of the ion carrier and formation of some
mono hydroxyl complexes of zirconium ion in solution
[29], respectively.

Fig. 3. Effect of pH of the test solution on the potential response of the zirconium ion-selective electrode.

The potential response of the electrode displayed a
linear response to the concentration of zirconium ion in
the range of 1.2 x10 2 to 2.0x10 7 mol L™ (Fig. 4). The
slope of calibration graph was 29.37 mV per decade of
the activity of the ion. The detection limit of the sensor

determined by the intersection of the two extrapolated
segments of the calibration graph was 2.0x10 8 mol L™
The prepared membrane electrode could be used for at
least 1 month without any measurable divergence.
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Fig.4. Calibration curves of zirconium electrode based on NHPS ligand.
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The influence of interfering ions on the response
behavior of ion-selective membrane electrodes is
usually described in terms of selectivity coefficients,

K pot .
A B
(MPM) [30] and fixed interference method (FIM) [31-
32] were used for calculation of selectivity coefficient.
According to the MPM, the selectivity coefficient is
defined as the activity (concentration) ratio of the
primary ion to the interfering ion, which gives the same
potential change in a reference solution. Thus one
should measure the change in potential up on changing
the primary ion activity. Then the interfering ion would
be added to an identical reference solution until the
same potential change is obtained. The selectivity

pot
A B

In this work, matched potential method

coefficient, K is determined as follows,

pot _
K A B A A/ aB

Where aB is the activity of interfering ion and A A =a
'A —aA, that aA is the initial primary ion activity and a’A
is the activity of A in the presence of interfering ion.
The concentration of zirconium ion used as primary ion
in this study was 5.0 ><10®° mol L™ . The resulting
values are shown in Table 2. In the other method (FIM),
the emf of a cell comprising an ion-selective electrode
and a reference electrode is measured for solutions of

constant activity of the interfering ion, aB, and varying
activity of the primary ion, aA. The obtained emf values
are plotted vs. the logarithm of the activity of the
primary ion. The intersection of the extrapolated linear
portions of this plot indicates the value of aA that is to

pot
KA B

be used to calculate from the following

equation:

K KOtB =aA/(aB)*V*® where both zA and zB have the
same sign (positive).

The selectivity coefficient values calculated using FIM
and MPM are reported in Table 2. The results indicate
that the proposed sensor is sufficiently selective for
zirconium ion over a large number of foreign ions.

Table 2. Selectivity coefficients of various interfering ions

Interfering ion pot

LogKzr M

FIM MPM
Cr 2.90 2.48
Ph*? 231 2.869
Fe®® 2.95 2.759
Co™ 2.9 2.103
Mn*? 2.98 2.804
Ni*2 2.1 2.471
Fe*? 2.3 3.346
2 2.98 2.167
K* 3.2 2.647
Cu*? 2.746 2.869
Zn*? 2.2 2.484
cd* 2.1 3.346

The proposed zirconium sensor was found to be able to
work well under laboratory conditions. It was
successfully applied as an indicator electrode in the
potentiometric titration of zirconylchloride with NaOH
and resulting titration curve is shown in Fig. 5. As it can
be seen, the amount of zirconium ions in solution can be
accurately determined using the sensor.

The proposed zirconium sensor was found to work well
under laboratory conditions. It was successfully applied
as an indicator electrode in the potentiometric titration
of zirconylchloride with NaOH and resulting titration
curve is shown in Fig. 5. As seen the amount of
zirconium ions in solution can be accurately determined
with the sensor
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Fig.5. Potentiometric titration of 50.0 ml of 1 X 10" mol L™ zirconium solution with 1 > 10 mol L* NaOH, using the
proposed membrane sensor as an indicator electrode

The electrode was successfully applied to the direct
determination of zirconium in different water samples
and the results are given in Table 3.As can be seen, the

accuracy of zirconium determination in different water
samples is almost quantitative.

Table3. Recovery of zirconium from different water samples

Zr (ugL? Recovery (%)
No Added Found
1 160 158 98.75
2 230 223 97
3 330 338 102.4
4 16 16.6 103.75
5 23 23.1 100.4
6 33 32.3 97.9
CONCLUSION time at least 1 month. The electrode has a fairly good

The main advantages of the proposed potentiometric
sensor are its simplicity of preparation, fast response
time, short conditioning time, low detection limit, low
cost, wide dynamic range, Nernstian behavior, and life

selectivity. Consequently, the proposed sensor is on the
one hand, superior to the existing sensors in terms of
response time and lifetime, on the other hand,
comparable with regards to other parameters such as
slope, pH range, concentration range (Table 4).

Table 4. Comparison of the proposed ion selective sensor with the existing sensors

Ref. no. Working concentration range (M) Response Lifetime
time (days)
)
33 1.0x107-5.0x107° 18 30
29 1.0x10%-1.0x 107 41-78 15 30
34 0.39-3.1 300 10
Proposed 1.0x102-2.0x107 10 30

sensor
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