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Construction of Cu2+-selective electrode and thermodynamic
study of the ternary aqueous mixed electrolyte system
(CuCl2, KCl, H2O) using nanocomposite-based
potentiometric sensor
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A nanocomposite membrane Cu2+ ion-selective electrode has
been constructed using a new compound ethyl 1,2,3,4-tetrahydro-4-(4methoxyphenyl)-6-methyl-2-oxopyrimidine-5-carboxylat (ETMOC) as a
neutral ionophore. The electrode works properly. It responds to Cu 2+ ion
with a sensitivity of 29.5 ± 0.2 mV/decade over the range 1.0 × 10 −9 to
5.0 × 10−1M at pH 3.0-8.0. The limit of detection was 4.5 × 10 −10 M. It
has a response time of < 6s and can be used for at least 3 months without
any divergence in potentials. The proposed electrode shows fairly good
discrimination of Cu2+ ion from several cations. Then, electrolyte solution
system, CuCl2, KCl, H2O in the concentration range from dilute to near
saturate from the thermodynamic viewpoint was investigated. The
thermodynamic investigations were performed based on Pitzer ioninteraction model by processing experimental data of potentiometric. The
thermodynamic investigations were successfully performed by the
evaluation of potentiometric experimental data,.
Keywords: Activity Coefficient; Pitzer Model; Cu2+-Selective Electrode;
Nanocomposite.
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Copper is an important element for all plants and animals. It
functions at low concentration as bacteriostatic substances, fungicides,
and wood preservatives. In addition, it is found in a variety of enzymes
[1]. Copper is widely used in many industries, such as electroplating,
paint, metal finishing, electrical, fertilizer, wood manufacturing and
pigment industries. In the area of membrane-based ISEs, emphasis has
been focused on the development of new ionophores and on the
composition of the membrane phase, aiming at enhancing the
potentiometric responses of the ISEs.
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The introduction of new ion-selective
membrane electrodes has played a fundamental role
in
the
development
of
potentiometric
measurements. The advantages of ISEs over many
other methods are their easy handling,
nondestructive analysis and inexpensive sample
preparation. Electrolyte solution system consisting
of CuCl2, KCl, H2O in the wide concentration range
were thermodynamically investigated [2-8]. Using
a Cu2+ -selective electrode with together an AgAgCl electrode on the galvanic cell without liquid
junction performed thermodynamic investigations
of ternary system. The ion selective electrode used
for the investigation of electrolyte system of CuCl2,
KCl, H2O was the nanocomposite- based Cu(II) ion
selective electrode. The application of pair
electrodes used (Cu2+ -selective electrode and AgAgCl)
was
confirmed
by
comparing
potentiometricaly determined mean activity
coefficients of single electrolyte and mean activity
coefficients calculated by theoretical model [9-13].
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Membranes
containing
different
compositions were studied and the optimum found
was 30.0 wt. % of Nano Composite Silica
Perchloric Acid Poly (2- Methyl Aniline) (Figure 1)
(NSPPMA), 56 wt. % of plasticizer (NPOE),
5 wt. % of additive (NaTPB) and 9 wt. % of the
corresponding ionophore (ETMOC). These were
mixed in 2.0 ml of THF. The solvent was
evaporated slowly until an oily concentrated
mixture was formed. A Pyrex tube (4 mm o.d.) was
dipped into the mixture for about 15 s so that a
transparent membrane of about 0.4 mm thickness
was formed. The tube was then pulled out from the
solution and kept at room temperature for about 2
h. The tube was then filled with internal solution
1.0 × 10−4 M Cu2+. The electrode was finally
conditioned for 24 h by soaking in a 1.0 × 10−3 M
Cu2+ solution. Figure 1 shows a flow diagram for
preparation of membrane. The ratios of various
ingredients, concentration of equilibrating solution
and time of contact were optimized to provide a
membrane that was reproducible and stable
potential.

EXPERIMENTAL
Reagents and materials
Reagent grade acetophenone (AP), oleic
acid (OA), tetrahydrofuran (THF), nitrophenyl
octyl ether (NPOE), Sodium tetra phenyl borate
(NaTBP)
(all
from
Merck),
p-methoxy
benzaldhyde, β-keto ester, urea or thiourea,
Fe(HSO4)3, absolute EtOH (from Fluka or Aldrich )
were used as received. Chloride and nitrate salts of
all other cations (all from Merck) were of the
highest purity available and used without any
further purification. Double distilled deionized
water was used throughout.
Synthesis of Ionophore (ETMOC)
ETMOC was synthesized under solventfree conditions: A mixture of the p-methoxy
benzaldhyde as substrate (1 mmol), β-keto ester
(1.2 mmol) urea or thiourea (1.2 mmol) and
Fe(HSO4)3 (1 mmol) was heated in an oil bath
(100°C) for 2h. After completion (monitored by
TLC), the reaction was cooled to room temperature
and poured onto crushed ice and the solid product
separated was filtered and recrystallised from
ethanol.
Preparation of Membrane
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Fig. 1. AFM images of Nano Composite Silica Perchloric Acid Poly
(2- Methyl Aniline)
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Fig. 2. Flow diagram for preparation of membrane.
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Potential response of Cu2+-selective electrode
The potential responses of various ionselective electrodes are shown in Figure 4. Except
for the Cu2+ ion-selective electrode, in all other ions
the slope of the corresponding potential–pM plots
is much lower than the expected Nernstian slopes.
Therefore, this electrode is suitable for
determination of Cu2+ ion. Figure 5 shows the
response of mentioned sensor in high
concentrations. This figure confirms that the
electrode performs successfully.

Potential measurement
The electrode cell assembly of the
following type was used:
(a) Ag | AgCl | CuCl2 (mA), H2O | Cu-ISE
(b) Ag | AgCl | CuCl2 (m1), KCl (m2), H2O | Cu-ISE

RESULTS AND DISCUSSION
Theoretical calculations
Some ab initio quantum mechanical
calculations were carried out using second-order
Møller–Plesset (MP2) perturbation theory with
Gaussian 98 program package. The lanl2dz basis
set for all atoms was used for optimizing
molecules. The optimized structure of complex
between ionophore and Cu2+ ion is shown in Figure
3.

Fig. 4. Potential response of proposed ion-selective electrode based on
ETMOC to different ions.

Fig. 5. Potential response of Cu2+-selective membranes in high
concentrations.

Fig. 3. Optimal conformation of ionophore after
complexation with Cu2+
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Figure 6 indicates Plot of the values of natural
logarithm mean activity coefficients for CuCl2
versus total ionic strength at different molal ratio. It
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can be concluded that the good agreement exists
between mean activity coefficients.

Fig. 6. Variation of mean activity coefficient with Ionic strength.

CONCLUSION
The new compound, ethyl 1,2,3,4tetrahydro-4-(4-methoxyphenyl)-6-methyl-2oxopyrimidine-5-carboxylat (ETMOC), was used
as an ionophore for the construction of Cu2+-ion
selective electrode. This electrode responds to
Cu(II) ion with a good sensitivity over the wide
concentration range at pH 3.0-8.0. These
observations confirm theoretical calculations,
which compare interaction energies. Using a Cu2+selective electrode with together an Ag-AgCl
electrode on the galvanic cell performed
thermodynamic investigations of electrolyte
system. The ion selective electrode used for
investigation of electrolyte system of CuCl2, KCl,
H2O was the PVC based Cu(II) ion selective
electrode. The results show that potentiometric
method is successful in evaluation of the mean
activity coefficient in mix electrolyte solutions.
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