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All solid-state contact poly vinyl chloride (PVC) membrane potassium-selective electrode has been

developed. The construction of the ion selective electrode membrane was organized using ionophore

4,4
′
-bis[4

′′
-phenoxy(15-crown-5) methyl]benzyl in PVC cocktail. The potentiometric performance char-

acteristics of the electrode were investigated by a computerized system. The electrode was found highly

selective to K+ions over a wide variety of other cations. The electrode almost exhibited a Nernstian

response (≥ 55 (±15) mV/decade of K activity) to K+ within the concentration range 1.5 × 10−1−1.0×
10−5 M. The operational pH range of the electrode was 5–7. The response time of the electrode was fast

(<10 s), and the life time was long (at least 2 months). The electrode has been successfully used in real

sample analysis. The values obtained by the electrode were in good agreement with the certified values.
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Introduction

Ion-selective electrodes (ISE) are the chemical sensors with the longest and probably the most frequent
routine application. Potentiometric detection based on ion-selective electrodes, as a simple method, offers
several advantages such as speed and ease of preparation and procedures, simple instrumentation, relatively
fast response, wide dynamic range, reasonable selectivity, and low cost. Besides, they are ideally suitable for
on-site analysis and, nowadays, they are found to be applicable in the analysis of some biologically relevant
ions, process control, and environmental analysis.1−5 In recent years, there has been an increasing interest in
the field of ion-selective electrodes, mainly those based on the use of all-solid state contact types6,7 similar to
coated-wire electrodes. The all solid-state contact prepared uses a mixture of graphite-epoxy resin in suitable
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ratios. In these types of electrodes, the sensing membrane adhered better to the surface of all-solid-state
contact without an internal reference solution.8

Macrocyclic compounds have attracted considerable attention for the development of carrier-based
PVC membrane sensors sensitive toward cationic species.9−16 Crown ether classes of macrocyclic compounds,
containing only oxygen as the heteroatom in the macrocyclic ring, exhibit ionophore properties, e.g. a
strong affinity for alkali metal cations within the PVC membrane.17−20 Potassium-selective potentiometric
electrodes based on crown ether derivatives21−23 and the ones incorporating the neutral carrier valinomycin
in PVC membrane have been reported.24−26 K2Zn3[Fe(CN)6]2 has also been used as electroactive material
in preparation of silicone rubber and PVC matrix based potassium selective electrodes.27−30

A significant number of macrocyclic compounds, from crown ethers to calixarene derivatives, exhibit
ionophore properties. Using these compounds as ionophore in PVC membranes, highly selective electrodes
for alkali metal and alkaline earth metal ions can be developed. In the present study, all-solid-state

PVC membrane K+ selective sensor using 4,4
′
-bis[4

′′
-phenoxy(15-crown-5) methyl]benzyl is reported. The

chemical structure of the ionophore is shown in Figure 1.
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Figure 1. The chemical structure of ionophore.

Experimental

Reagents and apparatus

Tetrahydrofuran (THF), polyvinylchloride (PVC), dioctylsebacate (DOS), potassium tetrakis(p-chloropheny)
brote (KTClPB), and sodiumtetrapenylborate (NaTPB) were purchased from Fluka (Buchs, Switzerland).
Epoxy (macroplast Su 2227) and Hardener (desmodur RFE) were purchased from Henkel (Germany) and
Bayer Ag (Germany), respectively. All salts used in the experiments are nitrate form and analytical

reagent grade obtained from Merck (Darmstadt, Germany). The ionophore 4,4
′
-bis[4

′′
-phenoxy(15-crown-5)

methyl]benzyl was synthesized following a literature method published previously. 31
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The potential measurements were carried out at room temperature with an Ionmeter (ELIT 9808,
Serial No: 1254100 CE). The ionmeter was connected to a personal computer with Athlon AMD Processor.
Glass electrode as a pH electrode and silver/silver chloride as reference electrode (Mettler Toledo inlab 302)
were used in the potentiometric cell.

Preparation of sensors

The general procedure for preparing solid-state PVC membrane sensors was used.32−33 For the construction
of all solid-state contact material, the powdered graphite, epoxy, and hardener were mixed in various
proportions. Experimentally established that the most appropriate solid-state contact composition was
determined as 0.5 g of graphite (50%, w/w), 35 g of epoxy (35%, w/w), and 0.15 g of hardener (15%,
w/w). The mixture was placed in THF solvent and left for aging for approximately 30 min. After obtaining
appropriate viscosity, a shielded copper wire (0.5 mm diameter and 15 cm length) was polished and dipped
in the solution about 10 times. The wire was covered with the mixture, and it was ripened for overnight in
an oven at 60 ˚C. PVC membrane cocktails were composed of 4% (w/w) ionophore, 55% (w/w) plasticizer
(DOS), 40% (w/w) PVC, and 1% (w/w) KTClPB or NaTPB (if required). The solid-state contact material
was immersed into the membrane cocktail for 5 times and then allowed to dry in open air for 24 h. The
prepared membrane electrodes were conditioned in a 10−1 M solution of K+.

EMF measurements

The electrode potential (EMF) measurements were performed at room temperature. Measurements were
carried out in 50 mL solutions. The electrochemical cell was Cu/all-solid state PVC membrane/test
solution/reference solution. Measurement apparatus with continuous stirring contain a developed electrode
and a reference electrode in the same cell. Before every measurement, electrodes were washed with deionized
water. All the standard or test solution concentrations of the studied ions were in the range of 10−1– 10−7M.
The performances of the electrodes were evaluated measuring the EMFs of the test solutions in the same
concentration range.

Test operation was as follows: All electrodes were conditioned for 3–24 h in main solutions before use,
and were kept dry or in deionized water.

Sampling

Water samples were taken from tap water and Değirmendere River, which is the main water resource for
Trabzon Province and Karadeniz Technical University. Polyethylene bottles were used to store the samples.
Before the collection of the water samples, polyethylene bottles were thoroughly washed with detergent,
tap water, diluted HNO3, and distilled/deionised water, in that order. After filtration through 0.45 μm
nitrocellulose membrane filter, water samples were used for the analysis. The certified standard reference
drinking water was supplied from CRM-TMDW-500.
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Results and Discussion

Performance characteristics of the sensor

In preliminary experiments, the potentiometric response of the all-solid state PVC membrane electrode based

on 4,4
′
-bis[4

′′
-phenoxy(15-crown-5) methyl]benzyl to alkali and alkaline earth ions was measured.

In the first place, K+ and similar cations such as Na+, Li+, Mg2+, Ca2+, and Ba2+ were tested and
the results of 5 repeated measurements were plotted as mV potential versus log[C] graphs, and is shown
in Figure 2. The potentiometric response of the K2 selective electrode was examined in the concentration
range 1.0 × 10−1 - 1.0 × 10−7 M. Furthermore, 10 numbered standard solutions of K+ were prepared and
measured. The average of the results is shown in Figure 3. The electrode showed a linear response in 1.5 ×
10−1 - 1.0 × 10−5 M concentration range with a Nernstian slope of (≥ 55 (± 15) mV/decade.
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Figure 2. Potentiometric response of all solid-state contact PVC membrane ion selective electrode to different

cations (The electrode was conditioned in 10−1 M K+ for 24 h).

The selectivity behavior is one of the important characteristics of the ion selective electrodes. Figure
2 indicates that the electrode showed good selectivity towards K+ ions compared to other alkali and alkaline
earth ions. As can be seen in Figure 2, the most convenient cation was K+ in terms of sensitivity and
selectivity. Potentiometric selectivity of all solid state K+ selective electrodes towards K+ ions relative to
alkali and alkaline earth metal ions was determined by the separate solution method.34 The potentiometric

selectivity coefficients (kpot
K,Mn+) of each electrode for various cations were calculated by the separate solution

method for K+ selective electrode are given in Table 1. The smaller its value, the higher the performance
for the primary ion relative to the interfering ion, and the more selective the electrode.

The response time of ion-selective electrodes is a very important feature. In order to determine this,
after the electrode was taken out from 10−2M K+ solution, it was immersed into 10−3 M K+ solution. The
response time (t95%) of the electrode was measured as the time required to reach 95% of the steady potential
value for a 10−3M solution. In this situation, the actual potential versus time traces is shown in Figure 4.
The response time for the electrode was less than 10 s.
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Table 1. Selectivity coefficient values for solid–state contact K+ selective membrane electrode as obtained by

separate solution method.

Interfering ions Selectivity coefficient, log kpot
K,Mn+

Ca2+ – 2.0
Li+ – 2.9

Mg2+ – 2.9
Na+ – 3.6
Ba2+ – 4.2

y  = -57.9x  + 578.5

R 2 = 0.9931
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Figure 3. The variation of average potential values

(mV) with log[C] for K+ solutions in the range 10−1–

10−5 M (The electrode was conditioned in 10−1M KNO3

for 24 h, N= 10).

Figure 4. Potentiometric response – time of the solid-

state contact K+ selective membrane electrode for step

changes in concentration of 10−2 M K+ solution to 10−3

M K+ solution (The electrode was conditioned in 10−1

M K+ solution for 24 h).

The pH dependence of the electrode potential was also investigated over the pH range of 2–12 for
10−1 M K+ ions. As shown in Figure 5, potentials remain constant between pH 5–7 which was determined
as the operational pH range.

The detection limit of the electrode was found as 8 × 10−6 M for K+ ions and its lifetime was at least
2 months.

Consequently, from the results discussed in this paper, the solid-state electrode produced by ionophore
can be considered as a convenient electrode for direct determination of K+ ion in aqueous solution.

Analytical application

The selectivity of potassium ions exhibited by the developed all solid state membrane electrode makes it
potentially useful for the determination of K+ in water samples. The concentration of K+ was determined in
real environmental samples, unspiked and spiked tap water, and river water samples. The obtained results
are given in Table 2. The results of K+determination in certified reference drinking water materials (CRM-
TMDW-500) are given in Table 3. Table 4 shows that the values of K obtained by the electrode are in good
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agreement with certified values. Therefore, the developed sensor can be used for the determination of K+

in real samples. Table 4 shows the values of K+ in environmental water samples.
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Figure 5. Effect of pH on potential of the solid-state contact K+ selective membrane electrode at [K+]: 1×10−1 M.

Table 2. Spiked recovery results of K+ in tap water and stream water (N= 3, V: 10 mL).

Sample Added (mg) Found (mg) Recovery (%)

KTU Tap Water*
0 2.70 ± 0.01 -
5 7.63 ± 0.02 97
10 12.73 ± 0.04 101

Değirmendere Stream
0 1.72 ± 0.01 -
5 6.66 ± 0.02 97
10 11.75 ± 0.03 102

*Karadeniz Technical University main water line

Table 3. The level of potassium (K+) in the standard reference material (N= 3, V: 10 mL).

Sample
Certified value Found value Recovery

(μg L−1) (μg L−1) (%)

CRM-TMDW-500∗ 2500 ± 12.5 2500 ± 75 100

Table 4. The level of potassium in the water samples (N= 3, V: 10 mL).

Sample Concentration (mg L−1)
KTU Tap water 270.60 ± 0.72

Degirmendere River 172.40 ± 0.75
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Conclusions

The K+selective electrode, based on 4,4
′
-bis[4

′′
-phenoxy(15-crown-5) methyl]benzyl has sufficient character-

istics in view of selectivity, response time, detection limits, linear response range, and independent pH range.
Developed electrode has higher selectivity for K+ ions than other ions such as Ca2+, Mg2+, Li+, Na+, and
Ba2+. Electrode sensitivity was relatively low, and it was approximately 10−5M. K+ ion concentrations had
linear responses versus potential in the range of 1.5 × 10−1 – 1.0 × 10−5M. The potential difference was
nearly (55 ± 15 mV) for every 10-fold concentration change. Independency of pH versus potential increase
was sufficient for reasonable K+ determination. Therefore, the electrode was successfully used in real sample
analysis for the determination of K+ ion.
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