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A highly sensitive phosphate selective electrode (ISE) was fabricated using BasPOs4, CuxS and Ag2S
solids. The highest sensitivity of ISE was obtained with 20% BazPO4(m/m) composition. The ISE shows
a slope of about 57 mV towards the phosphate ion in the concentration range 1x10 M - 1x10° M. The
ISE characterization was performed. The ISE was judged to be accurate in the presence of possible
interfering ions. The amount of phosphate in foods was measured as real sample analysis and the
proposed ISE was accepted as a reliable, sensitive and easy-to-make sensor device for phosphate analysis
in food samples.
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1. INTRODUCTION

Phosphate is an important food source for living organisms. The products containing phosphate
in a wide range concentration are used in many fields, especially in pharmacy, medical, clinical
chemistry, industrial and environmental [1]. Chromatographic [2], spectrophotometric [3] and ion
selective electrode (ISE) [4] could be found in literature in for determining phosphate ion in real samples.

ISEs prepared with water-soluble salts have many advantages such as sensitive, durable, short
response times and easy preparation. In recent years, the phosphate ISEs showed remarkable
improvements for the analysis in real sample analysis. Many ion selective electrodes have been prepared
using different phosphate carriers [5-18].

The first solid state phosphate selective electrode was prepared from silver sulfide, lead sulfide
and lead hydrogen phosphate salts. This electrode was used for potentiometric precipitation titration of
phosphate and lanthanum [19]. Another solid electrode prepared a silver phosphate-based phosphate-
selective electrode using the electrochemical method of silver over platinum. The sensitivity of this
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electrode is about 20 mV and it is sensitive to chloride ion [20]. In one study, a tungsten-based
potentiometric electrode was prepared to measure the phosphate (HPO42") concentration in the aqueous
solution. The training of this electrode is 29 mV [21]. A solid membrane phosphate sensor was prepared
from poorly soluble salts of silver and phosphate. The membrane electrode had a 32.6 mV slope [22].
Recently, modified molybdenum electrode with molybdenum dioxide and molybdenum phosphate on
its surface, phosphate ion selective electrode was used. Its slope at pH 9.0 was measured to be
approximately 28 mV [23]. Cobalt-phosphate selective electrode with cobalt matrix was prepared and
used in environmental analysis. Cobalt-phosphate selective electrode with cobalt matrix was prepared
and used in environmental analysis. This electrode sensitivity was measured between (pH 4.0-6.0)
between 35 and 50 mV [24].

In this study, ISE was prepared by using BasPO4, Cu.S and Ag.S for phosphate ion
determination. These salts were prepared in the laboratory. This electrode is easy to prepare and low in
cost compared to other electrodes. Direct determination with ISE is possible. Electrode life is longer.
The selectivity and sensitivity of the ISE were determined in the presence of potentially interfering ions,
and the proposed sensor was confirmed to be a reliable ISE in food samples such as beef, beans, garlic,
and dried apricots.

2. EXPERIMENTAL

2.1. Materials and Reagents:

Barium phosphate, silver sulfur and copper (1) sulfur were prepared in the laboratory. Other metal
solutions were prepared from nitrate and chloride salts (Merck). Phosphate buffer was prepared using
di-potassium hydrogen phosphate and potassium di-hydrogen phosphate (Merck). All reagents are of
analytical grade. All solutions were prepared using twice purified water.

2.2. Instruments:

An external Ag/AgCI reference electrode with a Jenway 3040 pH/ion meter was used for
potential measurement. Atlas auto touch pellet hydraulic press was used in the preparation of the ISE
pellets. Potential values were measured at room temperature.

2.3. Preparation of electrode:

BasPOa4, CuzS and Ag»S were mixed in certain proportions to have a total mass of 0.3 g according
to previously published work [25]. The compositions of the proposed ISEs were abbreviated as Bal0 for
10% BasPO4 + 40% Cu.S + 50% Ag2S, Ba20 for 20% BasPO4 + 40% Cu.S + 40% Ag.S, Ba25 for 25%
BasPO4 + 35% Cu»S + 40% Ag.S and Ba30 for 30% BasPO4 + 40% Cu,S + 30% AQg>S.
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The mixtures were transferred to the place of the hydraulic press, and the pellets were compressed
at 6000-9000 atm pressure for 20 minutes. The copper wire in 99% purity was fixed to a glass tube using
epoxy resin considering to contact the resulting pellet and to ensure no leakage.

3. RESULTS AND DISSCUSION

3.1. Characterization the ISE:

The electrode performance of IS electrodes are highly depending on the conditions such as
storage and their compositions. The criteria of a suitable ISE are specified with response time,
repeatability, reproducibility, LOD and LOQ, linear working range and selectivity. The usage of ISE in
real sample analysis finally proves the reliability of the proposed sensor against analyze in real
conditions.

ISEs prepared in a composition of 20% BasPO4, 40% CuzS and 40% Ag.S (m/m) were stored in
air, distilled water and pH 7 phosphate buffer for 6 h to show the optimum storage conditions, and the
sensitivity of proposed ISE against phosphate ion concentrations ranging from 107® M to 10! M in
abovementioned composition were depicted in Fig. 1. From Fig.1, the optimum storage condition of the
proposed ISE was decided as 1.0x10* M phosphate buffer in pH 7 with 57 mV-(pA)? of sensitivity,
while 27 mV-(pA)? and 21 mV-(pA)? of sensitivities were measured in air and in distilled water,
respectively.
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Figure 1. The effect of media on the performance of the electrode (B20).
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3.2. Effect of electrode composition:

Electrode composition of the proposed ISE was the other main consideration defining its
performance. ISEs prepared in various compositions of BazPO4, Cu.S and Ag»S were performed against
phosphate concentrations of 107 M to 10~! M to determine the optimum composition of the electrode
with the use of their sensitivities, and the calibration plots of the ISEs in various compositions were
presented in Fig.2. The slopes of the proposed ISEs were listed in Table 1. From Fig.2 and Table 1, the
optimum composition of ISE was observed as Ba20 (m/m). It is a well-known fact that barium phosphate
Is the main component of the ISE for phosphate sensitivity as an insoluble salt. For this reason, the
content of 20% BasPO4 showed a 2.54 times higher sensitivity that the one of 10% BazPOa. On the other
hand, the decrease of Cu»S and Ag.S content led to diminish in the sensitivity of the proposed ISE
because they were increasing the conductivity of proposed ISEs [26, 27]. Herewith, the increasing
content of Cu.S and Ag.S reduced the ISEs sensitivity to be 2.41-fold and 3.11-fold for Ba25 and Ba30,
respectively. The optimum content of the proposed sensor showed a slope of 57 mV-decade™ against
ten-fold increasing phosphate concentrations, and its electrochemical behavior was accepted as non-
Nernstian.

Table 1. The Nernst equation slopes for ISEs prepared in various compositions.

Composition Slope R? LOD

(1x106-1x10'L M) (M)
Bal0 (10% BazPOs + 40% Cu»S + 50% Ag.S) 17 0.9936 7.8x107
Ba20 (20% BazPOs + 40% Cu»S + 40% AQ.S) 57 0.9999 2.4x107
Ba25 (25% BasPO4 + 35% Cu»S + 40% AQ2S) 19 0.9987 6.5x107

Ba30 (30% BasPOs + 40% Cu.S + 30% AQ2S) 15 0.9875 1.0x10°
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Figure 2. Calibration curves for the phosphate sensitive electrodes of different compositions.

Since the optimum electrode composition was defined by calibration plots and Nernst equation
slopes to be Ba20, the composition of Ba20 was preferred in further validation steps against phosphate
ion determination.

3.3. Response time:

It is expected that the proposed ISE shows a quick and accurate response against analyze [28].
For this, proposed ISEs were performed against phosphate concentrations of 107° M to 10~ M and three
times at same conditions to show their quick responses and accuracies, and the plots of average potentials
vs. time measured from Ba20 was presented in Fig.3. The response time of Ba20 was found 30 seconds
because of obtaining less than 1.0 % RSD regardless of phosphate concentrations.
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Figure 3. The dependence of response time with concentration.
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3.4. pH Effect:

Mono hydrogen and dihydrogen phosphate types of phosphate were used to examine the pH
effect of the electrode. Certain pH 7, 8 and 9 standard solutions were prepared using the salts of mono
hydrogen and dihydrogen phosphates. Potential values of the electrode against phosphate concentrations
at these pHs were measured. In this study, the electrode potential did not change with pH.

3.5. Interferences studies:

With the mixed solution method, it was determined whether the electrode was sensitive to some
ions [29]. Here, the interference effect of CI-, NOs", S*, SO4> anions and Na*, Ag*, Ba?*, Cu?" cations
are examined. The sensitivity of the electrode to some anions and cations are shown in Fig. 4. Selectivity
coefficients given in Table 2.
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Figure 4. The interference effect of some anions and cations.

Table 2. Selectivity coefficients, Kjfgt , for the phosphate selective electrode in mixed interferant
solutions (in the presence of 1x10°> M phosphate)

Anions Kf,gt Cations Kf,gt
Cr 2.1x10* Na* 1.1x10*
NOs 1.3x10* K* 1.2x10*
S= 3.2x10* Ba* 4.1x10*
SO.* 6.4x10° Cu? 2.3x10°
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3.6. Determination of phosphate quantity in food samples:

Phosphorus is an important element for human health. People get these needs from nutrients. In
this study, Turkey too consumed beef, beans, garlic and dried apricots in the amount of available
phosphorus were determined. The selected foods were solubilized by using the appropriate procedure in
the Milestone microwave digestion system using acid and acid mixtures. The measured phosphorus
amounts are given in Table 3.

Table 3. Determination of the amount of phosphorus in beef, beans, garlic and dried apricots with solid
state phosphate selective electrode (mg/100 g). 90 % confidence interval and N=4. ( X: arithmetic
mean, s: standard deviation, t: Student’s t test)

Sample 7+ \t/_%
Beef 188 + 13
Bean 423 + 24

Garlic 203 £ 15
Dried apricots 106 11

3.7. The comparison of proposed ISE by spectrophotometric method:

The amount of phosphate measured in beans using ISE and the values obtained by
spectrophotometric method were compared. For phosphate determination, measurements were made at
840 nm wavelength in the spectrophotometric method. The obtained values and their comparisons can
be seen in Table 4.

According to the t and F tests, the results show that there is no significant difference between the
two methods in terms of accuracy and precision. It is concluded that the values measured by ISE are
satisfactory and selective.
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Table 4. Comparison of measured phosphate amount in beans by ISE and spectrophotometric method
90% confidence interval and N=4.

Parameters ISE UV Spectrophotometry
Found (mg/100 g) 423 £ 24 421 + 27
LOD (M) 2.4x107 6.5x10°
RSD (%) 0.92 1.26
t-test (teriticat =3.18) 1.53 2.65
F-test (Feritical = 9.28) 5.48 7.18

3.8. Comparison of our phosphate electrode with similar electrodes

Phosphate electrodes in the literature are prepared either from a mixture of poorly soluble salts
or by using metal-phosphate salts electrochemically deposited on a metal surface. The electrode we
prepared was obtained from the less soluble salts we prepared in the laboratory environment. The
properties of similar electrodes and our electrode are given in table 5.

As seen in Table 5, our electrode has the highest inclination. Detection limit is low, pH can be
studied between 7.0 and 9.0. It is not sensitive to other anions and cations. It has been found to be highly
accurate in real sample analysis.

Table 5. Comparison of the properties of our phosphate electrode with similar electrodes.

Electrode Slope LOD pH Interferences  References
ions
Ag2S — PbS- PbHPO4 -27 5.2x1077 8.3 Cr [19]
AgsPO4 — modified -20 4x10°  7.0-10.0 Cr [20]
electrode
Tungsten-based -30 1x10°® 10.0 [21]
electrode

21 5x10 3.0-7.0 unexamined [22]
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AgzPO4 membrane
electrode
Molybdenum phosphate -28 1x10° 9.0 NOs’, SO4%, CI, [23]
modified electrode HCOg,
CH3COO
Cobalt phosphate -55 5x107® 4.0 NOs’, SO4%, CI, [24]

modified electrode

57 2.4x107  7.0-9.0 not sensitive to
other ions

Our phosphate electrode

4. CONCLUSION

Determination of phosphorus in real samples is of great importance because of its role in human
metabolism. In addition, due to the popularity of spectrophotometric and chromatographic methods,
there are limited studies in the literature for phosphorus analysis with ion selective electrodes. Here, we
proved a new ion selective electrode for phosphorus determination in real samples, and barium phosphate
was first used to achieve ion selectivity. The optimum barium phosphate content in the pellet was found
to be 20% (m/m) and the Nernst behavior was observed with a slope value of 57 mV from the calibration
chart. The proven ISE has demonstrated easy preparation and use, cost effectiveness, wide operating
range, fast response, long life and high selectivity. It is also insensitive to other anions and cations. ISE
was considered reliable by comparing the spectrophotometric technique as a validated method.
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