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There is a growing interest in research on all-solid-state ion-selective-electrodes (ASS-ISEs), largely
motivated by simplicity, fast analytical time, and low detection limit. In this paper we report on the
construction, characterization and analytical application of an ASS-ISE made using MoS; nanoflakes as
ion-to-electron transducer. lon-selective membrane components and MoS: nanoflakes were dissolved
together and formed single-layer electrode. The results demonstrate that the proposed electrode has a
Nernstian response slope of 27 mV/decade over a wide concentration range of 1.0x103 to 5.1x10%
mol/L, and a quick response time of shorter than 5 s. The selectivity and stability are sufficient for
practical application, and an example of sample measurements is given.
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1. INTRODUCTION

lon-selective electrodes (ISEs) based on poly(vinyl chloride) or poly(methyl methacrylate) have
attracted a great deal of attention because of their potential use in real-time analysis, due to simplicity
and rapid sensing [1-5]. For applications of ISEs, it is important that electrodes possess low detection
limit and stable potential signal in a wide range of ion concentration. Several approaches, including
design of electrode structures and functional materials, have been used to realize the above goals [5, 6].
It has been shown that polymer ion-selective electrodes made with all-solid-state configuration exhibit
a relatively improved detection limit over those using conventional inner solution [7-10]. The
improvement has been attributed to the ability of the intermediate layers to make rapid ion-to-electron
transduction and to reduce zero-current transmembrane ion flux effects [11, 12]. Materials proposed to
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make intermediate solid contacts include redox-active self-assembled monolayer (SAM) [13, 14], carbon
nanoparticles [15-19], and conducting polymers [20-25].

Nanomaterials have been widely used in a variety of fields for their unique structural and
semiconductor properties [26, 27]. In the case of ISEs, it is hoped that the nanophase will modify the
overall transport properties of the polymeric matrix and enhance the adhesion onto the substrate. Several
groups have reported the introduction of nanomaterials to improve the electrode stability and
performance. However, an aqueous layer across the electrode is observed in many cases and results in
irreproducibility and long-term stability [28-30].

Molybdenum disulphide (M0S2) has been widely used as supercapacitors [31], transistors [32]
and catalysts [33]. In this paper we report on single-layer ISEs fabricated by dip coating with glassy
carbon substrate. They are prepared by dispersing MoS2 nanoflakes, lead ionophore and plasticizer of
small molecules, into PVC matrix. The potential response as well as electrochemical impedance
spectroscopy was characterized, highlighting the advantages of the single-layer structures in all-solid-
state ISEs fabrication.

2. EXPERIMENTAL

2.1. Apparatus and reagents

Potassium tetrakis [3, 5-bis (trifluoromethyl)phenyl]borate (KTFPB), o-nitrophenyl octyl ether
(NPOE), high molecular weight poly (vinyl chloride) (PVC), tetrahydrofuran (THF), and lead ionophore
(tert-Butylcalix[4]arene-tetrakis(N,N-dimethylthioacetamide) were purchased from Sigma-Aldrich and
were used as received. All solutions were prepared from analytical grade reagents and standardized as
necessary. Water was distilled by a Pall Cascada laboratory water system and the specific resistance was
18.2 Mcm.

2.2. Construction of the Pb?*-Selective membrane and electrodes

The membrane contains 58.3 mg of PVC (62.55 wt %), 30 mg of NPOE (32.19 wt %), 1 mg of
KTFPB (1.07 wt %), 0.9 mg of lead ionophore (0.97 wt %), and 3 mg of MoS> nanoflakes (3.22 wt %).
The mixture was dissolved in 2.0 ml of THF. The solution was then drop-casted onto the glassy carbon
substrate electrodes surrounded by the PVC tubing, and dried for 2 h at room temperature. Before drop-
cast, glassy carbon substrate electrodes were ultrasonically cleaned, followed by rinsing with deionized
water, and acetone. The fabricated electrodes were conditioned in 1.0x10™* mol/L Pb(NOs). before use.

2.3. Potentiometric measurements

A digital ion analyzer (Shanghai Leici Instruments Factory, China) used for measuring the
potential. The emf observations were made relative to the double junction Hg/Hg-Cl> electrode. All emf
measurements were performed in magnetically stirred solution at room temperature in the galvanic cell.
Pb(NO3)2 solutions were made by gradual dilution of 0.1 mol/L Pb(NO3s). solution, and then the
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potentiometric measurements were measured in the range 1.0x107 to 1.0x10° mol/L. All Pb(NOs).
sample solutions had the same background of 10> mol/L NaNOs.
Activity coefficients were calculated according to the Debye—Hiickel procedure using the

following equation:
12

logy =—0.511z2| —£ 0.2
7 L+l.5,u1/2 #

where u is the ionic strength and z is the valency. Electromotive force (EMF) values were
corrected for liquid-junction potentials with the Henderson equation.

3. RESULTS AND DISCUSSION

3.1. Potentiometric Response Characteristics

In order to achieve low limit of detection and high reproducibility, the fabricated electrodes were
conditioned in in 10~* mol/L Pb(NOs3)2 overnight and then in 10~® mol/L Pb(NOs3). solution for 48 hours.
The potentiometric response of the electrodes at varying Pb?* concentrations (1.0x1073 to 1.0x107°
mol/L) is illustrated in Fig. 1. The detection limits were determined according to IUPAC
recommendations. The detection limit calculated as the intersection of the two slope lines was 5.1x10—8
mol/L. The electrode presents a linear range between 1.0x10 and 5.1x10~8 mol/L for Pb?* activity, and
has nearly Nernstian slope of 27 mV per decade (r?=0.996).
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Figure 1. Potentiometric response of the single-layer Pb?*-ISE electrode prepared with 3.22 wt % MoS;
nanoflakes measured in 1.0x1073 to 1.0x10™° mol/L Pb(NO3)s..
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Table 1 gives a comparison of linear range and slope between the proposed sensors and other
Pb?* potentiometric sensors that were described in literature. It has been well documented that the
characteristics of the electrodes was biased by the zero-current transmembrane ion flux, and the lower
detection limit is determined by transmembrane ion flux of primary ions into its aqueous surface layer
[34, 35]. As a consequence, the past decade has seen dramatically improvement in ISEs behaviors in
terms of detection limit, mainly due to the reduction of this flux [36-38]. In the work, we believed that
ion adsorption onto MoS, nanoflakes was responsible for the reduction of transmembrane ion flux,
therefore an lower detection limit to 5.1 X10® mol/L was achieved. However, further investigation
would then be carried out in order to explain this improvement.

Table 1. Linear range and slope for various lead ion-selective electrodes.

Linear range Slope Reference
mol/L mV/decade

5%x1070~1x1072 29 [3]
5%x1075~5x107"! 28 [8]
1033~103 31 [9]
10°5~10" 30 [18]
1X106~1 X107 30 [22]
1X10°~1X10"! 29 [26]
10°~1072 29 [28]
10°~1073 19 [37]
10%1~107 29 [38]
1x103~5x108 27 This work

The response time of the fabricated electrodes were measured as the length of time in which the
potential variation smaller than 0.5 mV/min, after successive10-fold decrease in Pb?* concentration. As
can be observed from Fig. 2, the response time of the electrodes is less than 5 s for the concentrations
between 1.0x10~* and 5.1x10°8 mol/L.
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Figure 2. Time traces of potentiometric response of the single-layer Pb?*-ISE electrode.

3.2. Potentiometric Selectivity

The influence of interfering ions on the potentiometric response of ion-selective electrode was
characterized in terms of selectivity coefficient. Selectivity of the ion-selective electrode are
quantitatively related to equilibria at the interface between the electrode membrane and the sample. In
our work, the unbiased selectivity coefficients values of the electrodes in the presence of a fixed
concentration of the interfering ions were evaluated by using the Bakker’s separate solution method after
the electrodes were conditioned in 1x10~> mol/L NaNOs for 12 h. The selectivity data are illustrated in
Table 2. These results showed the fabricated single-layer Pb?*-ISE based on nano_ transducer give good
log KP°%yp 5 than the examined interfering ions.
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Table 2. Selectivity coefficients, logKP®py 5, obtained with the proposed single-layer electrode based on
MoS: nanoflakes ion-to-electron transducer.

lonJ Pb?*-ISE
Na* -6.2
K* -5.6
Li* -4.9
NH4* -5.2
Ca? -8.7
Mg?* -9.3
Zn?* -5.7
Cu?* -4.0
Cd?* -5.1
3.3. Effect of pH
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Figure 3. Effect of pH on the potential responses of the electrodes
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The pH dependence of the proposed single-layer ISEs has been tested in 1x10~> mol/L of lead
solutions adjusted with nitric acid and ammonia. Fig. 3 indicates that the electrode is not pH sensitive in
the range of pH 3.0 to 9.0, which implies that the proposed electrodes can be used in a wide range of
environmental water samples without pH adjustments.

From the above results, it can be concluded that the electrode functions as well as that reported
by other authors. However, there is a significant simplification of the fabrication procedure proposed in
this work.

3.4. Analytical application

The above characterization makes the fabricated single-layer Pb?* electrodes practically useful.
In this regard, the proposed electrodes were used to monitor the concentration of Pb?* in real samples.

Table 3. Potentiometric determination of Pb?* using the single-layer electrode.

Pb?*-ISE AAS
Samples
/1077 mol/L /1077 mol/L
1 1.22+0.05 1.29£0.02
2 1.9610.05 2.2140.03
3 3.18+0.06 3.25£0.02

Real samples were taken from Ningbo Wanda Chemical Factory. The experiment was carried
out by direct potentiometry using standard addition method. The results obtained are presented in Table
3, and were compared with those obtained by atomic absorption spectrometry (AAS) method. The data
demonstrates that the proposed electrodes can be successfully used to determine Pb?* in real samples.

4. CONCLUSION

A single-layer Pb?" ISE was prepared by using MoS; nanoflakes for the first time as ion-to-
electron transducer. The proposed electrode exhibit a wide linear range (1x1073 to 5.1x10~® mol/L) with
respect to Pb?* concentration with good Nernstian slope (27 mVdecade ™). The response time was shorter
than 5 s and the electrode showed good selectivity over common alkali, alkaline earth and heavy metal
ions. The potentiometric drifts were less than 10% for one month and was independent of pH in the
range of 3.0 and 9.0. The results revealed that the single-layer ISE can be used successfully to determine
Pb?* contents in real samples.
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