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Abstract- A new lead(ll) PVC membrane sensor incorporating thiophene-2-aldehyde
thiosemicarbazone (TATS) as ionophore, tetraphenylborate (NaTPB) in the form of anion
excluder and dioctylphthalate (DOP) as a plasticizer was constructed. The optimum membrane
prepared with composition as 33:59:3.4:4.6 (w/w%) of PVVC:DOP:lonophore:NaTPB, exhibits
best results with linear potential response in the concentration range (1.0x10~" to 1.0x102 M)
and 29.4+0.1 mV/decade of slope. The performance of electrode and its electrochemical
response to Pb?* were thoroughly studied and found good over a pH range of 2.4-8.0, with a
short response time of <15 s. The sensor can be used for at least 4 months with reproducible
results and is inert in non-agqueous content up to 15% (v/v). It exhibits good selectivity among
a wide variety of alkali, alkaline earth and other metal ions. The electrode was usefully applied
in the form of an indicator electrode for potentiometric titration of Pb (11) ion with EDTA and
to determine Pb?* ion in some water samples.

Keywords- Potentiometric sensor; lon-selective electrode; PVC Membrane; Lead(ll) sensor;
Thiophene-2-aldehyde; Schiff Base
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1. INTRODUCTION

There are different types of heavy metals like mercury, silver, arsenic, lead etc. which are
present as contaminants in water bodies. The concentration of these heavy metals is going to
increase day by day by anthropogenic activities as well as the growth of different industries
sectors such as tanneries, batteries, metal plating, rayon industry, metal smelting,
petrochemical and mining. The heavy metals present in water bodies enter into the
environment and pose a risk to human health and the ecosystem. Heavy metals also cause
critical health issues due to their non-biodegradable and carcinogenic nature. Although, the
concentration of these heavy metals can be determined even when they are present in low
concentrations however they are toxic. Thus, there is an urgent requirement for removing these
heavy metals from wastewater.

Lead is a soft, bluish-grey heavy metal used in different processing industries. It is well
known toxic industrial pollutant present in form of Pb?" which is considered as a priority
pollutant. Toxic and carcinogenic nature of lead may cause diseases like anemia, brain damage
and malfunctioning of kidney. The acceptable limit of lead in drinking water is not more than
0.05 mg/L as per the World Health Organization (WHO) and Environmental Protection
Agency (EPA). The concentration of Pb?" in contaminated water is around 200-500 mg/L
which is too high and this should be reduced to the permissible limit before discharging to
water bodies. Therefore, this is very crucial to treat industrial wastewater properly which
releases Pb?* into the aquatic system. There are various removal techniques used for removing
of this heavy metal from contaminated water such as electro-dialysis, electro-coagulation,
reverse osmosis, ion exchange etc. All these specified techniques are time-consuming, highly
expensive and can be operated at specific conditions. As a result, a more convenient approach
for determining Pb?* ion directly in water samples is urgently required.

Recently, lon-selective electrode sensors (ISEs) are used worldwide and also considered
most accurate approach used to determine different ions from contaminated water due to its
high selectivity and sensitivity. The appropriate ionophore for the selective determination of
Pb?* ions have been developed after many attempts [1-4]. For fabrication of Pb (I1) — ISEs,
different types of ionophores like Schiff bases [5,6], macrocycles, crown ethers [7-9],
calixarenes, [10-12] and certain porphyrin derivatives [13,14] have been widely employed.
However, most of these ISEs work in limited concentration range and show inadequate
selectivity across other interfering ions. To improve the selectivity and sensitivity for the lead
ion in solution, we utilized a thiophene-based Schiff base as an ionophore [15-17].

In the present paper, Schiff based thiophene-2-aldehyde thiosemicarbazone (TATS) has
been synthesized [18] and used as an ionophore in polymer matrix. When compared to previous
studies where Pb?* selective electrodes based on other ionophores were used, it has greater
potentiometric reactions.
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2. EXPERIMENTAL

2.1. Reagents and apparatus used

The chemicals required for the present work are purchased with highest purity and AR
grade. Thiosemicarbazide, Thiophene-2-aldehyde were obtained from CDH, India; metal salts
from E. Merck and were used without any further purification. DBP (di-butyphthalate), DOP
(di-octylphthalate), TBP (tri-n-butylphosphate) and NPOE (2-nitrophenyloctyl ether)
purchased from E. Merck. PVC powder of high molecular weight (Sigma-Aldrich), THF
solvent and NaTPB (sodium tetraphenyl borate) as cation excluder were obtained from Sigma-
Aldrich. Metal salt solutions were prepared in double distilled water and used freshly.

2.2. Synthesis of ligand TATS

The ligand thiophene-2-aldehyde thiosemicarbazone ligand (TATS) was prepared by the
method described earlier [19], with the following reaction scheme (Figure 1):

CH,COOH
@\ H o4 HaN—NH—C—NH, Ry

-H,0 Cy
ST s g S SN—NH—C—NH,
© s
thiophene -2- aldehyde Thiosemicarbazide thiophene-2- aldehyde thiosemicarbazone

Figure. 1 Synthesis of ligand (TATS)

Thiophenealdehydethiosemicarbazone (TATS)

Yield (78.0%), M.P: 165 °C, Anal. calc. for (%)=CeH7N3S2: C, 38.9%; H, 3.8%; N, 22.7%;
and Found (%): C, 41.3%; H, 3.7%; N, 24.0%; FT-IR (KBr)/cm™: v(NH2) 3413 (b), v(NH)
3135 (b), v(C=N) 1579, v(C=S) 1279, & (C=S) 837; *H NMR (CDCl3 300 MHz): & /ppm=11.33
(H,s,- NH); 6.94-7.41 (Ar-H); 8.14 (H,s,- N=CH); 2.92 (2H,s,-NH>).

2.3. Potentiometric Measurements

All the electrode potentials were measured at 25+0.05 °C temperature with ELICO digital
pH meter (L1-10 model) and saturated calomel electrodes (SCE) as internal and external
reference electrodes. The electromotive force (EMF) measurements were performed with the
following cell assembly:

Hg/Hg2Clz2, KCI (1 M) | internal solution Pb(NO3)2 (1.0x102 M) | membrane electrode | test
solution | Hg/Hg2Cl2, KCI (1 M)
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2.4. Electrode preparation

The preparation of membranes was done by modification of the method reported by Craggs
et.al. [20,21], by varying in the concentration of PVC, ionophore, and plasticizers/solvent
mediators. The solution of PVC membrane was poured into a Petri dish which was prepared
with a mixing of ionophore (3.4% by wt.) and solution of other derivatives obtained after
dissolution in THF. The membrane having 0.2-0.4 mm thickness was obtained after
evaporation of THF solution at room temperature. This film was then pasted to a Pyrex glass
tube using Araldite after cutting the film into 5 mm diameter. After drying a tube, it was poured
with 1.0x102 M lead nitrate solution and immersed in the same solution (1.0x102 M lead
nitrate) for two days for activation before usage. The membrane using only PVVC and plasticizer
as ingredients was also fabricated and analyzed as blank. PVC membrane made with plasticizer
produced very low potential of slope ~9 mV /decade. The sensitivity, linearity of the curve,
and selectivity for the specific ion obtained for a particular ionophore mainly depend on the
composition of the membrane used and the type of plasticizer utilized [22,23]. After a lot of
trial and error, the optimum composition of membrane constituents and equilibrating solution
concentration was selected to get the membranes that can develop potentials in a reproducible
and stable manner.

3. RESULTS AND DISCUSSION
3.1. Response of the membrane electrode for cations

Performance of PVC membranes with potential measurement for ligand TATS was
observed for a variety of transition and heavy metal ions on a potentiometer. Potential
generated for each metal ion plotted against the ion concentration as shown in Figure 2.
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Figure 2. Potential response of various ISE based on TATS ligand
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The electrode performance was observed best with the Pb?* ion over all other metal ions
taken and the response was also linear over the concentration range 1.0x107 to 1.0x102 M.
Among the different cations used, the Pb?*ion shows the most sensitive response and is suitable
with the TATS-based PVVC membrane, thus the present ion-selective electrode (ISE) was used
for the Pb?* ion sensor.

3.2. Optimization of the Membrane Composition for Electrode

The potentiometric behavior of cation-selective sensors can be improved with the presence
of an ionophore with optimum lipophilicity and negatively charged additives in the membrane
composition that enhances the potential response, lifetime, and selectivity of the fabricated
sensor [24]. For optimizing the amount of ionophore, additives, PVC, and plasticizer, a set of
membranes optimized with an equilibrium time of 2 days in presence of 1.0x102 M Pb?*
solution and tested with several plasticizers (DBP, TBP, o-NPOE, DOP) and varying amount
of ionophore. From the previous calibration studies, generally, 2-3 days of contact time is
sufficient to generate the stable potential for a given membrane. The linear range and slope
were obtained for the combination of membrane ingredients which are summarized in Table 1.

It was noticed that the best performance characteristics were exhibited by electrode no. 5
having a membrane with the composition PVC: DOP: LL2: NaTPB (33: 59: 3.4: 4.6 w/w %),
therefore, it was used for further investigations. The limit of detection was calculated from the
intersection of the two extrapolated segments of the calibration graph and found at 1.0x10~" M.

Results in Table 1 for electrode no. 5 show that it worked well with DOP as Plasticizer and
the membrane constituents are mobile enough in solution. The nature of the plasticizer used in
membrane preparation also affects the dielectric constant of the polymeric membrane and the
mobility of the ionophore in the membrane [22]. This plays a crucial role in determining the
ion-selective characteristics of the sensor.

Table 1. Potentiometric characteristics of Pb%*-selective electrodes with different membrane
compositions of TATS ionophore

Electrode Composition (wt %) Slope
No. Additive . Linear range (M) (mV per decade)
TATS PVC NaTBP Plasticizer
1 32 29 38  DBP, 64 10%x10 t01.0x10" 30.8
2 0 30 50  DBP,65 1.0x 10" t0 1.0 x10~ 9.4
3 36 32 44  TBP,60 1.0x 10 to 1.0 x10~ 24.2
4 42 31 48  DOP, 60 1.0x10 to 1.0 x10° 32.0
5 34 33 46  DOP,59 1.0x 10" t0 1.0 x10~ 295
6 35 30 45  NPOE, 62  1.0x10"to1.0x10" 236
7 45 30 45  NPOE, 61  1.0x10" to1.0x10" 19.2
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3.3. pH and non-aqueous effect

The influence of pH on the electrode was studied at concentration 1.0x10* M of Pb?*
solution. The pH was adjusted in the range of 0.5-12 by using HCI and NaOH solution. The
potential was observed and plotted in a graph with pH as depicted in Figure 3. It is clear from
the figure that potentials remain constant by the change in pH in the range 2.4-8.0. Below and
above this pH range, the potential response was affected sharply, which may be due to the
formation of hydroxy complexes of Pb?* at higher pH and ionophore protonation at lower pH

values, therefore, pH 2.4-8.0 may be taken as the working pH range for the proposed sensor.
350
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Figure 3. The effect of pH of internal solution on Pb?* ion-selective electrode

Table 2. Effect of non-aqueous medium on potential response of reported sensor (sensor no.
5)

Non-agueous solvent (v/v, %) Linear range (M) Slope (mV per decade)
Methanol

10 1.0x107 to 1.0x1072 29.5
20 1.0x107 to 1.0x10% 29.4
30 1.0x10® to 1.0x10%2 29.2
Ethanol

10 1.0x107 to 1.0x10% 29.7
20 1.0x107 to 1.0x10% 29.5
30 1.0x107 to 1.0x10% 29.0
Acetone

10 1.0x107 to 1.0x10™ 29.4
20 1.0x107 to 1.0x10* 29.1

30 1.0x107 to 1.0x1072 28.6
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The utility of electrode no. 5 (Table 2) was also examined in a partially non-aqueous
solution by using ethanol-water, methanol-water, and acetone-water mixtures. The sensor was
found satisfactory well in solution with 20% (v/v) non-aqueous content with no change in slope
and working concentration range. Reduction in slope, and working concentration range change
was observed when non-aqueous content is present in more than 20% (v/v) in mixtures.

3.4. Selectivity coefficient

The potentiometric selectivity coefficient of a sensor reflects the relative response of a
membrane sensor for the primary ion (a) over other interfering ions (b) present in the solution
and it perhaps the most important characteristic of an ion-selective electrode, which also
measures the accuracy of any sensor in sample analysis. In this work, the selectivity coefficient
value was investigated by the fixed interference method (FIM) [25-27]. In FIM method, cell
potential values are measured for interfering ion solutions of constant activity, as, and primary
ion with different activity, aa. A graph plotted between potential and the log of primary ion
activity, A; and from these plots selectivity coefficients were calculated. Potentiometric
selectivity coefficient values (K/’ﬁgt) presented in Table 3, which suggests that, the electrode
have good selectivity for Pb?* ion over most of the interfering ions. Potentiometric selectivity
coefficient K{ 3" is given by the equation:

Killj,gt = (as/ aB)ZA/ZB

Table 3. Selectivity coefficient K} of various interfering cations

S. no. M™ (B) Kj”gt
1 Na* 752 x 107
2 NH.* 4,06 x 107
3 cu® 2.86 x 1072
4 Zn%* 3.74 x10°°
5 cd* 5.68 x 107
6 Ba?* 2.04 x 1072
7 Mg?* 3.28x 107
8 K* 6.14 x 107
9 Al 5.34 x 1072
3+ -2
10 Cr 1.98 x 10
11 Sr2* 2.88 x 102
2+ -3
12 Hg 4.64 x 10
13 C02+ 7.26 x 107
14 Ni2+ 3.04x10°

Here, za and zs both are either positive or negative. Values smaller than 1.0 for selectivity
coefficient shows the response of ISE sensor more towards primary ion over other interfering
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ions and thus, the sensor made is highly selective for primary ion (here Pb?*) with respect to
interfering ions.

Calculated selectivity coefficient values in Table 3, is indicating increased selectivity
towards Pb?* ion over most of the interfering ions. These results suggest that this electrode may
be employed to determine lead ion concentration in a solution having other ions as well, by
direct potentiometry method.

3.5. Response and lifetime

The response time of the electrodes is an important factor. In this, the practical response
time was recorded as the time required to reach the final equilibrium potential after immersing
the electrode in Pb?* solution of concentration 1.0x10* M [28].

Response time is noted as the electrode reaches its equilibrium response potential in a very
short time of 13-15 s [29] as shown in Figure 4. The lifetime of Pb?*-membrane sensor was
about 3 months. During this period, a prepared membrane sensor could be used with no major
divergence in potential.

The contact time of 2 days with an equilibrium solution concentration of 1.0x102 M
Pb(NOs)2 were optimized for the proposed sensor to generate stable and reproducible
potentials, suitable for the smooth functioning as ISE.
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Figure 4. Response time plot of membrane electrode for Pb?* concentration of 1.0x10* M

3.6. Applications of developed sensor
3.6.1. Potentiometric titration of Pb?* with EDTA

The selected membrane electrode was applied as an indicator electrode for the
potentiometric titration of Pb?" (25 mL, 1.0x10* M) with EDTA solution (1.0x10° M) and
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results are shown in Figure 5. It shows the sensor is selective towards Pb?*, also responds to
other ions in a negligible manner. It can be seen, the amount of Pb?* can be determined with
the sensor 1.0x10* M. The performance of the proposed lead ion sensor is better and the Pb?*
ion sensor electrode has good potential for analytical applications.
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Figure 5. Potentiometric titration curve of 25 ml of 1.0x10 M lead nitrate solution, using
proposed electrode

3.6.2. Determination of Pb?* in real samples

The analytical utility of the TATS based sensor electrode to determine the Pb?* ion was
investigated for ISE applications. Quantitative estimation of Pb?* was done by using this sensor
in real samples of tap water, mineral water, groundwater, and syrup. There is a satisfactory
agreement between results found with this proposed electrode and obtained from atomic
absorption spectrometry (AAS) for most of the samples (Table 4).

Table 4. Result of determination of Pb?* concentration determined by proposed sensor
electrode and AAS

Sample Pb?* concentration Pb?* concentration

Type found by proposed sensor reported by AAS
(/L) (9/L)

Tap water 0.0010 0.0012

Ground 0.0018 0.0020

water

Industrial 0.0860 0.0863

waste water

Sewage 0.1240 0.120

water
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4. CONCLUSIONS

In this work, a novel lead(ll) potentiometric membrane sensor was introduced based
on newly synthesized ionophore thiophene-2-aldehyde thiosemicarbazone (TATS). The
optimum membrane composition was 33:59:3.4:4.6 (w/w%) of PVC:DOP:TATS: NaTPB.
The proposed sensor showed its best performance in the linear concentration range of
1.0x10~" to 1.0x1072 M with a Nernstian slope of 29.4+0.1 mV/decade. The performance
of the ion-selective sensor was good over a pH range of 2.4-8.0, with a short response
time of <15 s. The sensor can be used for at least 4. The designed lead selective sensor
also showed an acceptable selectivity with respect to a variety of alkali, alkaline earth, and
other metal ions. The electrode was finally employed as an indicator electrode in the
potentiometric titration of Pb?* ion with EDTA and also in the determination of Pb?* ion
in some water and wastewater samples.
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