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This research study was focused on development of novel
potentiometric sensor for the determination of thallium (III) ions in
water solutions. Ion-selective electrodes based on screen-printed
graphite electrode and carbon rod electrode described and modified
solid-state screen-printed and carbon rod electrodes with thallium
(IID-imprinted polymer as ionopher. The ion-selective electrode was
prepared by dispersing the thallium (III)-imprinted polymer particles
in 2-nitrophenyloctylether as a plasticizer and then embedding them
in a polyvinylchloride polymeric matrix. The TI (III)-ion selective
electrode showed a Nernstian response for thallium (III) ions over the
dynamic concentration range of 0.49 to 20.5 uM, with a slope of 19.6
mV per decade. One of the significant points was the selectivity
coefficient of the prepared ion-selective electrode. The selectivity of
this electrode for other ions was less than 1.1x 10-% and this indicates
the selectivity of the electrode to thallium (III) ions and other ions was
less disturbing.
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EXTENDED ABSTRACT

Introduction

Thallium damages testicular tissue, liver, peripheral nerves, kidney and intestines, cause
hair loss and even cancer in humans. Thallium is present in nature as TI (I) and TI (III) ions
and each Thallium oxidation state has its own bioavailability and toxicity property.
Generally, the concentration of Thallium in aqueous solutions is very low, so the analytical
methods are required to determine it in the environment. Various techniques have been
introduced for the measurement of T1 (I) and TI (III) such as optical chemical sensors, single
drop microextraction, solid-phase extraction, and hydride generation. This research study
was focused on the development of novel potentiometric sensor for the determination of
thallium (III) ions in water solutions. Ion-selective electrodes based on screen-printed
graphite electrode and carbon rod electrode were described and solid-state screen-printed
and carbon rod electrodes with thallium (III)-imprinted polymer were modified as
ionopher. The ion-selective electrode was prepared by dispersing the thallium (III)-
imprinted polymer particles in 2-nitrophenyloctylether as a plasticizer and then embedding
them in a polyvinylchloride polymeric matrix.

Experimental

Reagents

O-NPOE, dioctylphthalate (DOP), dibutylphthalate (DBP), sodium tetraphenyl borate
(NaTPB) and PVC powder were obtained from Aldrich (Milwauke, USA) and triethylamine
was obtained from Merck. In a previous studyby the authors, the Thallium (I)-imprinted
polymer particles was synthesized and the ingredients of the TI (III)-imprinted polymer
reported. These particles were applied as a sorbent for Tl (III) ions and used in this research.
Deionized water was used throughout the experiment.

Apparatus
Potential measurements were made with a potentiometer model pH M-632 (Metrohm,
Swiss) with an accuracy of +0.01mV and an Ag/AgCl reference electrode.

Preparation of the ion imprinted polymer based electrodes

The thallium (III) ion imprinted polymer particles (IIP) were synthesized via single pot
method by dissolving of ternary complex of thallium with DCQ and VP in acetonitrile
(porogen) and then, copolymerizing thermally after the addition of MMA (monomer) and
EGDMA (crosslinking monomer) in the presence of 2,2-azobisisobutyronitrile (initiator)
according to the procedure described in our previous research. A graphite disk electrode
was fabricated from a graphite rod with a 4 mm diameter housed and glued onto a Teflon
holder. The exposed surface of the disk electrode was polished to a shiny finish with SiC
paper. The electrode was rinsed with deionised water and allowed to dry. The PVC
membrane electrodes were prepared by thoroughly mixing PVC, NPOE, NaTPB and
thallium (III) IIP particles (60-85um size) in proportions of 29, 52, 5 and 14% (w/w),
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respectively and dissolving in 2.5 ml of tetrahydrofuran (THF). The mixture was
homogenized in a sonicator, poured into a watch glass until a viscose mixture was obtained.
The polished surface of the graphite electrode was then dipped in this mixture and the
solvent was allowed completely to evaporate. Thereafter, a thin PVC film formed on the
graphite electrode surface.

Preparation of ion-selective electrode by SPE method

SPE electrodes are prepared in the laboratory on PVC plates in the form of 24 pieces. In
the preparation of electrodes, three inks types were included: silver ink for the electrical
connection of the electrode, carbon ink in a circular shape, and insulating ink to prevent the
solution from mixing with other parts of the electrodes.

Results and discussion
Electrode conditions
The electrode was conditioned in 9uM solution of thallium (III) ions for 24 hours, and
the pH was adjusted to 6. 5. All measurements were carried out at 252C with cell type:
Ag/AgCL;KCl (satd.) | TI3+ sample solution | lon selective electrode

59/2

E=K +Tlog Qr3+
Effect of electrode composition

The literature review showed that the sensitivity and selectivity of the ion selective
electrodes depend upon various features of the membrane such as the nature and amount
of the plasticizer and the ion recognizing material used [14-15]. Thus, different aspects of
electrode preparation using thallium (III) IIP particles were optimized and the results are
presented in Table 1.

Table 1. Composition of the TI3*-selective electrode.

1P
PVC Plasticizer . NaTPB Slope (mV
Electrode (%) (%) p"(r,,z)c'e (%)  decade-1)
Blank electrode 29 (52)NPOE 14 5 7.1
Carbon rod electrode 30 (55)NPOE 10 5 16.7
Carbon rod electrode 29 (52)NPOE 14 5 19.1
Screen-printed graphite electrode ® 29 (52)NPOE 14 5 19.6
Carbon rod electrode 27 (49)NPOE 19 5 149
Carbon rod electrode 31 (55) NPOE 14 0 15.2
Carbon rod electrode 28 (50) NPOE 14 8 18.9
Carbon rod electrode 29 (52) DOP 14 5 8.2
Screen-printed graphite electrode 29 (52) DOP 14 5 9.1
Carbon rod electrode 29 (52)DBP 14 5 10.4
Screen-printed graphite electrode 29 (52)DBP 14 5 10.5

aNon-imprinted polymer (NIP)
b an optimized composition
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Conclusion

The ion-selective electrode was prepared by dispersing the thallium (III)-imprinted
polymer particles in 2-nitrophenyloctylether as a plasticizer and then embedded in a
polyvinylchloride polymeric matrix. The TI (1II)-ion selective electrode showed a nernstian
response for thallium (III) ions over the dynamic concentration range of 0.49 to 20.5 pM,
with a slope of 19.6 mV per decade. One of the significant points was the selectivity
coefficient of the prepared ion-selective electrode. The selectivity of this electrode for other
ions wasless than 1.1x 10-3 and this indicated the selectivity of the electrode to thallium (III)
ions and other ions was less disturbing.
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2 Screen-printed electrode (SPE)
3 lon-imprinted polymer (1I1P)

4 2-nitrophenyloctylether (NPOE)
5 Polyvinylchloride (PVC)
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