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ABSTRACT

A new selective and sensitive>’FPVC membrane sensor was developed using an iatecar
named 1,4-bis[o-(furan-2-carboxamidophenyl)]-1,4atbutane (FCT). The sensor has a linear
dynamic range between 1.0%x10.0x10% M, with a near Nernstian slope of 20.7 +0.2 mV per
decade, a detection limit of 7.5x¥M with a membrane composition of 30% poly(vinyl
chloride), 66% dibutyl phthalate (DBP), 2% sodiuetraphenyl borate and 2% FCT. The
potentiometric response of the proposed electrsgeHi independent in the range of 2.5-7.8. The
response time was relatively quick in the wholeceatration range (~ 5 s)lo investigate the
membrane sensor selectivity, its potential respamas determined in the presence of various
interfering foreign cations using the matched pts#mmethod.This sensor demonstrated good
selectivity and sensitivity towards the terbium fona broad variety of cations, including alkali,
alkaline earth, transition and heavy metal ionseTdeveloped sensor was successfully applied
as an indicator electrode in the Tb(lll) ion potemetric titration with EDTA.

Keywords: PVC membrane, lon selective electrode, Sensaenfiometry,

INTRODUCTION

Terbium is a member of the rare-earth family anknswn to constitute a strong magnetic
material that can be used in the production of paent magnets. Potentiometric sensors have
shown to be very effective tools for analysis afide variety of cations, anions, and molecules.
They are very simple, inexpensive, and capable roflyzing reliable responses in a wide
concentration range. There have been many studiésneselective electrodes for transition and
heavy metal ions. Among these metal ions, limitiéeelndtion has been paid to the development of
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lanthanide electrodes [1-12]. There are only soap@nts in the literature concerning the design
of highly selective ionophores for terbium [13-15].

EXPERIMENTAL SECTION

The Merck Co. was the provider for the reagent ggadf acetophenon (AP), benzyl acetate
(BA), dibutyl phthalate (DBP), nitrobenzene (NBgirahydrofuran (THF), sodium tetraphenyl
borate (NaTPB), and high relative molecular weifMC. The ionophore 1,4-bis[o-(furan-2-
carboxamidophenyl)]-1,4-dithiobutane was prepaetbemerly described [16-19]. However, all
of them were used as received. The nitrate andhlwide salts of all cations (all from Merck
and Aldrich) were of the highest available puritydaused without any further purification,
except for vacuum drying over,®s. Triply distilled de-ionized water was used foreth
experiments.

The PVC membranes were prepared according to tloeving general procedure. The required
ingredients for the membrane construction (30 mgP&6 mg DBP, 2 mg NaTPB and 2 mg
ionophore) were mixed and dissolved in 3 mL of @HF. The resulting mixture was transferred
into a glass dish of 2 cm in diameter. The solueas then evaporated slowly, until an oily
concentrated mixture was obtained. A Pyrex tuben(® i.d.) was dipped into the oily mixture
for about 5 s, so that a transparent film of ab@® mm thickness was formed [20-34].
Afterwards, the tube was removed from the mixtkent at the room temperature for about 12 h
and filled with the internal filling solution (1.0%° M TbCly). The electrode was, finally,
conditioned for 24 h by soaking in a (1.0%1M) solution of TbC}. A silver—silver chloride
electrode was used as an internal reference eatiectro

All emf measurements were carried out with theofwlhg assembly:
Ag-AgCl| 1.0<10° M TbCl; | PVC membrane: test solution| Hg-Bt, KCI (satd).

A Corning ion analyser 250 pH/mV meter was usedtlier potential measurements at 25.0 °C.
The activities were calculated according to they®@elbuckel procedure.

RESULTS AND DISCUSSION

The existence of eleven donating atoms (two nitmpgeo sulfur and four donating oxygen) in
the FCT structure was expected to increase botlstidality and selectivity of its complexes
with transition and heavy metal ions, rather thikalaand alkaline earth metal ions. Thus, in
order to check the FCT suitability as an ion cariee different metal ions, it was used to prepare
PVC membrane ion selective electrodes in prelinyieaiperiments for a wide variety of cations,
including alkali, alkaline earth, transition, andalwy metal ions. In comparison with the other
tested cations, only the Th(lll) ion displays asf response (with a slope of 20.7+0.2 mV per
decade) to the FCT-based membrane sensors. Sieceldisticizer nature influences the
dielectric constant of the membrane phase, the lityobf the ionophore molecules and the state
of ligands, it was expected to play a key roleha tletermination of the selectivity, working
concentration range and response time of the memaketectrode. It is well established that the
presence of lipophilic anions in cation-selectivenmbrane electrodes diminishes the ohmic
resistance, enhances the response behavior ardisgleand increases the sensitivity of the
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membrane electrodes [35-37]. The fabricated sewghrcomposition of 30% PVC; 66% DBP;
2% NaTPB, and 2% ion carrier shows the best pedooa.

The potentiometric selectivity coefficients, whigflect the relative response of the membrane
sensor for the primary ion over other ions that gmesent in solution, are perhaps the most
important characteristics of an ion-selectelectrode. For the measurement of the selectivity
coefficients, the potential response of the progoBE’* ion-selective sensors compared with
most common metal ions was investigated by the madtential method (MPM). In accordance
with the MPM, the selectivity coefficient is defohes the activity ratio of the primary ion (A)
and the interfering ion (B), which gives some pttdrchange in a reference solution.

The potentiometric selectivity coefficients of thensor towards different ions (NaCa&*, Ni**,

zZn**, Cdf*, Co, P, PP, T, LU, HO*, Yb*', Sn?* Gd** and F&") was determined and
the results are summarized in Table 1. As can lea,sr all cations used, the selectivity
coefficients are in the order of 3.6 x i@r smaller, indicating they would not significantl
disturb the functioning of the ¥hsensor. In Table 2, the major interfering ionsyatyic linear
range, the detection limipH range, the slopand response time of the proposed electrode are
compared with the best data of the previously repbfB* selective membrane electrode. It is
immediately obvious that the proposed®Thbensor in terms of selectivity coefficients, dyiam
linear range, detection limit and response timsuigerior to the previously Thion-selective
electrode.

The proposed sensor works well under laboratoryitioms and can be successfully employed
as an indicator electrode in the potentiometriations of TH* (1.0x10* M) with a standard
EDTA solution (1.0x17° M). The respective titration curve is shown inufig 1. Obviously, the
amount of TB" ions in solution can be determined with the etz

Table 1: Selectivity coefficients of various interring ions

Interfering ion (B) | Selectivity coefficient (K. 8)
Pr* 2.6x10°
Tm>* 7.9x10%
Lu® 2.5x10°
Ho>* 3.5x 10°
Yb>* 7.3x 10%
St 2.1x10°
Gd 8.1x 10*
Fe'* 8.7x 10%
Na’ 6.2x 10*
ca’ 7.5x 10*
Ni** 7.2x10%
zn™ 3.6x 10°
Cd” 6.8x 10°
Co’ 5.7x 10*
PG 2.4x 10°
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Table 2 Comparison of different Tb(lll) electrodes

EDTA’

Parameter Ref. 13 Ref. 14 Ref. 15 This work
LR (M) 1.0x10°1.0x107 1.0x10°-1.0x10" 1.0x10°-1.0x10" 1.0x107-1.0x10°
DL (M) 8.0x10"' 8.6x10’ 7.0x10° 7.5x10°
Response time (s)| ~10 15 <20 ~5
pH range 3.5-8.0 3.8-8.2 3.5-7.7 2.5-7.8
Slope (mV/decade) 19.7 19.4 19.8 20.7
Log Kge>-2 Gd Gd Ce, La, Dy, Yb, St -
120
110 o
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<
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Figure 1. Potential titration curve of 20.0 mL froma 1.0x10' M Tbh*" solution with 1.0x10° M of EDTA
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