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INTRODUCTION

The first ion selective electrodes (ISEs) were implemented in the
beginning of the 20th century. Since then ISEs became indispensable
devices in the field of process control as well as clinical and
environmental analysis.
Neutral ionophore based liquid membrane electrodes are one of the
most important ion sensitive devices.
Although the first natural ionophores with antibiotic properties such
as Valinomycin, Nonactin etc. are still successfully used in the
analytical routine, the broadening of the range of the assessable
analytes become possible with the advent of the synthetic ionophores.
Owing to the extensive research for tailored synthesis of selective
complexing agents ISEs for more than 60 different analytes have
been reported.
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Experimental work

Based on methods developed earlier for synthesis of potassium
ionophores (Table 1, 1: BME 15, 3: BME 44) three new, bis(benzo-
18-cown-6)ether type cesium selective ionophores were prepared
(ligands 2, 4, 6). The potentiometric performance characteristics of
these molecules were evaluated and compared with that of other
biscrown type cesium ionophores.
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Furthermore, a new class of thiacalixmono- and biscrown ethers
(Figure 2, 7, 8, 9) were incorporated in plasticized PVC membranes
and tested as potential cesium ion selective molecules. The results
unambiguously demonstrated that the ion complexing properties of
these ligands are comparable to the best calixarene type ionophores
reported in the literature.
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Figure 2

The selective extraction of radioactive cesium isotope from nuclear
wastes has an important role in the economical reprocessing of highly
radioactive nuclear. Solvent extraction seems to the most convenient
way for the separation of 137Cs from solutions containing elevated
concentrations of other alkali ions (3-4 M Na+, 1 M K+). This
justifies the efforts towards the synthesis and identification of cesium
ionophores with high Cs+/Na+,K+ selectivity.
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Although the high selectivity is probably the most important goal of
any ionophore design and synthesis related research, recently there is
growing interest towards ionophores custom-tailored for particular
applications. Regarding this research direction, we have synthesized
novel ionophores with optical activity (chromoionophores) as well as
ionophores appropriate for covalent immobilization.
Therefore I have synthesized esther-substitued bis(benzo-15-cown-
5)ethers as potential active components for the preparation of direct
fluorescent optodes. (Figure 3, 10, 11, 12).
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Further on I have synthesized a potassium ion selective biscrown
ether (Figure 1, 5) that can be copolymerized with different
monomers such as acrylates and vinylchloride

The successful copolymerization of the alkenyl group bearing
potassium ionophores led to synthesis of the first ionophore
covalently attached to an inert PVC backbone (Figure 4, 13).
Characteristic properties such as ion selectivity, complex stability,
diffusion coefficient etc. of the novel ionophores were determined
and compared with the relevant mobile ionophores. The synthesis
method developed can represent a feasible alternative for the
preparation of novel covalently linked ionophores and by that can
contribute to the development of ISEs with low detection limit.
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Results

1. I have synthesized three new bis(benzo-18-crown-6)ether
based cesium selective ionophores, one of which is suitable for
covalent grafting to polymer backbones by its copolymerization with
vinyl or acryl type monomers. After incorporation in solvent
polymeric membranes, the potentiometric performance
characteristics of the ionophores were determined. The structural
properties of the biscrownethers determining the exquisite selectivity
of potassium selective ionophores were found to not improve
significantly the selectivity of the similar structure cesium
ionophores.

2. I have studied the potentiometric performance characteristics
of novel thiacalixmono- and biscrownether type compounds. I have
determined that each of the studied molecules possessed excellent
cesium selectivity. After optimization of the composition of the ion
selective membranes, I could conclude that the monocrown type
compound proved to be has the best cesium selectivity. The
selectivity data were correlating closely with the ratio of the relevant
complex formation constants
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3. I have successfully synthesized different esther group bearing
potassium selective bis(benzo-15-crown-5)ether ionophores. The
potassium selectivity of the novel ionophores was determined after
their incorporation in PVC based solvent polymeric membranes.
Although the selectivity of the ionophores was somewhat smaller
than that of the best biscrown ether type ionophore (BME 44) the
optical properties of compounds make them suitable candidates as
active components in fluorescent direct optodes

4. I have successfully synthesized an alkenyl group bearing
potassium ionophore derivative, which is suitable for
copolymerization with different vinyl and acrylic type monomers.
After incorporation in PVC based solvent polymeric membranes, the
potentiometric performance characteristics of the ionophore were
determined and it proved to be similar with that of the BME-44.

5. The alkenyl group bearing ionophore was successfully
copolymerized with methylmetacrylate/n-butylacrylate and the
resulted covalently immobilized ionophore could be further used for
the preparation of so-called self-plasticized membranes. Comparing
the potentiometric performance characteristics of these and mobile
ionophore (incorporated in PVC membranes) containing membranes,
it could be concluded that the immobile ionophores performance is
somewhat lower.
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6. I have successfully prepared the first ionophore based on the
direct copolymerization of the vinyl-chloride monomer and a suitable
ionophore. The resulted potassium selective copolymer was
characterized with gel permeation chromatography and the ionophore
content of the copolymer was determined by spectrophotometry
using standard addition technique. I have studied the ion transport
properties of ISEs based on this membranes with chronoamperometry
and hyperspectral imaging. With the exception of the selectivity,
which was somewhat lower, the other potentiometric performance
characteristics closely matched that of the BME 44 membranes used
as reference.

The financial support of the Varga József Foundation is
gratefully acknowledged.
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