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Abstract

This thesis describes the studies of various stages in the development of a fibre
optic sensor capable of detecting and measuring Al3t, Cd2+, Mg and Zn2+ions
in aqueous solutions. A well known non-selective reagents 8-hydroxyquinoline
(HQ) and its derivatives such as 8-hydroxyquinoline-5-sulphonic acid (HQS)
and 8-acryloyl-oxy-quinoline (AOQ) reagents were considered to be suitable
candidates for incorporation into the sensor. From the solution studies, the
stoichiometry evaluated for metal-reagent complexes are 1:3 for AI-R and 1:2
for Cd-R, Mg-R and Zn-R (where R = reagent). The formation constants
obtained shown that the Al-reagent are the most stable complexes compared to
others which shown similar complexes stability. Three different immobilisation
mechanisms incorporated with fluorescence-optical instrumentation along with
the flow injection system were investigated: impregnated ion exchange
mechanism; cast films incorporating the fluorophore as an independent species;
and metal imprinted polymerisation in which the fluorophore is incorporated into
the polymer structure. All immobilised systems showed good sensitivity towards
metal ions with the LODs obtained in a range of 10'9to 10'8M for SIR, a range
of 10'8 to 10'7M for PVC and a range of 10'8to 10'7 M for MIP. The systems
also showed good reproducibility of response with low RSD values (RSD
between 1 to 7% for SIR, between 1 to 4% for PVC and < 1% for MIP).
However, only MIP shows excellent stability and regenerability of the system
meanwhile SIR and PVC show poor stability and regenerability due to the heavy
leaching of the reagents from the system. It was also observed that the
sensitivity order of the reagent phase is Al3+> Zn2+ > Cd2+> Mg2+ Due to the
higher sensitivity and shorter response times, SIR system was applied in the
simultaneous analysis of metal ions mixture with the aid of a multiple linear
regression and ANN algorithms. Both algorithms showed excellent model fitting.
However, only the ANN network successfully computed the individual metal ion
concentration in the mixture solutions (with very small error obtained, range
from 0 to 10"4M).
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