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ABSTRACT

This Ph.D. thesis consists of two main parts. In the first part, work was carried out in
what may be considered as ‘macro-bore flow analysis’ (flow channel in millimeter range), viz.
flow injection (FI) and high performance liquid chromatography (HPLC). The application of
thin film boron doped-diamond (BDD) electrode was focused, particularly in the analysis of
iodide ion. In the second part, downscaling of size, to what is usually known as lab-on-chip
(or microchip) was carried out. This work is in the micro-bore or microfluidic format (micron
size flow channel). Development of antioxidant assay based on peroxyoxalate
chemiluminescence was carried out using this microchip.

Oxidation of iodide was first studied at BDD using cyclic voltammetry (CV). The
BDD electrode provided a better sensitivity than glassy carbon electrode (GCE). The peak
current of 1 mM iodide oxidation varied linearly (r* = 0.998) with the square root of the scan
rate, from 0.01 to 0.30 Vs™. This result indicates that the reaction is a diffusion-controlled
process with negligible adsorption on BDD surface. Amperometric detection with a flow-
through electrochemical cell using the working diamond electrode was investigated. With this
construction, analysis of samples is very rapid (85 samples h™). Wide dynamic range (0.8 to
200 uM) with good precision (RSD = 2.2%) and very low detection limit as 0.01 uM (3c of
blank), was obtained. Performance for simple sample matrices such as potassium iodide
tablets (for nuclear emergency) was investigated. The BDD flow injection method proved to
be valid for this type of samples. For the employment of BDD in high performance liquid
chromatography (HPLC), the BDD was cut into thin disk with a diamond cutter to fit a
commercial flow through cell. This electrode fulfills very well all requirements of the
working electrode of an electrochemical detector. Performance of the BDD-HPLC was
examined. The developed BDD-HPLC method was validated for iodide quantitation in
samples containing complex matrices such as multi-vitamin tablets.

In the second part of this thesis, a new, sensitive, rapid and automated method using
minute reagents and sample volumes was developed for screening of antioxidant capacity
from plants. A microfluidic system, incorporating a peroxyoxalate chemiluminescence (PO-
CL) detection, was developed as a new tool for measuring total antioxidant capacity. The
implement of PO-CL reaction using 2-and 3-inlet microchips were investigated. In the 2-inlet
microchip, sample injection was carried out using an injection valve, thereby enhancing
reproducibility and response times. Antioxidant plug was injected into the hydrogen peroxide
stream, resulting in an inhibition of the CL emission which can be quantified and correlated
with antioxidant capacity. From the plant-food based antioxidants, p-carotene was found to be
the most efficient hydrogen peroxide scavenger (SAwe of 3.27 x 102 uM™), followed by o-
tocopherol (SAne of 2.36 x 10° uM™) and quercetin (SAup of 0.31 x 10° uM™). The reported
method is inherently simple and rapid, with excellent analytical performance in terms of
sensitivity, dynamic range and precision, with RSD values typically below 1.5%.
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