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VOLUME / MICROELECTRODE VOLTAMMETRY AND
APPLICATION. THESIS ADVISOR : ASST. PROF. PANIDA

KHUNKAEWLA, Ph.D. 137 PP.

MINIATURISATION / GREEN CHEMISTRY / MICROBANDS ARRAY

Promoted by advancements in microelectronics and in micro- and nano-
fabrication methods, the miniaturisation of electroanalytical instrumentation has been
a topic of high interest. Besides, environmental problems have also alarmed, leading to
high attention on the potential negative impacts of scientific activities on Mother Earth.

The three subtopics of this PhD research project were structured with the key
ideas of introducing tools and techniques which are easy, economical, green and
accessible to most research and teaching laboratories, especially those with limited
budgets. It is believed that these properties are the factors for driving electrochemistry
towards a greener practice with better analytical performance.

The making and potential application of a miniaturised 3-electrode
electrochemical minicell arrangement, namely the Platinum-tube (Pt-T) minicell was
described in part 1 of this thesis. Upon placement on an upright working electrode, this
little gadget served both as the counter electrode and the holder of 30 — 60 pl of sample
solution. The electrochemical cell was then completed with the insertion of a mini
reference electrode from the top opening. The cell demonstrated its flexibility in the

choice of electrodes. It also showed a wide applicability for the detection and



v

quantification of various analytes ranging from drugs, hormones, vitamins, and redox
labels as well as biosensing applications at the ul level.

Part 2 of this work described the production of a Cu microband array electrode
by sandwiching a piece of micron-thick copper foil in between acrylic plates to produce
an array of seven evenly spaced microbands. This electrode demonstrated higher
sensitivity for the detection of hydrogen peroxide and dopamine in comparison to a Cu
disc electrode. This phenomenon suggested a more efficient mass transport mode,
which agreed with the prediction of a hemicylindrical diffusion field around the vicinity
of the microbands.

Oxytocin detection and quantification in Part 3 was initially driven by the need
of a collaborating neuroscience group aiming at the detection of picomolar oxytocin in
samples from rat brain microdialysis. Electrochemical detection in the Pt-T minicell
with a boron doped diamond electrode detected oxytocin at about 60 uM. Lower level
detection was then attempted with electrochemical immunosensing technique known
for femtomolar biomolecule detection. However, the problems arising from the small
size of oxytocin and the lack of suitable monoclonal antibody pair for effective

sandwich immunoreaction are yet to be solved.
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