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Analysing surface of a gold electrode with electrodeposited arsenic film using Secondary Ion Mass
Spectrometer, SIMS, instrument at University of Western Sydney.

ELECTROCHEMICAL RESEARCH PROJECTS

My main research area is in the field of electrochemistry. I am particularly
interested in the development of simple, accurate, reliable and infield detection
methods for heavy metals and semi-metals, such as arsenic, lead and cadmium
in groundwater using anodic stripping voltammetry, ASV, (first picture on the
right — shows sample cell ready for ASV analysis and second picture on the
right — is voltammogram showing arsenic peak of concentration of 50ppb).
Infield accurate detection of arsenic is currently crucial for people in
Bangladesh, where there is a desperate need to continuously monitor
groundwater, which is used for drinking, for arsenic levels. Toxic levels (above
50ppb) of arsenic in groundwater have been found all over Bangladesh and
millions of people are being poisoned. Not all tube wells used for drinking have
toxic levels of arsenic, therefore all wells need to be tested on regular basis to
determine which ones are safe to drink from and which are not. This will
reduce the severity of contamination.
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As part of this research project, I am often asked by environmental companies,
shires and the Department of Environment to go onsite and analyse
groundwater (third picture on the right — shows me analysing groundwater |
samples at Perth Arena site), using portable digital voltammeter instrument
(PDV6000+), for arsenic, which is also becoming a concern in some areas
around Perth due to acid sulphate soils.
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More recently I have also started a project which involves developing a voltametric
method for barium detection (first picture on the right — is voltammogram of barium
10ppb and 20ppb standards). In particular, I am interested in being able to detect
barium in gunshot residues, GSR (second picture on the right — shows target
shooting paper being swabbed for GSR). GSR samples are identified by the
presence of barium, lead and antimony (antimony is not always present). Currently
the analysis of samples collected at the crime scene for the presence of GSR can
only be done off site in a laboratory using scanning electron microscope, SEM,
instrument. However, it would be highly beneficial to have an onsite preliminary
test to determine whether the collected sample does indeed contain barium and lead,
that will reduce the number of samples needed to be analysed using SEM, which is
a both time consuming and expensive.

I am also involved in more fundamental electrochemical research, which involves
investigation of the surface of the working electrode used in anodic stripping
voltammetry, after it has been subjected to electrochemical processes.
Understanding what happens at the electrode surface is crucial in being able to
improve sensitivity and reliability of the voltametric method for heavy metal
detection. This research involves the use of instruments such as scanning electron
microscope, SEM (third picture on the right - shows SEM image of the formation of
salt crystals on the surface of solid gold working electrode), secondary ion mass
spectrometer and synchrotron radiation.

CHEMICAL EDUCATION RESEARCH PROJECTS

My second major area of research is chemical
education. I am interested in developing and
effectively using latest technologies, such as audience
response system, ARS, multimedia and chemical |
demonstrations (seventh picture on the right — shows |
some of the chemical demonstrations that are
currently being used in first year chemistry lectures) in
lectures, to help students understand difficult chemical
concepts. Chemistry is a ‘visual’ subject and its
understanding can be greatly enhanced through the use
of appropriate images, interactive computer simulations |
and chemical demonstrations. In 2010, I started a new
collaboration with Mr Tim Harrison, ChemLabS
Teacher Fellow from Bristol University, UK. Together
we have developed a ‘Chemical Demonstrations | s
Booklet’, which presents 31 chemical demonstrations with detalled photos (some
examples are shown on the right), equipment list, chemical concepts being covered
in each demonstration, safety notes, disposal of chemicals and useful hints when
performing each demonstration.
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COLLABORATIONS

Electrochemistry Research: Prof Fujikawa and Prof Hamasaki, Osaka University, Japan; Modern
Water Company, Cambridge, UK; Dr Rob Hart, Curtin University, WA; Dr Alex Lubansky, ECU,
WA.

Chemical Education Research — Prof Roy Tasker, University of Western Sydney, NSW; Dr Danny
Bedgood, Charls Sturt University, NSW; Dr Ian Jamie, Macquarie University, NSW.

Outreach Programs — Assoc Prof Joanne Jamie, Macquarie University, NSW, Mr Tim Harrison,
Bristol University, UK; Mr Jason Barrow, ECU, WA.

RESEARCH STUDENT SUPERVISION

Master of Science (Chemistry), Investigation of Interferences and Development of Pre-treatment
Methods for Arsenic Analysis by Anodic Stripping Voltammetry, Mr Paul Lewtas, 2014.

Honours (Chemistry), Measurement of Nickel and Cobalt in Urine using UV Digestion and
Voltammetry, Mr Wade Lonsdale, 2014.

Honours (Chemistry), Development of an Infield Voltammetric Method for the Determination of
Barium, Mrs Samantha Ridgway, 2015.
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