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ABSTRACT

The electro-oxidation of organic compounds at noble metal electrodes has been widely
studied in the past. A bimetallic electrode is often more active than the respective pure
metals. However, the effect of the microstructure of the alloys on their electrochemical

properties has largely been ignored in the past.

The electro-oxidation of ethylene glycol at gold-platinum and gold-titanium electrodes in
different heat treatment conditions was studied to determine how the different

microstructures would influence the electrochemistry of these alloys.

Kirkendall porosity was produced by the solid solution heat treatment of the two-phased
60Au-40Pt electrodes. The extra surface area due to the porosity resulted in high apparent
current densities at the porous electrodes in both acid and alkaline solutions without
ethylene glycol. Only slightly higher apparent current densities were obtained at the
porous gold-platinum electrodes compared to the non-porous electrodes when ethylene
glycol was present in the solution. Kirkendall porosity was not produced by the solid

solution heat treatment of the two-phased 50Au-50Pt electrodes.

The gold-platinum electrodes were more active for the electro-oxidation of ethylene
glycol than both pure gold and platinum. The electrodes in the solid solution heat
treatment condition were more active than the two-phased electrodes. This can be
explained by the Third-body effect, which means that platinum atoms that are surrounded

by gold atoms are less likely to become poisoned by intermediates than platinum atoms



that are surrounded by other platinum atoms. Poisoning of all the electrodes occurred
during electrolysis of ethylene glycol at a fixed potential. The poisoning species at pure
gold and pure platinum could be removed by potential pulsing and sustainable
electrolysis of ethylene glycol was possible at these electrodes. Unfortunately, the same
technique was not as successful with the gold-platinum alloys and their activities declined

during the long-term electrolysis of ethylene glycol.

The electrochemical behaviour of the Gold 990 (Au-1wt% Ti) electrodes is similar to
pure gold in acid and alkaline solutions. It is possible that the titanium content is too low
to have a significant influence on the electrochemical behaviour of gold. The titanium
may also be in the passive condition or it may have dissolved selectively from the Gold

990 alloy resulting in a pure gold surface.

Keywords: Gold, platinum, gold-platinum alloys, gold-titanium alloys, Gold 990,
Kirkendall porosity, electrochemistry, electro-oxidation, ethylene glycol, cyclic

voltammetry.
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