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Abstract.  

Platinum and its alloys are widely used as catalysts for oxygen electrode in proton exchange 
membrane (PEM) fuel cells; however, the oxygen reduction reactions (ORR) on Pt are much slower 
compared with hydrogen oxidation reactions on Pt surfaces.  Furthermore, Pt catalysts are very 
sensitive to impurities such as CO, halogens, nitrogen and sulfur compounds, and low molecular 
weight organic molecules (such as methanol and ethanol resulted from crossover), which can poison 
Pt surface to inhibit their catalytic activity for ORR. The demands of Pt have exceeded the supplies 
for the last ten years, which resulted in soaring price for Pt.  The design and development of novel 
non-precious metal catalysts with high catalytic efficiency, good stability, good tolerance of 
impurities and low cost is crucial to the successful commercialization of the PEM fuel cell 
technology as an energy source.  

This presentation will cover our work in the area of non-precious metal oxygen reduction catalysts 
for fuel cell applications. By coupling multi-scale theoretical and experimental techniques, the study 
of oxygen reduction reaction mechanisms of several classes of transition-metal phthalocyanines as 
oxygen reduction catalysts will be presented.  Knowledge gained through simulation, synthesis and 
characterization is used to help the design of the next generation non-precious metal catalysts for 
oxygen reduction reactions.  When completed, the successful new class of non-precious metal 
catalysts developed in this study will have significant positive impacts on the efforts to 
commercialize fuel cell technology as a new energy source.   
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