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This research program focuses on the design, synthesis, modeling, and characterization of multimetallic nanoparticles towards advanced fuel-cell catalysts.  While multimetallic nanoparticles promise advanced opportunities for developing active, robust and low-cost catalysts, a major challenge is the ability in controlling size, composition, and morphology at the nanoscale.  The goal of our investigations is to establish the fundamental correlation between the nanostructural parameters (size, shape, composition and morphology) and the electrocatalytic properties (activity and stability).  The electrocatalytic activity and stability of the nanostructured catalysts were studied both in proton exchange membrane fuel cells (PEMFC) and using rotating disk electrode (RDE) method [1].  A shown in Figure 1, the PtVFe/C and PtNiFe/C catalysts were shown to exhibit a 2~5 fold increase in mass activity and 5~7 fold increase in specific activity in comparison with pure Pt catalyst.  The alloyed Au23Pt77/C (15%Pt) catalyst exhibited mass activity and specific activity larger than Pt/C catalyst by a factor of 3-4.  
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Figure 1. (A) Comparison of mass activities and specific activities for carbon-supported monometallic, bimetallic and trimetallic catalysts (E = 0.858 V vs. RHE).  (B) PEMFC polarization and power density curves of MEA with Pt42V19Fe39/C or Pt/C as cathode at 75○C (0.4 mgPt/cm2).  A 10-day fuel-cell stability result is included in the insert.
The understanding of how the relative changes in activity and stability for these and other trimetallic/bimetallic nanoparticle catalysts correlate with the particle size, composition, lattice, and surface properties is part of our on-going investigations [2].
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