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Controlling the nanoscale shape and size of colloids is of practical importance in fields  

including catalysis, energy storage and optics. Yet the chemical methods used to make  

these nanoparticles is still not well understood, even for simple unary materials.

We are developing experimental and theoretical tools to understand the mechanism of  

shaped nanocrystal growth. Our present focus is on shaped manganese oxides for  

applications in fuel cells.

Oxygen electrochemistry is central to the function of fuel cells, and
there is great demand for materials that can drive oxygen evolution  

(OER) and oxygen reduction (ORR) reactions. Most research is focused  

on one-way reactions, but there is significant interest in catalysts that can  

fulfill a dual role as so-called bifunctional catalysts. These catalysts can  

drive both oxygen reduction and water oxidation reactions reversibly for  

high energy storage at minimal weight in regenerative fuel cell  

configurations. (A) Shows SEM and TEM micrographs of α-Mn2O3 prisms  

synthesized in our lab. Crystal structure analysis shows the α-Mn2O3  

transforms from orthorhombic to cubic phase when heated (B). ORR and  

OER activities of the cubic phase α-Mn2O3 are up to 47% better than the  

orthorhombic phase (C).

By combining shape-controlled colloidal synthesis with careful  

structural analysis and the assistance of theoretical modeling, we hope to  

elaborate more on the details of electronic structure in Mn-oxides, and its  

role in determining their catalytic activity. We also are working on  

inexpensive methods to make shape-controlled Mn-oxides and mixed

Mn-oxides (LaMnOx, CoMnO etc.) at a fraction of the cost of current  

methods.
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 We are developing inexpensive, scalable methods to

synthesize manganese oxide materials with  

controllable surface terminations.
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