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1. Title: Electrocatalysis for Energy Conversion

2. Contact: Nenad Markovic, George Crabtree, MSD

3. ANL Divisions Involved: MSD, CNM, CMT
4. Sponsor: DOE/BES and EERE
5. Outside Collaborations and Especially Interested Parties: GM (Hubert Gasteiger), Jens Norskov (Lyngby, Denmark) Chrstopher Lucas (University of Liverpool, England)
6. Goal: Our focus is (i) finding cheaper, more active electrocatalysts for important energy conversion reactions, and (ii) the grand challenge of understanding the atomic and molecular basis for catalysis.  The program, led by our new hire Nenad Markovic with Hoydoo You, will encompass fabrication of nanostructured catalysts, characterization by UHV analytical tools, in situ structural probes such as x-ray diffraction scattering and scanning tunneling microscopy, vibrational spectroscopies, classical electrochemical methods and numerical simulation.   We will engage an international network of academic and industrial partners, including auto companies like GM, small fuel cell companies like Power Plug and catalysts/membrane producers like 3M.  We seek dual impact, advancing the frontier of knowledge with world-class basic research and creating innovative new catalysts with much higher performance for applications.
7. Costs: $2M/yr continuing
8. Status: $1M/yr secured from BES through successful hydrogen proposal and supplemental funding, white paper for additional $1M submitted, full proposal in preparation
9. Next Steps: Establish electrocatalysis laboratory and program at ANL for Markovic, establish international catalysis network, establish industrial partnerships and seek EERE funding
10. Expectations: Development of world-class program with impact on US and world energy challenges 
a. Discovery of new catalysts with significantly higher performance arising from morphology, electronic structure, composition, substrate interactions
b. Modeling catalysis performance of complex nanoscale systems from first principles
c. Understanding the atomic and molecular basis of catalysis 
11. Benefit Perspective: Potentially Transformational Benefits

12. Risk Perspectives: 
a. Technical: moderate- early successes with particular catalysts already achieved, further development likely

b. Recognition/Stature: Moderate- Need to make significant strides in advancing the frontier.  Network helps to engage potential competitors 
c. Impact: High- ultimate value of outcomes is not predictable, requires effective interaction with industry to transfer innovations to market. 
13. Discussion:

This initiative builds a world-class science for energy presence for ANL that will bring returns in the scientific community for its excellence, the energy community for its solutions to national needs, and the public for its “science serving society.”   With Markovic and his program we have the beginnings of a sustainable world-class effort that can grow from its present focus on specific electrocatalysts to broader issues spanning the field, to bioelectrocatalysis, and to the grand challenge of its atomic and molecular basis.  It uses a unique ANL resource, in situ electrochemical experiments at APS, one of only three such capabilities in the US.  The program can be expanded to battery electrocatalysis and the difficult problem of electrical energy storage by conversion to chemical fuels (effectively an inverse fuel cell).  Bio-electrical catalysis is another viable path forward, an exciting scientific frontier with high potential for energy impact. 

