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1. Title: Fundamental Studies of Catalysis and Electrocatalysis
2. Contact: Hoydoo You, Nenad Markovic, George Crabtree (MSD)
3. ANL Divisions Involved: MSD, CNM, CMT
4. Sponsor: DOE/BES
5. Outside Collaborations and Especially Interested Parties: University of Minnesota and Kent State University.

6. Goal: Understanding 1) the molecular-level fundamental mechanism of heterogeneous catalytic and electrocatalytic processes important to energy-conversion technology and 2) the relationships between the stability/reactivity and atomic-level structures of nanoscale catalysts and electrocatalysts. The program includes studies of single-crystal model catalysts, nano-structured catalysts, and real catalysts. The model catalysts are electrochemically prepared or fabricated using advanced lithographic tools available at Center for Nanoscale Materials, characterized ex situ with uhv-based surface science tools, and studied in situ with x-ray scattering and spectroscopy techniques at Advanced Photon Source. The molecular level studies will be augmented with computational DFT calculations.   
7. Costs: $1M/yr continuing
8. Status: New. $1M/yr secured through a new 2005 BES hydrogen initiative. Funding for a new state-of-art uhv system was approved via DOE FY05 equipment fund ($0.5M) and MSD equipment FY05-06 fund ($0.66M) in support for the program. The system is expected to be delivered by June 2006. We are in the process of hiring new staff and postdocs for the program. 
9. Next Steps: Establish a state-of-art laboratory for nanoscale surface/interface science laboratory for catalysis and electrocatalysis. Actively seek more funding from DOE to enhance the capability for electrocatalysis research. 
10. Expectations: Development of world-class scientific program relevant to energy conversion technologies. 
a. Design and study the model catalysts for fundamental nanoscale understanding of catalysts and electrocatalysts at the condition relevant to real operating conditions catalysts and electrocatalysts.
b. Molecular-level understanding of reactivities and stabilities of catalysts and electrocatalysts. 
11. Benefit Perspective: Establish a forefront nanoscale scientific program in heterogeneous catalysis and electrocatalysis tightly integrated with the use of user facilities such as Advanced Photon Source and Center for Nanoscale Materials. 

12. Risk Perspectives: 
a. Technical: Moderate- significant preliminary data exist and research direction with nanoscale model catalysts are under development
b. Scientific: High- development of new concept and mechanism governing the heterogeneous catalysis and electrocatalysis will make a significant impact 
c. Funding: Moderate- Active area for sustainable research activities and support. Likely the current funding will be sustained for years to come. Challenge is greatly enhancing the current level of funding 
13. Discussion:

We build a unique scientific program of studying the surfaces and interfaces of model catalysts and electrocatalysts by taking advantage of ANL user facilities such as APS and CNM. The program will focus on discovering the fundamental mechanism for catalytic reactions and their effect on the stability of the surfaces and interfaces of catalysts. Fundamental understanding of the mechanisms can guide the rational design of future catalysts. 
