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Participants in Breakout Session 8 (Instrumentation, Techniques and Facilities) at the DOE Contractors’ Meeting in Rockville, Md (May 23-26, 2004) provided an update of the current status of experimental techniques and instrumentation for catalysis studies, and clearly identified the direction that future developments should take. Both laboratory and facilty instrumentation issues were addressed.

1. Laboratory Instrumentation: Current emphasis is on in-situ (approximating reaction conditions) and time-dependence of spectroscopies (including NMR, IR, Raman, etc.) In microscopy single atoms/molecules can be followed by STM, but not under reaction conditions.

The following developments in laboratory techniques and instrumentation must urgently be supported. 

Nanoimaging of catalytic activity. Enormous progress in studying the molecular-level details of catalytic reactions could therefore be made by combining the two, i.e. be able to associate time-dependent experimental observation (e.g. IR, Raman) with specific molecules: single molecule techniques applied to catalysis.

Environmental microscopy. It is imperative to support the development of techniques that will allow the study of samples at the temperature and pressure characteristic of practical processes while allowing atomic resolution measurements.  Currently, atomic resolution measurements are possible with either realistic temperature or pressure but not both.
Real-time, involvement of theory and simulation. Currently much of the theoretical and simulation work that is crucial to understanding catalytic reactions is not carried out in parallel with the experimental process. Experiments would benefit greatly, could be carried out with much greater efficiency of theoretical support were available on a real-time basis. 

A transition of catalysis studies from in-situ to in-operando would provide the opportunity to make much closer connection to industrial conditions and hence involvement of industry. 

2. National User Facilities: 


Current Status and Barriers to Use by the Catalysis Community: Specialized catalysis apparatus not normally available to the “general user” – sometimes by arrangement with users who have provided such equipment. Two kinds of users: occasional (supplement lab techniques with a synchrotron or neutron experiment some of the time) and regular (research is centered on experiments at the user facility).

There is a critical shortage of beam time available to the catalysis community, along with a serious lack of the necessary infrastructure. Apart from the appropriate instrumentation for catalysis studies, the latter should include Ph.D. level scientists to assist with use of the equipment, data collection and interpretation. 

Another major barrier to a more routine use of National User facilities is one of funding, such as travel funds, support for students to spend time at the facility, and funds to make, or adapt special equipment for the beam line to be used. Many research grants are not sufficient to do this on a regular basis, and certainly not for starting faculty (e.g. PRF). 

Recommendation for dedicated Catalysis User Facilities.
1. A specialized Catalysis User Facility is urgently needed.  This has been recognized a number of times, most recently the 2002 BES White Workshop and the 2003 NSF Worskshop. We still lack dedicated facilities for state-of-the-art chemical science to go along with the materials synthesis and characterization. 

2. The US catalysis community needs to match the European and Asian catalysis centers in order to maintain the leadership role in the critical research area. Instruments alone of course are not sufficient.  One of the most important aspects of such a facility is the need for a critical mass of resident scientists operating and maintaining the instruments who know about and care about catalysis research, something which is not currently available at User Facilities.

3. In addition to a Catalysis User Facility we urge the development and funding of at least two new catalysis endstations, one at a synchroton facility (APS, NSLS, or ALS) and one at a high-intensity neutron scattering facility (LANSCE, or SNS). Such a proposal must be accompanied by increases in the User Facility budgets can be increased to staff these beamlines. 

4. Novel developments in instrumentation, spearheaded by the Environmental Science community are showing great promise. In particular at the ALS two endstations (9.3.2 and 11.0.2) have been built or modified to perform photoelectron spectroscopies (XPS, XAS, XES) at ambient pressures relevant to catalysis (tens of Torr) at temperatures up to thousand degrees. While 11.0.2 is a brand new endstation close to being ready for public use, 9.3.2 is the prototype that could be upgraded with modest funding to be fully available to the users. To exploit the promise of these stations as user facilities for the fundamental study of catalyst in-situ, funding to staff these facilities is crucial. A copy of the ALS high pressure spectroscopy endstation has been recently incorporated in the European facility BESSY.

5. Interface with BES-funded nanocenters will provide an additional range of state-of-the-art characterization tools, but we do not expect this to be a focal point of catalysis research activities per se.

