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The science of surface reactivity demands control of surface structure and
surface  composition. Surface science methods thus enable the
investigation of reactions, including oxidations, hydrogenation, and
coupling, on well-characterized single-crystal surfaces by providing
molecular level insight into the bond breaking and formation on surfaces
that are the basis for heterogeneously catalysis. The ultimate goal of such
research is to provide benchmarks for theory, forming a firm basis for a
priori catalyst design. In the nearer term it provides a kernel of information
which can be combined with theory to accurately predict rates and
selectivities for extended series of analogous reactions outside the data
set. In this talk, these concepts will be discussed, linking fundamental
surface science studies on Au single crystals with the performance of dilute
Au-based dilute metal alloy catalysts operating at elevated temperature
and 1 atm pressure. The use of key surface-science methods, including XPS,
vibrational spectroscopy and temperature programmed reaction
spectroscopy, will illustrate the methodology for understanding catalytic
reactions. This work demonstrates the ability to successfully predict surface
reactivity across vast regimes of pressure, temperature and materials
complexity.
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