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Structure and Reactivity of Surface Oxides on Pt(110) during Catalytic CO Oxidation
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We present the first structure determination by surface x-ray diffraction during the restructuring of a
model catalyst under reaction conditions, i.e., at high pressure and high temperature, and correlate the
restructuring with a change in catalytic activity. We have analyzed the Pt(110) surface during CO
oxidation at pressures up to 0.5 bar and temperatures up to 625 K. Depending on the O, /CO pressure
ratio, we find three well-defined structures: namely, (i} the bulk-terminated Pt(110) surface, (ii) a thin,
commensurate oxide, and (iii} a thin, incommensurate oxide, The commensurate oxide only appzars under
reaction conditions, i.e., when both O, and CO are present and at sufficiently high temperatures. Density
func}ional theory calculations indicate that the commensurate oxide is stabilized by carbonate ions
(CO37). Both oxides have a substantially higher catalytic activity than the bulk terminated Pt surface.
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III: Interaction between Pt(111), O, and CO at
elevated pressure and temperature

In this chapter we present a series of SXRD experiments performed at high
pressure and temperature on the Pt(111) single crystal surface. We have
studied the interaction of CO and O; with this surface, as they form a classic
model system for studying the catalytic oxidation of CO. We have studied the
interaction of each single gas with the surface in the full range from UHV to
atmospheric pressure. A very important result is the in-situ measurement of
the oxidation of the Pt(111) surface, under formation of only several
monoatomic layers of a-PtO,. Secondly we have exposed the surface to
mixtures of both gasses at elevated temperatures. We have measured the
structure of the surface and its reactivity in the catalytic oxidation of CO
simultaneously under semi realistic reaction conditions. The main result of
this experiment is that we unambiguously show that the a-PtO; layer exhibits
a much higher reactivity in CO oxidation than the bulk terminated Pt(111)

surface.



