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Introduction

For almost 100 years, CO oxidation has been intensively studied on Pt-group metals
[1]. The reaction is known to occur through a Langmuir-Hinshelwood mechanism by which
CO and O, must co-adsorb prior to reaction. Recently, this view has been challenged as various
oxide phases have been proposed to exist on Pt-group surfaces under reaction conditions [2].
Studies on metallic particles indicate size dependence for oxidation [3,4]. Of concern is what
conditions CO oxidation kinetics on single crystals can be translated to technical catalysts. To
address this issue, we prepare and characterize Rh/SiO, and Pt/SiO, model catalysts in ultra
high vacuum (UHV) and transfer the samples in-situ to a high pressure cell where CO
oxidation reactions are performed. CO oxidation reactions are also performed on Rh(111) and
Pt(110) in the same apparatus for direct comparison. Estimates of surface active-sites and size
estimates from desorption experiments and reaction studies are determined and compared with
results from scanning tunneling microscopy (STM) measurements of particles grown on SiO,
thin (0.3nm) films.
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for direct comparison. STM measurements were conducted in a separate UHV system where
ultra-thin silica films (~0.3nm) were prepared by vapor deposition of IML Si on a pre-oxidized
Mo(112) surface, followed by annealing in O,. Rh or Pt particles were subsequently deposited
and imaged at T=300 K under UHV conditions.
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Results and Discussion

Reactivity measurements on Rh/SiO, (Fig 2) and Pt/SiO, (not shown) exhibit
activation energies comparable to Rh(111) and Pt(110) (E~100-120kJ/mol). Normalization of
particle to single crystal reaction data coupled with AES and TPD measurements provide an
estimate of active-sites as a function of Or, (Fig. 3, red circles). Active site estimates based on
STM images of Rh/SiO, films (Fig. 3, blue triangles) display similar site trends. Results
indicate an apparent structure insensitivity for CO oxidation on Pt and Rh particles under the
present CO dominant conditions, consistent with previous single crystal and technical catalysts.
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Figure 2: CO, reaction rate (TOF) vs.  Figure 3: Active Rh sites per em® vs. Oy
1000/T(K)) performed for various O,/CO  as estimated from TPD (m), (1/10)

ratios over Or,~0.25ML Rh/SiO, and reactivity data (e), and STM data (A).
Rh(111)[5] Inset: STM 1ML RI/SiO, 50x50nm [5]

Significance

CO oxidation kinetics on Rh and Pt show independence from electronic or structure
variations associated with particle size under the present conditions. The apparent insensitivity
for this reaction allows complete translation of previous results on Rh and Pt single crystals to
technical catalysts. The implication of this research is two-fold: bridging the materials gap
between model and technical surfaces and providing a unique method for estimating surface
active-sites on solid-state Rh and Pt catalysts.
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