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Introduction

Catalytic oxidation of NO to NO, is a key element of NO, emissions control,
including the lean NOy trap, NO, selective catalytic reduction, and the catalyzed particulate
filter." Supported Pt is the most common NO oxidation catalyst. Despite the apparent
simplicity and superficial similarity to the very familiar CO oxidation reaction, fundamental
questions remain about the mechanism of NO oxidation. In this work we use a combination of
in situ XPS experiments and first-principles simulations to explore factors that control NO
oxidation, in particular the role of oxygen coverage under reactive conditions. We find strong
evidence that the surface coverage is controlled by oxidation of the surface by NO,.

Methods

In situ XPS experiments were carried out at the Advanced Light Source at LBNL
on a Pt(111) single crystal to determine the uptake of oxygen in the presence of O, and NO,
oxidants. Plane wave, supercell DFT simulations of the Pt(111) surface and its reactions with
NO, and O, were performed with the Vasp code.*®> The choice of the Pt(111) surface is
motivated by the experimental evidence that turnover frequency increases with increasing
particle size,*® implicating the low-energy (111) surface as the active face for NO oxidation.

Results and Discussion

DFT calculations are performed to investigate the stable Pt(111)-NOy surface
species at low coverage. The results demonstrate, consistent with experimental inference, that
catalytic oxidation of NO to NO, via O, dissociation and reaction is highly endothermic on the
clean surface because of the much greater bond strength of Pt-O than O-NO. Catalytic NO
oxidation thus must proceed on surfaces with substantially weakened Pt-O bonding, as occurs
at higher surface O coverage.®

In situ XPS experiments were performed to determine surface coverages under
conditions relevant to NO oxidation. In initial calibration experiments, a Pt(111) crystal
surface is dosed with O, to ¥4 ML coverage. NO oxidation produces NO,, which is itself a
strong oxidant and can potentially participate in further surface oxidation. Experiments in
which the Pt(111) surface are dosed with NO, confirm this effect, and a surface coverage of
0.77 ML is found. These results are consistent with earlier reaction and surface titration
measurements that indicate highest activity near % ML coverage.*®

In order to determine the structure and properties of this high coverage oxygen
surface, DFT calculations were performed for a large number of surface O coverages and
orderings within different Pt(111) supercells. First principles thermodynamics are used to
calculate surfaces phase diagrams as a function of O, or NO, chemical potential. Figure 1

(left) shows the calculated equilibrium O coverages in Oy; the ¥4-ML p(2x2)-O ordering is
prominent at UHV conditions and %-ML p(2x1)-O at conditions representative of NO
oxidation catalysis. Figure 1 (right) shows the calculated O coverage with NO, as an oxidant.
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Figure 1. DFT calculated Pt(111)-O surface coverages in O, and NO, oxidants.

The stronger oxidizing potential of NO; is evident in the higher equilibrium coverages; further,
we expect oxidation of the surface with NO, to be less kinetically hindered than oxidation by
0,. The 0.77 ML coverage found experimentally is readily associated with the ¢(3x3)-70
ordering found with DFT. This coverage is thermodynamically and kinetically inaccessible
with O, as an oxidant.

Further, calculations indicate that this high-O-coverage surface is metastable to
formation of a completely oxidized surface. The high activity of Pt(111) results in part from its
kinetic, rather than thermodynamic, resistance to oxidation.

Significance

Mechanistically, these results imply that surface dissociation of O, is not possible at the high
surface coverages present during NO oxidation, consistent with O, adsorption as the rate-
limiting step in catalysis. This evidence indicates that net NO oxidation most likely occurs by
direct reaction of NO with adsorbed O,, contrary to previous theoretical models for this
reaction.
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