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Abstract

Through DFT calculations, the detailed mechanism of the catalytic NO
+ CO reaction, a prototypical system with great practical applications espe-
cially in the automobile-exhaust aftertreatment, was determined on Rh(100)
and Rh(111). The elementary steps and their energy evolution were revealed.
These steps include NO dissociation, N2 formation through N recombination,
CO2 formation, and N2O formation, transformation, and dissociation. The re-
action steps of NO2 formation and direct reaction between NO and CO were
also studied, and were verified to be relatively insignificant in this reaction sys-
tem. Results shed light on the atomic-level origin why Rh(100) is more active
for this reaction system and more selective for the production of N2 versus N2O
compared with Rh(111). Meanwhile, the preference between the two routes
for N2 production, i.e., N atoms recombination and N2O as intermediate, was
found to be dependent on the distribution of surface species and the interaction
among them intricately. This work provides a basis for further kinetic modeling
to investigate the catalytic properties on a realistic scale.
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1. Introduction

Heterogeneous catalysis plays an important role in the production of chem-
icals and the removal of pollutants in our modern society. Among them, the
catalytic reduction of nitrogen oxides (NOx) is a key reaction for air pollution
control [1, 2]. In the automobile industry, the so-called three-way catalyst,5

which always contains Pt, Rh, and Pd as active ingredients, has been satisfac-
torily utilized for this purpose for decades. In this system, carbon monoxide
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