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Abstract
The adsorption of CO on a free Zn4 O4 cluster with a wurtzite-like structure is studied by means of quantumchemical ab initio methods at the Hartree–Fock level and with inclusion of electron correlation eﬀects. The Zn4 O4
cluster contains twofold and threefold coordinated Zn and O atoms and can therefore serve as a model substrate for the
adsorption of CO on diﬀerent adsorption sites at terraces, step edges, and corners of various ZnO surface planes. The
calculations show that CO binds most strongly to the twofold and the threefold coordinated Zn atoms; the calculated
binding energies are 0.52 and 0.33 eV, respectively. The preferred adsorption geometries are ‘‘end-on’’, with the C atom
towards Zn and linear Zn–C–O conﬁgurations. The bonding of CO to the oxygen atoms of the Zn4 O4 cluster, on the
other hand, is very weak; the binding energies are less than 0.1 eV and the ‘‘side-on’’ adsorption geometries are more
favourable. The mechanism of the bonding between CO and the Zn4 O4 cluster as well as the diﬀerences in the bonding
properties of the various adsorption sites are explained by means of a constrained space orbital variation (CSOV)
analysis. A comparison with the bonding of CO to an isolated Zn2þ ion is also included.
Ó 2002 Elsevier Science B.V. All rights reserved.

1. Introduction

CO þ 2H2 ! CH3 OH

The adsorption of CO on diﬀerent surface
planes of ZnO has been studied in great detail,
both experimentally and theoretically, since ZnO is
one of the components of the Cu/ZnO/Al2 O3 catalysts which are widely employed in two important
industrial processes: the methanol synthesis

CO2 þ 3H2 ! CH3 OH þ H2 O
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and the water–gas shift reaction
CO þ H2 O ! CO2 þ H2
[1]. However, despite of many experimental studies
and several attempts to develop detailed microkinetic models for these processes, e.g., for the
methanol synthesis in [2], most of the elementary
steps involved in the two reactions are not yet well
characterized. This is mainly caused by the complex geometrical and electronic structure of the

0301-0104/03/$ - see front matter Ó 2002 Elsevier Science B.V. All rights reserved.
PII: S 0 3 0 1 - 0 1 0 4 ( 0 2 ) 0 0 9 9 0 - 4

