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Abstract
Using density-functional theory we have calculated the equilibrium geometries
and binding energies of a CO monolayer adsorbed on the nonpolar (101̄0) and
the polar (0001)-Zn and (0001̄)-O surfaces of ZnO. Different adsorption sites
and CO orientations were considered, and for the polar surfaces the influence of
a hydrogen coverage upon CO adsorption was studied. For the clean surfaces
we find that CO exclusively binds to Zn ions with a binding energy of 0.24 and
0.37 eV for the nonpolar (101̄0) and the polar (0001)-Zn surface, respectively.
A purely repulsive interaction of CO with surface oxygen ions is obtained.
On the other hand, if the polar surfaces are hydrogen saturated, we predict a
weak chemisorption of CO to the OH-terminated (0001̄) surface with a binding
energy of 0.20 eV but no CO adsorption for the ZnH-terminated (0001) face.

Zinc oxide is a very important material for various catalytic processes. Cu/ZnO/Al2O3 mixtures
are widely employed in the commercial synthesis of methanol via the hydrogenation of CO
and in the water-gas shift reaction. CO is a basic component of the feed gas in both processes.
However, the adsorption of CO on clean ZnO surfaces is not well understood. The most stable
surfaces of ZnO are the two nonpolar (101̄0) and (112̄0) faces consisting of an equal number of
Zn and O ions and the two polar (0001)-Zn and (0001̄)-O basal planes containing only Zn and O
atoms, respectively. Although the chemical composition of these surfaces is very different,Gay
et al [1] found essentially the same CO adsorption energy of (12 −7�) kcal mol−1, depending
on the CO coverage �, for all four surfaces with ultraviolet photoelectron spectroscopy (UPS).
This observation was recently confirmed in a study of CO adsorption probabilities by Becker
et al [2], where the same CO binding energy on the two polar surfaces was obtained, although
a slightly lower adsorption energy of (7 − 2�) kcal mol−1 was found at low coverages.

This is a very surprising result and completely inconsistent with existing theoretical
studies. Several semiempirical cluster calculations [3–7] as well as a detailed ab initio study
of CO adsorption on Zn4O4 clusters [8] predict a modest chemisorption of CO to Zn sites
but essentially no binding to O ions. Only one periodic slab calculation exists in which
Jaffe and Hess [9] confirm for the nonpolar (101̄0) surface using Hartree–Fock (HF) theory
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