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The adsorption of H2O on the oxygen-terminated polar surface of ZnO, ZnO(000-1), has been studied by He
atom scattering (HAS), low-energy electron diffraction (LEED), adsorption probability measurements, He
atom reflectivity measurements as a function of exposure and surface temperature (He atom thermal desorption
measurements, “He-TDS”), and X-ray photoelectron spectroscopy (XPS). The clean O-ZnO(000-1) surface
is characterized by an ordered (1 × 3) oxygen vacancy structure which converts to a (1 × 1) hydrogen
(OH)-terminated structure upon dissociative H2O adsorption, even at adsorption temperatures as low as TS )
200 K. The formation of the OH-species is accompanied by the formation of a shoulder in the XPS O 1s line.
A detailed investigation of the coverage dependence of the H2O adsorption probability indicates the presence
of a distinct precursor state. The initial trapping probability is S0 ) 0.8 ( 0.1. The most probable microscopic
adsorption mechanism which is consistent with the obtained data is a trapping of the molecules in a precursor
state and a subsequent dissociation at O vacancy sites, yielding two OH-species per dissociated H2O molecule
on the surface. The binding energy of the OH-species amounts to ∼130 kJ/mol as determined from He-TDS
curves.

1. Introduction
Metal oxides are used for many different applications, e.g.,
as components of biocompatible implants1 and as photocatalysts
for hydrogen production from water.2 In particular, zinc oxide
plays a vital role in chemistry, material science, and modern
technology.3-5 ZnO-based heterogeneous catalysts are, for
example, used for methanol synthesis, olefin hydrogenation, and
gas-sensor applications. Presently, the most prominent application of ZnO is industrial methanol synthesis. For the lowtemperature synthesis of methanol from syn-gas (a mixture of
CO2, CO, and hydrogen), which takes place at a total pressure
of 50-100 bar and at reaction temperatures in the range of 493573 K,6 a powder containing Cu, ZnO, and Al2O3 is used (see,
e.g., refs 6,7).
The present study on the interaction of water with the O-ZnO
surfaces is a part of a longer term project to study the interaction
of small molecules with ZnO surfaces (see refs 8-10 for CO
and H2 adsorption on polar surfaces of ZnO, ref 11 for a study
about the clean Al2O3 (112h0) surface, ref 12 for CO and
hydrogen coadsorption measurements on Zn-ZnO, and, e.g.,
ref 13 for a Monte Carlo modeling of the corresponding
adsorption probability measurements).
2. Brief Survey of the Literature
A number of results from previous studies, which are of
importance for the discussion of the presented data, will be
briefly summarized before presenting the new results.
Whereas the adsorption of water on metal surfaces has been
studied extensively (see ref 14 and the references therein), there
are fairly few papers on the adsorption of water on metal oxide
surfaces such as ZnO (see refs 15-22, 23), sapphire (see, e.g.,
ref 24), TiO2 (see, e.g., refs 25, 26), MgO (see, e.g., refs 27,
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28), and NiO (see, e.g., ref 29). For the case of ZnO single
crystal surfaces, we are aware of only two previous experimental
investigations.22,23 In a TDS and UPS study of Zwicker and
Jacobi,22 the adsorption and condensation of H2O on polar and
nonpolar surfaces of ZnO has been thoroughly investigated. In
these previous experiments the ZnO crystals have been doped
with Zn or In to enhance their electrical conductance and
(1 × 1) LEED patterns have been observed for all surfaces prior
to the adsorption measurements. Upon adsorption of H2O at
100 K, no ordered overlayer structure could be observed by
LEED; from the TDS and UPS results an associative adsorption
has been deduced, and no indication of dissociation was
observed. The TDS curves of H2O/O-ZnO were dominated (in
the monolayer coverage range) by a sharp peak at ∼200 K and
a broad structure in the temperature range of 250-500 K. The
results reported by Zwicker and Jacobi22 were essentially
confirmed by a later study by Zhang et al.,23 where in a TDS
study a multilayer desorption peak at 155 K and a second sharp
desorption peak at 195 K were reported. For ZnO powders, on
the other hand, Sengupta et al.18 have proposed dissociative
adsorption of H2O on the basis of ESR and conductivity
measurements. Heating of the powders was found to result in
the desorption of H2 and OH radicals.18
In previous theoretical work based on DFT calculations, a
stabilization of the polar ZnO surfaces by a charge transfer from
the O- to the Zn-terminated side of a polar surface has been
proposed (see ref 30). These conclusions were, however,
questioned by another theoretical study, where the (1 × 1)surface was found to be instable if larger unit-cells were
considered.31,32 The possibility of surface stabilization by
adsorbates has also been considered, but no effect was found
for the case of dissociative H2O adsorption (see ref 21). It has
to be noted, however, that the theoretical studies of Wander et
al.21,30 were based on models assuming a (1 × 1) structure for
the clean surface; in more recent studies also larger unit cells
were considered.31,32 In cluster calculations reported by Martins
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