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Spectroscopic evidence for the partial dissociation of H2O on ZnO(1010)
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 surface has been studied by high
10 The interaction of water with the non-polar ZnO(1010)
resolution electron energy loss spectroscopy (HREELS) and thermal desorption spectroscopy
(TDS). Adsorption of water at room temperature leads to the partial dissociation of water
molecules giving rise to a well deﬁned (2  1) superstructure. This observation was conﬁrmed by
the HREELS data which show the water-induced O–H stretching modes at 396 and 460 meV
15 (3193 and 3709 cm 1) as well as the peak at 456 meV (3677 cm 1) arising from the OH species.
The large red shift of the loss at 396 meV indicates unusually strong hydrogen bonding
interactions of water to both neighbouring adsorbate molecules and the surface O atoms which
are responsible for the partial dissociation of water molecules on the perfect ZnO(10
10) surface.
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dissociation was observed. More recently, Car–Parrinello ab
initio simulations15 suggested that half of the water molecules
on the perfect ZnO(10
10) surface self-dissociate resulting in a
well deﬁned (2  1) superstructure (see Fig. 1). This conclusion
is supported by a combined investigation using He atom
scattering (HAS), low energy electron diﬀraction (LEED),
scanning tunnelling microscopy (STM), and He thermal desorption spectroscopy (He-TDS).15 The corresponding data
show that water indeed forms a (2  1) superstructure with
long-range order. If this is correct, one would expect to
observe the coexistence of H2O and OH species on the
ZnO(10
10) surface. In addition, the theoretical calculations15
predict that for H2O hydrogen bonds are formed with both
neighbouring adsorbate molecules and the substrate O atoms,
which play a key role in the dissociation of water on the perfect
ZnO(10
10) surface.
In this study we use high resolution electron energy loss
spectroscopy (HREELS) and TDS to investigate the interaction of water with the ZnO(10
10) surface at room temperature.
We provide spectroscopic evidence for the partial dissociation
of water on this surface. Furthermore, a very low OH stretching frequency is observed at 396 meV (3193 cm 1) which is
indicative of strong hydrogen bonding interactions.

20

2. Experimental

45

25

30

35

40

45

50

1. Introduction
Due to its interesting bulk and surface properties, zinc oxide
plays a vital role in chemistry, materials science and modern
technology.1–3 In catalysis, for instance, the heterogeneous
catalyst system Cu/ZnO is widely used for the industrial
methanol synthesis4 and the water-shift gas reactions.5 Studies
of the interaction of water with well characterized ZnO
surfaces are of fundamental importance in understanding a
number of relevant catalytic processes on the atomic scale. Up
to now, the formation of OH groups via the interaction of
hydrogen with ZnO powders has been studied in detail using
infrared (IR) spectroscopy (see e.g. ref. 6–11). Two types of
hydrogen chemisorption on ZnO powders at room temperature have been proposed: Type I involves reversible dissociative adsorption of hydrogen on Zn–O ‘‘pair’’ sites, and is
characterized by two IR bands at 3498 and 1708 cm 1 due to
OH and ZnH stretching modes, respectively. In type II,
hydrogen undergoes irreversible dissociative adsorption giving
weakly bonded Zn–H  Zn and O–H  O species. However,
experimental investigations of the water–ZnO interaction are
scarce,12–16 and the adsorption of water on ZnO single crystal
surfaces is not well understood.
The non-polar ZnO(1010) surface is, in contrast to its polar
counterparts, electrostatically stable and does not reconstruct.17 The structure of the clean ZnO(1010) surface is
schematically shown in Fig. 1. It is characterized by slightly
tilted ZnO ‘‘dimers’’, which are formed by threefold coordinated Zn and O atoms. In the bulk, the Zn and O atoms are
fourfold coordinated. At the surface one of these nearest
neighbour bonds is broken. Zwicker and Jacobi12 investigated
the adsorption and condensation of water on ZnO(10
10) using
thermal desorption (TDS) and UV photoelectron spectroscopy (UPS). They found that water molecules chemisorb at
the coordinative unsaturated Zn sites, and no indication of
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The experiments were performed in an ultra-high vacuum
(UHV) apparatus consisting of two chambers separated by a
valve. The base pressure was 2  10 11 mbar. The upper
chamber is equipped with an argon ion sputtering gun, low 50
energy electron diﬀraction (LEED) optics, and a quadrupole
mass spectrometer used to perform TDS experiments. The
lower chamber housed a HREEL spectrometer (Delta 0.5,
SPECS, Germany) with a straight-through energy resolution
of 1 meV. HREELS has been used extensively to characterize 55
adsorbed species on metal single crystal surfaces. In contrast
to metals, the application of this technique to the study of
adsorbates on metal oxides is scarce. The lack of studies on
oxide surfaces is due to the strong substrate lattice excitations
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