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Abstract
In this paper we will present recent results obtained for hydrogen adsorbed
on metal oxide surfaces using helium-atom scattering (HAS). The hydrogen
adlayers were prepared by exposing clean and well defined metal oxide
surfaces to either molecular or atomic hydrogen. The HAS measurements were
complemented by LEED and x-ray photoelectron spectroscopy. The results
reveal the formation of ordered H(1 × 1) overlayers on rutile TiO2(110), the
polar Zn–ZnO surface and ZnO(101̄0). On Al2O3(112̄0) exposure to atomic
hydrogen did not lead to the formation of an ordered hydrogen adlayer, whereas
on the polar O–ZnO surface the hydrogen lifted the (1 ×3) reconstruction seen
for the clean surface.

1. Introduction

When considering metal oxide surfaces one of the first questions to address is whether hydroxyl
groups are present. Because of the strength of the OH bond even small amounts of water or
hydrogen molecules can give rise to hydroxyl species and severely affect the chemical and
physical properties of the metal oxide surface. In principle IR spectroscopy is the method of
choice to detect such hydroxyl species and this technique has been successfully used for fairly
comprehensive, detailed studies on the interaction of water and hydrogen with metal oxide
powders such as ZnO, MgO and Al2O3 [1, 2]. Due to experimental problems, however, IR
spectroscopy has not yet been used for systematic studies on hydrogen present on surfaces of
single-crystalline metal oxide substrates. This is an unfortunate situation, since from related
studies on metal surfaces (for a review see [3]) it is known that the adsorption of hydrogen
can cause a variety of effects, ranging from the formation of a (1 × 1) adlayer on an otherwise
unaffected substrate to a hydrogen-induced reconstruction of the metal substrate as in the case
of Ni(110) [4, 5]. In addition, for a number of systems rather complicated overlayers are
observed, which are interesting in themselves. The presence of hydrogen atoms can also have
pronounced effects on the chemical activity of metal oxide surfaces and recently it has been
proposed on theoretical grounds that e.g. the O-terminated Al2O3(111) surface is stable only
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