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Institut für Experimentalphysik/Oberﬂächenphysik, Ruhr-Universität Bochum, D-44780 Bochum, Germany

al

Received 9 January 2007; accepted for publication 13 March 2007
Available online 19 March 2007

Abstract

pe

rs

on

The formation of (1 1 1)-oriented Cu-clusters on ZnO(0 0 0 1)–Zn at room temperature is followed by in situ applied scanning tunneling
microscopy. Kink-sites at step edges and especially the apexes of triangular ZnO-substrate terraces act as preferred nucleation sites. At
room temperature the decay of small Cu-islands takes place on a time scale of minutes. Larger Cu-coverages lead to an ensemble of
interconnected 3D-islands of uniform height separated by trenches down to the substrate. A disordered dislocation network is visible
on top of the Cu-islands. Annealing leads to a piling up of the Cu-islands. An initially undisturbed ZnO-substrate in between the islands
shows that there is no strong reaction between the Cu-clusters and the oxide at room temperature. A strong decrease of the adlayer coverage visible above the ZnO-substrate layer for annealing temperature above 570 K points to a partial entrenching of the islands into the
oxide support and an alloy formation.
 2007 Elsevier B.V. All rights reserved.
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The system zinc oxide/copper is of great importance in
several areas of technology including optoelectronics, sensors and catalysis [1–3]. In catalysis this system is very
important because it plays a signiﬁcant role in the technologically important methanol synthesis from CO/CO2/H2
reactants and hydrogen production from methanol by the
reverse water gas-shift reaction [4–7]. The oxide (ZnO) is
an essential part of the catalyst and although many groups
work on catalyst characterisation, the mechanisms that
make this combination of material such a successful catalyst are still unidentiﬁed.
Identifying active sites on single-crystalline surfaces is
assumed to be the ﬁrst step to understand the more complex real catalysts and close the pressure gap between surface science studies in UHV and real catalysts. In this
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system, Cu and ZnO are dispersed together and form complex interfaces, the active faces seem to be the polar ZnOfaces [8,9].
As a direct imaging technique STM is well suited to
study the nucleation behavior of metals on model catalysts.
Despite the importance of the Cu/ZnO system in catalysis
and its status as a model system for metal/oxide growth in
surface science, only limited STM data exist to support the
current view of Cu/ZnO.
For Cu on the ZnO(0 0 0 1)–Zn surface studied in this
publication Koplitz et al. [10] observed a 3D-cluster growth
mode. Dulub et al. [11] found 3D-cluster growth already
for very low coverages >0.01 ML. The Cu-clusters are
aligned with respect to the ZnO-substrate and the LEED
pattern shows (1 1 1)-orientation with the lattice constant
of bulk Cu(1 1 1) (21% smaller relative to the ZnO lattice)
[4].
An open point remains the inﬂuence of surface defects
on the nucleation. In Ref. [10], a dependency of Cu growth
on surface defects was found and in Ref. [4], inhomogeneous Cu-nucleation on ZnO(0 0 0 1)–Zn is proposed, but

