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The inverse catalyst 'cerium oxide (ceria) on copper' has attracted much interest in
recent time because of its promising catalytic activity in the water-gas-shift reaction
and in the methanol production through CO, hydrogenation. For such reactions it is
important to know the redox behavior of the catalyst, in particular in view of the
reduction by Ha.

We comment on the redox behavior of ceria nanoparticles (NP) and an underlying
Cu(111) support after several redox cycles of high-temperature O, and H, anneals. In
particular the surface morphology, atomic structure and composition are
characterized after each redox step by low energy electron diffraction (LEED),
scanning tunnelling microscopy (STM), non-contact atomic force microscopy (nc-
AFM) and Kelvin probe force microscopy (KPFM) [1].

We show that whenever the ceria-copper system is reduced, the ceria NPs and
the Cu(111) support can be fully re-oxidized during an anneal at 550 °C in O, with
the copper oxide exhibiting a new oxide structure as verified by LEED and STM
(Figure 1a,b). In turn, the copper support can always be entirely reduced during a
kilo Langmuir strong H, anneal at 550 °C. However, after such a reduction step, the
ceria NPs stay close to their almost fully oxidized state of CeO.,.

Apart from the surface morphology, atomic structure and composition and involved
redox mechanisms, we also discuss phenomena of local work function (WF) changes
(Figure 1c) that appear after a redox step has been done, and we also briefly discuss
a possible alloying between cerium and copper during a reduction step and compare
it with the ceria-platinum catalyst.
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Figure 1: The ceria/Cu(111) surface after a 1.3 kL long O, oxidation at 550°C (a,b) and after a 54 kL
long H; reduction at 550°C (c). (a) The new surface oxide imaged by STM with the size and shape of
the unit cell (light orange parallelogram), (b) the corresponding LEED with same unit cell (orange), (c)
Topography (Z) and WF image obtained in a KPFM measurement, showing strong WF changes after
reduction step. From Ref. [1].
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