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Surface chemistry of “mixed” metal surfaces is of increasing interest because of the wide
application potentiality of these compounds which ranges from catalysis and resistance
coatings to microelectronic and magnetic devices [1]. However, it is still a big challenge to
predict and control the morphology of the metal surface covered with ultrathin metal films,
because during surface reactions the co-adsorbed species affect in a rather complex manner
the surface energetics and originate lateral interactions, induced reconstruction, clustering etc.
The interplay between the altered surface properties and mobility of the metal adatoms
induced by the co-adsorbed species can lead to a rather complex morphology with a rich
variety of self-organised structures. The size of these structures ranges from nanoscopic to
microscopic length scales, and therefore imposes a major experimental challenge because
chemically and structurally sensitive techniques with high lateral, spectral, and time
resolution are required. It has recently been shown that the highly mobile and reactive alkali
adatoms, used as promoters in catalysis, undergo self-organization processes during
oxidation/reduction reactions resulting in formation of stationary concentration patterns [2].
With the present study of H +O reaction on the Au/Rh(110) surface, we show that mass
transport through propagating fronts is a common phenomenon and can readily occur even
with noble metal adatoms, which have much lower mobility than the alkalis and, being
chemically “inert”, can only exert a site-blocking effect.

The experiments were performed with the SPELEEM microscope at the Nanospectroscopy
beamline at the ELETTRA light source [3]. The combination of x-ray photoemission electron
microscopy (XPEEM), micro-LEED and low energy electron microscopy (LEEM) proved to
be essential in complete characterising the local surface structure and composition.

The model catalyst was an atomically clean Rh(110) single crystal surface, with a sub-
monolayer of Au (in the range from 0.5 to 0.8 ML). The evolution of the interface during H
+ O reaction was studied starting with an “oxidised” Au-covered Rh(110) surface. The
chemical wavefronts were ignited introducing hydrogen at a pressure of 1 10 mbar at a
sample temperature of 550 K, while keeping the oxygen partial pressure constant (4.4 10
mbar).

Before initiating the reaction, Au appeared homogeneously distributed on the surface within
the lateral resolution of the microscope in XPEEM mode (30 nm). The lack of contrast in the
Au 4f images indicated that features observed in LEEM are reflecting the topography of the
Rh{110} surface (steps, defects etc.).

Starting from uniformly distributed Au on an “oxidised” or “reduced” Rh surface, we
observed that the propagation of reduction and re-oxidation wave-fronts leads to mass
transport of the Au adatoms until a stationary state is achieved. The LEEM image shown in
Fig 1 indicates the existence of two different surface phases (bright and dark areas). Control



of the reaction parameters allowed us to reproduce the phenomenon at the mesoscopic and
nanoscopic scales. The obtained “patterned” surface is preserved in oxygen, but is readily
destroyed in reduction ambient.
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The images in Fig. 2a illustrate the stages preceding the stationary state, starting from
“oxidised” Rh surface with ~ 0.5 ML Au. The ignition of reduction fronts is followed by re-
oxidation fronts: the bright zones around the ellipsis external rim correspond to the reduced
surface. The dark area inside to the re-oxidised surface and the grey areas surrounding the
elliptical wave front correspond to the initial “homogeneous” state of Au on the “oxidised”
Rh surface. The elliptical shape of the reaction fronts reflects the anisotropy of surface
diffusion along and across the crystallographic directions. The Au 4f image in the inset
depicts a detail of the front, with the initial (neutral-grey), reduced (bright) and re-oxidised
(dark-grey) areas. The image provides clear evidence that the re-oxidation front triggers mass
transport of Au towards the reduced areas.
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Further propagation of the re-oxidation front leads to gradual compression of the Au
adatoms into the reduced area until a saturated pseudomorphic Au layer is formed and a
stationary state is achieved (Fig 2b). At this stage of the reaction, two distinct spatially
separated phases co-exist: “reduced” Au-rich (~ 1 ML) and “oxidised” Au-depleted (~ 0.2
ML) ones. The micro-LEED measurements reveal that not only the Au and O coverage differ
in the two separated phases, but also the Rh surface has different structure. As shown in Fig.
3 the Rh(110) surface in the Au-depleted “oxidised” areas has undergone (1x2)
reconstruction, the streaks being related to the O disorder induced by the presence of Au. The
Rh(110)-(1x1) surface is preserved in the Au-enriched “reduced” areas. The observed
phenomenon, which undoubtedly has a thermodynamic drive, can be explained in terms of



surface energetics: the energy of the two segregated phases must be lower that that of the
single mixed phase.
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In contrast to the case of alkali adatom where the self-organised structures are
dissolved in oxidising and reduction ambient [2], the “patterned” Au/Rh interface is preserved
in oxygen ambient, and is dissolved only under reduction conditions. This indicates that the
diffusion of Au in the presence of oxygen is negligible at the reaction temperature (550 K).

The advantage of using the SPELEEM for such dynamic systems is that once proved
the presence of chemical contrast and correlated with the grey scales of the LEEM images, we
were able to study in details the time evolution of the surface morphology and the local
surface structure with micro-LEED. For example LEEM-LEED studies evidence how the
heterogeneity in the Au coverage leads to different local reactivity when exposed to oxidising
or reducing atmosphere. In the first case the depleted Au areas undergo a (1x4)
reconstruction in order to accommodate ~ 0.8 ML oxygen, whereas the Au-rich areas stabilise
the (1x2) substrate structure which hosts maximum 0.5 ML of oxygen. In reducing ambient
the ignition of new reduction fronts occurs exclusively in the Au-depleted areas, whereas the
Au-rich areas are rather inert in accordance with the site-blocking effect of the Au adatoms.

In conclusion, the observed behaviour of the Au-modified Rh(110) surface during O +
H reaction confirms the strong dependence of the local surface chemistry on the reaction-
diffusion waves and shows an unexpected mass transport and reorganisation of noble metal
adatoms. We observed a similar reaction-induced phase separation by replacing Au with Ag or
Pb.
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