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Introduction

Finding of distinctive catalytic properties of dispersed gold nanoparticles on oxide supports
[1] has stimulated extensive research activities [2, 3], and a general consensus now exists on
several aspects of this system. The size of the gold particles significantly affects the catalytic
activity, and the gold clusters must be smaller than 5 nm for high catalytic activity [2, 4]. The
choice of the oxide support influences the catalytic activity, so there is a strong ‘support
effect’ in addition to the ‘size effect’ [2]. However, the relation of the adhesion properties of
nanosized gold to catalytic activity is still unresolved.

Here we present a study addressing the fundamental mechanisms of gold—oxide support
adhesion by means of scanning tunneling microscopy (STM) and density functional theory
(DFT) calculations. We compare the nucleation of Au clusters on one support material that
had been prepared in different oxidation states. Rutile TiO,(110) was chosen as the model
support, because Au/TiO; is a good catalysts for CO oxidation at low temperatures [4, 5].

Experimental

The experiments were carried out in an ultrahigh vacuum (UHV) chamber with a base
pressure of 3x10™"" Torr equipped with a homebuilt, temperature-variable STM [6]. The
density of bridging oxygen (Oy,) vacancies on freshly prepared TiO»(110)—(1 % 1) samples
was in the range of 5-8% ML, with 1 ML (monolayer) being the density of the (1 x 1) units,
5.2x10"/cm®. The DFT calculations were performed using the DACAPO package [7] with a
plane-wave basis set (Ecy = 25 Ry) and ultrasoft pseudopotentials. The TiO,(110) surface was
modelled using periodic slabs of three tri-layers, the first tri-layer being fully relaxed. A (4 x
2) surface unit cell and the theoretically derived lattice constants were used.

Results and discussions

The three TiO,(110) supports chosen were (i) reduced having bridging oxygen vacancies (r-
Ti02(110)), (ii) hydrated having bridging hydroxyl groups (h-TiO,(110)), and (iii) oxidized
having oxygen ad-atoms (0-TiO»(110)) [8]. After exposing these three different TiO, surfaces
to Au (3% of a monolayer (ML)) at room temperature (RT), we observed quite different Au
cluster morphologies. In case of the r-TiO,(110) surface, numerous rather small Au clusters
are distributed homogeneously on the terraces (Fig. 1a). In contrast, on h-TiO,(110), we
found fairly large Au clusters that decorate preferentially the step edges of the substrate, and
no small Au clusters on the terraces are seen (Fig. 1b). However, on the 0-TiO,(110) surface
we again found Au clusters to nucleate homogeneously on the terraces (Fig. 1c). Based on
these results, we conclude that stronger Au—TiO, interactions exist on r- and 0-TiO»(110) than
on h-TiOy(110).

Given the stronger interactions with the r- and the 0-TiO,(110) surfaces, we explored the
effect of heating on the Au cluster morphologies on these two TiO, supports. On r-TiO»(110)
we observed the formation of large Au, clusters with STM heights up to 10 A after heating to
68 °C, while no such large clusters were identified on 0-TiO»(110) after identical thermal
treatment. Based on a comparison of the Au height histograms, we propose that many stable
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Figure 1. STM images of r-TiO,(110) (a), h-TiO,(110) (b) and 0-TiO,(110) (c) surfaces after
3% ML Au exposure at RT (1 ML is defined as 1.387 x 10" atoms per cm” corresponding to
Au(111)). Symbols indicate Oy, vacancies (0), H ad-atoms on O, sites (['1) and Oy atoms in
the Ti troughs (o).

Au, cluster configurations exist on 0-TiO,(110), while there are only few stable Au, cluster
configurations on r-TiO,(110) [9]. The Au—TiO; interaction is strongest on 0-TiO,(110).

To rationalize the STM results, we conducted DFT calculations addressing (i) the diffusion of
Au monomers (Au;) and (ii) the adhesion potential energies of selected Au, clusters on the
three different TiO,(110) surfaces of interest [9]. These calculations strongly corroborate the
STM results, as we found that trapping of Au; is possible at RT on r- and 0-TiO,(110), but
not on h-TiO»(110). Furthermore, we revealed extraordinarily strong bonding of Au, clusters
on the oxidized support, while we found that Oy, vacancies allow solely for the stabilization of
Au, and Aus clusters. Finally, we analyzed the different Au-TiO; bonding mechanisms on the
various model supports, and identified partially ionic bonding on 0-TiO,(110), i.e. the
occurrence of cationic gold at the Au—0-TiO,(110) interface [9].

Conclusions

A much stronger gold—oxide support adhesion exists on O-rich gold—support interfaces than
on O-poor oxide support surfaces. This result suggests that in catalytic applications cationic
gold at the Au—support interface might be a general feature.
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