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Gold is considered a rather inert metal in its bulk form; however,
it can exhibit unexpectedly catalytic activity when it is highly
dispersed on metal oxidé€.CO oxidation catalyzed by supported
gold has been investigated in detail for both its simplicity and its
technological importanc&® The outstanding activity of supported
gold particles has been attributed to structural effects as size, shape,
and thickness, as well as to support effects. In particular, it is
observed that Au supported on reducible oxides, such ag h&3
a higher reactivity compared to Au on irreducible oxides, such as
MgO and SiQ.5

A few theoretical papers have been devoted to the microscopic
aspects of CO oxidation by supported gold catalysts.The
potential reactivity of different sites of gold cluster models deposited Figure 1. Optimized structures for Au deposited on TFi®o(112)
on TiO, and MgO has been examined using density-functional Surfaces: top, 1 ML; bottonf/s ML; Au, yellow; Ti, gray; Mo, blue; O,
theory (DFT) calculations. The general conclusion of these DFT '
calculatiqns is that the_ edge of the _Au/_support interfape pl_ays a Tj atoms forming two rows along the 1] direction. One O row
key role in the mechanism of CO oxidation. However, in spite of a5 on the same plane as the Ti atoms, and the other is slightly
all these efforts, the basic grounds of the oxidation mechanism still protruded.
are far from being understood. Addition of Au atoms to this TiOsMo(112) surface gives place

Concerning the structure of the catalysts, Goodman et al. 4 5 relatively disordered monolayer close to the fcc (111) face;
experimentally found that two-layer Au particles supported on, TiO however, we were unable to find the 1) pattern that has been
have the highest activityin a more recent experiment, Cheng and g, herimentally observed by Goodman et al. after annealing to 900
Goodman reported well-ordered Au monolayers and bilayers that gold particles dispersed on Mo(112)8 x 2)—TiOy.* Although
completely wet the oxide support, thus eliminating particle shape e aiso considered structures arising after supporting Au o/ TiO
and direct suppor@ effectdn thege systems the catalytic oxidation Mo(112) model surfaces, we found that thex11) pattern could
of carbon monoxide was studied and showed an unprecedented,\y pe reproduced if the titanium oxide stoichiometry was TiO.
activity for a Au partially bilayered structure (more than an order pg sirycture of the surface model corresponding to 1 ML coverage
of magnitude highelt with respect to the r.nonolayer)..The catalyst ¢ gold on TiO/Mo(112)-(1 x 1) is reported in Figure 1 (top).
was prepared by dispersing Au on a %i@lm deposited on @  The geometry optimization shows that the most stable site for gold
Mo(112) surface. _ _ atoms is on T+ Ti bridges, the T+Au distance being 2.711 A.

That such a model catalyst precludes a direct contact with the Ngiice that the At-Au interatomic distance (2.725 A), which is
support makes it of special interest in understanding the meChanismimposed by the Mo lattice, is significantly shorter that the bulk
and prompted us to perform a theoretical study based on periodic4),¢ (2.88 A). Further gold addition to this monolayer leads to a
DF'_F calculations using a slab model. For this purpose we use_d the model with coverage o; ML (Figure 1, bottom) whose structure
projected augmented wave VASP cétland a plane-wave basis g consistent with the & 3 LEED pattern reported Goodman et
set. Two different functionals were used, the revised Perdew g4 for this coverage. In this structure, overlayer gold atoms lie at
Burke—Ernzerhof (RPBEE* and the PerdewWang-91 (PW91}° the hollow sites, with a Au(first-layef)Au(second-layer) distance

To model the Au/TiQ/Mo(112) catalysts, we started fromaMo ;> gg97 A
slab initially represented by a rectangular three-layer thick supercell  The co molecule readily adsorbs on the Au/TiO/Mo(112)
of Mo(112)—(1 x 1) with a = 4.450 andb = 2.725 A The  gyrface, the largest adsorption energies being 0.39, 0.66, and 0.62
separation of the slabs was 15 A to prevent interslab interactions. eV for 1,45, and®, ML coverage, respectively. These values are
After relaxation of such a slab, we deposited a layer of titanium ;, quite good agreement with the data of Meier and Goodfnan
and oxygen atoms and looked for the different patterns that can,nq reported a CO binding energy of 0.8 eV on Fi€ipported
accommodate the film. Our calculations showed that only,@Ti Au bilayers. For 1 ané/, ML, the bridge sites in which CO binds
stoichiometry was able to reproduce the X82) LEED pattern two Au atoms appear to be more stable while the opposite is found
observed by Goodman e_t‘bln thls_ surface, for every eight Mo ¢4, g = 4/3 ML, where the on-top sites are preferred, the first
atoms, there are seven Ti atoms directly bonded to the Mo support. ijso|ated row) Au atoms being slightly favored with respect to the
The shortest FTi distance is 3.115 A. The O atoms bridge the topmost ones (0.57 eV), in agreement with the IRAS data reported

t Universidad de Sevilla. by Chen et al? In both cases the CO molecule is noticeably tilted.

* Brookhaven National Laboratory. On the other hand, molecular oxygen adsorption is energetically
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Energy/ eV On the other hand, the remaining atomic oxygen on the surface,
0 which has been shown to be highly reactive would promptly oxidize

further incoming CO8
L -1 The key structural differences between the 1 ML or theML

Au catalysts and the highly reacti¥g ML case relies on the two
L2 layers of Au involved in the reaction. In the latter structure, O atoms

are bound to bottom Au atoms which are directly sitting on partially
L3 oxidized Ti atoms, while CO is adsorbed on top of undercoordinated
Au atoms of the top layer. It appears that this structural arrangement
gives place to a synergistic reaction as suggested by Cheri%t al.
Our calculations show that around the bottom Au layer there is a
larger electron density which would favor the charge transfer toward
the antibonding pseuda2orbital of the peroxo-type fragment
which obviously weakens the-8D bond and consequently leads
to the oxygen activatioff The density of states, DOS, projected
on the surface atoms shows at the top of the valence band clearly
defined states arising from the mix of Au 5d and Zx orbitals.
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Figure 2. Top: Energy profiles for CO oxidation on Au/TiEéMo(112)
surface. Bottom: Structure of the peroxo-type ©0, complex (left), References
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