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Introduction 
Gold nanoparticles supported on titania are active catalysts for a number of reactions 
of both environmental and industrial importance, e.g., the low-temperature oxidation 
of carbon monoxide, the selective oxidation of propene, and photocatalytic oxidations 
used for environmental cleanup [1]. Several models have been proposed for 
explaining the activation of supported gold [1,2]. In principle, the active sites for the 
catalytic reactions could be located only on the supported Au particles or on the 
perimeter of the gold-oxide interface [1,2]. The destruction of SO2 (DeSOx) is a very 
important problem in environmental chemistry [3]. Titania is used as an industrial 
catalyst for the removal of sulfur in the Claus process [3]. There is a general desire of 
increasing the destruction capability of SO2. In the present study, we use synchrotron-
based high-resolution photoemission and first-principles density-functional slab 
calculations to examine the interactions between gold and titania, and to study the 
chemistry of SO2 on Au/TiO2(110) surfaces.   
  
Results and Discussion 
The deposition of Au nanoparticles (2-5nm in size) on TiO2(110) produces a system 
with an extraordinary ability to adsorb and disociate SO2 [4]. In this respect, Au/TiO2 
is much more chemically active than metallic gold or stoichiometric titania. On 
Au(111) and rough polycrystalline surfaces of gold, SO2 bonds weakly and desorbs 
intact at temperatures below 200 K. For the adsortion of SO2 on TiO2(110) at 300 K, 
SO4 is the only product. In contrast, Au/TiO2(110) surfaces fully dissociate the SO2 
molecule under identical reaction conditions. Typical results are shown in Figure 1. 
For a Au coverage of 0.5 ML, the average size of the nanoparticles is below 5 nm 
according to STM experiments [2] and SO2 dissociates on the surface [4]. In 
experiemnts of photoemission, the adsorption of SO2 produces an uniform shift in the 
Au 4f core levels [4], suggesting that all the Au atoms are involved in the adsorption 
of the decomposition products of SO2.  
The Au↔TiO2 interactions are complex and simutaneously enhance the DeSOx 
activity of both gold and titania. Once Au bonds to titania, its ability to adsorb and 
dissociate SO2 largely increases, as shown by DFT calculations. In addition, Au 
adatoms modify the rate of exchange of O vacancies between the bulk and surface of 
titania, enhancing in this way the chemical activity of the oxide. Ti 2p spectra (right 
side panel in Figure 1) indicate that Au partially oxidezes Ti3+. This is consistent with 
DFT calculations which show Au gaining electrons when bonded to an O vacancy of 
titania [4].   The behavior of the SO2/Au/TiO2(110) system illustratres the importance  



 
Figure 1. The left panel is S 2p spectra for the adsorption of SO2 on Au/TiO2(110) at 
300 K. The data were obtained using a photon energy of 260 eV. The right panel is Ti 
2p spectra taken before and after dosing 0.5 ML of gold to a TiO2(110) surface. The 
spectra were obtained using a photon energy of 625 eV.  
 
 
of surface and substrate O vacancies when dealing with the chemical properties of 
gold/titania. In general, the complex coupling of these phenomena must be taken into 
consideration when trying to explain the unusual chemical and catalytic activity of 
Au/TiO2. In many situations, the oxide support can be much more than a simple 
spectator.  
Recent catalytic tests at INMATEL for the Claus reaction (SO2 + 2H2S → 2H2O + 
3Ssolid) and the reduction of SO2 by CO (SO2 + 2CO → 2CO2 + Ssolid) show that the 
Au/TiO2 system is 5-10 times more active than pure titania. 
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