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1. Introduction

Although bulk gold is essentially chemically inert, gold can be a
catalyst for many reactions, such as CO oxidation, selective
oxidations of hydrocarbons, alcohols and aldehydes, hydrogena-
tion reactions or the water gas shift reaction (WGSR, Eq. (1)), when
it is applied as nanoscaled supported particles [1]. It has been
shown that gold can also be an active catalyst in methanol
synthesis (Eqs. (2) and (3)) [2–5]. Catalysts such as Au/TiO2, Au/
Al2O3, Au/Fe2O3, and Au/ZnO were investigated [3,4], and all of
these systems were found to exhibit catalytic activity for the WGSR
and for the hydrogenation of carbon oxides to methanol and
methane [3,4,6,7].

COþH2OÐCO2 þH2; DHR ¼ �42 kJ=mol (1)

COþ 2H2ÐCH3OH; DHR ¼ �98 kJ=mol (2)

CO2 þ 3H2ÐCH3OHþH2O; DHR ¼ �58 kJ=mol (3)
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Compared to the industrial Cu/ZnO/Al2O3 catalyst, which has been
extensively characterized [8,9], these Au catalysts are still barely
understood. ZnO as support material for Au was shown to be
essential to obtain a high selectivity towards methanol and to
minimize methane formation [3,4,10]. Nevertheless, the role of
ZnO has not been elucidated in detail yet [10].

Generally, the catalytic activity of supported Au particles
depends on three key features: the size of the Au particles, the type
of the support, and the structure of the interface, suggesting that
the catalytic performance is significantly influenced by the
interaction between the Au particles and the support [1]. It was
claimed that the active sites are located at the interface between
the Au particles and the support at the perimeter line of the
particles [3–5,7,10,11]. This concept is also believed to be valid for
the performance of Au catalysts both in methanol synthesis [3,4]
and in the WGSR [7]. Smaller Au particles are thus desired to
increase the total length of the perimeter at constant Au loading
[3–5,7,10]. The reason for the interface being the active part of the
catalyst is still under debate. For Cu/ZnO Spencer and coworkers
[12,13] suggested hydrogen dissociation to take place on ZnO
followed by reverse spillover to Cu. King and Nix [14] found
experimentally that the presence of the metal enhanced the
reducibility of ZnO in the system Cu/ZnO. This may also be true for
the presence of nanoscaled metallic Au. Frost [15] proposed

is gas mixtures the presence of the Au particles led to an increased activity

u/ZnO samples exhibited higher catalytic activity in the absence of CO2, as

nO with similar apparent activation energy. It is concluded that oxygen

ctive sites in methanol synthesis over Au/ZnO, and that the presence of the
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