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The Zn-carboxylate-based porous coordination polymer
MOF-5 [Zn4O(bdc)3] and the metal oxide loaded materials
ZnO@MOF-5 and TiO2@MOF-5 were loaded in a second step
with the precursor [ClAuCO] to yield intermediate materials
denoted as [ClAuCO]@MOF-5, [ClAuCO]/ZnO@MOF-5 and
[ClAuCO]/TiO2@MOF-5. These composites were decomposed to Au@MOF-5, Au/ZnO@MOF-5 and Au/TiO2@MOF5 under hydrogen at 100 °C. The nanoparticle-loaded hybrid
materials were characterised by powder X-ray diffraction
(PXRD), IR spectroscopy, X-ray photoelectron spectroscopy
(XPS) and N2 sorption measurements, which reveal an intact
MOF-5 structure that maintains a high specific surface area.
For Au@MOF-5, crystalline Au nanoparticles were distributed over the MOF matrix in a homogeneous fashion with a
size of ca. 1–3 nm, evidenced by high resolution transmission

electron microscopy. In the case of Au/ZnO@MOF-5, the Au
and metal oxide particles of a few nm in size were coexistent
in a given volume of the MOF-5 matrix and were not separated in different crystalline MOF particles. For the TiO2
loaded materials the oxide is preferentially located near the
outer surface of the MOF particles, leading to an increase of
larger exterior Au particles in comparison to very small interior Au particles as observed for the other materials. Au@MOF-5, Au/ZnO@MOF-5 and Au/TiO2@MOF-5 were tested
in liquid-phase oxidation of alcohols. Preliminary results
show a high activity for the Au loaded materials in this reaction. This observation is attributed to the microstructure of
the composites with very small Au particles distributed homogeneously over the MOF matrix.

Introduction

host structure[7] and by using MOFs as support materials,
i.e. as a host for catalytic active metal species.[8] The MOF
is expected to serve as a stabilizing matrix for nanoparticles
(NPs) due to caging effects and at the same time provides
a tuneable coordination space for influencing reactivity and
selectivity.
The loading of MOFs with functional species, e.g. metal
complexes, metal salts or metal and metal oxide particles,
is usually achieved during synthesis by modification of the
MOF mother liquor,[9] or postsynthesis by solution impregnation,[10] solid grinding[11] or gas-phase infiltration[12] of
the MOF material. In the case of impregnation of MOFs
in solution, metal complexes or salts are diluted in adequate
solvents and subsequently used for impregnation. After removing the solvent, the metal precursors are decomposed
to the metal by further treatment. We introduced the concept of solvent-free gas-phase infiltration to yield precursor
loaded MOF materials, denoted as [MLn]m@MOF.[12a] In
comparison to the impregnation of MOFs in solution and
similar to the solid-grinding method,[11] this gas-phase infiltration benefits from the absence of competition between
solvent and metal precursor molecules, and therefore allows
a much wider range of metal loadings, even above 40 wt.% metal in a single step. The intermediate, precursor loaded
materials [MLn]m@MOF are subsequently converted to
metal@MOF or metal oxide@MOF; e.g. Pd@MOF-5,[13]

Over the past ten years, the literature on metal-organic
frameworks (MOFs) has increased rapidly. Owing to their
tuneable crystalline structures and unique features such as
high pore volumes, high specific surface areas, structural
adaptivity and flexibility, much work has been carried out
on potential applications, ranging from gas storage[1] and
separation[2] to drug release.[3] In addition, MOFs have
found increased interest in the field of heterogeneous catalysis.[4] These open framework compounds can act as catalysts themselves, using open metal sites, unsaturated metal
centres[5] and catalytically active organic linkers.[6] Additionally, MOFs have attracted attention by introducing
extra framework active sites, by functionalizing the MOF
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