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Zinc oxide species hosted in the siliceous matrix MCM-48 were prepared by an organometallic
route using ZnEt2 as the ZnO precursor. Gas phase as well as liquid phase infiltration of the
precursor was studied in detail by ICP-AES, FT-RAIRS, 1H- and 13C-MAS-NMR, PXRD,
TEM/EDX and UV–VIS. Highly loaded ZnO@MCM-48 materials with a Zn-content of up to
29.6 wt% were synthesized. A comparison of the different preparation techniques was carried out
in order to find a convenient way of preparing ZnO@MCM-48 species for catalytic applications.

Introduction
Periodic ordered mesoporous silica materials (PMS) of the
MCM-41/48 and SBA-15 families and related inorganic and
organic–inorganic hybrid systems are extensively used as
templates and matrices for the embedding of nanosized
functional components of various types, in particular including
metals and compound semiconductors.1 Some time ago, we
investigated the embedding of nanoparticles of GaN2 and
CdSe3 as well as Eu3+ doped Y2O34 into MCM-41, and
SBA-15 using aqueous4 as well as non aqueous metal–organic
precursor techniques.2,3 The loading of MCM-41 with zinc
oxide has been studied during the few last years with some
emphasis on the luminescence properties of that wide-band
gap semiconductor modified by quantum size effects as well as
by host–guest interaction, defects and doping.5 Apart from
these interesting optical properties, the metal oxide–PMS
nanocomposites offer potential as tailored support materials
for metal–metal oxide heterogeneous catalysts which take
advantage of the so-called strong metal-support interaction
effect (SMSI) between the catalytically active metal and the
supporting metal oxide.6 The binary Cu–ZnO system represents a prototypical example of SMSI.7 We recently reported
on the MOCVD preparation of MCM-41 and MCM-48
supported Cu–ZnO catalysts for methanol synthesis.8 One goal
of that research is to stabilise a maximum of interfacial contact
between the copper and the zinc oxide phase and keep the
dispersion of the copper and the ZnO component as high as
possible at the same time. The range of effects associated with
this interfacial Cu–ZnO contact includes, for example, that the
strain of copper nanoparticles rises with the zinc oxide content
of the Cu–ZnO catalyst and correlates with the normalised
turn-over frequency in methanol synthesis.9 In situ TEM
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studies gave evidence of the importance of wetting of ZnO by
Cu during catalysis.10 There is some good evidence for the
partial reduction of ZnO and the surface coating of the
supported Cu nanoparticles by Zn and/or ZnOx species as
being the crucial aspect of the SMSI effect in that system.11 In
this respect, PMSs are particularly attractive matrices for the
embedding the Cu–ZnO nano composite system since the
perspective is offered to raise the accessible surface area of
ZnO for wetting by copper nanoparticles beyond the
possibilities of classical co-precipitation/calcination techniques
of heterogeneous catalyst preparation in an aqueous system.
Therefore, we have investigated the structure of ZnO and as
well CuO species hosted inside the siliceous matrices MCM-41,
MCM-48 and SBA-15 including some preliminary studies on
the use of diethyl zinc as organometallic source for zinc.12 The
organometallic, non aqueous loading of the PMS with ZnO
and Cu –CuO has been shown to be superior to the classical
wet impregnation.12 Thus, we now wish to present a report on
the preparation of Zn-loaded ZnO@MCM-48 nano composites by non aqueous organometallic impregnation with diethyl
zinc, focusing on a comparison of solution and liquid
impregnation with gas phase infiltration techniques in terms
of the loading efficiency.

Experimental
General procedures
All manipulation with the annealed MCM-48 starting material, organic solvents and diethyl zinc as well as ZnEt2-treated
MCM-48 samples was performed using typical inert gas
techniques such as glove boxes (MBraun, Germany) and
Schlenk-lines under purified argon (,1 ppm O2) in order to
exclude unintentional hydrolysis/oxidation due to contact
with moist air, if not specified differently. n-Pentane was
catalytically dried, deoxygenated and saturated with Ar using
an automatic solvent purification system supplied by MBraun.
The residual trace amount of water was determined by KarlFischer titration revealing typical levels of 1 ppm.
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