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MCM-48 was used as the matrix for size-confined titania. Titanium was introduced into the pores of
MCM-48 by wet impregnation using aqueous titanylacetylacetonate, TiO(acac)2, or tetrabutyl orthotitanate
in aceton solutions. Calcination in air led to the formation of titania. XRD, TEM, and adsorption
investigations confirm the deposition of nanosized particles inside the pores of the mesoporous matrix
without destroying their integrity. Chemical analyses show that the titania content increases after successive
loading with 14 wt % of Ti after the third impregnation. The structure and size of the particles have been
characterized with UV-vis, XANES, and EXAFS spectroscopies. The particle size is 2 nm after the first
loading and increases after successive loading, finally showing more than one coordination environment,
including resemblance with the structure of bulk rutile-TiO2. Considering preferential occupation of the
channel intersections, this leads to approximately 70% occupancy.

Introduction

The discovery of the novel class of mesoporous M41S
materials by Mobil researchers1,2 opened a new era in the
field of porous materials. The wide interest has occurred
because of synthesis and application related possibilities
which are beyond the original scope of the inventors. The
use of a large variety of structure-directing amphiphilic
molecules to organize many different metal oxide networks
into mesoscopically ordered composite materials has led to
new classes of materials.3 Because of the pore system in the
regime between 2 and 100 nm and the periodic arrangement
of the pore wall which is amorphous on the atomic scale,
they are called ordered mesoporous materials, OMM.4,5 For
the M41S family of materials, the composition is restricted
to silicate frameworks, and there are three main mesoporous
silicate host structures, MCM-41 (with hexagonal honeycomb
symmetry), MCM-48 (with cubic Id3m symmetry), and
MCM-50 (a lamellar phase). They have been obtained with
diverse amphiphilic surfactants giving a broad range of
materials different in unit cell parameters and compositions,
however, organized on the basis of the same structural
principles.6

Because of the narrow pore size distribution and the
composition related to zeolites, the materials of the M41S
family were first thought to be the geometric extension of
the microporous crystalline zeolites into the mesopore
regime. Using the silica-based materials, research was
focused in the beginning on the exploration of the chemical
and physical properties of the mesopore system related to
zeolitic properties such as sorption, separation, and catalytic
processes. Several reviews about these activities have been
reported recently.7,8

The catalytically inactive property of the siliceous frame-
work of M41S materials led to many experiments aimed at
the substitution of silicon by many metals such as Al, Ti, V,
and Ga to introduce active sites. Substitution of Si by Ti
created more attention because of the recent success of Ti-
substituted zeolites in the catalytic oxidation of various
organic molecules. The conventional way to introduce Ti in
mesoporous silicas is usually achieved by direct synthesis.
Postsynthetic incorporation of Ti in mesoporous silicates is
much less investigated; however, some publications are
available, for example, on the use of titanium alkoxides9 or
metallocenes.10 Overall, the postsynthetic incorporation of
Ti seems to have a great advantage, that is, the opportunity
to start with a highly ordered mesoporous material with a
very high inner surface and pore volume.

In addition to the zeolitic applications, the M41S materials
are thought to be particularly useful as carriers or matrixes
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