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Tetrahedrally coordinated titanium(IV) is an active site, inter alia, for the selective
oxidation of olefins. A famous catalyst using this kind of active site is the titanium
silicalite-1 (TS-1),[1] which is used, for example, within the HPPO (propylene-topropylene-oxide) process. This catalyst works under mild conditions and shows high
yields and selectivity, but is hindered by slow diffusion pathways, due to the small pores
of the TS-1.[2]
One idea to tackle such diffusion limitations is the usage of materials with hierarchical
porosity. In our group, we use different types of macroporous starting materials to
synthesize such hierarchical porous supporting materials (Table 1). The main focus is
on so-called controlled pore glasses (CPG), which are silica materials with an
amorphous pore structure and a narrow pore size distribution with controllable pore
sizes between 0.3 and 1000 nm. They can be synthesized in various geometric shapes
and show a high mechanical, chemical and thermal stability.[3,4] Another potentially
suited material, which are used in our group, are silica monoliths synthesized by
spinodal decomposition (SDS).[5] These class of materials extends the range of the
Table 1: Scanning electron microscopy (SEM) images, macropore volume (PV_macro) and diameter
(dmacro) of the different starting materials.

CPG

PMO

SDS

0.9 cm³/g

1.1 cm³/g

0.9 cm³/g

140 nm

≈ 5 µm

≈ 10 µm

macropore size and is easier to synthesize than CPGs. A third class of materials used
in our group are periodic mesoporous organosilicas (PMO). For the synthesis of these
materials the 1,4-Bis(triethoxysilyl)benzene (BTEB) was used as precursor.[6] The
advantage of these materials is that besides the pore size, the hydrophobicity can also
be adjusted.[7,8]
In order to generate a hexagonal ordered mesoporous MCM-41 system within the pore
walls of the macropores and thereby synthesize a hierarchical porous supporting
material,

the

above-mentioned

starting

materials

were

pseudomorphically

transformed. This step has already been successfully performed for all mentioned
starting materials by using a cetyltrimethylammonium hydroxide (CTAOH) solution.
To insert tetrahedrally coordinated titanium(IV) into the framework of the supporting
materials, they were impregnated before the pseudomorphic transformation with a
titanium(IV) precursor, e.g. titanium isopropoxide (TTIP), in accordance with the
incipient wetness process. This synthesis step we have already successfully
performed for CPGs. The insertion of titanium into the SDS and the PMO is part of our
current work.

Figure 1: Adsorption-desorption isotherms and pore size distributions calculated from
nitrogen physisorption (77 K, kernel: N2 at 77 K on silica, cylindr. pore, NLDFT ads.) of
pseudomorphically transformed BTEB-PMOs with different volumes of CTAOH solution.
The data of the CPGs were already shown on a previous poster, the data of the SDS are not
yet completely available.

References:
[1] M. Taramasso, G. Perego, B. Notari, U.S. Patent 4410501, 1983
[2] M. G. Clerici, P. Ingallina, J. Catal. 1993, 140, 71–83.
[3] D. Enke, F. Janowski, W. Schwieger, Microporous Mesoporous Mater. 2003, 60, 19–30.
[4] H. Uhlig, M. L. Gimpel, A. Inayat, R. Gläser, W. Schwieger, W. D. Einicke, D. Enke, Microporous
Mesoporous Mater. 2013, 182, 136–146.
[5] K. Sonnenburg, P. Adelhelm, M. Antonietti, B. Smarsly, R. Nöske, P. Strauch, Phys. Chem.
Chem. Phys. 2006, 8, 3561–3566.
[6] G. Hasegawa, K. Kanamori, K. Nakanishi, T. Hanada, J. Mater. Chem. 2009, 19, 7716–7720.
[7] J. B. Mietner, F. J. Brieler, Y. J. Lee, M. Fröba, Angew. Chemie - Int. Ed. 2017, 56, 12348–12351.
[8] M.Bilo, Controlled pore glasses and alginate hydrogels as form-giving matrices for nanoporous
organosilicas, Dissertation, University of Hamburg, 2019.

