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One of the great potential applications of porous materials with
narrow pore size distribution is as heterogeneous catalysts, since
they provide a combination of large specific surface area and a
certain degree of size- and shape-selectivity (molecular sieve
properties). Most of the common materials, from crystalline
microporous (zeolitic) to periodically ordered mesoporous, are either
acidic (e.g. aluminosilicates) or neutral (e.g. silicas, aluminum
phosphates). Porous catalysts with basic properties, on the other
hand, usually have to be prepared by postsynthetic doping of host
materials with basic guest species, such as zeolites with alkali (earth)
metal oxide¥ 3 or mesoporous silica (MCM-41, SBA-15) with
magnesium oxidé> However, porous materials which intrinsically
possess strong basicity without the need of postfunctionalization
are rare. Since bulk magnesium oxide shows excellent basic SBA-15 silica
catalytic properties, e.g. for selective dehydrogenation/dehydfation —
or aldol addition’;8the demand for ordered mesoporous magnesium 012345678 910
oxides is obvious. Here we describe the first synthesis of meso- 20/ degrees
porous magnesium oxide with a periodically ordered uniform pore Figgfe l-d [—’OWdetf” é—;ﬂa}g giffragtio?sgaAg;aSm_Sl_Of me?OPOIFOUS maé;]ngsium
systr, nartow pore sze cstibuion,and figh thermal stabilty. 166 %1 PO CHCs amoniSBAts sl e (coriedon 3
The conventional synthesis of periodically ordered mesoporous s; steps: 0.0%L(26).
materials, i.e. the utilization of self-assembled aggregates of
amphiphiles (such as surfactants or block copolymers) as structure-
directors?10 has its limitations when it comes to non-siliceous
products'! A promising alternative is the utilization of mesoporous
solid materials as “hard” templates, which cast their structures
faithfully to the final products. To distinguish between “soft” and
“hard” templates, the termsndo- and exotemplatehave been
suggested? In the field of ordered mesoporous materials, the
exotemplating concept is frequently used in the synthesis of CMK-
type carbons, for which mesoporous silicas serve as exotemplates.
It has recently been shown that these mesoporous carbons can
themselves be employed for further exotemplatthg® yielding
new mesoporous materials which may not be accessible by
conventional endotemplating.

Mesoporous SBA-15 siliddand CMK-3 carbo# were prepared
according to the literature procedures. In a typical synthesis of \
mesoporous magnesium oxjde g of CMK-3 was dispersed in Figure 2. TEM image of mesoporous magnesium oxide; the scale bar
100 mL of an aqueous solution (0.25 molY). of magnesium nitrate ~ corresponds to 60 nm (recorded on a Philips CM30-ST).

(Merck) and stirred fo 2 h to impregnate the mesopores with  plates. The broadening of the 100 reflection reveals some decrease
magnesium nitrate. After filtration and drying in a vacuum, the in structural order; in the final product only the 100 and 110
sample was heated under air atmosphere to°8@t a constant reflections are distinguishable. Nonetheless, transmission electron
rate of 2.5°C/min, to convert magnesium nitrate to magnesium microscopy (TEM) still shows an intact long-range periodic order
oxide within the pores. This procedure was repeated three times.with hexagonal symmetry in the resultant mesoporous MgO material
Finally, the carbon was removed by heating to 8Cat a constant (Figure 2). No reflections are observed in the wide-angle XRD
rate of 2°C/min; thermal analysis (see Supporting Information) region (not shown), and no atomic-scale periodicity is detected by
shows that this involves a mass loss of ca. 55%, revealing that aTEM/SEAD, which indicates that the material is not crystalline
substantial part of the CMK-3 pores has been filled with MgO.  over extended regions. EDX analysis confirms the Mg:O stoichi-

Figure 1 shows the powder X-ray diffraction diagram of a ometry of 1:1.
mesoporous magnesium oxide as well as those of the “parent” SBA- The mesoporous nature of the product is confirmed by nitrogen
15 and CMK-3 materials which consecutively served as exotem- physisorption. Figure 3 shows the sorption isotherm and pore size

MgO

CMK-3 carbon

relative intensity
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Figure 3. Nitrogen physisorption isotherm®( adsorption{d, desorption)
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Figure 4. Temperature-programmed desorption (TPD) of ;.Ciéom
mesoporous MgO (measured on a Quantachrome ChemBET 3000, equipped
with a thermal conductivity detector).

basic strength of mesoporous MgO. Before the measurement, the
sample was calcinedif@ h at 700°C in a vacuum and then exposed

and BJH pore diameter distribution (inset, from the desorption branch) of éo a CQ flow for 1 h at room temperature, followed by removal

mesoporous magnesium oxide (measured on a Quantachrome Autosorb
at 77 K).

of physisorbed C® by flushing in a helium flow at room

temperature. The desorption of chemisorbed @Gf@ating rate: 10

Table 1. Powder X-ray Diffraction and Nitrogen Physisorption
Data of the Three Samples from a Consecutive Series of
Exotemplating

surface area? pore diameter? pore volume
sample thoo (NM) (m*g™ (nm) (cm*g™)
SBA-15 9.7 524 8.4 1.26
CMK-3 8.8 833 3.9 0.67
MgO 8.7 306 5.6 0.51

aCalculated by the BET methoflCalculated by the BJH method from
the desorption isotherm.

K min~tin flowing helium) takes place over a temperature range
up to 300°C, which confirms a degree of basicity comparable to
that recently reported for SBA-15 silica coated with MgO.
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distribution of the same mesoporous MgO as in Figure 1; the

isotherm has the characteristic type IV shape, comparable to thoseReferences
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