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(1) "Design of Novel Molecular-Imprinted Rh
Catalysts  for Size- and Shape-Selective
Hydrogenation of Alkenes'

Molecular imprinting isaway to produce a cavity with
a particular molecule (template) by polymerization of
organic and inorganic materials and remova of the
template. The cavity with memory of the template
provides shape-selective reaction space for the molecule
which has similar shape to the template. There has
been no report of a molecular imprinted metal complex
catalyst prepared on a support.

Our approach of surface molecular imprinting for
metal-complex catalyst is accomplished by combining
two techniques. (1) metal-complex attachment on oxide
surface; and (2) molecular imprinting for ligand of the
attached metal complex at the surface. Fig. 1 shows a
preparation steps for imprinted Rh-dimer catalyst on
SiO, surface.  Bridged Rh-dimer precursor Rh,Cl,(CO),
was attached on SiO, surface and exposed to P(OCHs)3
to make rhodium-phosphite complex at the surface.
The phophite ligand was used as template molecule for a
half-hydrogenated akyl intermediate of hydrogenation of
3-ethyl-2-pentene.  Polymerization of Si(OCHj3)4 on the
surface in the presence of H,O and subsequent annealing
under vacuum generated cavity with the molecular size
of the template at the Rh site in SIO,-matrix overlayers.
The attached Rh dimer, the Rh phosphite complex, and
the imprinted Rh catalyst were characterized by FT-IR,
XPS, ICP, solid-state MAS-NMR, BET and EXAFS.
Size and shape selectivities of the imprinted Rh catalyst
were examined by measuring the hydrogenation rates of
eight akenes of different sizes and shapes. It was
found that the imprinted Rh catalyst exhibited not only
high activity and sability but aso size and shape

selectivities for the alkene molecules.  Rh monomer
catalyst could aso be prepared by the
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Fig. 1 Scheme for preparation of a Molecular-Imprinted Rh
Dimer catalyst.

molecular imprinting technique and the shape selective
hydrogenation of the alkenes was realized.
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(2) “Performance and Characterization of Supported
Rhenium Oxide Catalysts for Selective Oxidation of
Methanol to M ethylal”

Though rhenium exhibits versatile catal ytic reactivities.
rhenium oxides have not been employed as a key species
in cataytic selective oxidation reactions because of
sublimation under reaction conditions. We have found
and reported that crystalline SbRe,Os is active for the
catalytic selective oxidation of methanol to form
methylal (dimethoxymethane).  The selectivity to
methylal reached 92.5% at a conversion of 6.5% at 573
K. Based on these results performance and
characterization of rhenium oxides supported on various
kinds of oxides were examined. It was found that
rhenium oxides supported on a-Fe;Os,  y-Fe,0;, and
V,0samong many oxide supports showed high activities
(15-49% conversion) and selectivities (90-94%
selectivity) for catalytic methylal synthesis. These are
first to show good performances for one-stage methylal
synthesis from methanol.
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(3)" Ammonia-Promoted Rhenium-Cluster Formation
in CH3;ReOs-Encapsulated H-ZSM-5 Relevant to the
Performance of the Catalytically Selective
Oxidation/Ammoxidation of Propene"

We have aso reported that a ReOx/ZSM-5 catalyst
prepared by a chemical vapor deposition (CVD) of
CH3ReO; (MTO) and subsequent treatment at 673 K
can be a promising candidate for the catalytic selective
oxidation/ammoxidation of propene. In this study the
origin of its high activity and the role of ammonia of
which presence is essential to the activity were examined
by EXAFS, XANES and solid-state MAS NMR. It was
found that MTO interacted with protons of ZSM-5 at 333
K, the subsequent treatment at 673 K formed tetrahedral
[ReQ,4] monomer, and ammonia promoted the formation
of a new [Re;Oy7] cluster at
673 K as shown in Fig. 2.
The active [Re;O47] clusters
were converted to the
inactive [ReO; monomers
in the absence of ammonia.

Fig. 2 Proposed structure of
active [ResOy7] cluster in the
ZSM-5 pore channel. O
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