CHEMICAL KINETICS

Annual Research Highlights

(1) Design of a Molecular-Imprinted Rh-Amine
Catalyst for Shape-Selective Alkene Hydrogenation

A novel molecular-imprinted Rh-amine complex was
designed and prepared on a SiO, surface by comining
metal-complex attachment on an oxide surface and
molecular imprinitng on the surface for the first time (Fig.
1). An amine ligand of SiO,-attached Rh monomer was
used as a template molecule for the imprinting. The
removal of the template created an unsaturated active Rh
center and a cavity with a similar shape to the template
on the active metal site, which behaved as a
shape-selective reaction site. The molecular-imprinted
catalyst exhibited high catalytic activity and durability
for a-methylstyrene hydrogenation. The inhibition of
the catalytic reaction with several amine ligands with
different shapes demonstrated that fine shape-selectivity
for alkene reactants to discriminate the position of a
phenyl moiety on the molecular-imprinted Rh catalyst
designed at the surface.
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Fig.1 Design of a molecular-imprinted Rh-amine complex on a
Si0, surface.

1.(1)-2) J. Phys. Chem. B 108, 2918-2930 (2004).

(2) Chiral Self-Dimerized V Dimer on a SiO, Surface
for Highly Enantioselective Oxidative Coupling of
2-Naphthol
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Fig.2 Preparation of chiral self-dimerized V complexes on a
Si0, surface.

We have found novel chiral self-dimerization of V
monomers on a SiO, surface, which produced highly
enantioselective V dimer for the asymmetric oxidative
coupling of 2-naphthol (Fig.2). Structures of the chiral
self-dimerized V complexes were characterized by IR,
XPS, SS-NMR, DR-UV/VIS, ESR, XAFS, and DFT
calculations (Fig.3). The chiral V dimer exhibited 96%
conversion, 100% selectivity for BINOL, and 90%
enantioselectivity for the asymmetric coupling reaction,

while the V-monomer precursors are inactive. The ee%
is the highest enantioselectivity thus far. This is the
first heterogeneous catalysts for the asymmetric

oxidative coupling of 2-naphthol.

Fig.3 Modeling of the chiral self-dimerized V complex on SiO,
by DFT calculations. Top view (left) and side view (right).

1.(1)-9) Chem. Commun. 2542-2543 (2004).

(3) Dynamic Structural Changes in a MgO-Attached
Ruthenium-Carbido Cluster Catalyst Observed by
In-Situ Time-Resolved Energy-Dispersive XAFS

The structural transformation of a MgO-attached
[Ru¢C] cluster catalyst during carbonylation under
CO/H; and decarbonylation under vacuum were studied
by time-resolved energy-dispersive X-ray absorption fine
structure (DXAFS) (Fig.4). It evidenced the time scales
and dynamic structural changes of catalytically active
metal species. This sort of study is the first to provide
structural kinetics of catalytically active metal sites at
oxide surfaces.

Fig.4 A series of Fourier-transformed functions by DXAFS
during the carbonylation of [RusC]/MgO under CO/H,.

1.(1)-6) J. Phys Chem. B 108, 5609-5616 (2004).

(4) In-situ Observation of Chemical Reactions on a
CeO,(111) Surface Studied by NC-AFM and STM

We have successfully observed the atomic-scale
images of a CeOy(111) surface by in-situ non-contact
atomic force microscopy (NC-AFM) and scanning
tunneling microscopy (STM). The reactivity on the
surface with CH;OH and NO, was investigated and a
new chain reaction mechanism was found.

1.(1)-1) Nanotec. 15, S49-S54 (2004).
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