CATALYSIS AND SURFACE CHEMISTRY

Annual Research Highlights

(1) “Direct Phenol Synthesis from Benzene and O, on
Novel N-Interstitial Re;q cluster/HZSM-5 Catalyst”

Phenol is one of the most important chemicals in
industry and it has been produced by cumene processes
with 3-steps reactions. Direct phenol synthesis from
benzene using O, as sole oxidant is highly demanded but
there have been no catalysts with high benzene
conversion and phenol selectivity for the reaction.

We have succeeded in preparing a novel Re/HZSM-5
catalyst by chemical vapor deposition (CVD) of
CH;ReO; and found that the supported Re/HZSM-5
catalyst was highly active (9.9% conversion) and
selective (94% selectivity) for the direct phenol synthesis
from benzene and O, in the presence of NH;. NH;
promoted the reduction and clusterization of the
supported Re species at 553 K (reaction temperature) and
a novel N-interstitial Rey, cluster (Fig. 1 (a)), which is the
active species for the direct phenol synthesis using O,
was selectively produced by NH;.
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Fig. 1 The surface structures of HZSM-5-supported Re
catalysts prepared by CVD of CH3;ReO; and a DFT-modeled
structure of the N-interstitial Rel0 cluster (a) supported inside
the pore of HZSM-5.

(1)-1) R. Bal, M. Tada, T. Sasaki, and Y. Iwasawa, Angew.
Chem. Int. Ed. 45, 448 (2006) (HOT PAPER).

(2) “Novel Surface Events on NO Adsorption and
NO-CO Catalytic Reaction on a y-Al,O3-Supported
Co,4-Cluster Catalyst”

A y-Al,Os-supported Coy-cluster catalyst prepared by
CVD of Co,(CO)g is highly active for NO reduction with

CO. We found that the amount and reactivity of NO
adsorbed on the active Co,-clusters were remarkably
increased by gas-phase CO undetectable at the surface.
The structures of y-Al,O3 surface and Co,-dimer unit at
the surface were determined by DFT calculations (Fig. 2),
and the dynamic behavior of adsorbed NO and the
catalytic reaction mechanism of the surface event were
studied by FT-IR and DFT calculations.

Fig. 2 The structures of y-Al,03-supported Co dimer and the
orientation of unoccupied orbitals (Arrows) calculated by DFT.

(1)-5) T. Taniike, M. Tada, Y. Morikawa, T. Sasaki, and Y.
Iwasawa, J. Phys. Chem. B 110, 4929 (2006).

(3) “Surface-Mediated Visible-Light Photo-Oxidation
of HCOOH on Pure TiO, (001) imaged by STM”

We used STM to observe visible light photo-oxidation
reactions of formic acid on the ordered lattice-work
structure of a TiO,(001) surface and found that the
nanostructured surface was photochemically active
towards VIS light (~2.3 eV) in spite of the bulk band gap
of 3.0 eV. Two photon photoelectron and electron energy
loss spectroscopies and DFT calculations revealed that
the nanostructured surface makes the band gap
significantly smaller than 3.0 eV only at the surface layer
and that the surface state of the crystal enables visible
light response.
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Fig. 3 STM images, their topographic profiles, and time
profiles for VIS-light photo-oxidation of formats on TiO,(001)
surface.
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(1)-1) R. Bal, M. Tada, T. Sasaki, and Y. Iwasawa, Angew.
Chem. Int. Ed. 45, 448 (2006) (HOT PAPER).
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(1)-5) T. Taniike, M. Tada, Y. Morikawa, T. Sasaki, and Y.
Iwasawa, J. Phys. Chem. B 110, 4929 (2006).
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