SURFACE CHEMISTRY AND CATALYSIS

Annual Research Highlights

(1) “In situ time-resolved dynamic surface events on
the Pt/C cathode in a fuel cell”

To make fuel cell automobiles a reality, the activity
and life of the Pt/C cathode catalyst must be improved.
Towards this goal, we have developed a novel
time-gating quick XAFS (QXAFS) technique with 1 s
time resolution and an energy-dispersive XAFS (DXAFS)
system with 4 ms time resolution. Using these techniques,
we have observed the electrochemical reaction
mechanism and found evidence for dynamic surface
events involving Pt dissolution at the Pt/C cathode, the
reaction kinetics of the electron transfer processes, redox
structural changes  (eight elementary steps), and a
significant time lag among those events for the first time
under operando fuel-cell conditions (Fig.1). Significant
time lag between the electron transfer, the redox
structural changes and the Pt charging of the Pt/C
catalysts characterizes the property of Pt nanoparticles on
a carbon support as well as the population of the bound
OH species, which is crucial for the performance of Pt/C
catalyst in a fuel cell.

Fig. 1 Reaction mechanism for changes of the Pt/C fuel-cell
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catalysts in cell voltages of 0.4/1.0 V under H, (anode) and N,
(cathode) at 333 K. The kinetic parameters were obtained
from the data measured by the potentiostat and time-gating
QXAFS.

1.(1)-4) Angew. Chem. Int. Ed., 46, 4310 (2007).

(2) “A SiOy-immobilized 3-coordinated Ru catalyst
active for alkene epoxidation”

A novel 3-coordinated unsaturated Ru complex highly
active for alkene epoxidation was successfully isolated on
SiO, by the exothermic reaction-induced selective
elimination of a stable p-cymene ligand in an
immobilized Ru-p-cymene complex. Molecular oxygen
and isobutylaldehyde (IBA) stoichiometrically drove a
p-cymene ligand out of the immobilized Ru center to
create selectively a coordinatively unsaturated active Ru
structure at the surface, which was quite stable in air and
tremendously recyclable for catalytic alkene epoxidation
(Fig.2). The unsaturated Ru complex can not be produced

by ligand elimination and exchange, but can be produced
in conjunction with the exothermic reaction in the
coordination sphere.
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Fig. 2 The preparation and structures of supported Ru complex
and the single-site unsaturated active complex on SiO;.

1.(1)-11) Angew. Chem. Int. Ed., 46, 7220 (2007).

(3) “Origin and dynamics of oxygen storage/release in
a Pt/Ordered CeO,-ZrO, catalyst™

Electronic and structural dynamics of an industrially
practical Pt/CeO,-ZrO, catalyst during oxygen storage/
release processes at 573-773 K were successfully
characterized by real-time XAFS of 2 ms time- resolution
at Zr K-edge and 300 ms time-resolution at Ce Ls-edge,
which revealed the new aspect and key issue of the
tremendous dynamic functions at Ce and Zr sites in the
mixed-oxide catalyst (Fig.3). The present DXAFS study
evidenced the dynamics and roles of each of Ce and Zr
ions in the industrially practical Pt/CeO,-ZrO, catalyst for
the first time, indicating the promising application of the
dynamic DXAFS to a variety of mixed oxide catalyses.
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Fig. 3 DXAFS setup and serial k*-weighted DEXAFS Fourier
transforms at Zr K-edge for Pt/Ce,Zr,Og in the oxygen release
process at 773 K.

1.(1)-16) Angew. Chem. Int. Ed., 46, 9253 (2007).
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