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Annual Research Highlights

(1) “Reaction mechanism of the CO oxidation
reaction on Pt(111)”

CO oxidation reaction on the oxygen-precovered
Pt(111) surface has been studied with many kinds of
experimental and theoretical methods. Recent STM study
has revealed that the reaction initiates at the fringe of O
islands after CO adsorption on all the vacant sites. We
applied the time-resolved NEXAFS method to this
system to confirm the reaction mechanism.

All the experiments were performed at the soft x-ray
beamline BL-7A of the Photon Factory. O K-NEXAFS
spectra were measured as a function of elapsed time after
CO exposure under several conditions of the CO
pressure and the substrate temperature. Peak intensities
of atomic O and CO were converted to corresponding
coverages. Decay of the O coverage is the measure how
the reaction (CO+0,4— CO,1) proceeds.

As shown in Fig. 1, there are two kinds of reaction
process: the early stage reaction which is newly found in
the present experiment and that after an induction period.
The former is revealed to be a reaction of isolated
oxygen atoms with adsorbed CO, and the latter is a
reaction of island-periphery oxygen atoms. Between
these reaction paths, there is an induction period, in
which CO molecules saturate the vacant sites.

It is found that CO coadsorption plays a role to induce
the dynamic change in spatial distribution of O atoms,
which switches over the two reaction paths.

These mechanisms were confirmed by kinetic Monte
Carlo simulations.
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Fig. 1 Time evolution of O coverage (0p) and CO coverage
(0¢co) during the CO exposure on O-precovered Pt(111). Green
line indicates the available sites for CO adsorption, expressed
by the coverage. It clearly shows that the second reaction starts
just after CO saturation. Substrate temperature was 252 K and
CO pressure was 5x 107° Torr.
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(2) “Development of a photoelectron yield soft
X-ray standing wave method ”

To know molecular positions as well as molecular
alignment in a film of a functional organic molecular
device is essential to understand the electronic structure
of the film and the dynamic response to external stimuli.

The x-ray standing-wave (SW) technique provides a
unique measure of the location of specific atoms relative
to the extended substrate-scatter-plane locations. Since
the size of organic molecules that are actually used for
molecular devices is typically several tens angstroms, it
is needed to generate SWs with a fairly long periodicity.
For this purpose, we used a multilayer (W(12.0
A)/C(18.9 A))g (d = 30.9 A) and soft x-rays with
energies lower than 1 keV (A~12 A). Photoelectron-yield
SW-profile measurements with soft x-rays offer high
sensitivity to light elements like C, N, O and S that
constitute organic molecules.

We applied this method to an organic monolayer of an
amphiphilic azobenzene derivative CH;(CH,);AzO-
(CH,)sCOOH (Az:C¢HsN=NC¢Hs) prepared on the
multilayer by the Langmuir-Blodgett method. Cd cations
were used as a stabilizer. Standing wave profiles of W4f,
Nl1s and Cd3d photoelectron peaks were analyzed to
reveal the relative height of N and Cd ion from the
(W/C) multilayer. Combining with the polarization
dependent NEXAFS spectra, we can obtain the structure
model of the monolayer on a (W/C)g, monolayer.

This technique is a powerful tool for determining
element specific atomic positions in height in organic
monolayers
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Fig. 2 Schematic illustration of the scanned energy photo-
electron yield soft x-ray standing wave measurement for an
organic monolayer film formed on a W/C multi-layer which
works as a standing wave generator.
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