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Metal NPs are promising materials for hydrogen adsorption and three-way catalysts. Despite its
excellent properties, research on the mechanisms occurring within it is still lacking. This is
meaningful in understanding the behavior of metal NPs in an operating by utilizing in-situ X-ray
techniques.

The purification of NO, CO, and C3H6 gases from automobile is accomplished
by combining precious metals, Rh, Pd, and Pt, called three-way catalysts. This study results from
studying thermal stability by synthesizing PdRulr NPs by reducing expensive metals of Rh with
cheaper ones. Ru exhibits a high redox but has the characteristic of evaporating while being
oxidized at a high temperature. By measuring XAFS, it was explained that Ru is strongly combined
with Pd and Ir to reduce evaporation.

To understand the hydrogen adsorption and hydride process, XAFS and AP-XPS were performed. As a
result of measuring Pd and PdPt NPs, it was found that the Pd plays an essential role in hydrogen
adsorption. To obtain an electronic structure similar to that of Pd, AgRh solid-solution NPs made by
mixing Ag and Rh located on the left and right sides of Pd were synthesized. A phenomenon in which
hydrogen is adsorbed to two metals that are known not to adsorb hydrogen was discovered.
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1. WFERMAL DY &

As the number of automobiles in the world increases rapidly, it is increasing
attention as an effective catalyst for the purification of harmful exhausted gases,
including nitrogen oxides, carbon monoxide, and hydrocarbon, to prevent serious air
pollution. Catalytic metals and support oxide are used for simultaneous and effective
treatment of major pollutants to purify the automotive exhausted gas.

Metal NPs with a high ratio of surface area to the volume have significantly
different physical and chemical properties compared with their corresponding bulk
materials. Size effect, which is below 100 nm provides special phase behavior from
the bulk state. Therefore, the immiscible bimetallic system such as Ag-Rh and Pd-
Ru is able to synthesize the solid-solution alloys using the non-equilibrium synthetic
technique of the chemical reduction method. It can create new novel solid-solution
alloys that do not exist in bulk systems. A density of state (DOS) engineering concept
for tuning the DOS near Fermi energy, which is affecting the catalytic effect, has
been revealed through the change of the electronic structure and the discovery of
new catalytic performance of the solid-solution alloy NPs. Although the catalytic
performance of solid-solution NPs through DOS engineering has improved, there
was a lack of fundamental research on the catalytic reactions on the surface of metal
NPs. Besides, it is necessary to investigate the increase in efficiency due to the
charge transfer and oxidation pathways between the metal NPs and support oxide
in the redox reaction.

2. WHEDHK

Ru-based alloys are one of the promising candidates for TWCR and CO oxidation
due to economic and effective catalysts. Oxygen gas absorption on Ru and Ru
bimetallic NPs, the oxygen molecules dissociate on the surface, and the major
reaction barrier is removed. When CO gas is adsorbed on the metal NPs surface with
oxide molecules, it can react with atomic oxygen to form CO2 gas. Most catalytic
reactions occur at the surface of metal NPs. There are many studies to understand
catalytic reactions by predicting the active sites of metal NPs using a combination of
TEM, XRD, XPS, EXAFS, catalytic performance results, and density functional
theory calculation. However, it is a prediction of catalytic reaction through indirect
experimental results. The aim of the project is to elucidate a catalytic mechanism
and reaction behaviors of solid-solution NPs under an ambient pressure
environment for changes in activity as the size and composition change.
Furthermore, we would like to design the catalytic solid-solution NPs combining the
catalytic performance and reaction mechanism.

For the past several decades, surface science studies have been performed on the
surfaces of single crystals under ultra-high vacuum conditions, while the real
catalysts are used at high-pressure conditions and more complicated systems that
consist of metal NPs and oxide support. Advances in synchrotron X-ray technology
have reduced the pressure gap between the ideal and realistic system. The surface
reaction of metal NPs on support oxide can be observed using the X-ray tool under
ambient pressure conditions. It means that the potential candidate of Ru bimetallic
NPs for MTWCR and CO oxidation was confirmed at the laboratory level.

To analyze the reaction pathways and gas selectivity of CO oxidation and MTWCR,
understanding the surface electronic and crystalline structure of the surface part as
well as the overall structure is essential. The surface disordering of metal NPs is an
active part of the catalytic gas reaction. Soft X-ray NAP-XPS is an excellent probe of
surface reaction on the Ru bimetallic NPs using the electronic structure change of
core level spectra. Surface reactions and gas selectivity between metal NPs and gases
can be understood. XAFS spectroscopy with energy dispersive optics is able to
observe the local structure of metal NPs under the ambient pressure gas condition
(bulk sensitive method). As it takes milliseconds time-scale to investigate one XAFS
spectra, it is a good probe to measure the gas response under switching gas
conditions, such as oxidation to reduction conditions. In addition, in-situ X-ray
techniques are possible to confirm the reacted gas after the gas reaction using the
gas analyzer, which is an experiment suitable for the TWC study. The combination



of NAP-XPS, in-situ EXAFS, and DXAFS experiments will allow us to understand
real-time reactions that occur at the nanoparticle surface and at the interface with
oxide.

3. WHEDITik

XAFS part: Investigation of oxidation state and coordination number change of
metal NPs is a key parameter for catalytic performance and reaction direction. The
redox reaction is sensitive to the oxidation state of metal. By measuring the oxide
ratio of metal by catalytic reaction, the reaction pathways, in which the reaction
occurs can be identified.

AP-XPS part: NAP-XPS is a spectroscopic tool that allows us to see the correlation
between gas and matter in the initial state of the reaction at the metal surface. We
investigated the reaction selectivity of metal and the reaction mechanism of
adsorption/desorption of CO gas and Oz gas through the initial reaction state of Ru
bimetallic NPs under 2 mbar conditions. In addition, we investigated the hydrogen
absorption of the cube shaped Pd nanoparticles under Hs conditions.

4. WFFERUR

The purification of NO, CO, and CsHe gases from automobile exhaust is
accomplished by combining precious metals, Rh, Pd, and Pt, called three-way
catalysts. This study results from studying thermal stability by synthesizing PdRulr
NPs by reducing expensive metals of Rh and Pt with cheaper metals. Ru exhibits a
high redox reaction but has the characteristic of evaporating while being oxidized at
a high temperature. By measuring in-situ XAFS, it was explained that Ru is strongly
combined with Pd and Ir to reduce evaporation.

To understand the hydrogen adsorption, hydrogen diffusion, and hydride formation
process between metal and hydrogen, in-situ XAFS and AP-XPS were performed. As
a result of measuring Pd and PdPt NPs, it was found that the Pd element plays an
essential role in hydrogen adsorption. To obtain an electronic structure similar to
that of Pd, AgRh solid-solution NPs made by mixing Ag and Rh located on the left
and right sides of Pd were synthesized. A phenomenon in which hydrogen is adsorbed
to two metals that are known not to adsorb hydrogen was discovered.
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