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I am Hirokazu Ueta who I‘-,
belong to the research ﬁ

Structure and Function of Advanced Materials in

group for Nanoscale

ASRC. About 2 years have passed since I started to
work at ASRC as a part of the Leading Initiative for
Excellent Young Researchers (LEADER) program.
I really appreciate many people who support my
research at ASRC.

After I obtained my Ph.D at Leiden University, the
Netherlands, in 2010, I worked at Ecole Polytechnique
Fédérale de Lausanne (EPFL), Switzerland, Institute of
Low Temperature Science (ILTS), Hokkaido University,
National Institute for Materials Science (NIMS) and
Rikkyo University, as postdoc/assistant professor. I
will briefly introduce my research, what I have done
related to the gas interactions at surfaces so far.

In the period of my PhD program in the Netherlands,
we clarified the role of translational energy of gas
particles in adsorption process by studying the
hydrogen adsorption and atomic scattering at metal
surfaces. To understand the adsorption process,
it was beneficial to investigate the conditions of
scattered particles from the surface. We have
studied the scattering of nitrogen atoms from metal
surfaces. Although the experiment was hard for me,
the obtained result was interesting, clearly showing
that the nitrogen atoms experienced an attractive
interaction with the surface [1].

At EPFL, I studied the methane dissociation which is
known to be the rate-limiting step in the transformation
of natural gas into a mixture of hydrogen and carbon
monoxide. Under the real catalyst reaction environment
with high temperature and pressure, molecules not
only in the ground state but also in vibrationally
excited states are present. We measured quantum

state-resolved surface reactivity using molecular
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beam technique and quantum state-specific reactant
preparation. We found that methane molecules excited
to v=1 of the vy C-H stretching vibration are about 100
times more reactive on a clean Pt(111) surface than the
ones in the ground vibrational state [2].

After that, I studied the alignment effect in O,
chemisorption on Pt(111) at NIMS. We clarified that
O, molecules nearly parallel to the surface are more
reactive than the perpendicular molecules [3]. This
study was made it possible using the single spin-
rotational state-selected O, beam developed uniquely
by Dr. M. Kurahashi and Dr. Y. Yamauchi, NIMS [4].
At NIMS I could learn such advanced experimental
techniques in addition to obtaining very interesting
results.

In contrast to the mentioned research above,
my research subject was gas-surface interaction at
very cold temperature (~10K) at ILTS and Rikkyo
university. At this temperature regime, most of
molecules and atoms physisorb on surface, and even
condense depending on the species. At ILTS, I studied
the nuclear spin state of physisorbed H, on amorphous
solid water (ASW). H, is the most abundant species in
space and contributes to the formation of a variety of
molecules. H, formed through the recombination of two
H atoms physisorbed on the ice-covered cosmic dust.
H, consists of two protons with nuclear spin /=1/2,
and thus two nuclear-spin modifications exist for H,,
ortho (/=1) and para (/=0). Since protons are fermions,
the total internal wave function of a molecule is to be
antisymmetric under the proton permutation. As a
result, for the electronic ground state, ortho and para
H, take odd and even rotational states, respectively.
Because a rotational energy difference of ~14.7 meV
between the lowest ortho (/=1) and para (/=0) states,
ortho- and para-H, play different roles in the chemical
evolution in space. The radiative ortho-to-para (o-
p) conversion in the isolated state is forbidden, and
thus the o-p conversion on cosmic dust where H, is
produced, has been paid much attention. With this
background, we investigated the surface temperature
dependence of H, o-p conversion on ASW, and found
that the conversion rate strongly depends on the
surface temperature [5]. This study indicates that
the nuclear spin state of H, when released to the
gas phase from dust strongly depends on the dust
temperature and the duration at the surface. Besides,
the temperature dependence of o-p conversion rate

is an important finding to understand the rotational
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energy relaxation process at surface, and it leads to the
present study described below.

At Rikkyo university, we studied VUV photolysis
of H,O and CO ices which is analogy to the condition
where the cosmic dusts are exposed by VUV light.
Here, it was the first time that I guide and teach
undergraduate students, while I already have
experience of working with the PhD students at EPFL.
I learned many things myself by interacting with the
students.

Until now, I have studied the role of many factors
such as translation, vibration, and molecular alignment
in atomic and molecular adsorption process. The
energy dissipation of gas particle is a key to the
adsorption process. With recent experimental and
theoretical progress, significant results have been
reported regarding the molecular vibrational relaxation
at surfaces. On the other hand, the rotational relaxation
at surface has not yet been understood well. H, o-p
conversion includes nuclear-spin flip and rotational-
state transition (rotational relaxation). Therefore, the
o-p conversion is an interesting phenomenon from the
viewpoint of understanding rotational relaxation of
adsorbed molecule. Currently, I am studying the o-p
conversion of chemisorbed H, on a Pd surface. We
recently show a direct experimental evidence that the
conversion rate is about 2-3 order of magnitude faster
than that of physisorption systems [6]. The present
system allows us to probe the surface temperature
dependence of o-p conversion with wider temperature
range compared to the physisorption systems reported
in the past. I will continue to study the o-p conversion
in detail and aim to clarify the rotational energy
transfer between adsorbate and surface.

I am sorry for the disorganized contents above, but
I intended to introduce my research. Based on my
research experience, I will continue to work on gas-
surface dynamics towards understanding of elementary
processes at surface.

To conclude, I would like to express my thanks to
following people. Becoming a candidate for LEADER
in 2018 was thanks to the experiences and results
obtained by guidance and support from the colleagues
and bosses in the groups where I belonged in the past.
I am very grateful to all of them. Last but not least, 1
am deeply grateful to people who made great effort
and support to accept me as LEADER at ASRC.
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