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P-1

Surface Segregation and Stability of PdARuM (M=Rh, Ir, Ni, Ag) Ternary Metal Alloy Surfaces Through
First Principles-based Studies

Susan Mefiez Aspera!, Ryan Arevalo!, Bhume Chantaramolee!, Hiroshi Nakanishi!-2, and Hideaki Kasai'~*

INational Institute of Technology, Akashi College, 2Department of Applied Physics, Osaka University

3Center for International Affairs, Osaka University, *Institute of Industrial Science, The University of Tokyo

We used density functional theory (DFT)-based calculation to determine surface segregation and
stability of ternary metal alloys. To sample, we used the ternary combination PARuM (M= Rh, Ir, Ni, Ag).
Comparing the alloying energy for all possible combinations of the ternary alloys slab systems, we
observed that the stability: (1) is based on the type of atoms at the surface, and (2) can be approximated by

the interaction at the binary combination of the constituent atoms.

P-2

HCHO dissociation to HCO+H on (111) surfaces of Pt and Rh

Bhume Chantaramolee!, Susan Mefiez Aspera!, Ryan Lacdao Arevalo!, Hiroshi Nakanishi'?,

and Hideaki Kasai!-23

VEN A TREFFMFRL, 2 KRR, 3 B KF

HCHO dissociation to HCO+H on (111) surfaces of Pt and Rh was studied via the first-principles
approach based on the density functional theory (DFT). HCHO and CHO adsorptions on Pt(111) prefer
low-coordinated sites, in contrast to the adsorptions on Rh(111), which prefer the higher coordinated sites.
We chose the most stable adsorption configurations of HCHO and CHO+H as the initial and the final
states, respectively, for studying the reaction paths. The dissociation of HCHO to CHO+H generally
requires the Metal-C and Metal-O bond weakening to tilt one of HCHO’s hydrogen towards the surface,
making Metal-H bond in the process. We will discuss the dissociation processes of HCHO on Pt and Rh

surfaces in the meeting,.
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How do Ru and Ni surfaces catalyze the steam reforming of methane?

Ryan Lacdao Arevalo', Susan Mefiez Aspera', Mary Clare Sison Escafio?, Hiroshi Nakanishi'?

Hideaki Kasai'-*3

'National Institute of Technology, Akashi College, 2Graduate School of Engineering, University of Fukui
3Graduate School of Engineering, Osaka University, “Institute of Industrial Science, The University of Tokyo;

SCenter for International Affair, Osaka University

In this presentation, we will discuss how Ru and Ni surfaces catalyze the steam reforming of methane
using first principles calculations based on density functional theory. This study is of tremendous
importance for the science community since an efficient production of hydrogen is one of the greatest
challenges of our time. Though the steam reforming of methane is a non-zero carbon emission technology,
it remains as one of the current state-of-the-art in producing hydrogen. However, the mechanism on how
this reaction is being catalyzed is still a matter of debate and speculation. Hence, it is imperative to provide
an atomic-scale understanding of the catalysis of steam methane reforming, that poses significant insights

into the design of catalytic materials for this reaction.

P-4

DFT-BASED STUDY OF THE STRUCTURAL AND ELECTRONIC PROPERTIES OF h-BORON
NITRIDE/ GRAPHENE HETEROBILAYER AND SILICENE/ h-BORON NITRIDE/ GRAPHENE
HETEROSTRUCTURE

Carlo Angelo Pelotenia!, Allan Abraham Padama?, Susan Aspera’, Nelson Arboleda, Jr.!: * 4, Hideaki

Kasai®> ¢ 7, Melanie David'-4

"Physics Department, De La Salle University, 2Institutte of Mathematical Sciences and Physics, College of Arts
and Sciences, University of the Philippines, Los Bafios, *De La Salle University- Science and Technology
Complex, “Center for Natural Sciences & Environmental Research, Computational Materials Design Unit, De La
Salle University, *Division of Precision Science and Technology and Applied Physics, Graduate School of
Engineering, Osaka University, ®Institute of Industrial science, The University of Tokyo, "National Institute of

Technology, Akashi, College

Hexagonal-boron nitride/graphene heterobilayer and silicene/hexagonal-boron nitride/graphene
heterostructure were studied using DFT. Both systems are stable compared to graphite, with small band

gaps and preserved Dirac Cones. However, the Dirac Cones of Si/h-BN/G are slightly shifted.
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Interstitial impurity-induced surface magnetism in a layered oxide

Arguelles Elvis', Aspera Susan?, #8% &— 3, i %12, %3 FHW 12 Dino Wilson'

VRBRKRZE, 2 A TEAEFMA, S KA T 74 7~T VT v

We investigated the possibility of employing the polycrystalline aPbO as a spintronics device by first
principles calculations based on the density functional theory (DFT). In particular, we explored the effects
of 3d transition metal atom, Fe on the structural and electronic properties of the layered PbO (001) surface.
The results show that the interstitial Fe induces spin polarization in the host crystal with magnetic moment
value of 2.25 uB. Moreover, the magnetic order is determined using the energy difference between the
antiferromagnetic and ferromagnetic states. The magnetic state energy difference is 0.068 eV, suggesting
that Fe interstitial impurities induce ferromagnetism in PbO. In the mean field approximation, the

corresponding Curie temperature is greater than 300K.
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Quantum and nuclear bound states of H on a stepped metal surface

Arguelles Elvis!, Kasai Hideaki?, Katsuyuki Fukutani®, Yajima Ayako*, Nakayama Kousuke?,

Yamashita Seiji, Dino Wilson'

VRBRKE, 2 A TS FM R, 3 AR, 4 E T3kt

We investigate the dynamics of the nuclear spin states of H2 under the influence of a highly anisotropic
potential induced by the stepped Pd(210) by first principles calculations based on the density functional
theory (DFT). Hz has been shown to be at a chemisorption state on top of the step-edge Pd atom, contrary
to flat transition metal surfaces where the adsorption is governed by weak van der Waals interaction. Our
calculated orientation-dependent potential energy surface (PES) shows that H2 adsorption is highly
anisotropic and molecular orientation parallel to the surface plane is energetically favored. From this PES,
we calculate the bound nuclear spin states of H> on Pd(210) and show that the desorption is significantly

favored for para-H; isomers.
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Lanthanides ions for molecular protection in DUV Raman imaging in different pH conditions.

Yau Chuen YIU!, Yasuaki KUMAMOTO? Atsushi TAGUCHI!, Satoshi KAWATA!

'Department of Applied Physics, Osaka University
2Department of Pathology and Cell Regulation, Kyoto Prefectural University of Medicine

Lanthanides ions, terbium (Tb**) and europium (Eu’*), have been reposted as promising energy
quenchers for the biomolecules including nucleotide bases and aromatic amino acids as they can absorb
energy from the biomolecules and release as photons after forming ligand with the biomolecules [1]. This
attractive property could help for the development of deep ultraviolet (DUV) Raman imaging. DUV
Raman imaging is a high sensitive technique for Raman analysis of biomolecules such as nucleotides and
aromatic amino acids benefiting from the resonant Raman effect. However, the practical use is limited
because of the DUV induced photodamages on the samples. One of the typical photodamages is recognized
as the electronic transitions and the subsequent ionizations of molecules. Quenching the excited energy
state in molecules can help to protect the molecules from photodamages. We have recently demonstrated
Tb*, Eu', and also the thulium (Tm?3*) as protecting agents for biological cells in DUV Raman imaging
[2]. Here, we report the influence of the ions pH on the protection effects for better understanding of the
role of lanthanide ions for molecular protection in DUV biological imaging. Our results show that the
protection effect can have a pH dependence. Details will be discussed in this presentation.

Reference:

[1] Frederick S. Richardson, “Terbium (III) and Europium (III) Ions as Luminescent Probes and Stains for
Biomolecular Systems”,Chemical Reviews, 82, (5), 541-552, (1982)

[2] Y. Kumamoto et al., “Deep-UV biological imaging by lanthanide ion molecular protection”, Biomedical

Optics Express, 7, (1), 158-170, (2016)
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Receptor protein analysis of single cell using centrifugal microfluidic device

Chen Zhu!, Takaaki Okajima', Espulgar Wilfred Villariza!, Wataru Aoki?, Hiroyuki Yoshikawa!

Masato Saito!, Mitsuyoshi Ueda?, Eiichi Tamiya'

PRBRKRZE TR FERY, 2 Ul KRR 2R 7E 5

Cell membrane receptor proteins play important roles as a mechanism for receiving cell signals. FACS is
widely used to analyze them, but it cannot simultaneously detect all receptor proteins on single cell’s
membrane and requires many cells. Therefore, we are developing microfluidic devices that totally analyze
expressed receptor proteins in single cell level and can analyze small cell population. Photobleaching was
utilized to stain cells repeatedly. Two type of Cells were distinguished by this method. Bleaching time of

fluorescent dyes was also measured.
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