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Functional Materials Group

The Functional Materials Group is one of two new
trans-divisional and interdisciplinary research groups
and deals with excited states and dynamics in systems
with hierarchical and inhomogeneous structures,
including chemical reactions and dynamical processes
in biological systems. Recently, time-resolved
spectroscopy of excited states and non-equilibrium
states, nano-scale observation and measurement as
well as operando spectroscopy/measurement have
greatly advanced. Theoretical analysis based on first-
principles calculation and data science has achieved
a remarkable development. There are already
pioneering works done at ISSP along such directions
as mentioned above. To get started, several current
faculty and staff members of ISSP have been assigned
to the core members. The core members are expected
to provide seeds of collaboration and organize a
research team involving other divisions and facilities
as well as researchers outside ISSP. It is particularly
important to collaborate with research facilities of
ISSP so that their advanced and unique resources can
enhance the scientific quality. By taking advantage of
being a joint-use/research center, we can always invite
external researchers to collaborate on new subjects.
The Functional Materials Group should work as an
open platform for such collaborations.
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Professor YOSHINOBU, Jun Associate Professor
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Professor AKIYAMA, Hidefumi Associate Professor
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Professor SUGINO, Osamu Associate Professor
A M FEsE B %
Professor OKA Takashi Research Associate
*
B g ESTIIN TN B %
Professor SHIBAYAMA, Mitsuhiro Research Associate
*
B g INR XK B %
Professor KOMORI, Fumio Research Associate
*
B 8" F MR B %
Professor MORI, Hatsumi Research Associate
v * P =
B g W= & KErIR
Professor YAMAMURO, Osamu Technical Associate
% B Uy IN— Iv¥
Professor LIPPMAA, Mikk
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B g™ RE &KX
Professor HARADA, Yoshihisa
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INOUE, Keiichi Project Researcher  USUKURA, Junko
MW & BIEHRE N 21
MATSUDA, Iwao Project Researcher  KAWASAKI, Airi

FO &5 IS ® BF
NOGUCHI, Hiroshi Project Researcher  KIM, Changsu

e Ea BIEHRE B —E
HAZAMA, Yuji Project Researcher  TAO, Renchun

&L H BERRE PRl FH—
HARUYAMA, Jun Project Researcher NAKAMAE, Hidekazu
XHE R BIHRE PR R
NAGATA, Takashi Project Researcher NAKAMURA, Takahiro
Hd BN IR NE &

TANAKA, Shunsuke Project Researcher  YAWO, Hiromu

mH Ez= BIHRE lhx R=E
MUKAI, Kozo Project Researcher  YAMAMOTO, Yoshiyuki

BEFRE ™  FYIAYY TS
Project Researcher ~ AZHIKODAN, Dilna

BERERE*® Yy LA

Project Researcher  YAN, Lei

1 FpugeRs. ARSI T RISER. / concurrent with Neutron Science Laboratoy

*2 FrgEIE, AIEE S/ 24— VIIERRFRERFS, / concurrent with Division of Nanoscale Science

3 i3IS, ATILEERYIERZEEF. / concurrent with Division of Condensed Matter Science

4 TS, ABEEED L —L > MRS LY 5 —. / concurrent with Laser and Synchrotron Research Center
*5 B gRTE, ATEISAE RIS, / concurrent with Materials Design and Chatacterization Lavoratory

"6 FipusRs, AISIREHEWERISH Y Y —, / concurrent with Center of Computational Materials Science
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Yoshinobu Group
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1. EFILBIRIC & 30\ FOEMAL & RERGOHE

o L
s % B B
YOSHINOBU, Jun TANAKA, Shunsuke
% B
Professor Research Associate

Solid surfaces are intriguing objects, because novel struc-
tures and electronic properties emerge as a result of symmetry
breaking of bulk. Solid surfaces play an important role as “low
dimensional reaction field”, on which we can provide atoms
and molecules and manipulate them deliberately. In addition,
surface and interface are vital in the energy conversion and
dissiparion processes. In order to fabricate atomically-controlled
surface functional materials, we have to understand the dynam-
ical behavior of atoms and molecules on surfaces. The research
of these subjects is closely related to the basics of catalysis,
semiconductor processes and molecular electronics. Recently,
we are interested in surface reactions including CO; and
hydrogen.In addition, we can simulate chemical reactions on
cosmic dust with laboratory experiments in ultrahigh vacuum at
low temperature. We have utilized surface vibrational spectros-
copy, photoelectron spectroscopy and local probe methods in
order to investigate structures, reactions and electronic proper-
ties of atoms,molecules and thin films on surfaces. Synchrotron
radiation (KEK-PE, SPring8 etc.) is also used to study electronic
structure of surface and interface, including operando XPS.

A schematic model of CO; hydrogenation on the Pd-Zn-Cu model catalyst

Activation and surface reaction of small molecules by model catalysts

2. RAPRAICE T 2KFRIVELIYMEERE U\ ROV /IUR)
Properties and reactions with hydrogen at surfaces and interfaces (Hydrogenomics)

3. ¥EAB LUOEREEOBTFRE L RABICEDOMA

Electronic states and surface conductivity of semiconductor and organic thin film

4. BERTYE DEBFIREE & RISHEDHTF

Electronic states and reactivity of low-dimensional materials on surfaces

5 BHKREICBITZRT - D F5A1F IV ADHE

Dynamical processes of atoms and molecules on solid surfaces
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Akiyama Group
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Firefly luciferase

TO0 AHE T RUEFHML —
H—(ab) ERTILILYT
Z—t (c) D&

Nano-structures of a
100 T-shaped quantum-
wire laser (a,b) and firefly
luciferase protein (c) .

1. FIERA v FYTHERL —H—HB L OKRBEE RO T /\1 X2
Device physics of gain-switched semiconductor lasers and solar cells
2. BmEFEREFHEE LOHFICRITBERTEFELF v U7 DLAHEMER & IEFEE
Many-body interactions and non-equilibrium properties of low-dimensional electron-hole systems in clean semiconductor quantum wires and wells
3. FEREFEERLVOT /N1 XADEH, BREEL. BEFHh. B\, BEREHA
Material physics and development of high-quality semiconductor nano-structures via microscopy
4, IRZI - 7 F7 « T IIRY )ik EDEMFN & YL F R EHRIERE
Bioluminescence of firefly, jelly fish, sea firefly, etc. and bio/chemiluminescence measurement standards

32

A
ML T wE Ba
AKIYAMA, Hidefumi HAZAMA, Yuji
% B
Professor Research Associate

Advanced laser spectroscopy on the basis of lasers and
microscopy is developed and applied to semiconductor quantum
wires and other nano-structures, in order to understand and
control their optical properties quantum mechanically.

Femto-second pulse generation directly from gain-switched
semiconductor lasers is studied intensively to understand the
pulse dynamics and the shortest-pulse limit. High-quality III-V-
semiconductor tandem solar cells and their internal loss rates
and mechanisms are also studied. We make the world thinnest
and cleanest quantum-wire semiconductor lasers that have
superior laser performances such as low threshold currents.
Experimental findings and problems provide us fruitful physics
subjects related to 1D physics, many-body physics, lasers, solar
cells, crystal growth, material science, and semiconductor device
physics and engineering.

We are developing experimental techniques such as sensitive
luminescence detection, absolute luminescence-yield measure-
ments, transmission/absorption measurements of single nano-
structures, micro-spectroscopy, imaging, and solid-immersion
microscopy. Some of these techniques have been applied to
study of bioluminescence of fireflies, jelly fish, and sea fireflies as
well as luminol chemiluminescence.
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Sugino Group
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Volltage v
|t
Electrode Ferro electric  Para electric Electrode
(5rRu0,)
I

(SrRu0;)  (BaTiO,) (srTiO,)
i L 1
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BOFEXREZHOREADEE, BFEREEFEROEREZBMTHRA MANS
BAEZENYT 2 &, BHFBEHERICEOFEXENEN. RALAKOFERENIE
my s, CORKRE. BEFT/N\ARABRENDGANEZ 5N,

Model interface that exhibits negative permittivity. The interface is found
to be constituted by a ferroelectric region of negative permittivity and par-
aelectric region of positive permittivity, which yields enhanced capacitance

of the interface. This phenomenon may be applicable to future electronic
devices.

AT —~ Research Subjects

1. BERFE O IR F—THREE R

s (& ]

SUGINO, Osamu HARUYAMA, Jun
26 B
Professor Research Associate

The purpose of the first-principles calculation is to solve the
basic formula of physics, such as the Schrodinger equation, for
the understanding of properties of materials. This approach
is eligible for a prediction of the properties of undiscovered
materials even in the extreme condition of pressure and temper-
ature, independently of the experiments.

Owing to the recent progress in numerically solving the
equation, reliable first-principles simulation can be applied to
quite complex materials, enabling thereby serious collaboration
to theory and experiment for a material design or a mecha-
nism search. Sugino group is doing such “functional material
research” to understand (a) energy conversion processes
occurring in batteries and in nano- or bio- materials and (b)
stability of new phases that appear in the high pressure or strong
magnetic field conditions. The numerical work often requires
development of advanced computational method, which is also
an important target of the study.

Electrode
(ESM)

Solvation
(RISM)
=i

EBRERERIY (TIO2) B & KREDRE, HETIE REEME (%), TI(E> ),
O(#), H(B) ZH 5T/ Zh & B S BEEF RISMEZ AW TET LIRS,
E5(C ESM EIHEN 2 EREZRWTEBMEZNATLTT S, COEMERLE
{LUBRULZERAO—DTHD . TRILF—ZTHROLE SEERYEORRE
T35 ENTES,

Model for the biased TiO3 solution interface. The model consists of the layer
of carbon electrode (green), Ti (pink), O(red), and H(white), which are
covered by implicit solvent model called RISM. By additionally introducing
a continuum called ESM, bias potential can be applied to the interface. This
is one of the most advanced first-principles models for the electrochemical
interface, which allow us to investigate energy conversion processes and to
search for the most effective electrode materials.

Structure of electrode-electrolyte interface and mechanism of energy transfer

2. B0 —VERECE DK E—REHEFEORE

Development of first-principles many-body Green’s function method

3. BIE - BES T COBRREGFEED TR

First-principles prediction of oxygen solid at high pressure and under strong magnetic field

4. R )L DEYFESE DHEAEREZER

Elucidation of bioluminescence of a firefly
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Professor

Our main research subject is quantum materials driven far
away from equilibrium by external fields such as laser light. The
aim is to seek for new laws of physics that govern such exotic
states and to find a way to control their collective dynamics. We
employ new theoretical frameworks such as Floquet engineering
which enables us to understand nonequilibrium physics with the
depth comparable to equilibrium systems. We can also obtain
important insights from other existing research fields such as
turbulence, neural network, and non-linear semiconductor
optics, and apply them to new exotic materials. The target
materials range from topological systems to strongly correlated
systems (Fig.1). New non-linear response phenomena such
as the heterodyne Hall effect (Fig.2), i.e. quantum Hall effect

induced by oscillating magnetic fields, will be studied as well.
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Fig. 1. Floquet engineering in quantum materials. T. Oka, S. Kitamura, Annu. Rev. Condens. Matter

Phys. 10, 387-408 (2019).

1. EFYEO7OYY - TVI=ZFUVY
Floguet engineering of quantum materials

2. FFEETFROVGBHEROERNE

Switching (optical memory & Mott RRAM) New states, new functions
Higher harmonics generation
Frequency conversion, heterodyne
Usage of metamaterial

-and near field techniques

AEVHKRF. HEEFREEDHE

Oscillating fields
(local oscillator)
e.g. laser, plasmonics

2D Dirac electron
(multiplier) //
Jx Jy
current
(output signal)

M2 ZAvITREZAALATOY1IY - TN
1 Ro (@) ABVTFILICH U TEREREDHES 1
e EEZ %, b) RBBSZAWATOT A
YIR—ILRDREH,

Fig. 2. Heterodyne device utilizing Floquet
states. (a) Frequency mixed output is realized.
(b) A realization of the heterodyne Hall effect
using 2D Dirac semimetals.

Fundamental research on phase transition in nonequilibrium quantum systems

3. EREEFT /N1 XDRE
Proposal of novel nonlinear quantum devices
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Microbial rhodopsin with a variety of functions (upper) and the purified-
protein samples (lower).

52—~ Research Subjects

HE E=— XKE R
INOUE, Keiichi NAGATA Takashi
IR BhZ

Associate Professor Research Associate

Most living organisms use sun-light as energy source for their
biological activity and information source to recognize environ-
mental change. In this photobiological events, a wide variety of
photo-receptive proteins play central role.

Our research aims unified understanding of the mecha-
nism of biomolecular function of various photoreceptive
membrane proteins. The chemical elementary process of
supra complex photoreceptive protein is studied by laser time-
resolved spectroscopy and vibrational spectroscopy, and we
are promoting further research by combining biochemical
technique to achieve multi-layer understanding from atomic and
molecular to cellar and individual level. Furthermore, whereas
we are developing novel artificial biomolecules on the basis of
the fundamental insights for the application to optogenetics and
so on, exploration study of new photobiological phenomena and
related molecular groups is conducted with big data accompa-
nying the development of genome analysis in recent years.
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Transient absorption measurement of microbial rhodopsin by a nano-

second pulsed laser (upper) and photo-isomerization process of retinal in
rhodopsin (lower).

1. AZARBRSY VXV BEOR TS Y O FHEEA 71 = XL DOBBERRITE & B9 R
Functional and spectroscopic study on the mechanism of molecular function of photoreceptive membrane protein, rhodopsins

2. IR IEDAEDEED FHIRA DA

Application of advanced spectroscopic measurement method for biomolecular study

3. ¥/ LAEY I T8 %H EIC LEMBFXRZARSY VNV ERR

Exploration of novel photoreceptive proteins through use of genome big data
4, ERFBEEZRWCERD FOBERERFORE & ZNICH & D < RS FRIF

Machine-learning study on the determining factor for the function of biological molecules and its application for the

development of novel functional molecules
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