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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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Yoshinobu Group
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YOSHINOBU, Jun YOSHIMOTO, Shinya
Bi% 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 conver-
sion and dissiparion processes. In order to fabricate atomically-
controlled surface functional materials, we have to understand
the dynamical 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.
In addition, we can simulate chemical reactions on cosmic
dust with laboratory experiments in ultrahigh vacuum at low
temperature. We have utilized surface vibrational spectroscopy,
photoelectron spectroscopy and local probe methods in order

to investigate structures, reactions and electronic properties of

atoms,molecules and thin

films on surfaces. Synchro-  {a}
tron radiation (KEK-PF,
SPring8 etc.) is also used to
study electronic structure _ 4
of surface and interface, :

S S ) 3 NS ——
BT AR NEE R LTHA LTV S, ¥ including operando Xps, P
7abu v (KEK-PE, SPring-8 %&) % H7:5%
DA <T Y FRE TR BT T 5,
(b)
Xl
= <10
;. =)
(a) Optical microscopy image and (b) I vs. V curves for the = g
TIPS-pentacene film measured by four Galn tips. A square =
four-probe method was used to detect anisotropy in mobility. £
Two sets of I vs. V measurements were performed: parallel I,; 2 30
vs. (V; - V) and perpendicular I, vs. (V3 - V), and they were g -0
plotted as a function of gate-to-channel bias Vi - V, to remove E 1]
the contact resistance. [Appl. Phys. Lett. 111 (2017) 073301]. o

1. EFILMIRIC & 30D FOER(L & RERGOHE

s 0 1,5 |
Voltape Drop V-1

Activation and surface reaction of small molecules by model catalysts

2. BFREICEITBRT - 2 FOBHBEDHE

Dynamical processes of atoms and molecules on solid surfaces

3. ¥ERB L VEREROBEFRE L RABICEDOMR

Electronic states and surface conductivity of semiconductor and organic thin film

4. 73700y YR EERTYEDBFRE L RISEDHR

Electronic states and reactivity of low-dimensional materials on surfaces

5. FEKHPORELFRISDIFT

Chemical reaction on solid surfaces under ambient conditions
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Akiyama Group
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PRI — Y — 2L, BTN EY
P, ROTE, B EALRZIRME, kL —5 — B,
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JeE TR E LT, Ml - MG 0 Fo & mER I
Bt § 2 B, Moot g  ERIT 2 8, /RSO3
N 2 5 1S 2 BT, B e PR E I O B, V) v
FA>—2 a VBB R E 2R LTHWS, 36, 2N
SOEMEICHL, BRIV T F707 SRV OEYF
P =T IR E R, B - A - BGR O EY
KeRESth L H LTV 5,

Firelly luciferase

100 A T REFERL —
H— (ab) EMTILILY Tz
5—t (c) DS

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

1. AIBRA v Fy IHEEL —F—K L OKRBERD T /N1 XY
Device physics of gain-switched semiconductor lasers and solar cells
2. BmEFEREFHRE L UCHFICRITBERTEFELF v U7 DLAHEMER & IEFEiE
Many-body interactions and non-equilibrium properties of low-dimensional electron-hole systems in clean semiconductor quantum wires and wells
3. ¥EABTFEER L UT /N1 RADER, SREL. BETMH. B\HIEEHR. EEREHR
Material physics and development of high-quality semiconductor nano-structures via microscopy
4, IRZI - 73T « T IIRY )ik EDEMFN & YL FE RS ETRIERE
Bioluminescence of firefly, jelly fish, sea firefly, etc. and bio/chemiluminescence measurement standards

34

"A\ L -
/NI 54 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.

>
A T T T T T T T
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B 04
N
E 0.2
<23 0.0
-30 -20 -10 0 10 20 30
— Time delay (ps)
Z12 T T T T T T
S 4ok Short wavelength component |
g - after optical filterin
§ o8l ifter optical fi 9
2
s 06 B
2 FWHM 0.56nm (b))
£ 04 —
§ 02 B
FEERL - =D 5D 5 0.0 - 8
47 ps/VL AEEEFAE = O Extraction of short wavelength ..--36 »
ke} . . . ’ - 3
ES E_w | component via optical filtering e Ep %
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Sugino Group
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FIERFE OX G, (1) B 5 K B o Ji &R BB G5
ZURIZT 270 D% k7 — v BBE (GW + Bethe-
Salpeter i) 7’1277 AFE, (2) ERSEE IR B HLO
7D, AL —F—{THIRIC I LGER DR D & SO i
P IFNBEER 74T UVIERICE S W ERADBIT, (3)
{L2EBBI X 0 B 2D L T 2 SRR O E i IR g % 3Rk
D510 DEENBIEILE D TH %,

FEREaA IR LY oL — a vy SREMICT W, Mg
5 N CoMEHER. HWRhcodERy FoRER, £
T D T4 7 v 78R, BARHE thdE iR fil 45 72 & o i
BHZfT>T\W3,

Bathe-Salpeiar

n!
quAthon s,:zm".g':i.w

To-B3LTE

Photo-sbsor plion spectram

Time-de pendent _/’
OFT ™"

RRF/PE (SNl F /U757 1y) ODBEEFESNIATINZARY M,
AEE (GW + Bethe-Salpeter) (&R DEE (time-dependent DFT) & L.
KRBERFRB—HERL TV, 200 RFRTOEENRMEREIEN AL
Rofce

Carbon nano-material and photo-absorption spectrum. Our calculation
(GW + Bethe-Salpeter equation) improves over the conventional calculation
(time-dependent DFT) and yields results comparable to experiment. It has
become possible to reliably predict excited states of systems up to 200 atoms.

1. GW + Bethe-Salpeter JkIcE D < FIRIREEDE—RIEE

B0 B

2% (&
SUGINO, Osamu NOGUCHI, Yoshifumi
HEHIR Bh#

Associate Professor Research Associate

Development of first-principles condensed matter theory
is the target of study. This is done by advancing computa-
tional methods and by performing large-scale simulations.
The methodologies under development are (1) the many-body
Greens’s function approach to the excited states of materials,
via the solution of the Bethe-Salpeter equation within the GW
approximation, (2) accurate wave function theory based on the
antisymmetrized germinal power and the Pfaffian, in place of
the conventional Slater determinant, and (3) density functional
approach to the non-equilibrium and steady state of the electro-
chemical interface. Collaboration with experimental research
groups is also an important theme. The theme includes (1)
structural phase transition of a material under strong magnetic
field, (2) thermodynamic stability of bioluminescent material,
and (3) Dirac cone of novel thin films grown on surfaces, (4)
design of electrocatalyst for the next-generation fuel cell.

dielectric continuum

ESM

+ + + + + + 4+

bias

BEXBERFEICH T B2 RIG & FFFEEBRE
Electrochemical reaction and non-equilibrium
steady state of the platinum-solution interface.

First-principles calculation of excited states based on GW + Bethe-Salpeter equation

2. RAMMEY £ 2 FIVICED K SREREEEER

Accurate wave function theory based on antisymmetrized germinal power

3. BRICFFREDOE—FRIBFHE
First-principles calculation of electrochemical interface
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