h Center for Element Strategy

Materials Research Center

i

W

S i 108
FTLER <

Pkl o 0 0o B

2ut - pashia

Tokyo Tech
RERILEARFE

Tokyo Institute of Technology

Tokodai Institute for Element Strategy



TLRERMAIFE R X —
(Materials Research Center for Element Strategy: MCES)

B &
RIR— e 1
U —EDPLDA T
B ORIHBLA & LT DILERBTE & —

EE mHH 0 e 2
TEMEPIEE LA —OFE e 3
RIS =2 b ‘

RTRERBIEHMLA (TIES) e 4
A AR BT FEHL AT 3 S 6
FoHA NTUvESTRIED A F=7 : DIEH BEHB KRS e 8
BrFEAR
BREFICP S LOAIBEEEA CuN OB R eRAE 000 e 9
BARGRELRRBESTERORE 0 e 10
T E ORI EERDLFRFHES P D AVIZ LT
~aFRh4 NEFES SHSs e 1
Q0%DEVEASEEET S Pb 7 Y —HFAREKOD CsCuls e 13
9m/Vs DEBBEEZATHH LVWPETEALT 7 ABHEEEK e 15
FIRIEEEARI A A G LaHaOx e 17
ITAMBHER  MAXFHOFTLWMRE e 18
wLWT LS T FRMgEOBEE e 19
FHBER ; L2 MSA4F e 21
WwRIN—TF
ME OBRICE S A A =T &R DN AT 25857
(MBS, FRFES, & T 0 e 22
KFEM L SRBTRT =4 25 LIRS
@FE B 0 e 24
7 UEST ARMEICET B T LS b T A R EARREAIE
: . e e 25
FHEABIERET
(FHEBAE) e 26

07 =0 1% (1 27




A IN—

Resident Staff
Director

Visiting Staff
Vice Director

#MEF F54E : Hideo Hosono
fa4 I8 Satoru Matsuishi
Jb%F ErBH : Masaaki Kitano
%M ARtk : Tomofumi Tada
Silvia Haindl
fiR#F 45 © Soushi limura
4 IEM : Junghwan Kim
E R, 8 H : Hideya Kumomi
#i1L F#7A : Toshiharu Yokoyama
EE 1E : Satoru Fujitsu
#F JE : Takeshi Inoshita
HEMA FEA : Masato Sasase
%0 #0 : Hiroshi Mizoguchi
%) =¥ : Fucai Liu
£ WL : Yangfan Lu
ﬂ'f‘ K F : Tiannan Ye

7 i : Joonho Bang
F5IR: Thifi : Kousuke Matsuzaki
2= 3T : Jian Li
BF ZZ#% : Jianzhen Wu
R R : Tianping Ying
FEETS : Yiliguma
FIR FK : Kota Hanzawa
A FH [ : Takayuki Nagai
# 7IfF : Li Jiangwei
i {%EFE : Lingyan Liang
EEEER 24
WHZIRE 144
iR (8 4
EEIRSEA 21 4
FHEFAE 94

WHgEA 1 1 4

22 R Toshio Kamiya
HEE % : Yutaka Majima
K& B : Akira Ohtomo
R i : Mitsuru Itoh
F+¥E {% : Hiroshi Funakubo
5% % : Susumu Saito
# I £— : Shuichi Murakami
K3 HEE : Yasufumi Oba
SEFY F5 ML Hidenori Hiramatsu
B £5%% : Takayoshi Katase
#HF &S Keisuke ide
KKG EL# : Naoki Ohashi
#+ F #E— : Youichi Murakami
T & : Satoshi Wada
43¢ 367 : Yoshihiko Kanemitsu
¥R #8h : Yusuke Wakabayashi
1L1j# 7%— : Junichi Yamaura
LA BA{F: : Akiyasu Yamamoto
SEfE W34 : Takahiro Kondoh
20 @4k Hiroki Taniguchi
ILIE %587 : Tomoaki Yamada
E A : Junjic Wang
% Fol5 : Hechang Lei

£ ¥ : Kohei Yoshimatsu
il S2ER : Shiro Kawachi
sSE IEfE © Masanori Kodera

2019 47 8 A

(502)

(501)

401)

(402,2019 % 9 A X 9 FUNKRFIZ £ T
(201, WRHI program)

(203)

(203)

(301, TIES e ¥= % k PM)

(204, 2T BHB HhR£4t CTO)
(304)

(403)

(205)

(205)

(205, HAEMIRBSFERINIIER)
(205, HAFMIRFASFEIGIZER)
(205, AAZEIFRASFHIPIER)
(205,2019 4 8 A X 0 IR R F(HEE)IZ Fh)
WEHDY 74 A=T REY VT 0 = I THERED
(205)

(205)

(201)

(205)

(504)

(205)

(201)

(201,2019 4E 8 A £ CEHEFHFAHEER)

WHITERS T 0T ¢ 7 HERT
HETHKRET o7 ¢ 7B
R D3RI T 50
I LT¥ERET 0 > T 4 T HERIERT
R TR EE T 5
MR TR RFH R
apn i e Sy e i
W LEKRF 7o 5 ¢ THEFERT
WHETX¥ERFE 70 7 ¢ 7AEISERT
WREIRET T T 4 T HEFZEAT
W IR T v T ¢ FHERIERT
WRL¥EKFET7 9T 4 THEREET
;EJI# Y 1B E B i 2
IRRF RFBEE S LEBA LR
AR LR
ALK S 4 R
BT N — IR RS TR
R T R TENT
R RS THE F
EAY N Sy N A R Y
BB RERE R Lo
WL THERE « PE
FEARKE : FE
HALRFEZ o E R T
TR L X — RS R So
R T3 HE TR

Message from director

T B ORIHILR & LT OREBEE S F —

B HORENCEHBFEOTREE T v Y

=7 D<M ATI S ITEIRS NIz DA, 2012
£ 7 B, ThICAbE CnRERFEE 7 —
(Materials Research Center for Element Strategy:
MCES) 7% 8 BIZE% & 41, 2015 48 4 AR
BRICK D HIE SBE - T 1 BEOBEHDOEE(SS
BWERLE Lz, ZHIZE YV EETHIHTD
ZELBICTREOMER AN AZ— M LE
Lz, TEEK 0 D= s bTiE, EBFHERER
DOWRTH DN, EFHEOHMHITEAD T D
BFEERATOMEEZ L OMBELRIONLD
T, FHREEMELORIHB A DI vy g &R
STWET, £72, MCES iX, T T EF v
INRADEFEEZEMNICERT D Z &AL
LML HEIFESNTEY T, B ¥ — OB
AL X, HTREGT TR DE - MR
., BT X — IR, AR R, L
K, WELK, HIER, RREREICEN > TWE
T

FRELKR, TREBK oY =7 FETTRL,
JST ACCEL 7a /' 7 A DE—5i#fE [ 17 K
T4 RomEREFELISARERI (2013.10-2018.3)
PWELELE, o7 u v MITEFD L
DERB/ LN EBMOFHMESE THHEIS
BKTLELTZ, ZO7uy=s bbAEENT
REDO—2N, BMREHETTHS T E=T
Bk, ZORREFERICBTSZ AR
M& LRy Fxr—4FE [D/IXD BHB] 28, K
27 7 FUMI EBRDFE (BR) AEKRL Lo
T2017 44 AICERIMLENE LT, LT, D
RPN, % U N ARCRENRD LN E
Lz, ZHid, HLRESN T ¥ —REDEES

Faxy VR ARICRE LD T —ATY,

trr—Rk  WBEHE

BIfE, [FfLIdRE
FHEORE D
DEHT, Y&
v A — LA
f/H) T hooaE
BEEFEICLT
IEE L TWE
R

it\%ty
— I REEIIEOEANMR A L LTI T

fcﬁ <. EREERZE A ED ThEd, A
AR LS O Sl SE RS (Core-to-Core
Program) (2, H[E® University College London

(Y —# —: Alexander Shluger) & 74 McGill
University (U — % — : Peter Grutter) & #A TI5:
LEIRENE LTz, 2018 ENB I D 3 B THA
'Y ANE L TEEZLEEFEENBIEE > TVE
ED

f%-ﬁi%%Ji REPIREE I KRFITE
RENDEEIC, AIMZEIT = 3 DOEANZEE
m@ﬁﬁ:&ofwi# Bt o & —3% DOH
m@ﬁgﬁﬂ\%wo_ @Di# hnE
TULEIZA %7 MiT SER R DRI
ELEWERNET, :324%0) FEFELSBHE
WHE L EFET

Periomsc Tasie oF THE EvElaesms

Rl rRIEL




TREMMZE & —DOHE

MEFR DAL & % 53 D ST TEhk
BAE LT, TR ¥ — (Materials
Research Center for Element Strategy: MCES) {3l
R EHROREO T, HE TERPIIELR
R D—oL LT2I124F8 A 1 BIZRIESNE
L7z,

SR SL LI \MCES [ SH R FE Ju i 7 o v
=7 ML D2ETMENCETAIEFE Y =7
b “HRTRICFERE L A (Tokodai Institute for
Element Strategy: TIES)” Z#HE L TEE L7, £
72 2013 235 2016 EIZH U TRVFHINIR EL A
W& ‘=L NIA FOWERS LSRR
[ZB4 % ACCEL 7' 1 7' L7 L4 T bzl
F7nvxs NEmEELELE,

O X OIC, R TERFBIIERINTZE
HF7uY =y ORI, FREFNRBEICNZ
T MCES DEXERI v avyO—D2ThO, =
7 a =7 MIBIT D EREE, Mis. A
BIEIR, FFFFICRRENDMAIMED L O I
UEDEREYELNTWET MCESIZE->TH
5 —oNEERIvVa L IETe s POK
BEOBELHRERE TH L EEL ORI REE

HETDHZETHY, EEROERE ST Y
=7 FORREBBICERILT DICHm>TD
FERF Y R 7 Zefe/MET 2 70 O O BFEF HFE o HE
T,

2019 45 4 AW SIZHWT MCES (21 60 ALL
FOAAR=BEIRLTEY ., ZHIZIEETK
HEHHE R L OREHE. SRR O
zwEHE B ERE, FNELTHEREZAT O
e B 2 & H ET, REALHTFREROFHM
% 921 X—IITHEM L ET, MCES OiE#Eitt
VE—REBENLRDHEELZEREE - E
HLTWET,

MCES ORFFEEE, 3%4f . FHRITRIART D
FaFxy R DRI Y —
At (2015 A T) ICEMILTWET, MCES &
MAFIITOEED X HICHIE 5 FE, #ITF 1 B>
578 DT, BNIC o R R SE D
T2 DR O R F . EHEILRFTEDO O
DEXF2 T 4 —AXN=A LITFT ¥ —F—/
EAHELTHET,

Iy /A

T RICHEERREHLA : Tokodai Institute for Element Strategy (TIES)

“TEREERS” IIMERFOH LT S A L
DAEBEIZ L2 8 L-E0ME 2810 HY 720
DEFHEFOKE a7 hE LT, 2004 4
WCBARTHEAELE Liz, ZOBEEIISERFE.
REFEFEA ., BEEIRRABEE S SR T D0 <
ONOEFE TV hEBLT, AP FEE
EIFRANCEERTRICES WA DI LITLY,
FNHIFEOEBNEAE Y A7 2R 5 &0
5 BRI b EAIAA T, BRENREREZ LD
IOMRLTEELE,

2012 4, SCEARMEAIL “oHERE T 0y
b < WFZE L ST RK B > : Elements Strategy
Initiative to Form Core Research Centers” & & {17
72 10 ATz B RIS IC E SR 7 n Y =
7N (BEtE, fibif b B, BRSO
A4558) #AZ—FLELE, ERHOTa T <
7 NI 3 OO N—T MR, A LEF
i, ETiREVPOEHRINET, 35DV —7
PR TSR & D SRR, Bk, RO
i & DT OGS A 7 NV E NS D72 DI HE
WHEEE L TVWET, KRR LERFIINREIES
M B HEEZOEEO S L IZTEFHMEHIET 2
HETm Y =7 b OFETEIEREE D bER
EHMCES IZBWTEEHE S N D5 T RITR
B B% #L 5 (Tokodai Institute for Element Strategy:
TIES)% L H i & L7z,

B 1 CRENDHRY A 7V EHEET D729
12, TIES IXHUR T¥EKRTE., MEM BT IEHERE
(NIMS), & TR/ F — RS e (KEK), IR

materials \

materials . craation materials
selection 1@; ' aynthesis
anatysiz |

teading-edge Fig. 1
measurerment

TIES

Tokyo Tech _ NIMS

Fig. 2

WRENLMEEEEDE Lz, T72b b TIES
I3 4 DOWFFEHER (K12) 225D 100 ALLLEDZ
MAEHET HIEREPFFEE T s Rl T
£9, TIES |28 DMFEEMIIEFEMIEE,. 7
N—=T ) = — fEEvR—T =L ITA
FlaEnTwWEd, HEOIIRENH HEKICEN
T BHR A . BooimfidT & 7l 2 4R 547
BIEEE, HENE T LI ENR R AT
LEEYRER, v~ TV TNVAA T AT A
J A kGO RO EAFEE ) — FT 25
BRFE T, %50 TIES ToE & LR
IIFFER R A R KR L ET,

TIES O F—/Li35 LW BES 2RI T25 Z
& TT, TR BEOKIEEDIE-S S IHHE
SR L LIz At E O CEEL, 2) &
MBlotHE 7o T4 TEEEL, 3) 2<HL
W ELRREHER K ORI O - O OFE#H 2 1
SILT, (4) FHETEO, L LEREE Tt
DI WTEEEN LE-EAME 28452
ETt, ZoI— A0z, TIES 138 L <A
WM ERRICH LRMICGER T A Z M TE
HIERZE T ICARE L, BRmE, SRR
LB IR HT O X RO TIC, mERe « mikeE T
AR MRFLEHBESCEETREEERVETR
EIMEI RS T 5, ZhIC XY TIES OHREFIL
HER BER, BHEER, FEERLEDE
FEEEFZDHOLPILETMEZLEET D
VDB A RIE 2 T ET, FRCETRNE., IRIE
Pl B ATREME & W o R ORI M & &
ST ER SRFEEM, BT EARCBRERIC




.mmmﬂm

2012 2013 2014 2015 216 2017

BAL. TIES I “Bray 7 =Ar", “BRAEBRTS
JHEE, RRLEFHEE LT A AL T
AN

D= VAT T, TIES i 7' m = 7 R 10
Ex3O07 - IHELELRLKE3)., B 1
72— XL R BEHO 3 ER(2012-2014) TIE,
FOTERLEM TR EZRN T I LICLERY T,
HLWTATT, s, HREE T H8k% 288
IZH B EIET 5 2 & TR EHER O A
BIFEERERLET, ZhbDF ¥ LUV EE
LT, TIES i%, MEtOHEE, K REESE
FHEEDOTIZEA T, ZHE T EIZEW
MEIZRICERT S 2 &R TE DZARENREIR
AT 3 - LIz k v, MEZRHFoH LN
arvE S hEMMLET, B2 72— AD 3 F
B1(2015-2017) 21k, JTREMEEHIET T, 51
Tz — A TRHLEHR LOMEFORD IR
EMTHEE TREEMEI CTHLIEE THEEOR
WILEIIBEEHMZ TVWEET, Fi<KHE 3 72—
XD 4 E£/(2018-2021)TiX, DT = —ATD
MEHEROMEE L & b, FittBtoEM{EZ B
LI ORRAPIEOFT T, F - BFT
PR ASDFRE OIS ERICE A L E T,

2014 R, TIES i35 1 7 = — XA TORRE
BEL, 7udzs b0 Y —A%ERICKR
DI DERTREFRELSFLZRELE L
FNHIIR 4 ITREND L H T, (1) FED
BT T 4 AT VA IGH, () AT —BFI
A0 ORI LEE CESABEOF B/
FHEE., Q) BEVEICBITHKEOKE & #
HE. (4 BEHEMEOC IV EERA ) —=v T
D OETHR &M BRI & OERE DR,

2018 2019 2020 2021 Fig. 3

Tt Thb T+ — b AEEIZEB VT TIES 23iZ
B L7 bOWiE, (1) W ZroS BTk
FESE Zn-Si-0, p BIFEAE Cu-Sn-l FD X H 72
AT et REE R, (2) WA HIOY, 71 Bl
(BixLa1.x):Si0s, 7 > HH A + A CazTaAlsSi2014 D
IO RBEERETEVEERERTIHEIRTANA

N EA, (3) BEKE(0 cmP) KR T 2L
&, FEde'E In-Ga-Zn-O FOKFMHPA A L&
D&EE|, e bWBEERTORERNXKE D
A F v, (&) FREFECEEBBE CaZnoNy. K5
B p B Ca;N'F O L 5 RFTFEWFER,
BRENHVET, BE. TROOEEME &M A
IXTIES D3 7 = — RIZBWTEHL DEEXEROD
N— b=t OHFEFFEICB N TERLDOBER
NENTWET,

2018 4, HRETERFIIESMRBBDOER
WCTREIEABEEXE L TIESO 10F S udx
7 FDEVZVREREE LB, FRALRTHD
MCES (Z 8L % Jt.3% B MK T 95 A% B TIES DR DR
RIZBWTHEHIEHET L EHFSTHE
R

Semiconductors

® lacked areas in mainstream of
Japan
@ High mcbility/Bipolar/Ultra-wide Eg

' ‘Hydrogen

® Ever-ignored hydrogens in oxides

® Quaniification & state analyses

® Correlation between hydrogens
and electronic states

® Hydrogens as functional elements

® Novel hydnde malernals

(L Rligl il
| dielectrics/ferroelectrics

® For power elecironics al high T
® Slable oxygen deficiencies
& Abundant& nantoxic elements

synthesis
Rapid screening

HAZENHREAS AL

H AR IR LS (JSPS)iX 2012 F &

University College London McGill University
Department of Physics Department of Physics
Prof. Alexander Shluger A0, 39 Prof. Peter Grutter

DRSS EEEZIT> TVET,
T OFEIE A ELNEA A E
BEIZE LT, MmO B TOMRE E
BT B 5o o i D LR AT FEEE BE

Defect modeling

Chemical synthesis
Operando analysis
Nanoparticle synthesis

ICL

Computalional chemictry

Surface analysis
THz spectroscopy
6"water CR
Tokyo Tech e
MCES
Prof. Hideo Hosono

Thegory & calculation -
High Temperature Univ. cluster

ERMMIChEY R— R F—L 2D

[ Cardiff Univ.

& pressure synthesis Slrategic R&D

GB catalyst Hub

RNy 777 AOEENRI R T
BIHT AL IITRFFENTWET,

Diamond

Light Source

SR analysis

DEEDOT T VT LT HARROZH
WMEr Ly F—ICE&EEEL, F£ET
SHsT A E4 %20 2 2Ll E oS
et &2 — & EBER ORI R
WAAF—LEBRTDHIEITED,
“OEMERFIER v hU— 77 ST

}"_ [ Univ. Tokyo [« All vacuum process & analysis Hydro
hearatical physi
Theoraetical physics _.[ Yamanas_hi Univ. ] Quebec

Univ. Tsukuba Nano-structured dielectrics Eleclric power

2D matter synthesis . R&D
—=| Nagoya Univ.

Kyushu Univ. Opto-functional dieleclrics

Liverpool Univ. Mxene exploralion
—»| TUAT

Renewable materials

PNNL Magnetic functional superconductors
Theory & modelting
/ [ NIMS
SKKU

High pressure synthesis, TEM, SPring-8

Electride synthesis
e ‘-
TSUBAME BHB |« = I ;
SR/meutron/mucn analysis

Catalyst for NH; synthesis

Fig. 1: International collaboration scheme under JSPS Core-to-Core

bo BEEFEFHEESFELELZZDT
EHIEE =D b OB O
HNEBETHDTY,

2017 %, MCES 13 “XKeFiErEzFA L
Rt AT RE = R VX — 808 - BPRIER T O TS
& 3 Jix B ¥ C(Defect Functionalized Sustainable
Energy Materials: Design to Devices Application)”
CELZERHIAF—LEEEOR Y FUR
£ (University College of London), 17 % D~ ¥ /v
KEZ(McGill University) & & $ 122018 56 2021
FD 4ERIZ-OVWTISPSIZHFE L ¥ L7z, MCES

Program

Fig. 2: Laboratory tour in the 1st workshop at McGill

University.

LS, MESHEERICIIV = —T 4
F— b &N B BARNMEMKIT.ZE HE O MCES
FIBOHIEE L TIES Vu Y=y bl 3 5E
Wxy hT—27 ThbbRRTEKRE WEH
BT FERERE . B = kL X — AR SAE . BOR
KREOWHFEENLRVET, B FURER
Alexander Shluger Z3%1Z £ ¥ .= F/VRKEEIT Peter
Grutter HIRIZ L D N EFMiksh, £hth
WZELDERR Yy U —7 B2EO(K 1), BEEIE
2018 £E 3 BICEIRE L, TR IERE.
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Fig. 6: Poster session in the 4th workshop at McGill

University.
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Figure 1. (a) Crystal structure of 0D Cs3Cu,ls material. (b)
The projected density of states (PDOS) plot-s of the 0D
Cs3Cuqls material. The isosurface plots of the wave function
[P]* of (¢) CBM and VBM. Er: Fermi level. (d) Calculated
electronic band structure of 0D Cs;Cusls.
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Figure 2. (a) SC-XRD and photograph of 0D Cs;Cu,ls
single crystal under photoexcitation (245 nm light). (b) The

photoluminescence (PL) and photoluminescence excitation
(PLE) spectra of the 0D Cs3Cuyls thin film on a glass
substrate. (c) Integrated PL intensity as a function of

reciprocal temperature from 30 K to 350 K. The inset of (c)

shows the temperature-dependent PL spectra. (d) Time-

resolved PL decay curve at room temperature.
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Figure 1. (a) Schematic orbital drawing of the CBM in
crystalline and amorphous n-type transparent amorphous
oxide semiconductors (TAOSs) based on a post-transition
metal cation with an electronic configuration (n — 1)d'%ns®,
where n > 4. (b)

valence band maximum (VBM) in new p-type transparent

Schematic orbital drawing of the

amorphous semiconductor (TAS). Three p-orbitals with a
large spatial spread may be regarded as a pseudo s-orbital
similar to the 5s orbital with a large spread and a spherical

shape.
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CuSnl on the carrier concentration.
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Fig.1 (a) Crystal structure of LaH;-,O,. (b) Arrhenius plots of ionic conductivity for LaH;-.O, (x = 0.25)

and H~ conductors reported to date!>*. (c) x dependence of prefactor and activation energy.
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Figure 1 (a) Summary of structure search results using binary and ternary variable-composition methods, where

the distances for metastable phases to the convex hull are labelled in the unit of eV per formula, and the crystal

structure of Ti,InBs. (b) Calculated diffusion paths for Li and Na on the TiB monolayer, and calculated diffusion

energy barriers along the several migration paths. The purple and yellow atoms represent Li and Na atoms,

respectively
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Figure 1. (a) Crystal structure of Sr2LiSiO4H. (b) Coordinate
Structures around Eu?*. (c) Photoluminescence emission
and excitation spectra of SrLiSiO4F:Eu*" (upper) and
Sr,LiSi04H:Eu?* (lower).
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BF: BRMSHRE B

(STEM, EPMA, FE-SEM, FIB, STM)
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