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3D atomic structures around dopants and defects in various compound and oxide semiconductors and
their relation with functionalities have been elucidated by fabricating a large number of functional
inorganic materials for holography measurements. Notable achievements are (1) the first observation
of suboxidic structure around Co in room temperature ferromagnetic semiconductor Co-doped TiO2,
and (2) the observation of microscopic structure in visible light photocatalyst Rh-doped SrTiO3 and
clarification of relationship between the local structure and the photocatalytic activity. In addition,
roles of various active sites were clarified by investigating 3D atomic structures and interfacial and
surface structures in a large number of functional materials. Consequently, these results contributed to
improvement of their functionalities and to development of new functional materials possessing new
active sites.
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HAFRERRES (F1X) 3D FEME Y A Ml Z kDS HERE T/ P FAliE D BRI &

2T ERRE 4 (3 3T) Design and synthesis of efficient molecular nano catalysis by 3D active site control
MERERSE FH Z]5 (NOMURA, Kotohiro) BEAXFER - KFEREZHAER -HiZ

HERREOBE (F1X)

BrFIN TR 2 OEHEIZ K D 3 DIEYEY A MENT ORISR L 72 50y TG « MBI HERECH
g fihlge | BRI R B AV E R 2 R A A R Ao R AR B SRR Al SR 1m D
el Bk & O FROE A  EEREAT I D TEMEY A MEATICHE D FHATE, IBFN 722 S
TTOT 2 NOBRITR EITmEIENE « E@EIRE 2 B89 5 [ - BRI A S ke
Kb, BRI 0 —HimWA L 7 4 Dt a3 U IG5 89 2 W 28Hae 2 i fit
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REMRIE 2 BB U 7=, £7-. HERTIE TR AREZR N T 2 0 ARETRIR OTEPEFERMRAT 2 PIRE & 3
B VAR XAFS 5% fesr Uiz,
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PESR D ARBERAF TIlIE T /L FEERSO SOSINT % FE TR R ARAT - ARBEERFHZE D MA TV
23, ARWFGE TIL BT AT R A 28 CHIE BECH R EE & OB 208 U ONEEIC L 5%
[ 72 E - AT T fIEE D IERE D2 A7 T3 DIEMEY A M A= 7)) HNEBLA]
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FRIBETE PR A b OFRAT RS SR 2 AR 1 IR O BRI AT ORI F 72 m P RE Al -
HHH SO - BT ORI U, B R esd 58t - ik - FHZIRE LT, bl
PN OBEEEZE L T, S2OWEETIERAE TH 72 BRI TERdotz), NV
7 DRIBETRIE OIS VEFERRAT 2 ATRE & 3 28T Tk (R XAFS 15) Z i LT,

MRARDHE (FEX)

Synthesis, reaction chemistry of reactive organometallic species (V, Ti, Ru) for efficient C-C bond
formations (olefin dimerization, polymerization, metathesis, linear cross-dimerization) have been
explored. Highly active, thermally robust V catalysts for ring-opening metathesis polymerization,
solution XAS analysis method for exploring active species in V catalysts for ethylene dimerization,
polymerization and for dehydrogenative coupling using Pd-Cu catalysts, have been demonstrated.
New nano-structured catalysts, exhibiting unprecedented high catalyst performances for green
sustainable organic transformations under mild conditions (core-Pd/shell-Ag, core-Au/shell-CeO,
nanoparticles), and Pt-V bimetallic nanoparticle catalyst that enables amide reduction under mild
conditions, have been demonstrated. An interaction of bifunctional catalyst surface with Rh complex
and organic base was conducted through measurement of X-ray reflectivity measurement of a model
catalyst surface (SiO).
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We aimed to develop high-performance organic electronics devices by nano-structure control and
new condensed matter physics by chemical metal doping and electric double layer.
Subject 1 focused on the control of nano-structure and surface structure of organic semiconductor
crystalline film to improve the performance of organic electronics devices. Subject 2 focused on the
elucidation of the relationship between the location of intercalated metal atoms and superconducting
properties in the metal-doped hydrocarbon superconductors and various two-dimensional (2D) layered
materials. Subject 3 focused on the research for the physical properties by field-effect charrier doping
to various two-dimensional (2D) layered materials, the search of the novel electron phase using EDL,
a transition from a Mott insulator to a superconductor in alkali-doped fulleride superconductors, which
was observed for the first time in three-dimensional materials, and the novel electron phase using
superlattice.
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This study aimed to develop two methodologies for biomaterials, fluorescent x-ray holography
and x-ray single molecule tracking. In X-ray single molecule tracking method, gold nanocrystal
labeling is realized by molecular labeling method targeting disulfide bond (SS),three-dimensional
molecular dynamics measurement is succeeded by microsecond time division, and new kinetic
measurement of membrane protein molecules succeeded in. We also proposed a completely new
dynamic measurements without labeling. In fluorescence X-ray holography, we applied and measured
fluorescence X-ray holography for the first time in the world for determining the 3D site around heavy
elements of protein molecules through hemoglobin and myoglobin. The basic data of the main target
photosynthetic protein group PSII, which is the final goal, could also be measured.
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We proposed four goals, such as (1): development of neutron holography, (2):light-element imaging,
(3): active-site imaging in protein, and (4): sit-selective imaging.Regrading (1), multiple-wavelength
neutron holography was successfully demonstrated with the sample of Eu-doped CaF2 single crystal.
Moreover, it was applied to the local structure characterization of B-doped materials. Regarding (2),
anew apparatus of X-ray fluorescence holography equipped with a small cylindrical graphite analyzer
was constructed and it was applied to the imaging of local structures around Ca and K in
superconductors. Regarding (3), by introducing liq. N2 flowing system and kai stage, we could
establish the method of hologram measurement of proteins under low radiation damage. Then,
holograms of hemoglobin and myoglobin proteins were measured to image heme structures around
Fe. Regarding (4), using resonant excitation at absorption edges, valence-selective hologram
measurements.
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The purpose on this research is to perform photoelectron holography measurements for a variety of
materials, in which impurity sites of dopants, active sites of catalysis, and local structures of interfaces
fulfil their important functions. Most of the studies are undergoing at the two soft-x-ray beamlines
BLO7LSU & 25SU at SPring-8 and some parts are in Swiss Light Source. We consider that the oft-
line measurements without using synchrotron radiation are also very important to get good quality of
the data before starting the online measurements at the above beamlines. Aichi SR, Photon Factory
and NEW SUBARU are used as well. In this project, we have realized the followings.

1. Distinguished imaging of active sites depending on chemical bonding conditions by using high-
energy resolution apparatus.

2. Pinpoint analysis by using micron-size beam.

3. Time-resolved dynamical analysis under applying outer field.

The successful examples are investigation of As doped Si collaborating with Tsutsui group and P-
doped Diamond collaborating with Yokoya group.

In order to obtain above results, we have constructed several apparatus such as new photoelectron
analyzer systems using several beamlines at SPring-8. At BL25SU, we have achieved ~5[/m beam
size. For the time-resolved measurements, we have finished to set experimental apparatuses, such as
pump laser branch lines, soft-x-ray choppers and so on.
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There are various phenomena activated by the surfaces or interfaces. We have
studied surface or interface structures by means of the crystal truncation rod
(CTR) scattering method, one of the surface diffraction techniques.

Technical improvement for the static structure we achieved allowed us to examine
the surface/interface structures of various organic semiconductors and oxides.
Time resolved instruments were also developed, 100 ps resolution reflection high
energy electron diffraction streak camera and 100 ms resolution simultaneous
multiple angle-wavelength dispersive X-ray reflectometer. Using them, we have
clarified the reaction mechanisms of Ti02 opto—catalytic reaction and fuel-cell
reactions at the Pt surface.
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In order to clarify the active site with atomic resolution, we aimed at the development and application
of atomic resolved nanostructure imaging method by electron microscope. In subject 1, we advanced
the development of imaging using electron diffraction and construction of experimental method for
application. Furthermore, we developed a new algorithm on the ensemble averaging method in real
space and Fourier space. In subject 2, experimental verification of atomic resolved imaging using an
aberration corrected electron microscope was carried out. Using X-ray diffraction together, several
important results regarding structure and function were obtained for the several objects. In subject 3,
we studied three-dimensional atomic resolved imaging of nanostructures on graphene. We succeeded
in dispersing single atoms on graphene without

agglomeration. Atomic arrangement and local electronic state of Pt atom were revealed. We found the
active site of atoms, molecules and clusters.
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In this research project, we have developed first-principles electronic structure
calculation program code that can accurately and efficiently calculate local
structures of materials at the atomic level, and by using it, we have clarified
the relation between local atomic geometries in materials and physical and chemical
properties of those materials. Local atomic geometries of materials and the
relation to their functions are quite often difficult to elucidate experimentally,
and therefore, roles played by our first-principles simulations are very important
in this field

Specifically, we have succeeded in clarifying the atomic structures and electronic
and chemical properties of highly doped As in Si semiconductor devices, Pt single—
atom catalysts supported on graphene nanoribbon in fuel cell electrodes, Mn doped
in ZnSnAs2 for diluted magnetic semiconductors, Rh doped SrTi03 for photocatalysts,
X-ray induced damage in BEDT-TTF organic materials
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We studied the following three issues: [Themel] Theory of electronic/atomic structures and active
sites of organic semiconductor by first-principles calculations. [Theme2] Theory of carrier transport
and active sites of organic semiconductors. [Theme3] Theory of interactions with photon/phonon
fields and active sites of organic semiconductors.

We performed detailed structural analysis of organic semiconductors cooperating within the area. We
analyzed transport properties and interaction with phonons and photons, and developed a theory for
high performance new materials for organic semiconductors.
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Active sites in biomolecules are regulated by the protein environment and

achieve important functions, such as highly specific molecular recognition and efficient catalysis.To
understand and apply biochemical functions of metalloproteins, heme proteins and photosystem
II(PSII) in photosynthesis, we addressed three issues: (1) investigation of the molecular and electronic
structures of the active sites, (2) elucidation of the mechanism of the biochemical functions of
metalloproteins, and (3) design of novel functional molecules utilizing it. In (1), we investigated the
molecular and electronic structure of Mn cluster in PSII. In (2), proton releases, dioxygen formation,
and substrate water incorporation was demonstrated in response to Mn4CaQOS5 oxidation in the protein
environment by using a QM/MM approach. In (3), we showed the relationship between distortion of
heme porphyrin and redox potential of heme, providing guidelines of the design of heme proteins.
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In order to treat the atomic resolution hologram uniformly and to reconstruct the 3D atomic image of
"3D active site", we carried out research with four subjects. [Issue 1] "Construction of common 3D
analysis platform". “3D-AIR-IMAGE" for uniformly reconstructing 3D atomic image of active site
was constructed. [Issue 2] "Development of high precision, low noise measurement system". A
measurement system of atomic resolution hologram which operates on "3D-AIR-IMAGE" was
developed. [Issue 3] "High resolution reconstruction of 4D space". The research to speed up the
calculation for image reconstruction of a large amount of the hologram was carried out. We achieved
4,200 times faster. [Issue 4] "Hologram data processing" the background processing and so on are
developed. These developed softwares and systems were provided to other research group and many
active sites were elucidated.
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Controls of impurity doping, electronic states of interfaces and surfaces are always significant
problems for development of high performance semiconductor devices. Observation of atomic scale
structures of particular sites governing their electrical properties is significant. In this project,
photoelectron holography was employed as a main analytical method, and it was applied to silicon
(Si), wide band gap semiconductors and layered material semiconductors. 3D structures of arsenic
(As) doped in Si, electrically active subsitutional As atoms and electrically inactive clustered As atoms,
and additive atoms incorporated at the interface of SiC and dielectric film were successfully evaluated.
Particular electronic states of MoS2 films were also revealed.

Improvement of both sensitivity and energy resolution in the photoelectron holography technique
realized analyses of impurity doped in semiconductors. New contributions to development of
semiconductor technologies are expected.
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We studied the effect of size and composition effects of supported metal cluster catalysts on benzyl
alcohol oxidation in terms of their geometric structures. We found that the catalytic activities were
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Fig. 2 Au Ls-edge (a) XANES and (b) FT-EXAFS spectra
of Au2s/HPC, Auss/HPC, Aui4/HPC, and Au-z30/HPC.

Table 1. Curve fitting results of Au Ls-edge FT-EXAFS of
Auzs/HPC, Auss/HPC, Aui14/HPC, Au-33/HPC, and Au foil.

Sample ME CNDPI r(A)e cA(A?) R(%)E
Au foil Au  12(1)  2.845(2) 0.009(1) 41
Aus/HPC ~ Au  56(5)  2813(2) 0.011(1) 12.1
Aum/HPC AU 7.2(7)  2.806(5) 0.009(1) 12.1
Aul 55(2) 2799 (4) 0.008(1)
AlsHPC 1 2.0(2) 2916 (11) 0.008(3) 101
Aul 52(2) 2.760(5) 0.003(2)
AusoHPC o 30(2) 2858(4)  0002(3) @ 43

[a] Neighbor atom. [b] Coordination number. [c] Bond length. [d]
Debye-Waller factor. [e] R? = (Z(K®xsample(K)—
K¥mode1 (K))2)/Z(K3xsampie(K))?. The standard deviation values are shown
in parentheses.
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i 7LC, PdAuZ4/CNT < %) Iﬂ

BROMANEF L. BA 0
LBENSTHD | ~DB:  pn o AUPDCNTE ph% )LOH Ao,

fo 505 ie K LT e ;

Langmuir-Hinshelwood 1

W 2 ARE L B AR AR AT . Yield (%)

;5: L7L & % 7 7 =z & Entry Catalyst Time (h) Conv. (%) ] 5 3

ngg%ié?;%%@l gjl 1 Au,s/CNT 6 47.1 24.9 20.4 54.7

XN TC TXS EP\F'H'? 1£(4) 2 Au,s/CNT 10 716 102 432 466

[g@;ﬁiﬂé%ﬁﬁgig‘ f;ﬁﬁj& 3 PdAU,,/CNT 6 75.3 9.0 429 48.2
> : 3 S

f?_ YKW_, Aups/CNT a6 catalysts: 50 mg, benzyl alcohol: 12.5 mg

PdAux/CNT (2 X % BA fig
9y iﬁ“élﬁmtizwﬂe T L=URAORMNLRBL T A, ENER 352
K261 kI mol' Thotz. UUEOEENS PAdTF2 R—745Z LItk THk 4 D
SRR OTEMAL = RV F—ME T L, BOSMEET D Z EBRH LN 72572, DFT
HEICED L, PAAuu W CTIZ R—7" &N 72 Pd B OEAFBENC L > THEFHD Au FOEF
BEENEIML Y, K 4 OoREENMEE SN D LB I LS.

(3) fHEE 7 T 2 2 — D% Ak E

Th #1E D Auiaa(SCoHaPh)so 2 7 — R 7Y » K EICAE S8, BEZENE o 8
D7 k% HR-TEM Bl L7=. B 723 BT 5 200°CHHE TS Th HEENRIZILTWDH Z &
5, 200°CELEE S CTld 47 7% 52 X ThBEZHERFL TV D 2 BRI, —F,
BOAL LR O Auggg 7 T A X — M BIR TR 25 & & feo %L L
7. UbEXY, Auw s 7 A% — T X 2000(:%%@5?3( IhiEEEZH L TWDR, EFRRLe
IZ& D fec %iﬂg« CREERIE X D L AW L.

(4) 7TIvCRESNT-4T /vy RO 3D S

FVANT I ERERE LTHY, VT ki nﬁ&bf%wé & CTHEAENSE
B2 T AKX —LEICHK 2.0nm TE I 10—500nm OHI4T /oy KU A ¥ — (AuNRs,
AUNWs) ZARTE DL ENMEENTZ. L, @87 52X —L L7 RO M %
PRS2 5 AuNRs X° AuNWs [ZR LT, ZOMMFEEN S 72 > TR WO NE]
WTH D, RMEEL T D 2 LIPSO 2 BfR T2 Tl CTHEETHD. £
A CIEE O fRRE TEM 2 W TA LA AT I TR X172 AuUNRs O %31
fli L7-. 8122 L7= 500 fHFEEE D AuUNRs DIFE A ET, H—5H DWW 2 DD fee fdmi e
éht%)_#%ﬁ{ﬁ' SN, ZORAALNIHABNDFERE T D/RE — 1% 6 FiEH (Type I-
VD) (ZH¥ETE (Fig. 5), Type I-VI Oif 5 A RITZNEI 44%, 20%, 18%, 5%, 2%,
11%“(?5)071 IS OHCTRISI 7 Type T OJFF-ElME & il 7 — U =284 (FFT) |
XU FEAMICARMT L7255 5, *Id" 5 AuUNRs 13 fee fi&E o 111 m 4 4 L il w_%a%
EE SO ENDbIoT=. TEM GO OREE, Fig. 5 @ Type Il © AuUNR (21 8 DD}
BRI A ER STz, 6 FERE O T4 2 BT DMEET VAR LI L 2 A, 21KD 80%F:
EA G5 Type - OBIX, foo HEE A B A i CHELfE L 7o iE 2 F 72 2 G bl 7 m1 s & 1
LTI B T Enbholz. 51T, ZEMELEHBRT DALV A4 X2 L
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HRFEER (F13) TaRBEILMRFEARDFESAFELTDTaO4AN2/\EARDIEERZH
THITERRE R (L) Structural analysis of TaO4N2 octahedra as the origin of ferroelectricity in
Ta—based perovskite oxynitrides

MRAKRE EH 5 (HIROSE, Yasushi) RRKZFE - KFREERFRH - EXKIR

MEREDBE (F1X) :

Na T A B A NIERZELY) SrTa0N 133V 7 TILHEFH BN, EhHmELZHIT LT
TEH Ry LR CIIRIERBELEZ R T Z L0, MIMEREETRER B E 70 L
~OISHPF STV D, SrTa0N OFEFELEOEILE LT, Ta0Ny \NFHAKD trans FLD
T =AU RS EE D Z ERERREREICEY THISNTWD N, BTETHD 0 & N DS
TR 7 X BREPTHE TIRET L Z EIXREECTH D, £, EEREHIAREN /NS Wz
D, 7 EEBHZB W THW LN T BEL S H o BER S D ey, £ 2T, ik -
B A FBIRA S NIETH D EMBFEIE XAFS 12Xk, Xa 724 MR ¥ X
YLD 0 & N OESIZRET D TEEER LTz, £7-. (Ca,Sr) TaON D= E X ¥/ %
IVEIRIZ BN T, RS DOEMEEICLE- T trans BLOT =4 U EHDOEIE R KT 5 Z
LEHOLMMIT LI,

MRARDEMMERELHEMESR

NB T A A SRR T B K S RO ARBEC ISR I AR AR & L TR A TS
SNTND, O DHGGEIRIC K > T R 720 A MUBREAH DN RE Y v 7 - (38)
e - TR PR IIRE R P O T =4 A E EBICBR T A Z A THIS ATV D, T =
B 2 HES D TIEIIRB T - 7o, AWFTERETIE, R b 022 F 2 v L E
B2 MM LIZ S8 GZREDEINC & - T, YELIER trans RS2 2 ET 5 2 L3 T
DTHE LTe, ZAUE, SeMs rEC il R BN T B OB RIC SRR DHER TH 5,
FTo, AWFRREIC B W TRE LT =4 VBRI OMITEIR, 187 v b PikFE s £
DEET =4 MBI B FERIITER TR TH Y BN ~D R DE
ELTHIRNICERDL S D,

MRARDBE (FEX)

Perovskite oxynitrides, ABO,N, have been extensively studied as non-toxic pigments, visible-light
active photocatalysts, and lead-free dielectric/ferroelectric materials. While theoretical calculation
predicted that physical and photocatalytic properties of perovskite oxynitrides strongly depend on
anion order in BO4N; octahedra, no method has been developed for controlling the anion order in
perovskite oxynitrides. We experimentally verified for the first time that metastable trans-type anion
order in (Ca,Sr)TaO,N, which induces ferroelectricity, was stabilized by applying compressive
epitaxial strain from substrate. We also demonstrated that anion order in perovskite oxynitride thin
film could be evaluated by linear polarized x-ray absorption near edge structure (LP-XANES).

RS EF AR, B A
F—I—R:BRERY). WFER, ZEXFXANEL T A URSL XL
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A BRI AREREIEA T CEBR & L TR SHEN TV DA, B30 & SEhhi
X U7 OMAEAERZ WAL BREEEESHT - ICER S TW5D, ZHUTHFEOMA
EHNESCHm « A A VBEIZ DL DEREBAIEL OSBRI T D 6 DT, el s
D Eh# A [Energy Environ. Sci. 2, 364 (2009) 1<oMd: S #is nHE /R HL RO ) D34
[Nature Nanotech. 5, 143 (2010) J7¢ E¥E ST 5, Lav L, EHBR 8 EIRH B
DIFEAETFT AN RE Y v 7083 eV LU ETEINE LRI TE 22z, Al ekic N>
FXv v 72 b OMBEROHBNREEIL TS [Nature Mater. 11, 260 (2012), Nature
503, 509 (2013)], ZO X o7t mob &, FAalX 2014 Fla 7 A A MNMIFgEEY
SrTaO:N DT ¥ X o ¥ LiERENMFEEMEZ 3T 2 & 284 L72[Sci. Rep.4, 4987
(2014) 1, SrTaON 1IN RE ¥ v 723K 2.3 eV D 7= A2 FIH AT E 72 Yok hett o im

HEAMELE LTAEETH D, — T, ATa0N LA (4=Ca,
19, 618 (2007) ], SrTaO.N jEMEA 22 REEEM 2 T D)

WiHEIRTH Y [Chem. Mater.
XA ST o 7=,

Sr, Ba)ld L7 BEREIATIX

ATa0:N (23T B iaHEEMEDOEIROF T 7245501 TaON, R HF D 0 & N OEH| DAL,

Td 5 (trans il /cis A : 1), % —FP3% [Chem.
Mater. 19, 4037 (2007)11C X% & BS T L ER

cis BUXFEFHEMTD, WL ER trans X Ta O J\HEK
LD OT UK DFEEEZRT, 22T, cis BRN
ST ERICIEVESE 2B A OIZxt LT, trans B3R E 72 0F
FimEHREAT D (c #h/a HhET1.06) Z L, TEXF
T VRREFEIZ Lo T SrTa0N ICEFEEEAVBHITT SN S
L UHREBEMED trans BIESI AL ELT D ETRINS (X
1), EEE, EFEOFEBRTHZ SrTa0N R & k7 E4 D
INE 72 SrTiO B BB L TEY, N7 X RE2IE
T (c/a"1.02) ZH LWz, — T, B
DT = A VEHIORFEITIES TRV, N & 0 TR FFE SN
WhHEDF A LTS RV A 97280 X BREPT Tl
FHRXT D LIFE LV, FIHEEMED LY R TITH
PEFEIPTIC K DFEMT S AIHE T, cis BELHI AR STV

cis (lR&E) trans (ERE)
HEEER HEFEIR
@0 0
:é’ coseos
oV o ) ol o o dum
cose
@ Sr f0_ 000
* Ta (A E N NN E NN J
PYe) sosocece
N ceosoesoses

L AL NN BN J
SITiO; substrate

M 1. zvxxy v Ljjic

X 2 aREHEME trans BUECH]
DEFEAL

%M [Nature Chem. 3, 47 (2011)]. FREMAFE D/ X 7y
AEHZITEH TE 72V, 2D, SrTaON % & et D 7 =4 Bl 2 E LT
B2 Dy o 77,

2. AEDEM

P A b BRI 461 A VT SrTa0N OiEEL = KT 5 TaON, \NEKRD T
= UEHEREL, TEX XUy LEREDOBREALNIT S, £, Gon-MmEE
t RIS B TR E B A B O EHER 215 5,

3. ARDAE

PNV R OREE AT IZRI A S 30T & 72 BrE TITEFRRE O 7 =4 Bl Ok
EIIREETH D, £2 T, XX v VEEOEERMEICER L, o8 - o MBI
DHEZHNTNBELZONO0 OY A b (axial/equatorial) EHEREZFET A2 & TTF =4
BLA 2R ET D, ST, ERFERPMEEZ AWK 7o ffeE o L X —HE 0t
1% (STEM-EELS) I k27 =4 %A FOEHEBELRAA D,

< a10FT T T T T 33105
4. FRHE 2 4,08 o
Tz id, SrTi0; bk ITH R L= SrTa0N i 3 4 4.081 ~ 11:04 o
THRFEMEERR L, R esmEA s LT 5 g 20 1i03”
1859 5 ORERH ORI (R CHMEE) 3 8 3 0ol o '
RO D Z & BN EBNETAMEE PR BLEIC LY ~ € 2ggle v 1+ 1+ 1+ 1 dq02

98
0.0 0.1 0.2 0.3 0.4 0.5
xin Ca,_Sr,TaO,N

DinoTz, ZiuE, SrTi0; FEM & SrTa0.N JERRE DK%
%fﬁ%’iﬁ(g NS Vji‘y ¥ (*3%)??(% T XL -0
DEAINIEFMEADBHELTLEY ZEDH N
e A A I A e e B L
EHDRKEUVIEE trans BIEHIAAE I 22 E 4k v B

95 & TRESILDH[Sci.Rep. 4, 4987(2014)]), =2 TET, AV A b Sr*O—H % A 4
VHRO/NS TR CatITEW LT VB SR L, SrTi0; & O ERD I A~ v T & i
b2 L aRlAlz, K2R T L HIT, Sr BOIERKE & HIZIEHMEATHIICHEML .,
Sro.5Ca0,5Ta0uN/SrTi0s IZFW T e/ald 1.05 F TR L7z, —H.Sr &2 0.5 LA Bt b &,
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ZJS‘@EI_EJ) 753‘@135&4—;—5 &\ IPP %14:/(:‘4: D jt% Eg 15F T T T T T JF T T T T T3 10
72 N K S EZm3IET THh D, HIEDHEES 10k r
£, Er@ErnEEEMN L3S s/ Vo[ ) Tsmon],
SrTa0N/SrTi0; Ml (c/a™1.02) DA~Z F<Co JE - 3 e
IR E 2T & A LIRSV DK §85 3L A ] 0
L., EFMmEPERKERD Srl—jgg :ﬁ: T* excitation L 45
(CaTa0N/SrTi0; 5 (c/a™1. 05) Tl TPP 5 o a0 s 50 s
T, N O m flE~DBRBIZHIST D 397
eV {35 TH B A Ul OBk B S © 02468 Mo2468
(M4, SBIZ, Sr/Ca bbaR-> CEHFHELE 1] 3 \J/\\
P2 AN AL 2 T2 Sr1-,Ca,Ta0N/SrTi0; 5 § & 5;4/\u/f§_ /‘ 15
LT Sry-Ca,Ta0N/DyScOy il Z AR L, ST g St R0 o ) Q0% T0M o
AR O K > TEHRD axial ¥ 525 2f =B 12
P AT RN L R CHO SO TET S5 € 2 1 12
HT EEHLMT LT, £z, STEM-EELS IZ o

XDV A MEBEIGHABHT T A 2 2 2EN
L. EBEMIC—&T R EH5T,

WIZ, ZOHA MEFREOZE(LD trans
HIELH & cis BECHI OB L (BRFAL)
DOWT IR T E0nEHL NI T 5720
W2, FB—FEHETY I aL—Y gL
LP-XANES A7 k)L &t L=, FEBR 5
52172 LP-XANES A7 KL DFARIL trans
IO 2 2 b — g UFERE BOVLW—E
oL, EJTRREARIED trans O T =
F BSOS MR S iz (K5), LIk
XD SrTa0,N = B & & o v )L E D R E
MiX trans 7 = A4 L EANCEKFT 5 Z &
NEIESNTZ, 2T, a7 2h A M
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MRARDOBE (EX)

In order to strictly understand the electrocatalytic reaction, which takes place at the
electrode/electrolyte interface, and to apply it the modern nanotechnology such as fuel cell and sensors,
it is one of the most important to know the three-dimensional structure at the electrode/electrolyte
interface in situ. Surface x-ray scattering (SXS) technique using synchrotron radiation as an x-ray
source is most powerful technique to know the interfacial structure with an atomic dimension. Using
this technique, in this study, several interfacial structures, such as Pt(111)/H2SO4 and HCIOy4 interfaces,
the relationship between Au nanoparticle size and lattice constant, and electrochemical formation of
lithium — silicon alloys, were cleared and then their 3D active sites were tried to clear.
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Photocatalytic splitting reaction of water is one of the promising processes for hydrogen fuel
production. Perovskite-structured NaTaO; photocatalysts doped with heterometals have the highest
quantum efficiencies. Our earlier studies revealed that favorable metal doping at B sites in NaTaO3
restricted electron—hole recombination and enhanced quantum efficiency. Specific metal elements,
despite being impurities in the host lattice, restrict recombination, but the mechanisms behind this
restriction are still unknown. In this study, we have prepared a single-crystalline photocatalyst model,
KTaOj; wafer doped with Ca®" at 15 mol% relative to Ta>". The model wafer was characterized with
Ca-K!| fluorescence X-ray holograms. The 3D distribution of atoms scattering X-ray was
reconstructed. We assumed that Ta>", the most heavy element in the wafer, dominated X-ray scattering.
On this assumption, the reconstructed distribution represents 3D distribution of Ta’" at B sites of
KTaOs relative to Ca®" at the center. The most intense scattering was created by six Ta>" at 0.39 nm on
x, y and z axes, indicating Ca’>" embedded in the B site sublattice. The second most intense scattering
appeared at eight corners of a cube of 0.43 nm corner-to-comer length and suggested a minor
population of Ca®" occupied A sited in the perovskite-structured KaTaOs lattice. In addition, the
distribution of Sr** was observed in Sr-doped NaTaO; photocatalyst particles using TEM-EDS. Sr**
segregation to particle surface was evident in a photocatalyst prepared by heating in NaCl flux at 1423
K for 1 h, while absent in another photocatalyst heated for 60 h at the same temperature. The Sr**
segregation sensitive to heating time should be related to electron-hole recombination rate in
photocatalysts prepared different heating times.
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MEREBER () F—TRFHROAT 57— &5 RBEHRBIEEARDRET LA
2 ERRE R (3 3X) Design and development of high—temperature iron-based superconductors
using X—ray fluorescence holography

MRAKE Tk —F(KUDO, Kazutaka) FEILKEF - BN FERERIFHER - AHR

MERRDOME (FI1X) :

KF—7"Z 3tz Pr O TRFTH 72 EiREEE OB RE I TV 5 R BIRER Car
PrFeAs ICBWT, XA e 79 7 4 —DOFEREZITV, Ca b PrDJEVIZHBITH As ]
FO RGN, BEE D CaFerAsy 1BV T, As R FALENE LIS WTNS =
NG oTm, Pr & 10%EHL L 72 CagoProFesAsy D Pr JF+E0 TiE, As JRF+DONEFED
TN CaFerAsy &R L CUEL A EEL L g oz, — 7. As JRFDNLEFE S XX Ca B+
DY TELLI ML, CaFerAsy 35/R LT- As (W BEDFE D XX, As {LFHEOEVVE A
FE. BLO, BHOBIMBEEN TRV X —MIHEI L TWD Z L EBRL T 5, CaFeAs,
WZBWT, Ca DD T As [T ONEFRZOEINEIM L2 L&, Pr RO TlEe
WNEEDLGRN-T=2Z 21X, R—=7"&17= Pr DD TORJFETEINS miR B E N R
TAHEHERDOD—DLEEZ BN,

MEREDEMUEROUHESHNES

As JRT-ONLEFEDS K OBHNZ S X | $RBEERIZEBIT D As OFENCET 28 LV &
YPERET DRI, KRR ROBREND D, A HOEBRERIT, As RTOMERDL E
DESRELEROBIREIRBIRE Tc ZIRETHELEDO DO ThDH I LERmBT 5, REIK
T As JA T ONLEFE D & 2RISR+ 2 5k, Bz, To&kE e -+ F—_r b &
ROF5ZENTEE, LV EW Te 2 FF o8 RB S8R O BTN 5 Al REMEA E ),
Lo T, As JRFONERO L2, F—7RFEMFE O 2 X5 L TiR5 Z Ln
MOTEELEEZEZOND, TNHDOIEN, @ X BA ST 7 0 —IZ XD nRER2
JOFTREERATIZ L 0 . FIDTHLNIZ /-7,

MRARDBE (FEX)

The local structures of Caj..Pr,.Fe;As> (x = 0, 0.1) were studied by X-ray fluorescence holography.
Significant fluctuations were observed in As positions for CaFe;As;. The fluctuations increased
strongly around Ca atoms by Pr substitution, while those around the substituted Pr atoms were largely
unchanged. The inherent positional fluctuations of As in CaFe;As; can be related to the various
bonding forms of As and the complex structure with many energy minima suggested from the single-
crystal and powder X-ray diffraction experiments. In CagoPro.1FesAs;, the increased and unchanged
fluctuations around Ca and Pr atoms, respectively, could explain the local superconductivity around
Pr atoms and its absence around Ca atoms suggested from scanning tunneling
microscopy/spectroscopy.
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AT IERER (FEL) 3D active-site science of organic semiconducting materials for innovative
organic optoelectronics

MERETE TH ZKE (YASUDA Takuma) L KZ-FREIOTATHAE L 2— Hi2

MERREDBE (F1X) :

LT - B HRE DO FEBUZ I, ARSI T O T ARSI L OVE THE O
FIENEZETH D, T2 TE, AEREERMEHZEBIT DAY A7 —v® 3D {EMHY A FMiiE
AL, ZhafilfdsZ izt BEAeHt= L7 hu=7 X534 X (GHER
PN T VA BRI A A — R, AEEERT N R) ZBFE LT, B2, ok
ERT ) TR OHBRBIOT 4 v 7 a— MK O EEEE O =FE N T
AR, 2NN 101 BXOT.3 cn®/Vs OO TEW R v U 7 RBENE %2 EiFE LT,
Spring—8 TOMU/NASA X BREHTER SIS HEEMITIC LY . K PIcks W TE
g (20 L 7=y TS B L O M E NSO D Z L EH LI LT,

MEREOEMNEROHENES

BRSNS T HIBER RS RE 2 e KIRICRE S 5 720121E. HF Db ED
FHA N ELT, DFOEKREREEEZ T )LL) b BRI R PEE 2 7 — U2 -
TREF-HIE LT Z RO BND, WEROHIRIL, O~ 7 axT A 2t v )
EARP B & o FAE &V ) BMIER 72 e ORI ES 2 Y T THRE L TR Y, i
DOEERIOX ¥ v THMO LT /) ~~ A 70 A — VIZED X A r— )L Doy 145 -
B OHIENTHo BB SN TE ST, KEOBEMRIIR 4 Th o 7=, A8 A 2
IVEDSEL 70 A AV Ay 7 BEEAEIK T 3D IEMEY 4 Mg 2T XU, ARk
RO« BFRPESCT NA AYPEDOREEEE IR D L D L& 2 D, KE 2R B
Ens,

MEREOME (LX) :

Engineering the morphological and electronic structures of supramolecular
assemblies based on organic semiconductors is crucial for the creation of high
electronic and photonic functionalities. By clarifying and controlling the
mesoscopic 3D active-site structures of organic semiconducting materials, high—
performance organic electronic and optoelectronic devices, including organic
field—effect transistors, organic light—emitting diodes, and organic photovoltaic
devices have been developed. In particular, we fabricated organic field-effect
transistors based on a single crystal and dip—coated thin film of a m—extended
thienoacene exhibiting high hole mobilities of up to 10.1 and 7.3 cm?/Vs,
respectively. The grazing incidence X-ray diffraction analyses performed at Spring—
8 revealed that the molecular packing structures suitable for charge transport
were spontaneously formed in the thin films.
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HZEERRER () Observation of the active—site in an oxidative nucleotide hydrolase by X-ray
fluorescence holography
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MRBRROBE (XX :

In order to understand enzymatic reactions, it is essential to examine not only
the active site structure but also its structural change through the reaction
steps. The purpose of this research is to examine an active site structure of a
hydrolase, which hydrolyzes oxidative nucleotides in the presence of Mg* or Mn*
ions, by X-ray fluorescence holography and time-resolved X-ray crystallography. We
grew larger crystals of a hydrolase and multiple energy X-ray holography
measurement was carried out. However, a construable reconstruction of the atomic
images is still not reached, indicating that further improvements of quality of
crystals and holographic data are required. Second, we followed the hydrolysis
reaction of oxidative nucleotides by time-resolved X-ray crystallography. Some
intermediate structures in the hydrolysis process have been determined
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AT IERER (FEL) Atomistic Study of Metal Catalyst for Semiconductor Nanowire Growth
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The atomic structure of the liquid-solid interface and the growth process of GaAs nanowires were
investigated using in situ X-ray diffractometer integrated with a molecular-beam epitaxy (MBE)
chamber at the synchrotron beamline 11XU at SPring-8. The X-ray diffraction (XRD) intensity along
the specular and non-specular reciprocal rods from the Au-deposited GaAs(111)B surface showed
intensity modulations attributed to the atomic order induced in the AuGa catalytic liquid in contact
with the GaAs crystalline substrate. From these XRD profiles, the atomic structure of the AuGa/GaAs
interface was determined. The in situ XRD study of the growth process of GaAs nanowires revealed
how the polytypes of GaAs evolved during growth. It was found that the nanowire growth began with
the formation of the zincblende (ZB) structure, followed by the appearance of the wurtzite (WZ)
structure. The evolution of the observed X-ray profiles was well reproduced by simulations based on
the classical nucleation theory in which a higher energy barrier for the heterogenic nuclei (a WZ
nucleus on the ZB substrate or ZB on WZ) and the change in shape of the catalyst droplets were taken
into consideration. Further, the growth conditions were optimized through the in situ XRD study of
the Au-catalyzed growth of InAs and InGaAs nanowires.
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Investigation on the device application of photo—induced doped topological insulator
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Establishing a method that allows to control the amount of doping carriers into topological insulators
in nanometer scale, is indispensable to realize semiconductor spintronics devices based on this
material. In our project, we found a novel doping method for doping hole into n-type topological
insulator Bi;Ses. By irradiating light on Bi>Ses decorated with a small amount of carbon atoms and
exposed to H>O, we succeed to dope hole into the sample.

The local atomic structure around the activation site for hole doping, i.e. the chemisorbed oxygen,
was investigated by O 1s photoelectron diffraction (PED). By comparing this experimentally obtained
PED pattern with those obtained by simulations, we conclude that atomic oxygens are adsorbed
between the outermost Se layer and the next Bi layer, and at the center of three Bi atoms. By using
scanning tunneling microscope and first principle calculation, we found that the activation site for
creating dopants is ethylene adsorbed on top of the surface.

The universality of this photo-induced doping was confirmed by observing the effect on Bi,Te; and
TIBiSe,.
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The importance of observing technologically important processes at surfaces and interfaces in-situ
to understand and improve them has increased in recent years. There are only a limited number of
experimental methods that are suitable for this kind of investigation, however. This research has helped
to establish a new method that gives time-resolved structural information. It can be expected to be
used for many different systems in the future.

Regarding the two systems that have been investigated as part of this research, the observation of
the dynamics of the ionic liquid-electrode interface is important both from the viewpoint of
electrochemistry and for developing new electronic devices. The investigation of the photoconversion
precursor method can provide hints for improving the performance of devices prepared with this
method.

MRARDOBE (EX):

In order to understand the functionality of active sites at surfaces or interfaces, it is necessary to
observe how the structure at and near the active sites changes under real conditions. In the present
research, a method for time-resolved measurements of the specular X-ray reflectivity and surface X-
ray diffraction (simultaneous multiple angle-wavelength dispersive method) was improved and
applied to the in-situ observation of dynamical processes at surfaces and interfaces.

This method was applied to two systems: the first is the dynamics of the electric double layer at an
ionic liquid/electrode interface, which is important for new electronic devices based on ionic liquids.
The second is the investigation of structural changes during the formation of organic semiconductor
thin films with the photoconversion precursor method, which has a great potential for cheap production
of organic thin films for solar cells and other electronic devices. In order to conduct these
investigations, the instrument was improved to increase the reliability of the measurement results.

The dispersive method used for the investigations above needs a white X-ray synchrotron source,
which are only limited available. Based on the dispersive method, modifications that use
monochromatic X-rays beams were developed. This makes it possible to use both standard laboratory
X-ray sources and modern 3" generation synchrotron sources.
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1. Background at the start of this research

In the study of active sites at surfaces or interfaces, an important topic is
how the structure of these sites changes when they are active, for example during
chemical reactions or in growth processes. For this purpose, in—situ investigations
are indispensable. X-ray scattering methods are well-suited for this, because they
can be used with most sample environments, including gases or liquids. For studying
surfaces and interfaces, specular X-ray reflectivity and surface X-ray diffraction
are widely used. The former one can measure the electron density perpendicular to
the surface on the scale of nanometers or less and thus gives information about
the thickness, roughness and density of surfaces, interfaces or thin films. The
latter one is used to obtain the atomic structure. In many cases, the active sites
and their environments are not static, but change with time. Unfortunately, it is
difficult to obtain time—resolved structural information with traditional
surface/interface X-ray scattering methods, because they are too slow.

The recently developed simultaneous multiple angle—wavelength dispersive method
(hereafter, dispersive method) for X-ray reflectivity and diffraction can measure
the surface/interface X-ray scattering with a time resolution of seconds, which
opened the way for studying the structural dynamics of a wide variety of processes
at surfaces and interfaces

2. Goal of the research

The goal of this research was to improve the dispersive method for time-resolved
in-situ X-ray reflectivity and surface diffraction and apply it to the
investigation of dynamical processes at surfaces or interfaces.

3. Method

In specular X-ray reflectivity measurements, the reflected intensity of an X-
ray beam incident onto the sample at low angles is measured. From the reflectivity
curve, the electron density distribution perpendicular to the surface of an
interface or a thin film can be obtained, thereby providing information like
density, roughness and film thickness. In surface X-ray diffraction, the diffracted
X-rays are observed at larger off-specular scattering angles. This gives
information about the atomic structure of a surface or interface

The dispersive method uses a convergent fan—shaped X-ray beam with a range of
wavelengths and incident angles onto the sample. The reflected or diffracted X-
rays are observed with a two—dimensional detector. This makes it possible to obtain
structural information from a single detector image, instead of having to measure
many times at different sample and detector angles as in conventional methods.
Typical measurement times are on the order of seconds. For the measurements, an
instrument installed at beamline NE7A of the PF-AR ring at KEK was used

4. Results
4.1. Structural response of an ionic liquid/gold interface to a potential step

Tonic liquids are salts of organic molecules that are liquid near room
temperature. Their properties make them interesting for applications in
electrochemistry, materials science, and electronic devices. In this research, the
dynamics of the structure of the electric double layer at an ionic liquid/gold
interface after a step in the applied potential were observed by time-resolved X-—
ray reflectivity. Evidence for slow structural relaxations that are not associated
with charge flow was found.
The research was conducted in

. . 2-D
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4. 2. Structural and chemical
changes during the thermal and



photoconversion of organic semiconductor thin films

A promising method for low-cost and high-volume production of organic
semiconductor thin films is the precursor method. It uses soluble precursor
molecules that are applied to a substrate by spin—coating or ink—jet printing, and
then converted to the target molecules by heating or photoirradiation. Not only
the chemical state changes during the conversion of the precursor, but also the
crystallinity and the morphology of the thin film, which are important for the
performance of organic devices. By observing the structural changes in—situ, the
factors influencing their evolution can be determined.

The evolution of the thickness, roughness and density of thin films during the
conversion of the precursor pentacene—diketone to the organic semiconductor
pentacene was determined by analyzing the reflectivity curve, and simultaneously
the crystallinity was obtained from observing a low—angle pentacene Bragg peak.
The films became rough in the early stages of the photoconversion process, and at
the same time their density increased. The pentacene Bragg peak also appeared
indicating crystallization of the converted molecules. The structure of the
pentacene crystals as well as their size was found to depend on the temperature
during the photoirradiation (Fig. 2). Similar experiments were also conducted for
the thermal conversion of a precursor to benzoporphyrin. This research is a
collaboration with H. Yamada and M. Suzuki of the A01-03 research group, and T.
Shirasawa and T. Takahashi of the A02-07 research group.

4. 3. Improvement of the method and extension to monochromatic X-rays

In order to improve the data quality, an X-ray mirror was installed to suppress
higher-harmonic X-rays in the incident beam. With this mirror, the incident
intensity can be determined directly by observing it after attenuation with the
detector. The measurement of the incident intensity was greatly sped up and the
data quality improved. A new focusing polychromator was also designed and
implemented. Its performance was adequate, but it did not reduce the focus size as
much as expected.

The dispersive method used for the investigations above needs a white X-ray
synchrotron source, which are not widely available. In this research, the method
was extended to use monochromatic X-rays. This has two goals: The first is to be
able to use high-brightness undulator sources at 3" generation synchrotrons or X-
ray free electron lasers. The second goal is to be able to do experiments with
laboratory X-ray sources

Regarding the use of high-brightness undulator sources, experiments testing the
X-ray optics were conducted at beamline 13XU of SPring—8, in collaboration with H.
Tajiri, T. Shirasawa and T. Takahashi of the A02-07 research group. The results
showed the potential of this method for time-resolved 1investigations of
irreversible structural changes using specular reflectivity and diffraction with
a time resolution in the millisecond to second range. A further modified version
was recently used at beamline 11XU of SPring—8 to observe relaxation processes
during the growth of III-V semiconductor thin films, in collaboration with M.
Takahasi of the P08 research group.

The extension of the method to laboratory X-ray sources makes routine
measurements possible, for example for monitoring the structure during growth or
processing of thin—film samples. It was shown that the reflectivity can be measured
with a time resolution of 10 s using a rotating anode X-ray source. X-ray
diffraction / reciprocal space map measurements are also possible
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Fig. 2 (a) Integrated intensity from and (b) thickness of the pentacene crystals
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crystals on the film temperature during the photoconversion.
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HARERRES (F1X) SPring-8 AU AV FND NN E DRFEENAAFET MO RIGEIE
FEETE

AT IERBE R (FE ) Development of on-line IR spectrometer at SPring—8 structural genomics
beamline and its application to reaction—intermediate analysis of bio—active sites

MERLKE AR FR(KUBO, Minoru) EERII KZF - KEREMEBEMER - HIT

MERREDBE (F1X) :

FROMVSYEIX. Z o7 ERSREENL (BRERS) Db PSR E IR A R E TEX 2 ERMTET
HY ., 3 RITCHEEE MR E A EDED 2 & T, EEYA b@}imﬁﬁﬁ HERTHDH, &K
WL TIE, TRANV 6 & X RRE S E AT & OARMIFIH 2R ET 5 72012, EE R CIE %
T, & o X7 Bt i RTRE 72 BEASOIR AN 0 e il & BH 3% L7z, %{ETTFHE%IET
DT — =7 a—f 0, R T Tk A FET D~ 7 h AT L% SPring-
8/BL43IR (ZE A L., —E(k2EE 1B cl##E (P450nor) @ NO FEBTRIOMMTIZISH LT, &5
\Z SACLA W5y EIREIEFRAT T BTz 3 oThE s i & Aa b 5D Z & T, P450nor M~ L
TEMEY A MR S 37 NO OFENIAELE X OVE T IRRE DRI R Zh L=, F£7-. SPring-
8/BL26B2 i7"/ X 7 A — LT A TR WT, X MRS SRS AT & o [EIRE 53 6 E 2
ZEHRE LT, EEOA AT, X SRRSO P450nor O AIFEGIL 2~ 27 R VA& F D YE]
B2 2 & TR L,

MEREOEMNEROHENES

X et S S ARAT-OH O X RN 1 7T 7 ¢ — 1% 3 IRTAEEIRE ISR S 2 F1ETH D A5, HERE
AL D SOSENT A A 72 ff N e 2 IR T2 2 & © GV A FOREA I =R L%
EOICRELLS NI 5 Z ENATRE L 72 5, FE R O AR JeHAT &2 B L - ARBFZEIL, 2D
FEEAET 2RO =D Tholz, F NI BED X 5 REMRIL. < ODFIEE LA
I E DB THNT T 2 LER B 5, REFZED L 9 72 NERICR 0 | X X7 DR
DY FAL AR S E B AUE, EM O LUV TOHEMRNER S D1E0, Wy 1%
A R BT VS SRR TFIC L REREREZ 52D THAS D,

MRBRROBE (XX :

IR spectroscopy allows us to determine chemical structures and electronic states
of protein functional sites, and is useful for the active—site reaction analysis
when combined with 3D structural analysis. To enhance the complementary use of IR
spectroscopy and X-ray crystallography, we have developed the IR micro-—
spectroscopic techniques applicable to protein crystals, using a high brilliant IR
source. Novel crystal mounting systems have been incorporated into SPring—8/BL43IR
micro—spectrometer, and applied to the crystals of NO reductase (P450nor) in the
NO-bound form at ambient and low temperatures. The obtained IR spectroscopic
information was combined with time-resolved X-ray crystallography at SACLA, and
the NO coordination structure and electronic state at the heme active site of
P450nor were determined. Furthermore, we have developed an on—line spectroscopic
system at SPring-8/BL26B2 structural genomics beamline. Through the visible
absorption In situ measurement under X-ray irradiation to a P450nor crystal, the
availability of the developed system was confirmed.
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HAEERESR (F1X)

(AT BAREE —REHEICLSEARLEEE S /HIFRIEICE T HEE Y FOMRE

(BE) BT /A FREORGEREICH (T HEHRIBEBICT T HKAE DFT 5HE

HRRER (E3)

(RIT#A) Large—scale first—principles calculations of local atomic and electronic structures at
active sites in metallic nanoparticle catalysts

(#% H) Large—scale DFT calculations of active sites around the interface in metallic nanoparticle
catalytic systems

MEARKE FH FEF(NAKATA Avako) ME -MHAEHE -BEF/7—FT V=0 Xk
TS FIEHEE

MEREOBE (F130)

AWFZETlE, KBS — R DFT 3HEIC L - TEB T/ b PRl S OVEMEY A b D4 -
B ARBEZ MR U7z, BARBYZ 4 L U CRIEATIXTEIC Au ki, % Tld PdeAg =27
vl kiAo, VoAb a v Mk E R o 72, Au F RSB L ik, TES R 4%
BN BT HREERCEFIRBED Y A MEIFEMEZ BT U=, £7-. Ml SBREE T D 0,
28 Au R TR OIS A RTINS L S, FOREPHD Au JF A EICHETSHZ & T
K& 72 BRIAREAL A CIEMEY A S BMES N DS 2 #2282 L7=, Pd@Ag F / KifCix, =
T /LR HE T Fermi LoV fBEOEFRENBETE TS R RE<BoTnWbH &
R, ATz URIZEY Pd V= VOGBARELS BT DI ERNRES N, U b
FCIE, Vb ars h~OBTBEINdEUEZ N L TEZ S Z & 2R L, WaED 1 OfiEf
BEROS Z Mat LTz, £72. RIBL DET 3RS 1T 5 2hREY 22 B IR BEARHT T 15 D BRSSP UG
T RVF T FEOEA LT T2,

MEREDEMUEROUHESHNES

WZHEIIC BT D E S RS E & AR T O B R RS Rl LRI Ly B R
RO IT > DIEMEY A N OFE 72 S MENT-CHEBE TR BL A 1 = X A OfEBICHL Y flde = & A3
TX DI ENAMROFFETH D, KBFFEIZ L > TERFER & OBE#EN R NES
ERDIEN, ERANIIZEF TERVMED S & TOHRELITI Z LI2X V. ERNHIIE
SIVRWHTZ 72 G RN DI D RIS FHINE RN S 5, T2, il & 5 FErES BB
BOHLMEZE S 2 & T, B SN RN EERA I RE 2 T EHR T & 5 ATRerEn
H5,

MEREROBME (LX) :

The purpose of this research is to analyze local atomic and electronic structures
of metallic nanoparticles and clarify the active sites of catalytic reactions with
the nanoparticles by using large—scale DFT calculations. The target systems in
this research were Au nanoparticles, Pd-core/Ag-shell (Pd@Ag) nanoparticles and Co
phosphide.

The size— and site—dependence of atomic and electronic structures of Au
nanoparticles were investigated. It was found that the 0, adsorption to the Au
nanoparticle leads to the charge transfer from Au to 0,, changing the surface
structure of Au nanoparticles locally. For Pd@Ag nanoparticles, we found that the
shape of the d-bands of Pd and Ag atoms around the core—shell interface are quite
different from those in Pd-only and Ag-only nanoparticles. Pd atoms around the
interface are polarized significantly, this polarization 1is characteristic
property of the core—shell nanoparticle. For Co phosphide catalysts, the charge
transfer from P to Co through Co d-bands was demonstrated

We also developed a method to analyze electronic structures of large—scale systems
efficiently, using the Sakurai—Sugiura eigenstate calculation method. The blue-
moon ensemble method was also implemented into CONQUEST to simulate chemical
reactions.
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R EERESR (FE X) Local atomic arrangement near additive elements in structural and
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(L) Visualization of vacancies near strengthening site in aluminum

alloys for the next generation

MEARE LK EFER(YAMAMOTO, Tokujiro) FERE K% - KF IR T HME R - XIS

MERRDOBE (F13X)

M EHI TR BRI WO TW S, ERRE R T dH 5 8ka k2
ELBE SR ICE I IA D Z LI LY, RERET RT3 S 5. AUFJETIT,
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MERREDEMWEZROHENES

FEREBMENCIE, A R BEBRINDIEEFEEOL T A X ANV ETSOEFNT
Wb, L, LT AZIVERINT 5 EMEHRER T L5 2 EI3RBRANICHI STV 5 28,
iz DVLT XA IVPNEARENC E I A T = XA THEHEZ T E L T D ONERIATSH
L. W X BAn 7T 7 4 =3V BIRINENTZ LT A X NVATED RAES & AT 5 726
WO THT, LT AZNANREZTEZE 2 F RS OB SN L LN TE D IS
N5, AWFFETIE, FEBRIC, RUSRRHDEESNTHWAHELT AZXLVOFEEIZE->T, 0D
TEDRFEAN N R D Z L Z LML, LT AZ VIS L > TE LR A ZIRICEN
DO EERNLTE.

MERROBE (EX) :

Metals are the most widely used for industrial products among various materials.
A large amount of energy saving is expected by substituting low yield ratio high
strength metals for steels, which are the most typical metallic materials. In this
study, titanium and aluminum alloys, which are typical low yield ratio high
strength metals, and high entropy alloys, attracting much interest, were subjected
to X-ray fluorescence holography to examine local structure near some composing
elements.

The effect of beta stabilizing elements on local structure in titanium alloys, the
difference of local structure near additive elements in aluminum alloys, and the
structural relaxation by room temperature aging in a high entropy alloys were
studied by X-ray fluorescence holography.

Industrial materials often contain a small amount of several rare—metals to improve
various properties of materials. But, how those rare—metals improve the properties
is unknown. X-ray fluorescence holography is one of the most useful techniques to
study local structure near small amount of rare—metals and is expected to clarify
the effect of rare—metals in industrial materials
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HITERRE R (3£ 3L) Development of High—Performance Gas Sensors by Controlling the Active
Surface of Sensing Materials
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MERROBE (EX) :

Owing to the increasing awareness of environmental issues and human health, more
and more focuses are put on detecting, monitoring and forewarning of hazardous and
toxic gases. Oxide based gas sensor materials such as zinc oxide (ZnO) have been
widely studied for detecting several gases, such as H2, CO, CH, NO, and ethanol.
Because the redox reaction takes place on the sensing material surface, the surface
modification is an important approach to obtain the better sensing properties

We recently found the surface of ZnO doped with W exhibits superior gas sensing
properties. Since the surface structure of W-ZnO is a key to understand the
mechanism of the superior gas sensing properties, we analyzed the W-ZnO surface
structure by photoelectron diffraction in the present study.

We observed that the segregation coefficient was related to the crystal quality
of the film, where slower segregation occurs in higher—quality crystalline films.
We found that the W-ZnO surface terminates with an O-layer, and W is located in a
substitutional site of Zn at the second surface layer as a consequence of
segregation. On the other hand, we observed no indication that W occupies certain
sites in the ZnO lattice at the subsurface. The segregation of the W atom may be
accompanied by two Zn vacancies.
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R R DEE (FE ) :Epitaxial boron—doped diamond was grown on a type—Ib single-
crystal diamond (001) plate by a plasma—assisted CVD method. A boron atomic
concentration estimated from SIMS was 2 X 10% / cm’. The resistivity was 1.5 X
10-2 Q-cm at 300 K. X-ray photoelectron diffraction (XPD) measurements were
performed in a vacuum of 8 X10® Pa at soft—-x—ray beamline BLO7LSU of SPring-8
using DELMA?, which enables acquisition of a two—dimensional angular distribution
snapshot of specific kinetic energy electrons. Photoelectron diffraction
calculations were performed by using the Total—analysis Multiple Scattering Pattern
(TMSP) program package. The C ls XPD patterns show the photoelectron intensity
angler distribution (PIAD), the clear four—-fold symmetric pattern and exhibits
good agreement with the calculation of PIAD of diamond structure. This result means
the homoepitaxial growth process of boron-doped diamond (001). In the case of B
ls, there are several chemical-sifted sub peaks. These several sub peaks are
observed not only CVD diamond but also diamond grown under the condition, high
pressure and high temperature. By using calculation, it can firmly conclude that
one sub—peak is caused by the boron at an interstitial dopant site and the other
sub—peak is from a substitutional boron dopant site. This is consistent with the
idea that the binding energy of interstitial boron (the valency number is 0) should
be higher than that of substitutional boron (the valency number is —1).
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We have investigated electronic and chemical states of atomically—controlled model
catalysts fabricated on well-defined surfaces wusing surface spectroscopy
(photoelectron spectroscopy and infrared spectroscopy) and local probe methods.
The present research subjects include size— and dimension—controlled Pt model
catalysts on graphene fabricated by Gohara Group, alloy catalysts prepared on
single crystal surfaces, hydrogen permeable Pd alloy surfaces. In addition, we
have studied FET properties of organic thin films which were newly synthesized by
Yamada group and the gas exposure effect on monolayer organic FET using
independently driven four probe conductivity measurement system.
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B

HZTERRER (L) Development of All-Solid—State Li battery using metal-hydride anodes

by Active Site Control in Electrochemical Reaction

MEAKRE BEK Z=A(SHIMIZU, Ryota) ER T XK -YEET 2R

MERREDBE (F1X) :

AR L EIEEmWEEMER S BRI o ZkEmE L THEHER SR TWD, LLAaR
5. MG EEENH 0 . 2 UL ERm/ EAREMREORmIZBT S Li BEo Lic
SIZERLTWD, - T, bR mzR A7 — /L CEfE L, Li BEID LT VR
REIZT D2 EMMEEE 25, ARBFTETIL, BHE XBREIPT A2 VW C. Li SR &R/ E RS
R SRS E O IR R 21T - 72, HFERICEMAER T 5 2 & T, R L-ULTREO
JRAESIREE 2 825 Z LIk LT, £ ORES., Z ORFESIO LN D 20 &R
BT D L RBEEH LT W ERbho Tz,

MERRDEMUEZOHENER

AWFFECIERL L7 Li SEM O B/ [EARERE O R EICk T 5 Li BEo Lo 31, EHYE
ENTWVWHIRREM L %L ~L (RmEm#EH: <10 «em®) ZER L TS, FO=H, 2
K L1 BHCH T 5 EE LML, R oER « [Efifffi 2 BiE 5 2 & THRIRTX 5
ZLHERRLTWD, EALEN TV DR LI otk a2z Loo, bR b ER &b,
ZeME O IREMOIERNS BRSNS,

AEBEDOIIE (EX) : All-solid-state Li batteries are a promising candidate for
next—generation secondary batteries. However, it is currently difficult to operate
them with high output power due to low Li mobility (large resistance) at the
interface composed of electrodes and solid electrolyte. Accordingly, it is of
significant importance to understand such buried interface at the atomic level,
and to make Li ions more mobile at the interface. In this study, using synchrotron
X-ray diffraction, we non—destructively observed atomic—-scale arrangements at the
interface composed of electrodes and solid electrolyte. A use of thin—film—type Li
battery enabled us to determine the atomic—scale arrangements at the interface.
Furthermore, we found that less disordering lead to high mobility of Li at the
interface.
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AW REREE DRI 7 b LTz, L/rlu.
2: TiH/MgO(110) DT X FrEIT < % —
VO RERHERTEZN, 7V v g — g
HHBE & 135 W,

Intensity (arb. unit)

i
it [y
L ‘H f b

1 i
&
FE5D

F / arb. unit




B. LisP0.4(50 nm)/LiCo0;(1.2 nm)/(LaAl0; 0-1nm)/Nb:SrTi0;(100) D& EfEAT
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nm) /LiCo0y (1. 2 nm) /LaA105(1. 2
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RS LIRE Led b NEES &ﬁ?JTﬂD%M [ 4: X # CTR HiL7 0 7 7 4 Lk e F A b 1%
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MZEERER (F13) X RO S74—ICLDHIEFER I EBEDFEEYTMF Mn VSR E—DHE
B

2T ERRE 4 (3, 3T) Structural analysis of the Mn4Ca—cluster in Photosystem II with X-ray
fluorescence holography

MERKE 188 RE(UMENA, Yasufumi) [EILKT - B FpEBER 2 HRZ0RT - 16 51 224988
BAHR

MEREOHE (F130)

KB RDOEEFZ R AENIEEIT > TV Db SR 1T EAE (PSIT) OIEMEY A b MnyCals 7
AL — (Mn 27 F7 AKX —) X111 & IVMDORERFARREECHEL, =L F—I12L-T
Tl 17 % i3 6O CRDIRIIES A 7 NV HIT > TN D, Mn 7 T A2 X — D4y FRE1EIT PSTT Ofs i
REYEMATIC L > THOMIT 57208, & Mn OffiUTIZ- X0 LIFRFE-STELT, £/,
ED Mn DMMENEALT D0 bR~ g BN Thbh T 5,

AT, 2 E TR E THOWLR TWa )t X kv 75 7 ¢+ —1% (XFH
1) ZAERERECTH B PSIT fE LI LT Mn 7 T 2% —I281F 5% Mn DA A ¥ iE L,
FoL—V = E IR U C— B 2 72 PSIT fifdhan s, D Mn O A ZE
HONELNC LT, BFRICEE LT, PSIT D Mn 7 5 A2 — X X IC L > TR ICHEES
ZTHZERMBINTWD, 2078, WEHT 100K OMB(KIE THREF L. X #RO RS E %
HRIERE S5 FET X RICEDETERZMA 72, BIEITEY X B|EKHET S
—=/b XFH EEHW, g T E IS EEZ 72N D “IRTERHER AR 7 T LR — %
WEE UTo, Kk 2 72 HALD AR T 7T Aoy — o B BE S DY, MO ME CHEET 5 Z & T,
PSIT fidtHISED Mn 7 A X —D v 77 MEEGDH Z ENTE T, BROMEDE N X
ST X BRINN T 7 b 5720, WIS THIE Lizh e 7 Z 2RI 0@ Ic L - T
BN H 0 | BT IITENREN R D o T, M ERE LY I 2ab—YarDrna s
T LB E DN S, REIRRED Mn 7 7 A X —OfifOfdE & iz, 1 BERERiic k- T
A3 5 Mn JR =458 LTz,

MEREDEMHWEEZEOCHESWES

XFH AR S e Bl 2 W2 3 IRoe DA v 77 MBI LD | il 2 DR OALE & AE O H
DL D T80, fb et ST & FRIC WD Z & T, SR E LS OK)IE & E IR B &
DSWTHEB L FNCHMR TX 5 & Bbn s, PSITICEIT S Mn 7 T A F —IT X % K5 fifidfit
SOt DOEFRIT, KEXDPDZFAX—Z21E0 BT TATHAR Hiffo TR0 12725 &
FFEINTW5, PSII DX 9 e eRa i oA L, BRREELSFET D, Ih
%g?ﬁ@ﬁ%%@i@%w@%@twmnm%%ﬂ%%é:k?\%ﬁ%@&&@%ﬁ
MEEn5,

MEREROBME (LX) :

Photosystem II (PSII) is a membrane protein complex, which works in the light-
induced water—splitting photosynthetic reaction. The active-site in PSII 1is
composed of 4 Mn and 1 Ca atoms in mixed valence Mn metal cluster as a MnsCaOs—
cluster, which undergoes a series of oxidation and reduction in the reaction cycle.
The detailed structure of the cluster in PSII was determined by crystallographic
analysis, however, the valence number of each of four Mn atoms in the cluster has
not been concluded yet. In this study, we use valence sensitive X-ray fluorescence
holography (XFH) to reveal the valence number in each Mn atom using PSII crystals
We measured both stable S1 state and second intermediate S2 state and compared
between both simulated and experimental holograms. As a result, we successfully
recorded XFH data without radiation damage using slide—oscillation method, in which
the holograms were collected from multiple PSII crystals. The processed patchy
holograms were smoothly combined and extended by the symmetry operation allowed
recording of an almost full hologram in k—space. Preliminary conclusion showed
that Mn (III) in the cluster in second intermediate state (S2) occupied at Mnl
position in the cluster.
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W5 (4 10),
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IVAZED S HIE->E D LTWARW, e EIT CHONZR o7 Mn 7 7 A2 —D 55
FHEEITINZ T, & Mn OFBFIRENHEIH SN D Z & T, PSIT Tt Z 5 /KR s 2 sk
FHNSER T D I EARE L 72D, PSIT OKRGERILOBRIL, MRIRICFET DK 5
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MEREROBME (LX)

Unpaired 4f electrons of rare—earth elements, which have been applied to permanent
magnets and photoluminescence devices, are localized to the atomic potential. The
combined state of an electronic spin and an angular momentum causes maghetization
and crystal-electric—field level splitting. In contrast, nonmagnetic quantum
states are available owing to crystal-lattice symmetry, and higher—order multipoles
become active. Moreover, in so—called Kondo—effect materials, the 4f electron can
hybridize with the conduction electron, and show itinerant behaviors. This effect
induces modification of electron effective mass, Kondo semiconductor/semimetal
associated with the hybridization gap, etc. In the present study, we studied
electronic ordering phase transitions with the structural anomalies and anomalous
magnetic behaviors in the Kondo semimetal systems showing a chiral structural
transformation, using x-ray and neutron scattering techniques.
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MEREERL (X)) AEBEFEIEICK D RIGEEY A b OERBREIBH

MEEERE® (FEX) Real time observation of reaction active site by photoelectron
diffraction

g%ﬁi% I&A f#—BR (MINEMOTO, Shinichirou) HEREKY¥ - KEREFRIAETR - Bh

MEREDOBE (F1X) :

AWFFETIL, X R BRI OBIE SV AR CThH D AHE 7L —%— (FEL) &,
WETFHRE T T 7 412K > HUERRISET O F OREZE LA SN2 5 2 & 2 BRI
HABRZE 21T - T D, BRIC, 222841 FEL (EUV-FEL) & 52 L —H— & O RIBIER ATV,
REE 3 fiF R 7o e D EANBAR 217 - 7=,

Bl ZI1E. Ar JRF2 B0 3p BT ICHB VT, ¥ L —H—& EUV-FEL OFFfN—FK L7~ & =
DI, TRNAFX—2 7 NLTE—27 L LTEND YA R ROBRNZKRT) LT, Bine
FIZEoTZOHA KR ROBRERSLAESMEZHFB L, KD v 2 —OfHli 21T > 7=,
Fm. HFEL—V =T X o TIEMBIZES L 7= BB bR 50 1 D E A4 FE 4y A 2 ) E
L7, 56N AESAAOBIEKFEHIFHER Y I 2L —va v I —H LT /i2h
DFHEBNIELWZ EZRLTWD, FEIOLETAe 77 7 ¢ OBLANTEATNZE > T
W5,

MERRDEMHWERZROHESNES

BE SV A L= =52 WAL ORE A T2 7 ADOWZRITISE L OBl EZZE T\ 5,
W DT ORESEDBAL Z BB 5 Z LI X o T ALERISORE 2 3H R+ 5 2 &
MNTE D,

MEREOBME (LX)

The present study aims to observe the structural dynamics during ultrafast
photochemical reactions by the photoelectron diffraction using the free electron
laser (FEL), the ultrashort pulses in the X-ray and extreme ultraviolet (EUV)
regions. Among other techniques, we focus on developing the time-resolved
photoelectron spectroscopy by synchronizing the optical laser and EUV-FEL pulses
One example is the sideband spectra of Ar 3p photoelectrons by the optical laser
and EUV-FEL pulses, which appear only when the two pulses are temporally overlapped.
The observed intensities and the angular distributions of sidebands are reasonably
reproduced by theoretical simulations by considering the timing jitter between the
two pulses.

Another examples are the photoelectron angular distributions of CO, molecules
nonadiabatically aligned by optical laser pulses. The observed alignment dependence
of the angular distributions is well reproduced by theoretical simulations, which
ensures the validity of our time-resolved measurement methodology.
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MRRERL (FIX) GREERLEZBIELEY A VEVRBEERD ZRITF—/ U MEEREA
AR EERER (FE L) Elucidation of 3—dimensional dopant local structure of diamond
superconductor aiming at increasing superconducting critical temperature

MERRE B BEE(YOKOYA, Takayoshi) MUK -E 0 FEBEMZHER - HUS

MERREDBE (F1X) :

e==2IN %E%LTL—A/%%%%Lémﬁﬁé EEAMELT, BIBER—7%A
YEY NOGEDHEXRE TR T 77 4 —EIToTe, GIBERUVRZR—T XA YEL
ROMFIE HIE, BEOILFIREZXFI L CTHRETFRe VT A2 RET 52 Lok Lz,
gﬁmﬁ%@ﬁi®ﬁﬁ\_hif®ﬁnﬁBN%%%@%@&%@?%&%%%M%%
FIRRE (GEMEY A B 2G0T o iRE S BRAEICEA SRR FENEET5 2
k%%;bto%® 7T, BEREABGOBER SIEWRH DL L b holz, ZTDOZE
I, ERMEICEASNTERURRTO—EoBKEEOBEAEEREEHR L TS &ET 5%
KO TR EFIE L2, — 5, BiREY  R—T XA VYEL RO Z2ED 5 Z Lz k
D, ZINETOMHENSH ST > TV OO LI {LRIREED BT BIZE A I
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D—J5l @%m_gxémé EERRH L, 2D ORREIZ, AFEIMEFIRETL & X
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ARG G, NE %Tm7774 NALFIRREIZ S & LV = F—IIEEMTH D
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MEREROBME (EX):

In order to determine the chemical-site resolved dopant local structure, we have
performed high-resolution photoelectron holography of heavily doped diamond. For
heavily boron-doped diamond, we succeeded to obtain chemical-site-selective
photoelectron holograms. The reconstructed three—dimensional dopant structures
show that doped-boron atoms are introduced into  “substitutional site”
irrespective of chemical sites. We also found small differences in the
reconstructed image, which indicate that substitutionally doped boron atoms are
located in different chemical environments. This is in line with theoretical
predictions that some of doped boron atoms form boron—hydrogen complexes. For
heavily phosphorous—doped diamond, we found that the two bulk chemical sites
correspond to a site of substitutionally incorporated phosphorous atoms and a site
of a complex of a phosphorous atom and two vacancies. In addition, we observed
that there is a preferential incorporation of phosphorous atoms into two
crystallographically inequivalent sites in diamond lattice. These results
demonstrate that high-resolution photoelectron holography is a very useful tool to
study local structure of different chemical sites and even of crystallographically
inequivalent crystal sites having equivalent energy.
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THITERRE R (3£ X) First—principles analyses on the property modulation of layered materials by
introducing active sites
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MEREDHEEE (F1X) :
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MEREROBE (EX):

We have examined the property modulation of various layered materials by
introducing active sites from first principles. We have found that 1) the
superconductivity transition temperature of Li—intercalated bilayer hexagonal BN
is higher than that of Li-intercalated bilayer graphene, 2) the superconductivity
transition temperature of Li-intercalated bilayer MoS,; becomes higher as the
compressive strain increases, 3) Si atom with a dangling bond at the graphene/SiC
substrate interface involves characteristic low—energy phonons, which causes the
difference in STS differential conductance between the site just above the Si with
the dangling bond and the other sites, and 4) carrier scattering rates by phonon
in 2-dimensional MoOs; are low at the top of valence band and bottom of conduction
band.
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HEEBESR (EX) Interstitial Active Site Engineering for Highly Efficient Thermoelectric
Materials and Devices
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OFFAT & BRES X BRET 2 W78 T K e RO E bl 23 flRE & 72 o 72, BRI, Mg.Si
\Z K=" L7z B OJEAORFTR s A& L, B2 Mg 1 MIRALTEME(ETHZ &
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BtOBRMZEOfREH & L TAEHRIMA LR bDEEZILND,

HEBROME (EX):

We succeeded in growing large single crystals of MgsSi, Mg.Sn, boron (B)-doped
MgoSi, and B—doped Mg.Sn by using a melting method or a Bridgman method. Using the
Mg:Si and MgoSn single crystals, we measured X-ray photoelectron spectra (XPS) of
Mg 2p. The Mg 2p peak of Mg:Si consists of two peaks which may originate from Mg
atoms at the interstitial and regular sites. On the other hand, the Mg 2p peak of
MgsSn has been found to be a single peak, indicating the absence of interstitial
Mg. From neutron holography measurements of B—doped Mg;Si, B atoms are revealed to
be partially substituted for the regular Mg site of Mg,Si. In addition, the amount
of deficiency in the regular Mg site appears to be controlled by changing the
atmospheric pressure during the growth of the Mgs:Sn single crystal.

RS T KRR

F—D—F: T XLV AR TRV TLAREZFA R KT KRIE EEIENEYT
A4~ JRPETR A



1. BB LA DS S

Mgy (Si-Sn) REVEIEMEHL, Sn BHRE x OZIC L W RERAHIETE 2 2 &
5. p Ml e nBEHE T & bICFE—E CERTX AN S D, Bor ik, B X BET
(XRD) % FHVNT., MgsSi DA FEIH A MZ Mg AEEAEE Mg L 4T 2) T8 2 L 2FEHEL
7o E5IT, x DEHEOBINN LN, Mgt HEEMHD T2 L & Hic, EHY A D Mg gy
AT D) DEEREOT D, OF D Mg KIEBHMT 5 Z L 2FR L7, Mg 1%, 1M
LLCET 2 MEKET 2 RF—BoO XK TH DO L, Mgy KIBIZA—1 % 2 @ERKT
27787 RORMTHD Z b, Mg SAROHEME Mgy JAROHINAMRER DL
bz blb Lt EZX NS,

Mg (Si,-,Sn,) D F 7 B PEREN EIC I Cld, BB d 2 VRN L 7= o828, Mg IEHLY
4F\%%%ﬁ4h\ﬁ#%F@E:KA5®#ﬁETék&%_\%@&%@Mg%mR
KIBHRFUET D 2 ENEETH S,

2. AROBH
AWFZED H I, Mgo (Sii-,Sn,) DR F- RGO EEFENT 21T 5 & & HIT, Mo (Si1-.Sn) IZH8 53
EBHH AWM LZTEZmN, oo Fﬁlj\offﬁfifhbfb‘éﬁ‘pﬁﬁﬁﬂé kf?f?)}:)

3. ARDAE

MgoSi, MgeSn, BELOFENHICEHRIIN L= s 2 B L, BESh XRD &2 H Tt s
WEIRNT AT o T2, Fl2, wE XM/ ICET/FETAe 7 7 0 —REEZ VT, FFEDTHE
JEA O R R F A O A 2l Tz, & 5, ER L 723 0B o7 K i & A=388 o BA4R 4 7
MZT B, B—_y 7 Z2RE LT,

4. AERE
(1) 7V v o= R ORWE & KA EGE S O /R

HiErARe 7277 =@ ERESIZ. 5 mm XY
REWZENLELWZ 0D KO RAER T 57
Vo~ R fE LTz, el L7k 2, IREAEE ST 7
%ﬁﬁ@¢f@0<Dk%@éﬁék@ﬁwmﬂ%ﬁwﬁﬁ@
HEAZ T T D L &b %ﬂ%ﬁkﬁét@@%%m/b
HTICERE - ERLL 72, iT]\H#@/]j\ SUTEZEN G Ar [BE
FTEZOND LT >TW D,

Bl 1z, 7V oo~ AETER LA TFEB) F—7 Mg.Si
Bt oOBEREZ/Rd, YPIOWMAE R TIEEk )ﬁl*}fp@j(%
ol N, Ty EREHATAZ LY, HEA T m
xEé25mm®kﬂ$%%%%é:kmﬁ%Ltoﬁ%m
MgoSn 38 L TOVB K —7" MgoSn O HAEFHIC OV T HER 7 nmX K
X 25 mm FREDOKRAEFEL ZBRT D ENTET,

B1:{F8L7~BF—7
Mg,Si O B,

(2) MgoSi HifEdh & MgoSn HifE i o X BRI 140 3¢ (XPS)
W X B/ B AR 7T 7 0 —E IR ERNFEF THLZENROLNDT-0D,
VAR B CERL L 72 MgoSi & MgoSn B &l 2 K& CTEEBR L CHEfiF L 7= (111) | OG-t %
m%?%ﬁbto%%%®%ﬁ%HG%kVN—WTKﬁVIy%V7#5&\%@%Eﬁ
SHonbdZ & EfER LT,

1000 RIZ, Mg 2p D XPS A7 FLaJIE Lz, Mg.Si
Mg2p (Mg,Si) SR OBERRER 2 TR, A ATy F s
ANZIE Mg 2p 1E v A — 2 2R 2 5 DIT% L,
2 500k Ty F U T MgSi THREIC 2 OB — 7 NEE
5 L TWAERT 2300 D, MgaSi lZid Mg BWHEFET H
= . —J7C MgoSn 1ZIE Mgy BFAER T, £io2o0F
g oL After etching —7 %%ﬁ?ﬁééﬂfiﬁ)o =z & 75‘%\ Mg.Si T% Ej’LZ)
2 so0p 2 SO~ 7 13 Mg & Mg (SRS LTV B LB B
- B, E—JROTIAF—ERBK 1 eV b5 Eh
5. Mg IZKIIET 5 Mg 2p B — 2 DA FESAT /S H —
N - . &Mmmg%wmﬁé & Mg JEA O R TR A A R T

70 65 60 55 50 45 40 35 EHLHEALND,

Binding energy (eV)

Xl 2 : Mg,Si #iffigh o Mg 2p XPS
AT R,



(3) B R—7" Mg.Si HffgmDH T HRn 777 ¢ —

KILHF & Ed5z GRIER) & Rl — 2tz (4 TR) O 7 — 7R L, A& CE
L7~ B F—7 Mg.Si HifEds (X 1) otk 75 7 1 —% J-PARC MLF BL10 THIE L
Too FRMTIZIX, 3.5-0. 67T AR EHRBETH LN 60 D En 7T A& HW-, K3 IZH
WFArn o7 0 —OfRERT, BRFEETDIHROME, T00D 1/4Thickkoms 1/2
TNEHFORICBITAREA G E R LTS, ZExBHEADET LD H B Mg VA MMIB®N
Aotz EZE25E, 3RO IHIC, REFOHEHTITEBED Mg K+ EH ST\ &
RIS 5 LN TED, LIER->T, FMEFAR T 7 =BT Bl Mg A FMIA-T
EHAE L, B R—79 5NN E W EiEim CTE D,

Sitrb

ooQo °559 Si

Mg+

Sitf A+

0 5 -5

X3 :B FN—"7"Mg.,Si BfEga DT R /77 1 —

(4) MgoSn HifE S D Mgp K8 B & BVEVERE O BIfR

Mg2Sn HRE i B AR D FR A R 2 2840 &8 T MgoSn HfE i IS AFTE T D Mgp K & D il ) 2 31X
Frlz, BRRFDOE M EE 5 2 & T, Mgp KIBED 5% 5 9. 5% F TIN5 Z LB 6
TR | Mgg KIBEOBNIC E B2, owr & Swr OHERMEDN & BITHDT 5 2 b
Mol Mee REBIXT 7872 —BIORMTH D Z L5, MgoSn DEFF v U T EEED Mar
RIBOEEIMZ & H 72> TRAD L, n B0 E p B~ LARERI TR L CO < B2 SO LT
HHbDEEZLND, ZDOZEND, MgSn OEEMEREZ M B4 5 BICix, 7EREORIHA
ZHIE LT Mg RIBREZRFE L2 5 2 T, M ERSOISRIFIMEITONERSDH Z ENPH
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HMRZREER (FIX) REVMAZIRTNAREEBELI-BATREFE S| LS ERED

FEREAZEA

HZTERRER (L) Synthesis of relation between local atomic arrangements and
magnetic properties for spintronics devices

MEARE /KO 558 (MIZUGUCHL, Masaki) Hit K% -2 B+ EFISAT - A 5iS

MERREDBE (F1X) :

AWFFETIZ, AV ba=7 AT, R8T 2 RPHEEY A b & EKHERE DO AREAfiE A %
BfEL., Au 777 ¢ #Hiftd AT ZROUR 7 LU 21T > 72, B U RAVBESIRETIHR T
WCEEAZANUREETHE X A n 7 7 4 2HE LR, ma /o7 4 "2 —4Z
EIEICER LA R Z bRl S iz, 2k, BEOHIMC X v, 3o Fe i+
DRI R FELE N B LT 2 2R T 5551 THh 5, o, @MWK Z 777 K
VRVERIBIUE T OEREBMEI TH D, ARV EROETHRAC T T 7 0 ZJE LT
FERL 0 1s, Mg 25, Al 2s DNEA RO T T LREZ — 0 ORRESHNEIRD Z LN B
27257,

MERRDEMUEZOHENER
RIFROFMIERIL, A b= AT A R TR HEEREREED S TH D, &
BERRE GO X ) KRR OB 2 R 5720, 203 - IEEB S 2@ L
S ZRETEMEY A NORFTN R A A= T a7 Z LY T LU TOERE 5
EHZEI ETHHRICH D, BIZIE, b RSB RE A IOV TEERINRED R 7
7 A HIEZITV KRBT D A =X L ZRATH LN T Fa—Fik, ZhETO
METIIELATONLTOWRWTETHY AU DT ARERTHD, AFEEZZITL, AY
Y hu=g ARTFITET 2N ANRE L AUR., FiTm A T AL A O T 2
A LZHLS ZEDRRIAEN, TOERIIFMICHHENICHLEROH LD LD,

MEREROBME (EX):

Three—dimensional atomic level analysis using holographic techniques is performed
to clarify the correlation between local active sites and maghetic functions in
spintronic devices. X-ray fluorescence holography of an MT]J structure under an
electrical field reveals that holography patterns substantially change depending
on the applied voltage. This implies that an atomic local structure of Fe changes
by electric field. Atomic structures of spinel films, which is employed in magnetic
tunnel junctions with large magnetoresistance are investigated by electron
holography. It is found that intensities of hologram patterns for 0 1ls, Mg 2s, and
Al 2s photoelectrons are different
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3. MEDAHE
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nm) / Mg0(001) Hh 35 I O MgoA1-0, (30 nm) / Fe (30 nm) / Cr (40 nm) / MgO(001) JkR
DIEfEIE = AT DR ZER LT,
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% AR AR LT, 212, EREFETITS f(rEERT, MNORTFL, Fe OT#HEEHET,
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\Z+1 V OEEEINEFO R ANE 2 ~d, BEOEINC XY FRHIE T EIlH D Fe
DIFRFNLENEBNNTWND Z ENgooTz, iz, -1 VOEEZANMLEZGAICH, 0V &
BB RAEEICZIRD 2 RN oT,

A%IE, BEOHINI LR T BEIOET VA T CEREOHEZTHNS & & Bz, A
MLV EoNmA el U, BEEKESTEZLO A =X L E O EZI S M
IZL7zWeEEBEZ TS,

(2) FURIUVESIEIIRE TICBIT 5
b > ROVBERE G D A L~ LR

A TR L 1N 2 o N Il N %2 7
SIRPLFR T OREREEI B LT, A Y
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MoplZEREfE & L C AW kgL
R IPIHE 1 TlE, ARV DBA 4
> DJFABLHINAIRAN 72 508 | e
FEERELS R ENG> TS "3 Mghl,0, (30 nm) / Fe (30 nm) / Cr (40 nm) /
D, FDOARBAREE LA ST 5T Mg0(001) EMHEEICEH T D 0 1s. Mg 25, Al 25 DEN:
WU, F 2L BT Mg MRS WA Bk u 25 A E—, SHEEE R LT,
L (MgAl-0,) ZHWAD Z Lk
D, IHICHAIPERE L 2D Z RSN, £ 2T, LD A BRI EREDE 1-#7
R s 77 40 #BE LT, ZORTESNZHALNCT D E2ilAT, X312, MgAl0, (30
nm) / Fe (30 nm) / Cr (40 nm) / MgO(001) FEAKEEICI 1T H 0 1s, Mg 2s. Al 25 DEE
BRI T LRE = BRT, RRBELR G L CAha 7T ANE— BB L2, WTH
D s FED/NZ — 2 HIRITFEALL L T D03, RESAMNIMEIC R D Z ERX 05, &5
W2 BBA AV RO/ U T a 7T A2 — 0 (B b5 2 E R ghoT-, 5% I,
AW LV EONTZMAEZFBELE U, BA A4 2R ORFRRIMESCR AR & TF L 7= i1
BEEDOELEZH LI LIZWEEZ TS,
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[1] Takayuki Tashiro, Masaki Mizuguchi, Takayuki Kojima, Tomoyuki Koganezawa,
Masato Kotsugi, Takumi Ohtsuki, Kazuhisa Sato, Toyohiko Konno, Koki Takanashi,
Journal of Alloys and Compounds, 750, 164 (2018)

[2] Artoni Kevin R. Ang, Tomohiro Matsushita, Yusuke Hashimoto, Naohisa Happo,
Yuta Yamamoto, Masaki Mizuguchi, Ayana Sato—Tomita, Naoya Shibayama, Yuji C. Sasaki,
Koji Kimura, Munetaka Taguchi, Hiroshi Daimon and Kouichi Hayashi, Physica Status
Solidi (b), 255, 1800100 (2018)
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MEREREER (X)) RFLANIEEFHICESIEEHAEAMEZIF DOIIERERRILY DR
*

HZTERRE R (3£ 3L) Exploration of perpendicularly-magnetized 3d transition metal oxide by
atomic—level structural engineering

HAEREKE B K (KAN, Daisuke) REBKZE-{LEBARAT- IR

MEREDOBE (F13D) -

~NT kB LT ER S BB EIL. L2 X0 bENEEE LIZ LIRS, 2ot
~TatEE i Lo TER SN EBGRE —MEMSG) Z2EEET D, LrL, ~T i
Eb LT ER ARt O ERERE —EERES ] ORBUBIZES Tidwn, s,
W (RFESO/NEN) BBRFOBENLEENL TH D, 22 TlE, BEMEE
FEZEAT 5 Ru BB SrRuO; R IZ 3 L CHRHE X#R CTR BCELIIIE 2 H L, FER R 10
SWRITEREAERETHZ LT Ru-0 #5E) 2otk L7z, BN LOEMEA ML A v DT
DI TRu-0 FEA ) IXEEEM S EICHE S, BN FICIEERF SN TWD Z & &2 RN
WCHGIC LT, £7220 TRu-0 fih) OEROMER., LEMKTE— A > MFHER S ik
BEMRBETENLENLESN TSI EB R L,

MRABARDEMMERLCHEIMER

T ELRE R T GUBHR S U CRRIEL T AN REAL 3 < ) 289 2P B O BRI
FLERISE O SR LICER T2 BERRETH D, LOLARLIAETIZHLNATND
e EE R T2 AT DB EHIRER TH Y | £ OBARITES TIERW, ABFFEEE T
(TEBERBRIMICE T D TR —BRFEMNE] EBmEMIRTEEZHLNICL, & HITIFFH
B IV L 2 HAZ LT BEERGHE St O A Mt 2R Tz, 4% MBI 2k 2 2 & T, &
BRI EFF OB B O RBUZ D723 5 L Wi T 2,

MERROBE (EX) :

While precisely determining atomic positions of both cations and oxygens in oxide
heterostructures is experimentally challenging, we employed synchrotron x-ray
diffraction technique and quantitatively evaluated oxygen octahedral distortions
by precisely determining atomic positons of cations and oxygen in thin films of
ferromagnetic oxides. We successfully identified close correlations between metal-
oxygen bonds and magnetic anisotropy, providing atomic—level understanding of the
origin for the perpendicular magnetic anisotropy in transition metal oxides. We
also show that by introducing structural distortions that are related to the
perpendicular orbital magnetic moment into 3d transition metal oxides,
perpendicular magnetic anisotropy is stabilized
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KR 2 Tz TRE SRS S Tho, 20— 57T, BEMKEITIEE AT DR
BHIE AL a0 M b7 5 5 480BHER: EZOIEIIRE SN TEY . BEBILED
HR B I IR R GO E O B R L IR T D EE AR & o T D,

BEERAL O FEBITITA EUHEMABAER (S0 12 X 5 EERKE T HEDE AT,
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M, ETREREEE L PO X O MRS I NTFEDO L Z AL bho T ihotz, 2D X
9 7R L)L T ORERE — FEREFE B BT 2 Zn L RIFIIM BB IC I 1T 5 [[REE) L 72 o
T,

2. ARDOEB

Bl = & X % oy Lo~ T oG ENC R LT, 2 E TBUAIEE L 2o 7o
FZRFAEOEETOBRE 72t T25 2L T, BBEE-—BELES) EHRAEGTE
EDOMBEEWLMNIT S, G0N MR EIC, REMKEGTMEEZ AT D8 LU R
BroOBR % BT,

3. ARDAE

FEEEEH O~ T B SRR e EOMREO/N S WEREH IR 2 e R (B 2 xR R
E) DFTALEDORBEREIZIT, AR E T PMEB RIS T D R EHRIECRSHE X ARE
PMVEL 70D, RFFRETIIRE O FIEEZBRA Uz, B XRIEYTEE 2 FHT 5 X 912
WEET NV AEET 5 LT, MERBIhOSRERITHED R TIR FIEE A e+ 5 2 &
DAIRRIC 72 D, T AUE, AR 1 BAIBIEIEE 2 W 7o Or 2 rT U EEA I I X2 R & 72
Do

4. AEKE

Fox ik, BEERBEIMERNT 7 2 A NRIEY) TEH D SrRu0; (SRO) A HERL R & LTz~T
DREEICHE B LT~ SRO T oGl L. RuOs e \EAE AL LT 5 2 & CRKES
PERFIICTEX 2 Z ERHLMNTR > TS, KT TIE TBREFR—/VHROBRER 2
[RARa A — VA RIEE N ORI 72 ERIBREOEE SR WL TR S TW S,
I D OYEOBRIZITA~T niiE TR O ERE R —MERES] ICET2HADNEEIZR D,
T ZCHE AL, EEHE X BRETC X o T~T ek L= SRO D Ru-0-Ru #& & O ATEAL
WZHLD FHA TS, BN T IV R =P —HERETEIZ K- T (110) NdGa0s (NGO) Fa#i 112 SRO AR
(BE 2 B LT 10nm) &= %y LpE S SO on NCT
%2 L TERLL 7= SRO/NGO ~TF m &4 -, L — T
VERL U 7= IR OO i S R VR R ARG 72 © SRR
AR X 150K FREChH Y | mEMA R TEEZR
LTWDZ & Zsd Uiz, KU X BREETHRE
SPring-8 @ BL13XU |2 T4TV>, 2 39 KD Witk -
v RIZ# > T CTR(Crystal Truncation Rod) B{EL
ZRE LT, RO D566 O CTR JRE %
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BT A EROBRELHIFTE S,

Iz, X 1121%, SRO/NGO ~T 2 fEiED 515 5

I T

10nm-thick

o L o v o~ o

~

Log Intensity (arb. units)

ni-(1/2 3/2 L 7a 77 A A&7 LTS, SRO 2
JBOREIEA 10nm O~T BB T, (1/2 0
3/2 L) 7T v VA (1L=0.5, 1.5FBLN2.5)/ 5
ZTCHER D7 Y U ONRBIAIENTE, Zhb i 1 5

OB SNTZT T > TRANIRa 7 A0 A Mg 11 SRO/NGO ~F o d CTR
TOMRFFFEMICHEKET L0 THY | WIET  soo5> 40, FB: SRoEoE
O RuOs B\ EAADEIEE LTS (Ru-0-Ru 5 A A =2 jonm. FE : 2mm



FEN 180° KR TH D) ZELE2EWRLTWD, £7-81H
INTETORPFT a7 7 A 1iE a%c N2 —2 D
RuOs s 35 )\ IR [ElEL (X 2) 258 L - ET T v &2 H
WHZ L THETEAZ ER™SoTz, [FESHT-ZMH
iR/ XX — X SRO NV 7 TR B3 — 2 (aba) &k
ey HEEHENIZEIT D Ruls B HAE LTz,
ZOZ L, BEFIVEREERC K o TR EENE <
RHT EITMAT, B DEMA LA kD
WIEREZEEBTH L THIETE 5, DF D HFEK
FIIEMEA P LA ko THER X OHEN T HIZE
NENHIEB L OHE/ N L TV b, Z OFZT LR
HIPNIZ BT 2\ AR E L 2 B U, 1 e 7 1) o (6] #is &
HIRT 25 &9 Z LR bns,

F72 SROBEOFEA L 0 #E< LEEAIZIE. CTR 7
07 7 ANVNDOERBENNENTHELRHB L, (1/2
3/2 L) 7T v RS (1L=0.5, 1.53F X2 5) 13811 =
NObOD, 7V UHEITIHAL TWD Z &350 . B
B, OB CIR 707 7 A M3Zefiigicy— K 2: SRO(BUS 10nm) /NGO ~7
A \EEEEE (Ru-0-Ru ASAFE) 2@ L-u  THETICET S Ruo MR\l
GAREEE T L CIRERTX e otn, —OfEE, R
MM/ LR R EE T Ru-0-Ru #5AA FE 1T EE 7 m)
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ZEERER (R3O IV B EER PRI D 2R TEER R EREV EFABIEBADH
THZTERRE R (3£ 3L) 2 dimensional arraying of magnetic dopants in IV group semiconductors and
its application to spintronic electrode

MErEFE =K —7F (MK, Kazushi) EEEBIIKFE- TEHER- IS

MERROME (FIX) :

R Xy MZPEROX v U 7T BEOFIEIHE DN TWNDET 7T 4 7Y A N THDH, ZDFR
— Ry MBI TEIRF 2 8 AN CTE D a[REME 2 /R T 2 S ICkB LT, Foxld Ge/Si HREHIC
0. 5ML @D Mn (B&MEARHIY) SEAEE IR 2 REda kR 12 W CHLOIA Z . TEM B2 CII P72
R E BT HENSNY . B EhER SPring-8 12T AR EAFS JHIE Tl — &k ockEE %
REF L7 F £ Si R E B3 Ge JEE DFEA LTV A AREMNEWZ L 241D TR LT,
ZOHWDIALEE TR EHEAEIEZ R LAY ba "7 AT N, ZAD A U IEANEMmE L
TISHPHIFFCTE 5, BIZ, |#EBNFZB LT, L 0BEMERTY A Ry v 7B -ERD
FTER R—=R b A FORFMEEEZ RO D Z LB Lz, Sn R—7 B HIE{L Y
LD R—sR2 NORNXBAR T T NE . SR SPring-8 THMEITHFICKIIL, K
— Ry MIRFHEE N D 25O H ) T LAY A FDHH Ga2 EMHINL YA b ERTE
ol TWAZEZWHLMNI LT, ZOFEEIEn M F— R0 FRBHET =— /I L RiEHE
{bT 232 TNV IZRD EEbib,

MEREDEMUEROHEHNES

R—= N2 MEIT U 2 ST HiE, ALEMHEAROT SA 2 RIS A A T &
Too BUE, F— 30 MEE ¥ U TIRERIEILAMC A E U NEE S5 R—30 b2, BF1FH
JLER % 7 U 72K R e R ECSIME 28 &b B AFSERREIC 72 > T D, ABFZETIE M IZ & D
R TEHR R—r30 s OREEREA D2 D <RIBS N D FERDPE SN TE VY EER2M D
BRI L TEEMNCOGEERERLD D, T2, ARPIORT —FT 34 ZOFMELD B IR
HYUTLDR—=,30 SO RPFEERIT N TREL o722 & T, FERICH LR MT —
R CE A EMN TE T,

MRBRREOBE (XX :

We realize Mn § —doping into Si and Si/Ge interfaces using Mn atomic chains on
Si(001). Highly sensitive X-ray absorption fine structure techniques reveal that
encapsulation at room temperature prevents the formation of silicides /
germanides while maintaining one—dimensional anisotropic structures. This is
revealed by studying both the incident X-ray polarization dependence and post-—
annealing effects. A comprehensive magnetotransport study reveals magnetic
ordering within the Mn 0§ —doped layer, which is observed at around 120 K. We
also characterized local structure of Sn dopant in Sn: -+ —Ga;0; widegap oxide
semiconductor using X-ray Fluorescence Holography that mainly Ga2 sites could be
major for atomic substitutional site for Sn dopant.
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