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Inelastic X-ray Scattering: From Fundamental Research to Innovation in Science and Technology
(Materials Structure Group I1)

A. Baron'*, M. Brancewicz!, D. Ishikawa’, M. Itou’, K. Okada’, Y. Sakurai",S. Tsutsui*, H. Uchiyama®, Y. Yoda

! Japan Synchrotron Radiation Research Institute, > RIKEN SPring-8 Center

Materials Structure Group 1l is operating three beamlines (BLO8W, BLO9XU, BL35XU) and provides users with
world-leading instruments for inelastic X-ray scattering and nuclear resonance scattering. User programs show a wide
spectrum from fundamental research to innovative technology, which include multiferroic physics, protein dynamics,
energy science and technology. The aim of this poster is to show the beamline capabilities and discuss future opportunities
with users.

BL08W: High Energy Inelastic Scattering

BLO8BW is designed for high-energy inelastic X-ray scattering (Compton scattering) with linearly or elliptically
polarized X-rays in the energy range of 100 ~ 300 keV. Compton scattering is a unique probe of electronic ground-states
and provides direct information on quantum states of materials. With the magnetic option, the probe measures the
spin-polarized electron states and spin moments in ferro- or ferrimagnetic materials. Latest research includes the nature of
nano-confined water" and the new development of spin/orbial magnetization separation’. A JST program of “Development
of Systems and Technology for Advanced Measurements and Analysis” has been launched in 2012 for in-situ observation
of working battery devices.

BL0O9XU: Nuclear Resonant Scattering

BL0O9XU is for nuclear resonant scattering. A well-collimated and small beam of X-rays allow Mdsshauer spectroscopy
under extreme conditions and under diffraction conditions. The nuclear resonant vibrational spectroscopy (NRVS) of the
Modssbauer isotopes also gives unique information of the local dynamics of hard and soft materials*’. The most active
research is on biological macromolecules using the NRVS technique, which include the Fe(IV)=0 intermediate of a
mononuclear non-hem iron enzyme and the enzymic active center in hydrogenase. The NRVS technique provides a novel
approach for many macromolecular processes in life and energy sciences.

BL35XU: High Resolution Inelastic X-Ray Scattering

BL35XU is for high resolution inelastic scattering to investigate atomic motions on THz frequencies. It moves beyond
neutrons studies to small (u-gram) samples and offers a unique window for understanding liquid dynamics. Recent work
includes the investigation of liquid dynamics including traverse excitations (discovered at BL35 a few years ago), the dynamics
near liquid phase transitions, and the dynamics of liquid mixtures. ~ There is a strong user program (several groups) investigating
the elastic properties of materials in extreme conditions, pressures, say 5-200 GPa and temperatures up to ~3000K, with emphasis
on understanding the earth's interior.  Meanwhile, investigations of phonons in crystals include the investigation of phonon
softening associated with phase transitions, the relation of elastic properties with electronic fluctuations, models of ferroelectrics,
and investigation of superconductors and clathrates.

References:
1) G F. Reiter etal., PRL in press.
2) M. ltou et al., APL 102, 082403 (2013).
3) Shaun. D. Wong et al., Nature in press.
4) S. Kamali et al., Angew. Chem. Int. Ed. 52, 724 (2013).
5) K. Park et al., Angew. Chem. Int. Ed. 52, 1294 (2013).
6) K. Park etal., PNAS 110, 6275 (2013).
7) M. Saito et al., PRL 109, 115705 (2012).
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[1] E. Ikenaga et al, J. Electron Spectrosc. Relat . Phenom, In press.

[2] X. Kozina et al, Phys. Rev. B, 84, 054449 (2011).

[3] T. Ohkochi et af, J. Synchrotron Rad, 20, 620 (2013).
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1) HasegawaK et al. SPring-8 BL41XU, a high flux macromolecular crystallography beamline. (submitted).

2) Baba S et al. Humidity control and hydrophilic glue coating applied to mounted protein crystals improve X-ray
diffraction experiments. Acta CrystD. (in press).

3) Mizuno N et al. A convenient tool for gas derivatisation using fine-needle capillary mounting for protein crystals
(submitted).
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(2010).
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5) Y. Fukuyama et al, “Time-Resolved Investigation of Nanosecond Crystal Growth in Rapid-Phase—Change Materials:
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BL16XU Tl&, B3t X $ROMTEEE. 8 B X #REHEEE. B KUY U0OE —LBFIFAZEEN FRESN .. FHRIEDFIA
L ARETH D, (RAIEHAILIRD BL16B2 T, 19 RFHEMEHIRZLEA - XAFS &L 6 8 X #REHTEREDERE
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TEAL51ZLT[3],
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DRFOLI=LD D, B AT LEEANREEL, DUV Tl B E N S BFO RNV EVSHERIEEH S
Motz, COERIE, EIT XAFS [CKDFHEAVESNTINBRIE —LTAU D, UF D LAA Y ZRENZ(FLHELTZ
BRIE- IR F—DBOBIRREER B STERSN TLS I LD FRNEEZ NS,

(a) )
1. Yo E—LFIFAEEREERED 2011AB Hi& 2012AB HAMDEADEFLLE, (a)BL16XU. (b)BL16B2,

(1] EEERIEAN. 56 26 RIA RS FRF R MERIFEARI LRI L, 14P109 (2013.1.12~14, HHEKR)
[2] BEIFA . 5 26 AIEANBGIHZRER - BEARIFERE LRI Y L 14P108 (2013112~ 14, BHEKRE)
(3] BRRIFA\, 56 60 [EISFRMIEFLEFHIFEER. 29aPA1-19 (2013327~30, #R)II TR
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R ZEEFEEAE. NEIRFFNEN,, TFFR,
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TIX SPring-8 MEHEE X & = ARRICTEAL . EEMRICHAT LG ZEfgae | LT BRI fRRE 2 AL . JETA
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QF~DF—F —DEE XAS A2 &Y | EEEMEMFID LiFePO, T BLEASITLI-EC A, BEEIZIFIFE
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AT CTHRON TS EANFRICRE R BT L X EG HIREERRBRT S LAY, fi~DF—F—TORIET
DHELATCE DHFNTOEFEEEEIEZ HTENTET: 9, XAS DIERMLESILFERIGH BTN T —ISiEET
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5. HOKEEF BEEERL TRFLAIILTRIEYID LR - EREEE AR DI EMNTE -,
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1ELAZULVAY, ISR IEAREMIE L TR L\ BE T L0 EME 2RO BEI S5 E— VBT EHVERE SN =,
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HIZ Fif Lave FEBA T ELREABFEEAL , 38
{F—JTHRHES Mythen [ZED8K X #RERFEED S
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THIFARED S VRS EIED SRR D15 <HE %
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s LR V=T 24 EEDEEREEEDRE DS (TN ERITTRYT , ERT AL TIEE X BRBFAAAD
65%. SIS X SUEHADS 2206T. TRYD 135D S ARER X SEHETH D,
AR TIL, 24 FEOFERMEOBHRRESHOWRBRI OV TUTFERFIEL THET 5.

B ERE

Eith

oK 24 FEFESHRPNAIC KL D7 MEDNER

a) BLI5XU NDF A VEUR X $RFEEFDEALEE X SRAEFHHADIEH
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1)  Zo& Schnepp et al. Sci Technol. Adv. Mater: (2012) 13, 035001
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[CHARRE/KEDHXIFT P aL—EE — LS5 (BLOILSU) RUSIRDHEERR T— 3 & 551 . 20004E#EAMD
HEFIRZERaL TS,

SPring-8 BLOTLSUII S EEEIR 7 o1 L—2E — L5/ EL TURITRILF—250-2000eV, (2) 73##EE10,000L0 L,
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AEnD FRARF BRI EHEERARRR | T O O o Y OMAERER T —< 2RI X SRIRUHHEE (XAFS) 2
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HAE—LSAUIZHELT JASR DIBAD T, FIFKE T2 D THD, K 1 12 BLIBXU DRSS FVHMERNFHR
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Performance and Characterization of a Pt-S/C Cathode Catalyst with a
SnO,-decorated Pt;Sn Nanostructure in a Polymer Electrolyte Fuel Cell
BB BB FA® JASRI SPring=8
Gabor Samjeske,” Shin-ichi Nagamatsu,” Shinobu Takao,* Kensaku Nagasawa,” Yoshiaki Imaizumi,® Oki Sekizawa,
Takashi Yamamoto,” Yohei Uemura,® Tomoya Uruga,“ and Yasuhiro Iwasawa®

The wide practical application of polymer electrolyte fuel cells
(PEFCs) to automobiles finds drawbacks of sluggish activity,
deficient durability and high cost of Pt/C cathode catalysts, and
these issues have not adequately been addressed to solve on the
molecular level yet.! Membrane electrode assemblies (MEAS) - :
involving Pt in the form of highly dispersed carbon-supported b r
nanoparticles show the highest efficiency and durability among e i - ) 1]’

[ees—

many candidates as cathode catalysts, but Pt loadings are Fig. 1 Schematic drawing of the experimental setup

; ; for in-situ XAFS measurements in a transmission mode
demanded to reduce by improvement of the sluggish oxygen at BLO1B1 and BLAOXU.

reduction reaction (ORR) kinetics on Pt nanoparticle surfaces and
increase in the long-time stability of Pt/C cathode catalysts due to the high price and limited resources of Pt. Reliable high
volume production of cathode catalysts is also indispensable for commercialization of fuel cell cars on market.

We have prepared and characterized a SnO,-decorated Pt-Sn(oxidized)/C cathode catalyst in a polymer electrolyte fuel
cell (PEFC). Oxygen reduction reaction (ORR) performance of Pt/C (TEC10ES0E) remained almost unchanged in
repeated I-V load cycles, whereas the I-V load performance of the Pt-Sn(oxidized)/C prepared by controlled oxidation of
a Pt-Snalloy/C sample with Pt;Sn phase revealed a significant increase with increasing I-V load cycles. The unique increase
in the ORR performance of the Pt-Sn(oxidized)/C was ascribed to a promoting effect of  SnO, nano-islands formed on the
surface of Pt;Sn core nanoparticles. Also in a rotating disk electrode (RDE) setup, the mass activity of an oxidized Pt:SWC
catalyst was initially much lower than that of a Pt/C catalyst, but it increased remarkably after 5,000 rectangular durability
cycles and became higher than that of the PY/C. The maximum power density per electrochemical surface area for the
Pt-Sn(oxidized)/C in PEFC was about 5 times higher than that for the Pt/C at 0.1- 0.8 A cm” of the current density. In-situ
X-ray absorption near-edge structure (XANES) analysis at Pt L-edge in increasing/decreasing potential operations and at
Sn K-edge in the I-V load cycles revealed a remarkable suppression of Pt oxidation and no change in the Sn oxidation state,
respectively, resulting in the higher performance and stability of the Pt-Sn(oxidized)/C catalyst due to the SnO, nanc-islands
under the PEFC operation conditions.

In the catalyst procedure, SnO, nanc-islands of the Pt-Sn(oxidized)/C were formed first by oxidation of a Pt-Sn alloy/C
sample with PtsSn phase with 20% O4/80% N, at 573 K for 15 min (thermal segregation). Then Sn atoms were leached out
of the Pt;Sn nanoparticles in the aging and |-V load cycles followed by SnO, deposition on the nanoparticle surfaces
(electrochemical leaching). The SnO,-decorated Pt-Sn
(oxidized)/C catalyst was suggested to suppress strong oxygen
adsorption remarkably compared with the Pt/C, while
facilitating the ORR process. Further in-situ time- and spatially
resolved XAFS study may be needed for deeper understanding
of the SnO,-promoting mechanism in PEFC MEA, but the
present results provide a new insight into the ORR activity and
durability of the cathode catalysts to develop next generation

Carbon

Fig. 2 Schematic illustration of the ORR on the
PEFCs. SnO,-decorated Pt-Sn(oxidized)/C catalyst.
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— In—situ XAFS 1= 2 EHRE S FRRHE MDY — Rl

Pt/C, Pd(core)-Pt(shell)/C, Au(core)-Pt(shell)/C D EE#T

"EEKX, (KBTS, ‘JASRL SPring-8, ° BB EX. ° 9 FHF
OsktMi— ', FiHER % ILAEF 2, KEthth 2, /IMIEZ 2, BifEZ 3, JIRES
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FIFRICEIFO - TEINSN THIZERREL THN TS, RIS D — R AR L, B T TERIin Sl s
MOTHAEIZERREADY) . B VREMHREOTIAMEE RS-0 2L, Sl Pt F-/fIFAEAnEL S, DR MEDE
REM D, TR E SR (L LY —BOB VERECAREBDTHAED [ LARH SN TS, — ARV R RIER
Pt AP/ CI LT, A7 ICRINEBEFAL T Pt L /LEE>1-a7 o /LEME T, Pt DFIFAMENEL B
[Za7 &L Pt T)LEOHEERICEDMERED R LA BEFIN TS, AliEHHRED M STHA D M EE S
[, FEEHTITHOTAETHS PtEEZERIL . AtEE T O HLEES in situ BLAI-fi#T A ZEMFRIRT
Y. in situ XAFS [, TTRERHIZ X SRINEFEBEORFAFLAILOEMEE. EHEEERE S5 EH alkE
T. FEOREEG T CAE AR ZIXHE—DHETHD.

AHIZETlE, AYV—REEIZ Pt/C, Pd(core)-Pt(shell)/C, Au(core)Pt(shell)/C [ZDULNT ., [EEIBHES{AMEAZERL
HEFG TREARDEBLIATE 5 A . in situ XAFS BIFEE1T5 C & CHMED SMSECEFHEED T LDELVEFFITL .
FNENOEEERALH T B EERA =, AIFEE, BLOIBT TIL ), TDRDOFEELL T BLAOXU +> BLI6XU THE

RN ERIEZEEIToTL D, In situ XAFS ITE(E, 04V A5 14V IZLT 04V [CRT ETOHOERIRIFE 02V %A TE
17U, EEREHEEL TUOVAREISEIELT=. Pt Ly XANES, EXAFS [ZBWL\TENEFN DAY TELZDER T AR
RDBEBDENTES =, 2D in situ XAFS ARINLDETHISLLEDEITS 510V LI EDBEEFEEIZH
(1 HBEDEEIC DV TORIRERHIENTE ('), .
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] 1 In situ XAFS BIEMSHFSNT= Pt/C, Aulcore)Pt(shell)/C, Pd(core)Pt(shell)/C D ERHRIEFFDIEEZ LIBFE
SE 3
1) Shin-ichi Nagamatsu, Takashi Arai, Masakuni Yamamoto, Takuya Ohkura, Hiroyuki Oyanagi, Takayuki Ishizaka, Hajime
Kawanami, Tomoya Uruga, Mizuki Tada, and Yasuhiro Iwasawa, J. Phys. Chem. C 117 (2013) 13094-13107.
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Next Generation Beamline for Inelastic X-Ray Scattering
Now Commissioning

SPring-8: RIKEN & JASRI

Beamline 43LXU, the RIKEN Quantum NanoDynamics Beamline, is now under commissioning.  This
beamline takes advantage of SPring-8's strengths (8 GeV energy, flexible electron lattice, long straight
sections, small-gap in-vacuum insertion devices, long experience with high-heat-load and
high-performance beamline components and sophisticated optics) to create a uniquely powerful
instrument for non-resonant inelastic x-ray scattering. The goal of this beamline is meV-resolution
access to both electronic and atomic dynamics (the complete electronic S(Q,»)) and correlations there-of
on over atomic length scales. It will have two spectrometers, one high-resolution spectrometer with
resolution selectable between <1 meV and 10 meV and a medium resolution spectrometer with
resolution between 10 and 100 meV and large solid-angle analyzers. See the figure below, and [1].
Commissioning is now in full-swing, after the notable milestones of (1) reliable fabrication of high
resolution analyzers and (2) the installation of the full 15m insertion device with <6mm minimum gap
(15-25 keV in the fundamental), both in 2013. The poster will present the beamline status and progress.

[1] A. QR Baron, SPring-8 Information Newsletter, 15 (2010) 14. http/user.spring8.or.jp/sp8info/?p=3138
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Figure: Layout of the RIKEN Quantum NanoDynamics Beamline, BL43LXU
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Lett. 102, 217602 (2009).

[2] M. Saito, M. Seto, S. Kitao, Y. Kobayashi, M. Kurokuzu, J. Yamamoto, and Y. Yoda, J. Phys. Soc. Jpn. 81,
023001 (2012).

[3] M. Saito, S. Kitao, Y. Kobayashi, M. Kurokuzu, Y. Yoda, and M. Seto, Phys. Rev. Lett. 109, 115705 (2012).
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172120 30keV IZHUNTHASIMEREL 1. 8 44, AXhEHEIEHT 180’

2 : B X #RB5aa5 (HXT)

%

% -4 -2 0 6
OPER ROTATE(-120) SHIFT(+5,-15) img_raster_seg1_hcut_3(

3 : 30keV TOHERER

THY. FTEDHRENHTINVS C & EHER L 1= 4 . BEFEHHGTERD X RREHE (B VL
Ff=, WERSEHER L ED X S EHlEER L 1T o 1= OGS | i C L DREHEERT)
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P-61 BiEREIRREETFEESEETIZLS
FREEEYIEE
EBEAY. LBAE
B 8L M B FET

ZAPU I 2008A #iM 56 EIFAMAE o71= BLO2BL DFF
LU\ BERARENEM IP A A SEAVT(ETE). EREN
Y 2 R T REMERERER LY - S FIHER - BB - B8
TR CIRIAL WIBE B O ORERZ A L S s
AT & BRI TIRE o1z, BEfERAIC L D XERERAIZIE,
RIGHR, EENR LEAEL RRRSRES < DEE
FET b, REBETEIT1=20I2, BYERREREH
$r4 X, BIESEHORE L, SRR 2 — OESIEE
VI LT ORELREHLWT TUr— 3 VoS E 1. BL-02B1 DEFERA P A7
FROILE LT ERBREITTIT o1z, COFER. FEERETD
BIMET DAIE - FTASETREL 72 Y . SPring-8 DEIRILY—, ENfEiE SR EEZEISmE XREAL:
TABDIRIT Y A T LHEE SN T-, REETEIRSN - PU REIIRIEBRFEICA SN T, FO—ERERENT S,

FREAI L > THE DO EFHENE ZETHREICIRZ o dh ., BFHEBEIZL>TREL: d EFRDENER
FERFIHERIZH T 20 FEED RN DT &> TREFETo1=.

F9'. ZRMICFTERE CHLEBLRED dEFHE DIREEATEDINIDLTIE, 14 HER AR TIBE
¥ RTIO; DFEZFEMTE 1T o1z 452 R = Y DR TIL. WS EF. HIEXEREEL. NMREWLSTEHDTO—T (k>
THFESNTEY, BRI TELHBERESN TS, T Gd ) D d EFE. S1BFEE(Baderfi#iNEMEM
fEMTEAEHESILT. d EFOHDEFERENEHEL -, COFERIL. BEDZLDFHELTEMHMIT—FIL.
BB VRETOEFHRRF/ \TA—FERET HIEN K-, FRHBON- AR TFEEE AV THERETE
11V COREREBOBEESHEENDI-EEA, TIEY DEEFRA T DIEEE—RZITTIEZD/NGA—2EHEIRT
EN, DFY . REER D /— O AHE/ERD BRIV iEas C BB & EIEE- TS, CORRIE. S FIEERD
SEICIE N FEEETOZERRVELNYIZE ST, REEBDI—O DB ENI EEHBIITH S,

C DHEERISD R RSB B IRAE D #EBRI B o= IRBTE IS AN —L 3 T BEEZD
N TL V= BasCuSh,0, D CUP* () d BFHEAS, BRI IHEFEALRIERD I — O MHEEREDEHEHL L
THRIRIREEIZARY 55 Ea 41O TRHL A ELT[1], CORED RIFRREDERIL. uBEREZAL TSR, iz
(FEERH IR G 2B breakthrough 5% . £<HTLL VEREHESDIZEN SN D,

CDFERIZDERIL . ICFRMEIEIRRICE REFEERIFZU, HiLLREMAD R E T D FRNFIEDfERZE
INRBUERT, RTAREDHFAZZKYITL ., 18O TEHETRELTRE THOIERNMA CLMS DERIZHMILTz
[2]e COZRDFENEES EU¥ (A [EIFV RIS E 21T DY A MIGIEL TULVDT=8, KELRRM—IR S TAVE
LTS, CORDZIET RSN —DIE. COENADFIABERIZE>THE DGR \TA—2Z HlfEIL IR -
HNADFEETLSEONDETH D, SEDEENHFIND,

SE 3G

[1] S. Nakatsuji, K. Kuga, K. Kimura, R. Satake, N. Katayama, E. Nishibori, H. Sawa, R. Ishii, M. Hagiwara, F. Bridges, T. U. Ito, W.
Higemoto, Y. Karaki, M. Halim, A. A. Nugroho, J. A. Rodriguez-Rivera, M. A. Green, C. Broholm, Science 336 (2012) 559-562.

[2] Daicho H, Iwasaki T, Enomoto K, Sasaki Y, Maeno Y, Shinomiya Y, Aoyagi S, Nishibori E, Sakata M, Sawa H, Matsuishi S,
Hosono H., Nature Communications 3 (2012) 1132-1139.

68



SPring-8 L 2RI L 2013

P-62
HEE - B R TICh 1A% BTRA S OERHEE

RN T T eE - JASRI
R 2. SRR ERE | INERE . KERE®

b DT IV —T I BEEEE T < H T Ak S FE B DS RTE SR RRRAIE L SRR LREL 1=
I\ —1—F—EEEBLIOXU IZTXITHTH D, FIL—F— BT (VY EUR7UE L 2ILERLT, BatEs
REFREL., TDHZTY ) RFERTAEEI &> THEEZRTE T 0D LER 2. BXUEi - BIERRE- (A& E DUt
FAFELELSET2EDTHD. FTH. bbb SESE - EBERDHRELT DBTYI R FEITAEIZhE AN T
L\D, HIEROD R ERE SR T D EHALEO7 (MR, 330 ARIE-~5000 & )LE VLI EDBEE-BEaTIcHY.
FDEOIBEDERFBHE T, b DS IL—F(F 2010 £IZ 377 BFRIE-5700 7 )LE U ETOHEMT X
REPTAIEZ1TU N, RRRIZH T 58 R U= 07 )L EE (FeyoNi;) DIEEILNARETTE (hep) HBETHAHILE
#HELTULVS (Tateno et al, 2010; 2012),

HERDOT (E., $5FFIREL . SFEED =V ILIZINZ . 20 atm%WFEEDETRESATDEEZ LN TIVS, T2
ThHhibhlL, SHREESELIERE D2 DIIDF IRIIE T ARELTERBEE AN HBEHT. FZITHEET
ST - EERFE T XEREHTREZ1Tof-. AFERTIEL. TDFRERITDUVNTHRET B, FeosSinn HARIZDULNTIE, 407
FSUE-5960 /7 )LE L E THEERE{T o=, 400 ARUEIZHLINT, 5500 47 )LE U ETIE hep D ADRETHDHY. &
YRR T TIE hep #EITINA . AADILA (beo) HBENHFTHIEMNBALM ST (1), Fe-S &&(10, 16, 25
atm%S #AR) 12 DLVTIE, 250 AREFE TIE hop FBEIEAER Fe,S NEETHAD. LUEWNEATIZHWLTIXEASR
Fe,S H353EL . hep HEIELS B2 HEENHAFT b hhvofz (E2),

- 4000 ———————— ‘ —
I
3500 + . hcp iron i
~ I iy
E é 2000 | t g 20 am%s ?2 |
] o hcp iron |
Q =] + ol
- — l v
E ?—E E 2500 Fe3s_. %)‘ l 16 atm%S ’25 atm‘LS
S R
Fe-9wt.%Si <2 £ 2000 F 20 atmess | i
quenched from L )
412 GPa, 5900 K 1500 | I Y10 atmes
8 QI 15 11I ‘1I2 15 1r‘1 1;1% 1‘7 1%1 1;3 2(IJ 211 2|2 2‘3 2:1 21’: 2(‘5 2':’ 28 l
2 theta / deg. 1000 , R ‘ . L
v . o R 220 230 240 250 260 270 280 290
1. Fe-9wt%Si &M X #REHT/ \2—Y

Pressure (GPa)

2. HREAEDINER
WIILI=KEBRTEITOURIVEEZ THSH. AR
hcp+Fe3S FBAYRTE, Bl VRIE heptB2 IBARTELFH

SE XA
1) S.Tateno, et al, Science, 330 (2010) 359.
2) S.Tateno, et al, Geophys. Res. Lett, 39 (2011) L12305.
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TRINNE—LTA> BLA3R [ZH T EHEEFND IS KUV FRIMEESE

FEFAZE, JASRI
EIRE—, RS E, FHAER, K TFE2E

INT—21—H 35 VG D RAF FARAZTHEE | DBRIKI DUV TERE T 5 ASRRE T SP8 (23511574t
SR FIFAAZRAE B 58 NI THESSE 51280 . (EE-ERTO RN N K58 8B D T )L HEFAEETZE.
(2)100 nm FZE D ZERRMRREL L AR LABEZE F DI SR MEHE AL DBIFEE HI L T, 2009 FIZRZ—HLT=,
REELNSFRDARDRILERE 5D,

(1) BHERTOINDH L HEEBEME D T )L iR E ARSI
SEADENNNI L RFEEES#ACA A4 FEEF AN HED D EIZEY  MEDR R B R TcE 58/
BHEELTHILN TS, SRR FR CIEEND B DRI AR T DIFAHN BV =0, TD
FERABEL\BEDEED TS, AR TIEF 41V EVRT7UE L)L (DAC) ZFALVTEFNZ 20 GPa($9 20 FRD)
TOEEZENIL T, 8EMHEETOFNREFEARINL Ro)DBIENSHHIEEE(0)FEE, EFIRENDE
TEI{ToTUVD, CNFETITEERFIEDHELIZE . BEIERETOFRIN EFNRFFARIN L EEL FEELBRMET
BIETEELSTH o1V, T-EEHTHDEEREELY , DAC TIEFHHNEIREORENT VY EURITHEL TS
8. Rlo)h oo(w)Z B9 SR LB Kramers—Kronig SEATIEEZ 750 Yo SR TE Modified KK analysis ZBRFEL
T.DAC GHRIZELT= Roh bo(w)Z ERE SEBHT 52 EICHPILTULVS 2, ChETICENF SRS E R~
YbSY%BE® . FEFHR TS CeRu,Sb, "B LU PRuP,Y , ZL CEIFTBGEEIATHS SrFeAs ITHTDEEHR
NDIHDFER. BELU JPSI BETHHATHFES DL E 21— "Z L TULS,

(2) 100 nm FEED RN FREELILL AR LB D RSN I EDRAF

SRRV EE (B FT-IR) (LAL MREMERE “47- 5 0 FOIERIREEZ FFFAIE § 52 &MV TE . HDZERMI MR
TYVEVTRIENTES =80 45 BT / \ A RDBNE DAL TR EERTILCERL TS, LAL
T DZERHHRRE LB EF D BRI L VIRRIZED K 10370V [RRON TL V=, AR TlIRa s kiE
FALBSZEIZEY | [EHIRFEBR HZEMAFRREC DTN HEDHEL TS, CNFETIZT—) TETSE (FTR)
LIRFREINEMER (APM) ZHA Eh E - EEZEEL . BN TOIERIRESESE 7/ \—3 5. TA—F/\UR
IS EDRIBIZHIILTULVS ¥, LM UESOREHEFIRME CEZMRENHY . IWEZTDHEER- TS,

SE X

1) H. Okamura et al,, J. Phys. Conf. Ser. 215 (2010) 012051.

2) H. Okamura, J. Phys. Conf. Ser. 359 (2012) 012013.

3) M. Matsunami et al,, Phys. Rev. Lett. 103 (2009) 237202.

4) H.Okamura et al, J. Phys. Soc. Jpn. 80 (2011) 084718.

5) H. Okamura et al,, Phys. Rev. B 85 (2012) 205115.

6) H.Okamura et al, J. Phys. Soc. Jpn. 82 (2013) 074720.

7)  S. Kimura and H. Okamura, J. Phys. Soc. Jpn. 82 (2013) 021004.
8) Y.lkemoto et al, Opt Commun. 285 (2012) 2212.

9) Y. lkemoto et al, e=J. Surf. Sci. and Nanotech 9 (2011) 63.
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BEMIEAROERLL TOMKEHTEDBFR

AIRRFIAFIEZRNTR . BT AE EF PR Az 85— LB FEEFRIFS’
AREBER ' BERDE 2 Ba5A°

YIRAESABEAT (BL02B2) D PU ' )L—F[EE—LTA U BERLIK, E— LS/ ARLE LB ALEHALKET /N
A2 T5—hASDIE LT - B, ZL T Fi1—Y —DOBR- Y R— 1o Tz, TORR. REpIE AR
BIZA 7 SO D B2 DIAEREERIBL TET=, 20 PU FERETIX. SPring-8 Z L \THIH TRIAEE A FEiimRY
BRI RO EEAETZ DL ST DMFRIEEMIMEARE HEEL DD, T DO TRELLH AR OCEE
DEELEITITET, SPring-8 & ALV RIERIMFIEEMHIARD I SR TH A ZRET D LEBIEL T 35
HLIHEIMO B HIERROBI., 11— —XiR. FR1—F—DORHEEESH TS, ZLT. E—LT/ESEL
HBALEDS | RERIE —LS12AREL TOMTERRRILIZEED | SPring-8 DERMEMREDALEST R
[ZIESTE—ILLTUKZEIZEEH TV,

BL02B2 Tl KET/N\A Lz 7—HATIZKYAELIABD TEDEVEHT T2 DRaE S EFEn Fon 4
EHHETH D, 1T SPring-8 DIBH TEULIHRIL X —DEZEED R &Y b At T — 2 DA e A lHE
THY. TN KUMRR NS ST CHEm N R E T RE N RO ATREL 5TV D, S D ST AAIRT
[F/ONBVKEEBNIASETH D, Ff-. —AT. EEED BRITEL TIER DL TIZH 1T 5 RIERHMDBRRE &
HBZELEETHY . INLIE—RA—F—HoDBELER LGS, E—LFAABLELH AL TEDH TS,

AFFRTIE PUSRES LU PU ZIERED HH 52 D DIAERRIZDOLVTHNT 5.

1. RERJUEEH CuV,S, DIERESHEE "

RERIVEFRAER CuV,S, &, 9 90 K TILA@ENDIEARANOEEEERS J(H U \IER S EREER (COW) ZHK
FTHIENRESN TS, TDIERSHOBEILEEANINL q = 1/4-8 [110] ZHOIFBEEEL LRSI T
BHY. TOEMEBAS M SN TLVELY, F/< (& CDW DFEREBLAN =3 51=0 | K BHD S EERRTE1T o=,
70 K IZH1T2585K X 1A/ \3— | JIFER RGN A HEBHEFRET O HIRNESA IS AL, (KEHILBZERIEE Inm20
B0) DRABRRTHIZEL D OFz, SHIZ, BRRIRTFAIBEE RO D=0 R AEEEEEL1=4T Rietveld
fRMTZEAT o = FEATHER &Y . /\FD ) LDOIRFIEDERIZF DIESEERE SRS AL Aol ZL T /\F
D) LIRFMNNANAIEIZRZ—ERL . Mo ISR E o=/ \— L TSI ED Vol =,
CODFERIZ/ \F D) LshS COW ERfSA#o I T ELREE R LTSI EETRIEL TS,

2. FAUHY ) LFSEEEEIARD Ca BISHRESESIKRE?

—fRIZ. BEESIVIRL T U DFERNIROT RNA MEDEEFEIR BaTio, AMFERINTLVS, LAL., E
M| v BaTio, AMERSN A2 137454, Ba F=1E Ti D—E & H I MR E-HbD THE TEHEL 1= BaTio, hMEA
SINTULVD, ZDHT, Ca BIAUIFEERET LRIET-Y, BEFHEREILSE VT 5-DIFNTH S, BaTiO; D
Ba H 4 & —Hf Ca TEH#AL 1= BaTiO; DEFEERMTEIToI-FER. Tr-O BIDIEE T RN ETFHEED Ca BIUREIC
FOTEALT DHFH. T DEALT BHFE—ET HLERIELT=, TER o “ness RDROT X HA FEUELEHINDHE
BTSSR \EARDRESIREE Lk > THERIN TULNDEEZ DN TETz, TERERIE. SO TR CTEIEMEE
WERLI-BDEBZ NS, Ff-. REFERINT-EEFEARBaT,0,[ZDLVTH, Ba YA+ D Ca EHE 1=, Ca [
228 % Ba YD 55 | AFMHEAMES KURRTEL: Ba YA MEERMICEME S 5% RHLT -,

SEHR
1) S. Kawaguchi, H. Ishibashi, N. Tsuji, J. Kim, K. Kato, M. Takata, Y. Kubota, J. Phys. Soc. Jon. 82, 064603(7 pages), (2013)
2) FETEF EEFh £>535v20X 48,512-517,(2013)
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KR MIS MO RAERIZAF=-METOR (T L— 3y
~ S BEFERMRIEGe FrR)l HF—hRAYIEEDIE X 8 EF N~

TAAEKE: ELEAFE XARTFHR B H—
HEIEGFE: BHEEARERAt5— R BK G R E XF

KENEERAERBRLSDDER L= IR F THHIER—HERIE—FBARERIREN S DR FZMISFET)DBRFE ZHL
T. BAEMeLE MR L BRBIRENER MV F L T D [ALL) DFILAGECRH SN TLVD, Sl MISFET TIE.
SROEFRVEHHMER 7 —) T B TIXER TET | SFYUBEBERDEL \higher K7 —MERIECSIEEIEF v+
IVHHEZEQFT-EEFMHOBAN BIFLEREL LTS FIMFEDBAIZIE, MHER OYIED RERY IR
[ZINA T, REFHEOERESZ OHEI BT 2HMEATARTHY | FERECH T HILFBES SV T DREMC
B9 AARIZE DV =-TO RNV ELLH>TINVD, COTORAFRREEHHET 5 LT, ET /A REEHL-%
BEENDIEEN-REDILHBENCT DEHE FNEE S U TS OEmEEE X FAEEFHIE HAXPES)IE, &
HTHAGEHBRAMEEZ 5. AREAFIFERETIE. SPring—8 BL46XU [ HEEESM - HAXPES ZiEFL T. BASEIE Ge
FRRIVEQOFMH - FRMDBANREEE., T/ A7 — VSRR EDIREHIE HEL . LTORRENESN
1=
. HAXPES DIEWAH IRV F—EHBEEZEOLINGELED EEZETT. highk HEIE/Ge SED RERITHI{EH

FEHTFR . A0,/ Ge HEENDTUHIVEBIEH JUEEIZ &S BESUFE - REF DM LA AIRETH HZEEBLH
(ZU1=[1], Ef=. BHEEADES fEZEFIFALT= CVD [Z&Y Ge EAR_EIZ TIO, B KU Ta0, EHE A TE, REHIEET S
& T HIO, TEB R D BRI “H VT Ge BRI SRERIG HIREEEREBEHIHITES=[2], E5IZ. HO,/Si-cap/ZEH Ge
FEETIL. 3nm LULE Si-cap BRI &Y. 400°C DERIEZFLVTEHTE Ge BOBMEMHIHITEHIEERHLT-, [34]

I &E/PrEEY)/Ge #8152 DULVT HAXPES O RUVASHTREZENL CERERBHLIC Pr #ERED LFESIRE
ZEART-. RRDETTHIREFL T, Pr BILIRDZTE KUZNITHEDS PR LEDIERA MRS, F = #&
BIRINF—ESYBFEER hPr,0; iEEER A RNESNTz, 352, Pr BYLIRDHFEDIR CRBE =K
FEE Ge BMLYFEREIZT —MERICE O TERRIGEIECL . Ge BMEMIZ(TRANT 5L 0, ETTEERRE
ORI, high— FEEABED IS S MBS ERFAEED BRI BN THHEEBALAIZLT=, [6]

I p & Ge(100)EARNFEALTZ As'AAUITHENT, BUBE S IEHEET L OIBHERINSN TS As JEIHE
Kz SHEEMGTEE AU TRED B AHE R 21Ttz /4 EAKTIE n BIF—/SUNTHD As EF
ALT=ICEBhL T, 71T 2—RD RIEERDEED O, FEH LRI T, As SEMHEET V1T 2—BIRED
{ERA RIS, SR EEMUEETR | As2p,, (BB E B ERNAS") ERREMERGNASEHAITE . BB AS  EAED
TR DT=DIZIE, As V5RR) 7 DD TRIR TS EEBAS ML=, [6]

V. FSATYFUIHHINTIICE T DA AGHH A—DEHERICHA TREY BRI 52 L4 2382 JHBERROK
BEFERANT, BRDM1 2 IRILF—T A0, 7S AT IS 1= HfO,/Si BB E D LA S IRREE AT =,
TR A—TFEMFIS DT &R HO, IR DERIERE IIHITE S LM LM TG of =, Ff-, BHIR~D Ar 7
FRIBHIIETH, 1AV IRILF—% 6V KYBEHNZ ST LI XY TALRT A= EFTES =, [7]

V. %8 Ge0, LayhrTiEEREE HAXPES (Z&YFEIRATLI-HER. REAETIIZEER ORI SERL
1= GeO, MIETRIGHEL D EMBALMN A o1=[8], Sl Al ZH/ABI AL V=155, 300°C LILEDFIUET
GeO, MIZTTAEITL FLP IRENFEIRY HEMNERBIEN , KXY B CREGLREHHBOBANLETHEHE
EDVRIEENT=, [9]

B> AFER(T. RAAFIFIEREBLAGXU, SRREES 200980026 2012A0026) T35 =R THY . KARLEK, #1 EHHIK
(LEXF). MFAEK., MRFIFERK. IR TEB K, ARtz K, FIREK, THEEERK, SRR &HEXD. HT
R CGREHAS) . AIEIRZK (RIX) . AREMEMEK. Mariappan Murugesan K (BALKS) . MHhahaE. EifR#—K
(KRR BLURY W —T DHE PR BB ET .
RREL-FRHER> [1] K Kato, et al,, Jon. J. Appl. Phys. vol. 52 (2013) 04CA08. [2] K. Mishima, et al., Journal of Physics:
Conference Series, vol. 417 (2013) 012013.  [3] A. Komatsu et al., ECS Trans., vol. 33 (2010) pp. 467-472. [4] H. Nohira et al., ECS
Trans. vol. 41 (2011) pp. 137-146. [5] K. Kato, et al., Solid-State Electron. vol. 83 (2013) pp. 56-60. [6] T. Ono, et al., Ext. Abstr. of
SSDM 2012, PS-1-16, pp.38-39. [7] Y. Setsuhara, et al., Thin Solid Films, vol. 518 (2010) pp. 3555-3560. [8] A. Ohta, et al., Jpn. J.
Appl. Phys,, vol. 50 (2011) 10PE0L.  [9] A. Ohta, etal., ECS Trans., vol. 50 (2012) pp.449-457.
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BifEm X B EMRITIC R 5T/ H— R ME D SRS ST

| ELEXFAZGIEZNRN, 2 EHETIXFAEG X T4 BAFRFHER, 3EHRSC- 4 2&E Kt
F— 4 EEEXFAFA L FIF
e R'.EN BOER AR EFE 1§

AHARTIE, F/ h—RUMEHIEAET A X - T BAZFHRT/ ZHZEFIAT 52 &L THLLWER
FEERTHLEZBME LTS, ZITIE F/ h— R MEIET D4R/ ZRINTERT 2180 THE
BREFT7 R T FE&R LD, . T5—L UL ZORRT—INENZRFRT—ILOINIZERZEE L.
BEORECIIERRM RS T/ #EN. TORETIXERICERT %, Frld, SHERER X HEHFIzL

EFFENTIMERGIICITL., FORBELBEREICNZ T, P TFNERELCHFRNERRSEIE L\ --EF
IREE. S DICITFOIMBINEMESO=F A F I VRFETELHELMNITHIEEBHEL TS, JhitkoT,
PNIZERECAER L7/ BEDREIEE - EFEE. 77— LOHEAEERZEFMIEET HEHIC, 4143
A, NGB EFIA UTASRERHRIC DIRF 5 C EARRBIETH D, COMREHEET 575, 2000 FEL YR
HRFREICT, fRRa 75— ZhilhET DT/ h—R BN X #FEHTIZ K SEEMR E1TH > TV,
AFERTIE. CNETICRIFIFRETHREON-BREZHBEL THBA LU UTICIE REFIFRETE O
FEGHERD—DTHAS Li@Ce 2LV TEHRT B,

Li@QCy DHEEZHLMNIZTT H-HIT.
[Li@Ceol (ShCle) D Bt SR 2 Xt R ~ B A S AR AT 21T
Tofz, —HRIZ, CoDRERRFERELI=75—L
INIBIEREIRBLG-OERTET, 75—L 2D
HFE (1985) LIk, TOREIRVEFHATH 1=
AR TIE, LI@Cx DIBEATIZL Y, HETHOT
Co NEBAB I 5—L U DE R L EERTEICHIIL
1=(1)o EBIZ, BEA F 2% SbCls M5 PR [ZEHEL 1=
EREBRL. BiEEERTE T R, &V
EHERETE Li' @Co DIEERRATI TR L T=(2). (Hot Paper
& L THEEY), SCls TR THFH A AD/NELNPRg
LDIETIE, Li'@Cy & PFs WREITAREFIEL
RERREEBEEMMNT &, Co T—VORAR @1, Liac, D2RTBFEEYY T, ERTIE L bR
300K TREITHFELTHEY. S0KLUTTIEA=033 | r\ZHFAPMS.

A FTXIRENHEREZIET 52 LM TE, TOHE

2. RERTFHEIOHEESTFESOREAREED, Cor— o0 130 D OMYINE VT 3 & BDEARIRSR 12 E2RE
FKIRAD I EITHPI LTz, S BIT, CoNERZEMERI L TLVD ) FoLA A AN, 100K LI TREETIZHLVRA
[CRAELTUKHRFETERAISN ., CORBRIE. RBUFILA A ORBELE. xtELDIEA A DfEkE
CECE., BEGEICK>TEILT D EAEMBAL TS, (. MERBELFHL CBELIRER. UF LAY
DIEFEA A OAIE, DF YD EEI S8 <KFT S LM E STz, SO K. COREFEFD
fEE WS BHEZR. SEIESIZL > THE - 3358 d 52 & THAFEREIT A E ) PRA v FLREIFIATES
AIREMERLTE Y. THRDFT/ 1 ROBRFEIAZEI 6t L CRESIEN I TE S,

SE 3k

1) Nature Chem. 2, 678 (2010).

2)  Angew. Chem. Int. Ed. 51, 3377 (2012)
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REASAN—Y BAFED =6 DFIREA LML FHH DL Uik (U MESETR

FREAFA A TR TR
WA F

TIORNFINT— IR ORI RIGT — 9% B RIBKBAEL . ANL—2 Y AT LIFED BN RED LD
LD TUWVD, TR, KBERN —D D EFRELG O TNSN—RTARIRSA T (X RERFEISZRENHEHEMD
INYITITROAT TV RN EHEAMBH TRE HEENEXICLDREADEZENESIN TS, KEFEITK
SYE D EFEHHBERCIRFEFIRALI- SR —2 FEEALNEER) (X, T AR BALSFTETHY. 100 FIZH
BESREFMEEVNT —IREMEHTHE. T, 7)) —URRISET IR — EL TO RN
EU, LALGAS | JERBIND BZ HIERTIL. SEDEHERN RV ELG- T, SOIGARBELITHLLNEEZ S
nTud,

CDORREZEITHE S 518 . R DHFRST
W—TF, TS5 RXE=)itEE e /18
EALMRIFOEEERECAL. iEEKYD
RIT—IVOX VT RBEEBHAN—DD
EHATREMERREIL TV, fzEA . —2
A% 100nm FEED = AR LN I L =&
BRIZ.1DDIEREEDEBDHERAM E1 RSk Bisd /A=
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Nuclear Resonant Vibrational Spectroscopy of Nitrogenase and

Hydrogenase - New Progress

Aubrey D. Scott (1), Leland B. Gee (1), Patrick Nack-Lehman (1), Hongxin Wang (1,2), Yoshihito Tanaka (3),
Yoshitaka Yoda (3), and Stephen P. Cramer (1,2,%)

1 Department of Chemistry, University of Califoria at Davis, 1 Shields Avenue, Davis, CA 95616, USA.
2 Lawrence Berkeley National Laboratory, 1 Cyclotron Road, Berkeley, CA 94720, USA.
3 SPRING-8, 1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5198, Japan.

Nitrogenases catalyze nitrogen fixation in nature, while hydrogenses catalyze the production
and consumption of H2 gas. Both are high profile proteins and have been widely studied for
decades.

Nuclear Resonant Vibrational Spectroscopy (NRVS) is an excellent tool to reveal chemistry
in complicated biological systems and model compounds. In this poster, we report the
NRVS measurements and analysis of Nitrogenase and Hydrogenase.

In the nitrogenase study, the CO-inhibited form of the enzyme is analyzed. Significant
deformations to the FeMo-cofactor are detected upon CO-inhibition. Bound CO is also
studied through detection of the Fe-C stretch modes associated with CO bound to the
cluster. This is the first example of direct detection of bound CO in nitrogenase using
NRVS.

For NiFe hydrogenase we have obtained clear spectra for Fe-CN and Fe-CO stretch
modes, which are characteristic of NiFe hydrogenases. Clear spectral differences were also

found in H, and D, treated samples.

To better understand the Fe-H feature(s), a NiH/DFe model complex is studied and the
Fe-H stretch mode is observed for the first ime in NRVS history.

75



SPring-8 L 2RI L 2013

|
X$EIAOOMET 54:EIZ KB MRINE B D = RITiEEREHT

FBA T [E°, EEFETT, BHEEAFRIFA 7> %—/SPring8
IKBREX', MEET, MIRE’, AFTER hHER’ KEER’, FHH°, Ke—> RIS,
MRSRA Y EsERE’, SAREAE

D=1 —OlE, SRTAT IRV T —IREEETRL, FHEERS
EEoTUIVD. EMNIE, COMEERRI LY, BMPRELRE DS
HEERRIBLTULVA. L= T, ENIND = RIThI 8RRy
—HHEEE LA ST NI, MRERRICE SV CROBEEAH=X
LERATED.

B & DAEBEDEIESEL L TIE, 5 AR FIMBRD AT
BREERVN B ENECEISN TS, BRTIE, B8 ERET
BT, EE A AL CEERT 2R Ea A ahE 5L
&Y, ZXTEEDFETLREALON TS, LHL, ThoDEELE
HE RABAS SURIN - SRELS N BB AR, HEEARAT D L CRE R Ay
L%,

CHISRHLTXERIE, ERERE RS BBl REECRTT 50
ENERETHD. LLRESC, BN ohd=1—OVAELES
BoTLES8, ADIDAETIAVRS RNERIAT ZREAEL
3. MBS EFALBIBA(E, 205D\ TS LY BiELE
HE 2DHSEFITHD. BalE, XEERNBIBATH BXETIE
BTN SIS AT CEDEER, AR DSREEDT
E-[BEH 1], BETIE, BEFRE L BTRERI &> T
1, XEFAIBULASAIEE T D LEREL TLVB[2].

AT, BEHIH S VEEFIDE M AIREERAERREL,
Z D SRITTHEED S MNDFHEEREE LT 5 LA BIEL T
N3, EREIRINOBRIRKIZE(CT LS 2BEEL, ZOBEE
BL20XU & U BLATXU E—LZA/ U ZEWTXERY (IO 5D
LEIZRUBBLE-. EMBSEFL V-8, SEORIEEETED
DNT= S > TEML T, BN XERIVRSD S RTT5 (=
BN Toa—AUAADEEE 0, BRER OREEBI- -
F—ZLT=. ERIEZO—BITHD. BN IEEE=RTEET
RSN THY, RS HEERR LT DTN TES, ek WA

RDHEENDROT-EEETIE, FBOYSDERHDIREND, Ty T IOy TH SO EEHEEE LT [3].
S8, COEIHSRTEITEREDDET, INOHEEAN= X LEBES NI TEHEEZ TS,

AN vy “»:“‘L ;“*n AN £
= S
S R -it

SE 3

[1] R.Mizutani & Y. Suzuki (2012). X-ray microtomography in biology. Micron 43, 104.

[2] R.Mizutani et al. (2013). X-ray microtomographic visualization of Escherichia coli by metalloprotein overexpression. J.
Synchrotron Radiat. 20, 581.

[3] R. Mizutani et al. (2010). Microtomographic analysis of neuronal circuits of human brain. Cerebral Cortex 20, 1739.

76



SPring-8 L 2RI L 2013

Crystallographic Characterization of Extraterrestrial Materials by

Energy-Scanning X-ray Diffraction.

'Graduate School of Life Science, 2Univ. of Hyogo, School of Science, 2Univ. of Tokyo (Japan), 2JASRI (Japan),
‘NASA-JSC (USA)

Keniji Hagiya®, Takashi Mikouchi?, Kazumasa Ohsumi®, Masaki Takata®, Yasuko Terada®, Naoto Yagi®, Michael
E. Zolensky” (Principal Investigator).

Introduction: Ve have continued our long-term project using X-ray diffraction to characterize a wide range of
extraterrestrial samples, including samples returned from the near-Earth asteroid Itokawa by the Hayabusa
Mission, comet grains from Comet Wild 2 collected by the Stardust Mission, and the recent meteorite falls
Tissint (martian), Sutter’s Mill (carbonaceous chondrite), Monahans (halite separated from this ordinary
chondrite) and Chelyabinsk (LL5). The stationary sample method with polychromatic X-rays is advantageous,
because the irradiated area of the sample is always same and fixed, meaning that all diffraction spots occur from
the same area of the sample, however, unit cell parameters cannot be directly obtained by this method though
they are very important for identification of mineral and for determination of crystal structures. In order to
obtain the cell parameters even in the case of the sample stationary method, we apply energy scanning of a
micro-beam of monochromatic SR at SPring-8.

We employed the intense X-ray source of SPring-8.  In beam line 37XU an undulator is installed and
its radiation is further monochromatized using a Si (111) double-crystal monochromator.  The X-ray energy is
automatically adjusted by changing the undulator gap and the angle of a monochromator. A Kirkpatrick and
Baez mirror is situated upstream of the sample giving a beam size of 0.7(V/) x 2(H) mm”at the sample position.
Diffraction patterns are collected on the two-dimensional detector (CMOS Flat panel detector, Hamamatsu
Photonics K.K.). The samples are attached to an XYZ-stage, and the target micro area in the sample was
adjusted on the micro-beam position under an optical microscope. e applied energies from 30.00 to 20.00
keV (1=0.4133-0.6199 A) at increments of 40 eV with each exposure time being 0.5 seconds.  The instrument
parameters were calculated from the coordinates on the Debye-Scherrer rings in the diffraction pattern of Si
powder (NIST 640c) taken at 30 keV and the values were used for further analysis.

Shock State of Hayabusa Samples: One of the fundamental aspects of any astromaterial is its shock history,
since this factor elucidates critical historical events, and also because shock metamorphism can alter primary
mineralogical and petrographic features, and reset chronologies [1,2].  Failure to take shock history into proper
account during characterization can result in seriously incorrect conclusions being drawn.  The shock state of
ordinary chondrite materials is generally determined by simple optical petrographic observation of standard thin
sections. The Itokawa samples available to the analysis team were mounted into plastic blocks and grains
glued to fibers. We have complemented the other Itokawa sample shock state measurements of olivine by
synchrotron X-ray diffraction. Given the natural variability of shock effects [1], our petrographic observations
indicate that the Hayabusa olivine was shocked to shock stage S2, which is considerably lower than that
suggested by our EBSD work on the same samples, which suggested shock stage S4. We have been collecting
SXRD data on larger Itokawa olivine grains to attempt to understand by the petrographic and electron
diffraction results are so different [4]. Hayabusa grain diffraction patterns range from very sharp, indicating
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insignificant shock metamorphism for this particular grain, to moderately crystalline, indicating moderate degree
of shock, which is generally consistent with the petrographic results. In order to continue this work we have
begun characterization of the shock level of ordinary chondrite meteorite olivine grains by these combined
techniques, including the recent Chelyabinsk fall (see below).

Sutter’s Mill Meteorite: We have made the first mineralogical and crystallographic analyses of the Sutter’s Mill
carbonaceous chondrite, which fell on April 22, 2012, This meteorite entered the Earth’s atmosphere at the highest velocity
recorded for any meteorite, and had a solar orbit simillar to that of some comets.  The IR reflectance spectrum of this meteorite is
identical to thet of the target asteroid of the Hayabusa 2 mission [4]. We made crystallographic analyses of the fine-grained meatrix
of this meteortte, and found evidence for mild thermal metamorphism.  Our results reveal the complex nature of the meteorite’s
parent body, either a C-class asteroid or a comet, which experienced agqueous alteration, thermal metamorphism, and a collision
withareduced, E-clss asteroid.

Chelyabinsk meteorite: The fall of Chelyabinsk this year injured more than 1,500 people, and wes the largest fall of
extraterrestrial material to Earth for the pest 105 years. Our work concerms the fact thet Chelyabinsk is very similar to the ftokawa
samples, and s0 the elucidation of the crystalline state of olivine s very desirable. So far we have discovered thet the olivine
associated with the shock melt veins in Chelyabinsk has been annealed, thus yielding a mixture of moderate to non-shocked
olivine, exactly as seen inthe ltokawa samples.

Monahans Halite Solid inclusions: Our most recent investigation has been of mineralogically-primitive and unigque, solid
inclusions recovered from halite (NaCl) found within the recent Monahans ordinary chondrite meteorite. SXRD work reveals thet
these solid grains contain a tremendous variety of material, and probably derive fromthe interior of a cryovolcanically- active body
inthe early solar systermn, most probebly the large asteroid Ceres [5].

References: [1] Stoffler D. et al. (1991) Geochimica et Cosmochimica Acta 55, 3845-3867; [2] Nakamura T. et
al. (2011) Science 333, 1113-1116; [3] Zolensky et al. (2012) 41% Lunar and Planetary Science Conference; [4]
Jenniskens P. et al., Science 338, 1521-1524; [5] Zolensky M., Fries M., Bodnar R., Yurimoto H., Itoh S., Steele
A., Mikouchi T., Hagiya K. Ohsumi K., Le L., Rahman Z. Early solar system cryovolcanics in the laboratory.
Submitted to Meteoritics and Planetary Science.
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Abstract

Glucose, one of the essential simple carbohydrates, is essential to chemical transformations
that maintain life in most living organisms. Glucose uptake by cells has long been the focus of
Intense research and several glucose transporters have been discovered and deeply studied.
These transporters are essential for metabolism of glucose in cells of diverse organisms from
microbes to humans, exemplified by the disease-related human proteins GLUT1, 2, 3 and 4.
Despite rigorous efforts, the structural information for GLUT1—4 or their homologues remains
largely unknown. Here we report three related crystal structures of XylE, an Escherichia coli
homologue of GLUT1-4, in complex with D-xylose, D-glucose and 6-bromo-6-deoxy-D-glucose,
at resolutions of 2.8, 2.9 and 2.6A , respectively. The XylE structure consists of a typical major
facilitator superfamily (MFS) fold of 12 transmembrane alpha-helices clustered into two
structurally related bundles and a unique intracellular four-helix domain that has never been
seen in previous MFS structures. XylE was captured in an outward-facing, partly occluded
conformation, which 1s also a new conformation captured to the MEFS proteins. Sequence
alignment and biochemical assay results show that most of the important amino acids
responsible for recognition of D-xylose or D-glucose in XylE are invariant in GLUT1-4,
suggesting functional and mechanistic conservations. Structure-based modelling of GLUT1—4
allows mapping and interpretation of disease-related mutations. These structural and
biochemical information constitutes an important framework for mechanistic understanding of
glucose transporters and sugar porters in general.
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Materials with strong electron correlation effects have attracted significant interest due to the
possibility of controlling their electrical properties via external stimuli.' The understanding
and control of the trigger mechanisms leading to phase transitions in such materials, as well as
the possibility of engineering new phases, provides new routes to the realization of next
generation devices. VO, a strongly correlated material, exhibits a temperature-driven metal
to insulator transition (MIT) which is accompanied by a structural transformation from rutile
(high-temperature metallic phase) to monoclinic (low-temperature insulator phase) 2578
Recently, it was discovered that a novel low-temperature conducting state emerges in VO3 thin
films upon gating with a liquid electrolyte.*® To elucidate the development of this conducting
state, we directly probe the electronic structure in the gated state by performing depth-sensitive
hard X-ray photoelectron spectroscopy (HAXPES) at various temperatures on in-situ and
ex-situ electrolyte gated VOq thin films. Here we show evidence that the temperature-driven
structural transformation is still present in the gated film despite the stabilization of the
metallic phase to low temperatures. We present experimental core level and valence band data
indicating gating changes the V valence state due to oxygen vacancy creation and leads to a
structure which is different than the monoclinic or rutile structures at the sample surface and
subsurface. This work also demonstrates that HAXPES can be used to probe the bulk
electronic structure while applying an external electric field, a fact which is significant for
investigation of other strongly correlated electron systems under non-equilibrium conditions.
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Experimental investigation of the electronic structure of Heusler Topological Insulators
Explored by Linear Dichroism in Hard-X-Ray Photoelectron Spectroscopy (HAXPES)
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Parkin”, Claudia Felser*
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Topological insulators (TTs) have recently attracted attention because they exhibit topologically
protected metallic states on their edges or surfaces [1]. These novel metallic states are a subject
of intensive investigations because of not only its fundamental novelty but also its high
potential applications for spintronics devices [1] and quantum computations. The Heusler
family containing heavy metals Au, Pt, Pd, Sb, or Bi and a lanthanide element has also been
predicted as 3D TIs [1] and their surface stats possess linear dispersion states on which the
charge particles behave like massless particles (Dirac particles) resulting high mobility and
linear magnetoresistance [2].

In the present work, a combination of the linear dichroism in the angular distribution (LDAD)
with the bulk-sensitive HAXPES technique [3] was used to investigate the symmetry of the
valence states of several TIs Heusler bulk and thin films. The electronic structure was
investigated by means of polarization dependent hard x-ray photoelectron spectroscopy
(HAXPES) performed at BL47XU of Spring-8 (Japan). Photons having energy of 7.938 keV
that were linearly polarized in the horizontal (p) and vertical (s) directions were used for
selective excitation. The p polarized light was obtained from an undulator source without the
use of any polarization optics. An in-vacuum phase retarder based on a 200 pm thick diamond
crystal was used to rotate the linear polarization into the vertical plane. The kinetic energy of
the photoemitted electrons was analyzed using a hemispherical analyzer (VG-Scienta
R4000-12 kV). The overall energy resolution was set to 150 or 250 meV, as verified by the
spectra obtained at the Fermi edge of a Au sample. The angular resolution was set to 2°. The
angle between the electron spectrometer and photon propagation was fixed at 90°.

The synchrotron radiation measurements were performed at BLi-47XU with the approval of the
Japan Synchrotron Radiation Research Institute (JASRI) (Proposal No. 2011B1566).

1. S.Chadov, X. Qi,J. Kiibler, G. H. Fecher, C. Felser, and S.-C. Zhang, Nature Mater. 9, 541 (2010).
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3. S. Ouardi, G. H. Fecher, X. Kozina, G. Stryganyuk, B. Balke, C. Felser, Eiji Ikenaga, T. Sugiyama, N.Kawamura, and M. Suzuki, and K. Kobayashi,
Phys. Rev. Lett., 107, 036402 (2011).
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This work reports on the measurement of magnetic dichroism in angular resolved
photoelectron spectroscopy from in-plane magnetized buried thin films. The high bulk
sensitivity of hard X-ray photoelectron spectroscopy (HAXPES) in combination with circularly
as well as lineary polarized radiation enables the investigation of the magnetic properties of
buried layers.

The HAXPES measurement was performed at BL47XU of Spring-8 (Japan). Photons having
an energy of 7.938 keV that were linearly polarized in the horizontal (p) and vertical (s)
directions were used for selective excitation. The p polarized light was obtained from an
undulator source without the use of any polarization optics. An in-vacuum phase retarder
based on a 200 um thick diamond crystal was used to rotate the linear polarization into the
vertical plane. The kinetic energy of the photoemitted electrons was analyzed using a
hemispherical analyzer (VG-Scienta R4000-12 kV). The overall energy resolution was set to
150 or 250 meV, as verified by the spectra obtained at the Fermi edge of a Au sample. The
angular resolution was set to 2°. The angle between the electron spectrometer and photon
propagation was fixed at 90°.

Experiments were performed on exchange-biased magnetic layers as well as ex situ
magnetized MnCoGa Heusler thin films. In both cases, a pronounced magnetic dichroism is
found in the core levels as well as the valence band.

The synchrotron radiation measurements were performed at BL-47XU with the approval of the
Japan Synchrotron Radiation Research Institute (JASRI) (Long term proposal No.
2012A0043).
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Magnetic Compton scattering in high magnetic fields on BLOSW:
Long term project
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Studhes of spin-resolved electron momentum densities involve the measurement of the so-called magnetic
Compton profile. This is a one-dimensional projection of the electron momentum distribution of only those
electrons that contribute to the spin moment of a sample. The technique is applicable to ferri- and
ferromagnetic materials. The profile is obtained via the melastic “Compton” scattering of high energy
Xrays. The beamline BLOSW is set up for these experiments, with the necessary hard (typically 175 keV)
arcularly polarised X-rays produced by the helical wiggler. It has been utilised for magnetic Compton
scattering for several years, and many high impact publications have been published by various research
groups.

Here, we report on our current long term project to develop high-field magnetic Compton scattering
measurements on BLOSW. To achieve this objective, an Oxford Instruments Spectromag cryomagnet has
been shipped from the UK and commissioned for use. This magnet, with its variable temperature insert,
can provide a sample environment with apphed magnetic fields up to 9 Tesla, at temperatures from 1.3K to
300K. With our own micro-furnace, temperatures up to 700 K can be attained.

Magnetic Compton scattering can reveal unique information concerning the electronic structure underlying
magnetic materials. Since electrons originating from different atomic orbitals have specific momentum
densities, it is often possible to determine the origin of the magnetism present. Typically, interpretation
requires the use of electronic structure calculations using molecular orbital and band structure approaches.
By using both theoretical methods in combination, a considerable amount of information can be obtained
from the experimental profiles.

In this poster, we present our first results obtained using the new magnet on BLOSW. We have studied
the magnetism in the magnetoelectric materials ToMnOs, and in TbMngOs. - Whilst both materials exhibit
this phenomenon, ThMnzOs has been found to have larger coupling than ThMnOs, and the magnetic
structures in the two materials are different, and entirely different coupling mechanism thought responsible.
We are using magnetic Compton scattering to determine which Th and Vin electron orbitals are responsible
for the magnetisation and properties of these materials.

We would like to thank the EPSRC in the UK for funding for this project, to SPring-8 for providing the long
term project, and Y. Sakurai and M Itou for their significant help contribution to our experiments.
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Ventilation/Perfusion Mismatch Resulting from Partial Lung Aeration at Birth
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Justin.Lang@monash.edu

Background: Lung aeration is an established factor in increasing pulmonary blood flow (PBF) at
birth, but regional relationships between lung aeration and the increase in PBF are not well
understood and further understanding is essential. We studied the effect of partial lung ventilation on
pulmonary blood vessels immediately following birth using simultaneous phase contrast (PC) X-ray
imaging and angiography.

Methods: Newborn rabbits (n=5) were delivered near-term (~30 dGA; term~32 dGA) and
immediately PC X-ray imaged, while an iodinated contrast agent was infused into the jugular vein, to
visualise PBF. Animals were imaged when the lungs were non-aerated and liquid-filled, during
aeration of one lung, followed by aeration of both lungs. Number of visible pulmonary blood vessels,
their diameter and percentage change in intensity was measured; the latter provides a relative
measure of PBF.

Results: During ventilation of only the right lung, the unventilated and liquid-filled left lung increased
visible vessel quantity (from 17.2+2.4 to 42.8+4.2), vessel diameter (from 547+46 pm to 617+40 um)
and relative PBF (from 8.0+£2.2 % to 22.4+2.4 %). The ventilated right lung increased all measured
variables to similar values as the unventilated left lung, resulting in no discemible differences
between aerated and non-aerated lung regions.

Conclusions: Partial aeration in the lungs immediately following birth promotes a global increase in
PBF, leading to a highly significant ventilation/perfusion mismatch in the unventilated tissue. This has
the potential to cause hypoxia/ischemic events and lead to serious health issues in the vulnerable
newborn. These findings were unexpected and imply mechanisms other than regional lung aeration
have significant roles in the increase in PBF at birth.

Fig.1. PC X-ray Image of a newborn rabbit ~30
seconds after ventilation of the right lung with air
(while the left is still liquid filed and non-aerated)
and immediately after a bolus of iodine has passed
through the heart and entered the lungs.
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