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The Future Plan of Research Group on Polymer Structure Science
Sono SASAKI (Rep.) and Hiromichi KISHIMOTO (Vice Rep.)

“Research Group on Polymer Structure Science” is established by integrating positively the preceding
“Polymer Science Research Group” and “Research Group on Polymer Surfaces and Thin Films” for
enhancement of their activities at SPring-8. The goal of this group is to exchange information and
discussion on the advanced utilization of SPring-8 in polymer structure science. The important subjects
this group will focus on for academic and industrial researches with organic and polymeric materials are as
follows: O New experimental methods utilizing a new light source of SPring-8II, @ Experimental
technique for researches on hierarchical structure dynamics / kinetics, 3 New experimental and data-
analysis technique for researches on surface/interface and thin films, @ Advanced measurement and data
analysis methods for complimentary utilization of several beamlines, (& Structure analyses for complex
polymer systems and ® X-ray imaging technique.

In SPring-8 symposium 2016, the 1st joint workshop of Research Groups on Polymer Structure Science
and on Small-angle X-ray Scattering held on July 29t 2016 and resent research outcome in polymer
structure science will be reported in our poster presentation.

Expected samples :
Synthetic polymers, Natural polymers, Biobased materials, Polymer blends, Polymer complexes,
Block copolymers, Organic molecular assemblies, Polymer solutions, Polymer micelles, Polymer gels and
networks
Related beamlines : BLLO2B1, BL02B2, BL.04B2, BL03XU, BL13XU, BL19B2, BL20XU, BL.40B2,
BL40XU, BL43IR, BL44B2, BL45XU, BL46XU, BL47XU
Corresponding persons : Sono SASAKI (Kyoto Institute of Technology) sono@kit.ac.jp
Hiromichi KISHIMOTO (Sumitomo Rubber Industry)
h-kishimoto.az@srigroup.co.jp
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2) FEEMRS BERIE MEER MUFE SFHE SPing-8 FIfFZ15#£ 18,14 (2013).

3) 0. Sekizawa, T. Uruga, M. Tada, T. Yokoyama, Y. lwasawa, et al, J. Phys. Conf Ser, 430, 012019 (2013).

4) 0. Sekizawa, T. Uruga, M. Tada, T. Yokoyama, Y. lwasawa, et al, J. Phys. Conf Ser, 712, 012142 (2016).

5) G. Samijeské, K. Higashi, S. Takao, O. Sekizawa, T. Uruga, Y. Iwasawa, et al, ChemElectroChem, 2, 1595 (2015).

6) S.Takao, O. Sekizawa, G. Samjeské, S. Nagamatsu, Y. Iwasawa et al, J. Phys. Chem. Lett, 6, 2121 (2015).

7)  S. Muratsugy, S. Kityakam, F. Wang, O. Sekizawa, T. Uruga M. Tada, et al, Phys. Chem. Chem. Phys, 17, 24791 (2015).
8) S.Nagamatsu, S. Takao, G. Samjeské, K. Nagasawa, O. Sekizawa, T. Uruga, Y. Iwasawa, et al, Surf Sci, 648, 100 (2016).
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1)  T.Tokushima et al, J. Electron Spectrosc. Relat. Phenom. 177, 192-205 (2010).
2)  YHorikawa et al, J. Mol. Liq. 189, 9-12 (2014).

3) T.Tokushima et al, Phys. Chem. Chem. Phys. 16, 10753—-10761 (2014).

4) YTanaka et al, Phys. Rev. Lett. 109, 127205 (2012).

5) TUsui et al, Nat. Mater. 13, 611-618 (2014).
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1) Murakami, H., et al, (2012). J. Appl. Cryst 45, 234-238.

2) Ueno, G, et al, (2006). J. Struct. Funct. Genomics. 1, 15-22.

3) Okazaki, N., et al, (2008). J. Synchrotron Rad. 15, 288-291.

4) Furukawa, Y., et al, (2009). Proceedings of ICALEPCS2009, 615-617.
5) Baba, S, et al, (2013), Acta Cryst D69, 1839—-1849.
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1) Burdet N., etal..: Applied Physics Letters, 108, 071103 (2016).
2) Matsuyama S., et al.: Scientific Reports, 6, 24801 (2016).

3) ChangsS., JeJ. H., etal., Scientific Reports, 5, 8760 (2015)
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BL43LXU: Next Generation Beamline for Inelastic X-Ray Scattering
RIKEN SPring—8 Center
A.Q.R. Baron

Beamline 43LXU 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 has two spectrometers, one high-resolution spectrometer with resolution
between 0.75 meV and 6 meV and a medium resolution spectrometer for resolution between 10 and 50
meV with large-solid-angle analyzers. See the figure below, and [1][2].

Notable points of recent progress include (1) substantial improvement in stability both in
electron beam steering [3] and the stability of M1, (2) installation of a micro-focus setup using compound
focusing (a bent cylindrical mirror followed by a prism lens in the horizontal and an elliptical mirror in
the vertical) giving a spot size of 12x15 um? (first setup) to 16x17 um? (second setup) [4] allowing
experiments on samples above 200 GPa pressure and (3) improved monochromator performance for the
medium resolution spectrometer with 2.3 GHz in a 22 meV bandwidth at 15.8 keV [5] and (4) and
delivery of the first analyzer medium-resolution analyzer with uniform and near theoretical performance.
[1] "Status of the RIKEN Quantum NanoDynamics Beamline (BL43LXU)" A.Q.R. Baron, SPring-8 Information Newsletter, 15
(2010) 14. http://userspring8.orjp/spSinfo/?p=3138.  [2] "Introduction to High-Resolution Inelastic X-ray Scattering", A.Q.R. Baron,

arXiv 1504.01098. [3] Baron et al Accepted. [4] Fukui, Ishikawa, Baron et al., work in progress, [5] Ishikawa, Baron, et al, work

in progress.
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Figure: Layout of the RIKEN Quantum NanoDynamics Beamline, BL43LXU
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[1] K. Kato and H. Tanaka, Advances in Physics: X 1, 55-80 (2016).
[2] K. Kato et al., Chem. Asian J. 11, 1537-1541 (2016).
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HEPHROERR T3V NN RE L EL EO RIET — A DEFREEILLED TOET, HHEY TIE, B2
HABRDFVYES ) —I70—)VERFEL. 7 ILAEHT LFER - FPLC MhoDBHREEEETE 454
> FPLC D RT L (B1)EHT=ITRIFEALEL . 751> FPLC VAT LIZKY N E TREMAMECGRIEREZ
=AU IO B FDESRAHOBREELAELN B S SRERTREL Y . Ao\ VB OB RPDEERTI L - F
SOEENEHFTEE T, COETHARTvES)—T70—/L TIXRIE 20 (L HMODEMTHATREERYELT =, K>
AT LTIEBIEEFRH < BE CIRAERE X — TR 177425 GUI 7B %4 5.L DataProcess ([X2)+,##RI ZBHFEL .
AN EBRBEHELTOI—Y—IL R — i EERREDEBELED TULET, 62, BEIRRY T IL0—4—
FEATBHILICES T, Ao/ U ETRRARELEERI Z 8T 5= A RIL—T YN D IREEFE EDH TLET,

SAXS EERR T—av ME—LAA LI, BH 7O J NI, SPring-8 DHFEIFIFAL ., RIS IR
TSI+ —LTORFASIE HHLTOVET,

0D 10mm
Rg (calculated by autorg)
< 1{0) (calculated by autorg) |
£
5. SN
— =
[m] 2
(o]
Fra'r{nes
1. 2542 FPLC VAT Ly 2. A LRAE-F=IRMTOT T L
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SPring-8-11 511E| YL REAFRIRIRHRE

BRI 12570 I —7 . BRI FL R et > 55—
Mty
EHEEH PR 7> 8 — B R E R 7> 58—
‘s, EEER

FvFTL—RTO T ORERELT

2020 FERFEEFBUZ SPring-8 DADv—TFv T L—K%EBHd SPring-8-11 FHEIL. (i) HaE—L X, (i)
SACLA EDA T L—23av. (i) BEhEETOEARBIZEL . EHRATREM. BO U7 YT L—REDEEE. &
EE+MNEBL - LTHREBEEDEE. RN EHON TS [1-2],

() BaE—L A&, BRI EERT 52EFE—LDENIIVIV R 1Z M LT 5 (ST B) ZETERSNS,
ZDIZVAVRIL, IEFEERT DHAEDS| (ST R) EEFIRILE—ERHDHE—EITIREY . BRI ISR
BENSKT BHTEDHERDHY, FROH/N—FRE X IEDARYN)LBEE T EHEEA DEREH 2N . 557
AREME. (B8, TEMEE DLIITEET DD EHEERED LSS, SPring-8 Tl EXRATREME. E581%. TEM
#EHLI-LT. IREDOER) T ZHITHETI VA R 28nm-rad & SPring-8-111Z&> T 100pm-rad F2E (EE&RF)
FTIRFT 258EBIT. STARDSN—R O T7IZES 2V FHHERGTEED TS,

(i) SPring-8 S FARIZIZ, X #REHREFL——SACLA ABHZTEET 51-0. ChERARICFIRET 5, R,
JRTIE. BT DBBETIVAV RIZEDDIZHENT O T2 RDIMET B1=8 . BIE T I2EDKIIZEF
E—L%F AT 20O HRE TERIREED 1 D EA>TU VS, SPring-8-1Tld, SACLA D#FENILERS TIHET Iy
RAURAE—LEEFHRSFREEN L. ChEAFIRICELFIAT S L TRELGE —LASZERL, BOY MM &K
ELTERNEG CHBB MDA 752 EM SERALR) IDESMEAREL TORBELEITS. FIRDEAN DX,

5/ VLR -SE—VEEEAFRD SACLA & #8YRUE- FEHEEENRATLED T BNRE BRI ZERT S
{edtEBEREI 9 LT 2RELTO T I T ubERKIET 5&57% SPring-8-11 DIHREREZToTLVD,

(i) BFIARILF—% 8GeV M5 6GeV ITTFIFHIETIZIVAVREERL . BDBEEEHZ KIEIZHIHT 5. CDOE
2D DICIFEANLRDERLHY . EFIRILF—Z TIF CHAINFETERRERRD AR LiEEEH/ A—LT=
KDERDETEEEE DTS [3], B, BIHEDREMRRIEMAE BRI KAME Y AT LIZE#RT 5
LCHBEAOERZEZT 4], ChizkY . AHROIRNVARIIZTMNY . BOEEICHERET 35T L4
KDL OT-BIRHBARD EHF SN D,

TE. STAREG/ E—LF A FTIOREN. 18/ \—F O 7EFR(EZE. #A. RF, E=4. D) &L o1 Bk 7=
BEBENTNEFIBRT HTOERE, £FEFHL . FHESAEL TOD/NTURERSTOERHFHTL TEH LN,
WHIL—F 1\ IFENTEDBRA LR D 2— UIZEBLIRENEH SN TS, SED RO LTIE, O
BEFERRT SPring—8-1 MNESSBHFEME | (RFRE  HhH) [ TEHELEFOHHEE, B IUMhD SRR EEDRHRERR
L ARRI—FHKRTIE. EFGERSEONEL . REEHON TOSERDERE RT . BANR (TP
L—%4) DBIFE ZDULVTIE, IRRA—FRI SPring-8-11 [CRIIFTTIEANERIFKO IR (RFRE: SWEN) (2XY. K
H|EEIT.

SEX

1) H. Tanaka, in this proceedings.

2) H.Tanaka et al, Proc. of IPAC20176, Busan, Korea (2016) pp. 2867-2870.
3) R Kinjo et al, in this proceedings.

4) T.Watanabe et al, Proc. of IPAC2016, Busan, Korea (2016) pp. 1093-1095.
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SPring-8-1 IZ[[]I+1=$& A FLTRBAFE D AR

AL 75—
EWEK, KA/IRR. EEh—ER. BER
BN > 55—

RRIEE. AR, SREBHs. ARIEZ. FAE, XigaE
BLFIF— IR ANE AT E AR
HLAE

2020 FHEEIZTE S TS SPring-8 DA V¥ —7 v 77 L— R G, =3 v ¥ A% 140 pm rad F%
FTCFFDIEEZHME LT, EFE—L2OTRNLF—% 8GeV 1D 6GeVIZ DL LBz, K& DfFEmE
FEEA UEARRORE S9VEL 725, BIED SPring-8 (ZHASHUTWAIFIANRE, H LV SPring-8 10 L Tk
5P H LY SRS L SR SERICE S B2 D0, BEEOEAIZHHT LWERERICE S L 21288 324
D, AFEFTIEL, SPring-8 1L I 7 ASGIRIZIS T 2B FEOWFERRFE - DU THE 75,

10% 5__:,:3{: e i
3 I=ne A\
2 o || — e /\
(=] | FBUGO . - \\\
T L
g -‘g- a0
2% -.
=5 |
2 |
g 10" -
g |
&
1600 10190. L " i .6' N .;]‘ e ...15_’_‘;}_
10° 1 1 1
SACLA IVU New (prototype) Photon Energy (eV)
1. SEEWIOvYICLBRE iEeesanes K2 BEFO BLOIXU, BL27SU &7 YT L—FED
TR ONETREREHIE T DL —4 By Il —SB I ARIE

PR L 70 D EZEEF T 2 L—Z TRV, BEEORAEIIE A 32 mm 205 22 mm ~ZEH L, sk
7 27 [1 % PV ARSI AN G 1)~ D22 T A7 AT O D 7320 WS | IRk 2 2 2 7 A b« SR - Y
HRHNA~ORE O CEAV IR « 2037 Mz 7 o Vab—2 (K1) 28075, WS DR
#X 21~ T, Eo, PROME T SI23EEe b OISE EHZ HIVRVMERIE—LF A ATOWTL, BEHFDOT
2V 2 L2 ZEPN CEIET LR 2,

Mz T, Fitzlea w7 PO TUHRET T TS, B2, PR & ESRCE BRIV 2 5 2
EDSAEMRET, EDIZELLOEATH Eamia il - AR~ D E RO/ D720 Helical-8 70 Y= L—#
BI85, H A, AERNIRS | HEET=TT7 2 2 L— & O E 2B B T& % Phase Combined
Undulator [4]738%, 5=12, BHEDF v 11— A7 ARDLHE T B —L~OFEENO/ NS ERMIFEE) D B 2 F
EELT ANVINT o Palb—F T 2= A0 T Z—%flHG I TAY MVEEMELE 7 A—2G)) HiL
BITIEA & B B DARIEDIDME 5% Fast Helicity Switching by Spectrum Splitting [5]723% 5,

ZER

1) S.Yamamoto, J. Phys. Conf. Ser. 425 (2013) 032014

2) R.Kinjo. T. Bizen and T. Tanaka, Synchrotron Radiation News 15, 45 (2015)
3) T Tanaka and H. Kitamura, Nucl. Instrum. Meth. A 659, 537 (2011)

4) R.Kinjo and T Tanaka, Phys. Rev. ST-AB 17, 060702 (2014)

5) R. Kinjo and T Tanaka, J. Synchrotron Rad. 23, 751 (2016)
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FE X #RERIED 1= D S IERER M RIEEHES > — DRAFE
DBITEN BB TSI > 5— SR HETHIT LR N~
B MR KBEE

BILHIC

BRI AT O IRRRIEIEERITE RO o SN SRS X RSN =8, SPring-8 1> SACLA T2 DFEME
EST—% REELE (Kirkpatrick-Baez (K-B)ECIE) 3™ D EAAFERNEH{IN, ZLDE—LTATH+ nm HSH um
YA XDE—LAERASN TLA(1], [21%). 2MOEMAFRESZ7—T1 RICELSE 5012, £I5—0 6 #EH
EhG 1 MDIF—0 X #ReeFEY D EELEBE 1 #EfR<EaE 11 BDFFENDETH L. RO EMS, TEE
DY A X OREMHREELDIEN, ERICRELZS5— (X TRST—EARER SFETOIERANES, Hig/ = ZH
HHEREELND.

1DIS— T2 RIENARECH AP EEAEHESZ7— (B 1), JYUBIFRGEAAFRERBHATRETHY, 7
TAV AV NEBEDBRIL, EXE—LDLE- A XREMNEFCTEHLE, X SREEM I ZFALVAINC KB B
BEENST—LHERL TEDOFENHD. LGNS, T/ ENmIaa i REAEAmIZ—IE, 245l
FEBKERARZE D LIS L HER EDRED -8, THXTIFERIZE->TLVELY.
WEAERR

BalE SR EOFREERRL, 7/ A TR T S S REHEHES o —% KT 410, S7—FREDS
FEENTIY AT LBIOEFRERAREHAL X T L[4]1% SPring-8 [ZHUNTHi=ITHEL -, X /SARIS—IZF
1 nm (Root-Mean—Square (RMS)DRERARIEENERIN, BRRERT v F 7 FibiAl CEDAREHAREEIZ LY
AEEL MR Y ST AEIRMEERLz. &, BRUAFAAEN A CEDGERmMTEEI ST, FrEDY
TFH/A—MILESnfERES 100 pm U T OEZERNMRREE B SRR sEREmARE EMTIA Al gEL a5, T
NoDBREST—FRY AT L& AV TE D REREAES — & F8d 54T, FHABEEELBRMEEZFD 1 nm
(RMS)DFRERARFEEZ ZRLT=. 1ERIL =B EERAEHmEI > —I DLV TSR FHmL 7=#ER (B 2), 7keV D X
FRIZHLVT 85 nm x 125 nm CHEIRD 2 RITENE —LEFERLT-. RENE—LZEED X HRIMERI SERAL, 100
nmZE+ITRISTA T IR AR—RDHREET AN NI EEELT 5 LT, i REEHES I —IZ&5 2. t%
KE—LA, FEANERKR—EREANTEIRTE TSI EEEELIZB] §1& SS—FERMnIsbEF/EE L
[CRYENY A XDMIMEL, FIFRAREICHEL - B BB L RO RE LE EH HETETHS.

1
. Focus =
508
- | o]
, 506
2
‘%04
2
Light £02 f
source 0 | kKA S9RW I RARELR
-1500 -1000 -500 O 500 1000 1500
Position (nm)
1. &RorEEREHES S — 2. BESN-SHTOT7MIL

SE 30k

1) H. Yumoto et al Nature Photonics T 43 (2013).

2)  H.Mimura et al Nature Communications 5 3539 (2014).

3)  H.Yumoto et al Proc. of SPIE 9206 920605 (2014).

4)  H.Yumoto et al Review of Scientific Instruments 87 051905 (2016).

5  H. Yumoto et al “Advancement of hard X—ray nano—focusing ellipsoidal mirror at SPring-8", Synchrotron Radlation
News (2016). Article DOI: 10.1080/08940886.2016.1198671
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CdTe o9 —RUZBERO/N\L—2[AIRIZL S 2 IO = 4REE
JASRI HilfE- 1EHRERFT )15 15568, )IEE~rsh, 26E., HIIFTA

Xt —& ASIC Gt LERBEER) #—MeL. FREV UL LI-7H0Y - TO42)VEAME
HBREEH LIBRESREE LT LA RESRHOEE Y IURER LT 5, FREOIEDSE, 73450
>0 CMOS FOtXTE{EESNTIz ASIC &7 LRI T SN -3 Eht H—%EE LIz T

FRIES w)URHESE. o —RUEKRE 7 77— 3 VICRE L S8 TORIICERT 5 A TE 505D
%, ABIHTIE, X#EZHtY—IZ CdTe ZRAT 5 I & T20~150keV ISEDLVDIRILE—L o O Tatit
SREMERET DL EHI2. ASIC [ZIFEBRI O /L—F &Y TRILF—RBISh - XEEFHEHDY b330
BREEHL. KFEV DI LIZT4 FohH T4 ORI E L TEWET DIETIEEERFD 2 Tt
FRDOEMHRMEEITOTULVB[L5], ) a9 —%L V= PILATUS #itH2s TISREEhEN 20keV TH 30%.
30keV TldH 10 THADIZXF L., CdTe HRHZIFTIE 30keV FEE TORBEIIEEIFIX 100%(ZFLEEE, EZIE
100keV ZHEZ HEIARILF—HEETE S0%ULEDBRENIETITA S & S ISEREILT %, oA, CdTe Zo9—
48 L 1= PILATUS #HSSAHER SN =AY ASIC (D3 2/ \L—E DX D TIRIENH ZHIFET R TH DD
XL, AMRHERD ASIC (TR E LRROMA ZHIBR T HERRISEHEE L SN TEY .. SIRILE—RHD/N\Y I
SOV REBRETEDLSITHDS, Tz BEOAL—E2FRXv 0952 EI2&Y, FEDEV ILEHEVT
FILF—RARY MLVERDZENTES,

CdTe 4 —2 JoTiRHEFRDER IR, EV /LY A X% PILATUS #&HERERREEM 200 S/ 0, 1%R7F
D CdTe &Y —DZIEFEZE 2cmx2em %L L demxdem & L. ShES2 A JURIZHER S Z & TREfE LT 5,
ETOEE(F 2cmx2cm M) CdTe t2 24 —(Z SP8-04F10KASIC # 1 ZFHES L= VT ILVED 1 —)LERHSRT
Hd. FHENIHAR— FOI—F—IEREINTEY. ETFOEEIIR— F%F 2 X2 -2 )L FHR— FEGRTEER
THD, BTE. demxdem £ H—IZASIC % 4 F v TH#H LI-KEEEA— FORFEEEDTHE Y. ShE 4R
— Riik% Z &2k Y 16cmx16cm DBEREREIHEKT DEHETH D, ARRI—HKRTIL, RHBROEKRMHREL
BL14B1 X% U BI28B2 THEiE L= X ##7 4 7 O E—LIZ & AiERHREEEROER 21BN T 5,

(&0

[1] H. Toyokawa et al., Joutnal of Physics: Conference Series 425, 62014 (2013).
[2] T. Hirono et al., Nucl. Instum. Meth. A731, 64 (2013).

[3] T. Hirono et al., Nucl. Instrum. Meth. A650, 88 (2011).

[4] H. Toyokawa et al., Nucl. Instrum. Meth. A636, S218 (2011).

(5] IS, XEROMTDES F 425K 95 (2011).
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MADOCA [Z &5 ZEERETRIS AT LD SRR

(2587 BHEEA T F T 7> 5 —
IEKERR. PUERFITE, OIMASIE, B IFTA, hEHE

MADOCA (Message And Database Control Architecture) |3 SPring-8 NIEERESHHID7- D1 ZBH%E Su7= B i
TL—ALU—7ThHV, 400 GLLED ¥ a—F —%207e X FEFITLENNTHEA T & 28| 25>, MADOCA
IXRTFID ENNT 2 2 FEEED SVOC STIZ L 5 A v — 5547 9 & T h 8 5, 2014 41213 Windows
0S _EToOHifERe, SERAT— 2 U TIAS VBTN LabVIEW & DA ¥ —7 = — R ZH 53 SRR
i~ L—27—2 MADOCATI Z#iiiB#% L, SPring-8 ONHERHIENEA L=, [1][2]

MADOCA % SPring-8 OSEGHHIT A7 AOEMRE U B TE 5, ki BLOSXU (230 T MADOCA
Z W SERGEHIIS AT AOBPEAHED T D, AFEFIZIEN 1 C PILATUS OB A F 57— IUEL AT LhW
B2 ¥ETH D, MADOCA % FERFHILRIZAWD Z & T, DEAFEEZROIBMOBE bR — L7 S & %
IR CE 5 Z &, 2) SPring-8 NEEgRDOT—X 7 7B AL FHREES TN D Z L 7eEOSESER AT » b

DHIFRFCE D, 2D MADOCA FHEHAIL A7 ATAAMEZZE L TR ihe— AT 1 AZHEIGSEDH Z LT
& D, ARAL—54TIL MADOCA |2 X DWAERE IS AT DZHONWTa— = b 0kk% 72 TER A S 2
& THBDOBPRITEN L TNE T,

avkFR—ILHEPC fif 4T APC AFL—TAPC

« Windows + Windows + Linux

« LabVIEW + LabVIEW + T—2EHEADB

* MADQCA Il EM + CI

Samba
MADOCA U

P "--..-h":"""'*--..._________ FS  Samba i

il v F
1D PC, Windows PC, Cent0S PG, Windows PG, Windows
DCM -:[ -|.' [ | | ‘
arer] ||| RE#ABY  TILAES || it cCD FPD

PXle—4492 PXle-6612 |.
Il

| 243y f;f%{m)li
lonChamber x 6 ~|-

Photo Diede x 2 Shutter User 1 User 2

1. MADOCATI %{EM L7z BLO3XU iHA A T 7 — 2 IS A7 2

ZE R
1) T Matsumoto et al, “Next-Generation MADOCA for the SPring-8 Control framework”, Proceedings of

ICALEPCS 2013, San Francisco, California, USA, (2013) 944.
2) T Matsumoto et al., “LabVIEW Interface for MADOCA II with Key-Value stores in Message”, To be published
in Proceedings of ICALEPCS 2015, Melbourne, Australia
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fRYRLZEMIZxt Y S 4D-X #R4E CT DFAFE

RIFHTEA BRI =5 —
EHEA

XAFEA A= 0 70%, FNTS TR Ok ST ARG ek LT, WA FIR L7 A i 2 b
“GKI 1000 i@V VB CIRIEAAT 5 Z L SATRE T Y . XHRAH CT Tl SUBHR M) R B B2 CER - DRl
W& 3 YO CERMNTT 2 Z ENATRE T D, MAHRHIITCIX, — 0 XFR TS B, AHEERERIET 5
FiEE UGRERIESHV OIS, MERETIR, 1 ONAMG 2152 DIHEEBIOBIGLEETH H Z b, 1@
FOWINA A— 2 TV TRIERAEDR < 22 280035 5, Lo L, EfgRHER OSSO HIITADOSRIZ LY |
FRAEAEE WIZFHICIN T, o ZA—T FEHD D WNEEER IR EHLS N TE TV D, ZIUZE D, i
KTIIEHAH 2 Z LD TE RS T REE ORISR ORI ATRE L 700 | XA T2 v 7 FHAI~ DD
AIREMES T E 7D, AAMHEROS G, invivo TEIHEHIITE 5 2 LA E LV s, XHAH CT Tl £ DRk
EDOREPRUZ, BD X 2 7RAERIS Tl DRIk & B DI E < B2 DM R AERICE T LE 5 L5807
—F 777 e LU D70, invivo FHANZERT 2 OIELR CIIERICREECH 5, 2T, ex-vivo OIRAEDRE}
T insitu OIRPLAFELL TUEEATH Z & C, BARSHERRA FRYE TRt b T X 25HIREORR Z BRY E
%o FTVERY IR LA 2 AEMEOBREERIEL A& LTz AD-X #iFH CT OB E1To72,

AD-X HHAH CT 1, FROFAERA ©—LT A Th D BL20B2 TP AT 72, MAHFHAIZAT S 729012 X f
SOV TR AT, 2OV TEHE MRS TG & WS TG K> T ST B, KRR LF—I,

G1 TR\ T r/2 DAL T FHMF6ID 18.8keV ITRRIE LT, G2 IFMERZEIRIAT I 120, By AT —
Y HIBEE L TW5, BigHEE, @GRS AIREZR A b L— b7 7 A /3= v 7D sCMOS 71 A 7 Z v

7o AD-FHHIOT=0IZ G2 EEIZ L AMERZ EEH T HOVERH DT, 777 a VR —E b0 =
WIROT F 1 ZHEEE VD = LT, EERe e L
IR UETEE LT, 2Rk L i@ 1) O EZSAE |
EREFDAMTZ D & D12, Fig 1 lORT X 912 2 BEDIaHR AT — % %)
THLHCEHEB L HAEREAT— 0 E FIGERENC L 0, 3tEhe
$FLCHI o8B0 225 2 LAFRETH Y . 2 HORHEAT — & [F]
LCHBESES 2 Sk 0 3B 0 3R LA [RARRN S 708 DalRS
AT EAAREL 705, AD-X 5 CT EHAITCIE. BYEHIE BRAERIA Y
WL, FOEAILTIEL T I 7oy arya R L—EZNE0=
FEIRT 1 S B A G ER A ToTn, SBIc, ZhbICH i
U GRBMA RS © 5 2 & T, (iAH CT FHERI LB e T — 2 D _ Mechanical seal
B3 %4707, 7045, AEHIAFREHT KA LI VGl % '
R, BT OVRRIREED 10 FELL TR =D & 5 7t i BBz
A ToTn, FRTHEEBORET T » MNROR & DA
EROT HERERIOBIEZA TV, Bl o8R0 1P S SREMERAR O LR
DI TEBINTINE - FHANTAD 2 L ARER L TVD, F
T, BLIEROEMINZ T, 0K LB LT DX fhr  Figl B AERSU OB IR LY

o NN SRRV 4D-X S iFE CT ikt
F8 CT ZAT 2 Te O DAEBEFEDZERN AW THEE T2, I R

Rotation stage 1

Repeated uniaxial
stretching and releasing

Sample in
normal saline )
t— Windows for

X-ray transmission

ZEER
1) M. Hoshino, K. Uesugi, T. Tsukube and N. Yagi, J. Synchrotron Rad. 21 (2014) 1347.
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BT S AX=D2 T3 IEOFRF

(LN F T > 51—
A

BIE, HiEaE - mEREZR A Y A — UG R DBIR AN EFI A T TND, FAUTLEN A Y REEROBSREIIC
BT DHERETEILA J1 = X i % vl & D FHEICK BN E £ - T D, ZAUTKT 28 7T FREDO
Lo b LT EE WA A— 0 7 XAFS M Tod U Cd, BiE, SPring-8 Tl mZefi /o fifiiso A
—UU T XAFSEE LT, BBl G2 2B X BRa R L~ » B ZEHIEAT 5 AT XAFS 15, X
BB F R T H =7V 7 ¢ —)L RS CT-XAFS IEOBREE D HIV TN D, 1l X FREIR COBLIRDZER
SIFRREIE. RIFETIERE X B A RIZ KV 100 nm BREELS, $28E X AR E0 7 =3 - OfEEC J 0 30 nm FREEIZRY
FoTND, RIS, HTEFFRTOMEREIEEELE 720 | i X ATl 10 nm 248 2 DB iRAE: b
D XAFS FHAIFHA T Z v E Tl Thiv T Ve o7,

CXD VEL, P (= e —L o N XHEBELISR U ONVARIERER R AAT 5 2 L2 X 0 SR OE 13 oA KD
% X BEsIED— T 5, SPring-8 Tld BL29LXU (2R Ty fiffe = b — Lo b XRURIHET A B%E &
A, 10nm ZHAB 2 D2 MMEED SRR S AV CUD), 7o, JIE BRTR ORI TR% D3/ —C CXD FHll%
1752812k 0 | POEEFIA L THATTREOZMO YL HIT ) FHEN G ST 5 2,

Fxld, Y7 10nm BEA A—2 0 7 XAFS IEOFEIAZ HIEL, 2t —L >k X#EHA A—2 0 Z7(CXDI)ik%E
XAFS fENTI Z B2 T L — g TV N TAT D 8T LB XAFS 15 (CDXAFS 15) DB I ONaERe LBRFE 21D
TW5,

Heat, E-Field etc.

postiont
s Ce3t ?/Ced N
§— :
In-situ cell - Energy (eV)
MHEEERHE 4 J10nmZERI 5 fRin-situ XAFSIZ & BIESRRED#T

[ 1. CD-XAFS {EDHERX]
AFELTILZIVE TOFPFEOROESL OMIERR, SROEFZL LT OV TS FETH D,

B

1) T.Tsujietal., J. Phys: Conf. Ser. 430 (2013) 012019.
2) Yukio Takahashi et al., Physical Review B 82 (2010) 214102.

76 JASRI



SPring-8 2016

pP-077

FT/E—LFRIZHE T HRER E LRI DRFE

EHEEATFIE G A7 51—
KR (ZF - &Kk EE

BIE, Foxld, ROERTH —47 'y F L&D 10 nm fEOENRE LI LD, T/ 27— ORFTRRERTRID
T2 ODERHANDO T 5, K7L E DLE BT D BB 217> T 5, BL39XU TIFHIE, KB X 7—ICk
% 100nm O E—2FIFHFHETH Y | ik -, BHET /S A L\ -7248100nm 205 1 2 7 B U FREORE S
OiRElExg L Uiz, XAFS, BEOXMCD JIEZEIMTHIL 0D, L, L 0/hE0 100 nm FREOFRERTT
LT, BAF72 XAFS ° XMCD A7 MVEGS Z LIFEBDRTIFEE L, Zhud, NS ORIEIE 551
DRHA 7 —/UZE T, XHRERBIOFIRINIE 2 22N ERET 5 2 ENREECH 5 2 L N DOF/FNTH
%o ZOMREEFIT 57D L X ARERATE RS JUSEIE & bICKECT D0EN B D, AFHR CIIEETE D
T ZE( b TECRE LA ToTz, 2070z, (1) EEMEZRM BN X 23S OREE, (2) F/ A— b
JURERE CORBMERIN AT DOBAEA T2,

(DIZRAL T, BEFORREIHETHE S ClIT /L =0 LROIFRFECAT—UMEH SN TR Y . b 08N
D7z, 0.1COMREEZ T3 LT 1400 nm F2EE, FREHEDENN T LE 9, AEEL T B el 7 20K
BRI 2 SRR L A — D & LT
WAL, ZHUCLY, 0.1CHOEEZR LT,
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Fig. 1. Schematic illustration of setup for Compton scatter imaging

Bk
1) P. G. Lale: Phys. Med. Biol., 4 159 (1959).
2) G. Harding: E. Harding: Appl. Radiat. Isot., 68, 993 (2010).
3) M. J. Cooper (Ed.): X-ray Compton Scattering, O Xford University Press, O Xford (2004).
4) M. Ttou et al, J. Synchrotron Rad., 22, 161 (2015).
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1)  “Electric field induced lattice strain in pseudocubic Bi(Mgi,»2Ti,2)Os—modified BaTiOs—BiFeO; piezoelectric ceramics”, 1. Fuiii
R lizuka, Y. Nakahira, Y. Sunada, S. Ueno, K. Nakashima, E. Magome, C. Moriyoshi, Y. Kuroiwa, and S. Wada, Appl Phys. Lett
108, 172903 (2016).

2)  “Metal-semiconductor transition in tetrahedrite Cu2SbsSi3”, H. I Tanaka, K. Suekuni, K. Umeo, T. Nagasaki, H. Sato, G.
Kutluk, E. Nishibori, H. Kasai, and T. Takabatake, J Phys. Soc. Jon. 85, 014703 (2016).

3)  “Orthorhombic distortion and orbital order in the vanadium spinel FeV,0,”, S. Kawaguchi, H. Ishibashi, S. Nishihara, S. Mori,
J. Campo, F. Porcher, O. Fabelo, K. Sugimoto, J. Kim, K. Kato, M. Takata, H. Nakao, and Y. Kubota, Phys. Rev. 893, 024108
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Activities at BLO2B1 in PU project 0078 for 2016

Aarhus University*, Hiroshima University?, University of Tsukuba®
Bo B. Iversen', Jacob Overgaard', Venkatesha Hathwar', Mattia Sist', Yoshihiro Kuroiwa?, Eiji Nishibori®

1) Electron Charge Density of a Layered Transition Metal Dichalcogenide

‘We have been challenging to evaluate weak interactions e.g. in layered structures from experimental electron charge density.
Layered transition metal dichalcogenides have attracted many interests due to their unique properties such as topological insulators,
electrode materials for ion batteries and thermoelectric materials. We measured single crystal diffraction data of TiS2 to a resolution
of sinf/A=1.67 A at 20 K using 50 keV X-ray with the image plate detector at BLO2B1 of SPring-8. The charge density was
modelled with the extended Hansen-Coppens multipole model [1]. We will discuss the weak interlayer interaction and its effect on
the properties based on the charge density.

2) Diffuse Scattering by Competing Soft Phonon Modes in BaALOq4

The stuffed tridymite-type oxide BaAl,O4, which has a network structure with comer-sharing AlO4 tetrahedra, shows a structural
phase transition at approximately TC = 400 K. The synchrotron radiation X-ray diffraction experiment for the BaAl204 single
crystal reveals that two competing phonon modes at the M- and K-points soften simultaneously associated with the phase transition,
and finally the superstructure by the phonon condensation at the M-point survives below TC. [2] The diffuse scattering is attributed to
the structural fluctuation of the AlO4 tetrahedra. The structure models on the thermal motions related to the softening of the so-called
rigid unit modes (RUMs) are proposed.

3) Low Temperature Structure of Cu;2SbsSi3

The tetrahedrite Cu2SbsS;3 undergoes a metal-semiconductor transition (MST) at TMST = 85 K, whose mechanism remains
elusive. We measured a temperature dependence of single-crystal X-ray diffraction data of Cu;2SbsS;3 at BLO2B1 and BL02B2
SPring-8. The extra superlattice reflections were observed in the single crystal diffraction data at 20 K. The superlattice
reflections were indexed by a body-centered 2a x 2a x 2c supercell. These observations demonstrate that the MST associates with
the structural transformation. [3]

[1]A. Fischer etal. J. Phys. Chem. A 115, 13061 (2011).

[2] Y. Ishii, S. Mori, Y. Nakahira, C. Moriyoshi, J. Park, B. G Kim, H. Moriwake, H. Taniguchi, and Y. Kuroiwa, Two competing
soft modes and an unusual phase transition in the stuffed tridymite-type oxide BaAL,O4. Phys. Rev. B 93, 134108 (2016).

[3] Hiromi 1. Tanaka, Koichiro Suekunix, Kazunori Umeo, Toshiki Nagasaki, Hitoshi Sato, Galif Kutluk, Eiji Nishibori, Hidetaka
Kasai, and Toshiro Takabatake, Metal-semiconductor transition in tetrahedrite Cu;2SbsS;3. J. Phys. Soc. Jpn. 85, 014703 (2016).
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Nagashima, H; Hashizume, D.; Takahashi, O.; Nakamura, M, Bull. Chem. Soc. Jpn. 2015, 88, 410-418, (BCSJ Award &'&)

2. Isozaki, K; Yokoi, T,; Yoshida, R; Ogata, K, Hashizume, D;; Yasuda, N; Sadakane, K; Takaya, H.; Nakamura, M.

Chem. Asian J. 2016, 11, 1076—1091 (back cover picture)
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Crystallographic Characterization of Extraterrestrial Materials by Energy-Scanning X-
ray Diffraction.

Kenji Hagiya!, Takashi Mikouchi?, Kazumasa Ohsumi®, Yasuko Terada®, Naoto Yagi®,
Mutsumi Komatsu®, Shoki Yamaguchi!, Arashi Hirata!, Ayaka Kurokawa!, Michael E.
Zolensky® (Principal Investigator). 'Graduate School of Life Science, Univ. of Hyogo (Japan),
2Univ. of Tokyo (Japan), 3JASRI (Japan), “‘SOKENDAI (Japan), SNASA-JSC (U.S.A))

Introduction: We have continued our long-term project using X-ray diffraction to characterize
a wide range of extraterrestrial samples. 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.

Results: The following a brief summary of a few of our research topics. C-Class Asteroid
Samples: We have been analyzing the crystal structure of secondary minerals in brecciated
meteorites from C-class asteroids, including Kaidun, Jbilet Winselwan, and Sutter’s Mill [1].
These are very unusual because they are the only samples we have of hydrous, very reduced
astromaterials, giving us a unique ability to determine the physico-chemical conditions of
aqueous alteration on primitive asteroids. This material is the best available match to probable
building blocks of the terrestrial planets, a preview of material that will be returned from
Asteroid Ryugu by the Hayabusa2 Spacecraft. Samples of early solar system hydro-volcanism:
Crystal structures of mineral grains separated from within salt crystals found in ordinary
chondrite meteorites [2]. These are derived from the mantle of a hydro-volcanically active early
solar system body — possibly dwarf planet Ceres. These analyses are critical to understanding
the results of NASA’s Dawn Mission to Ceres, and are our only samples of hydrous volcanism.
This far we have been able to make very accurate cell dimensions of olivine and low-Ca
pyroxene and assess the shock state of the solids erupted along with the brine fluids. Hayabusa
Mission Samples: We are trying to determine thermal metamorphic peak equilibration
temperatures for Itokawa’s parent asteroid using the low-calcium pyroxene structure, and albite
structures. Also we are determining the shock state of the minerals, to better understand
asteroid-asteroid interactions. Zolensky was one of only 3 foreign participants in the
preliminary examination (PET) of the returned asteroid Itokawa samples. The results from our
study of Itokawa sample 49-1 are very interesting, since this particular sample was essentially
unshocked, despite the fact that the vast majority of the returned Itokawa samples have a record
of moderate shock deformation [3]. Ordinary Chondrite Meteorites: The Itokawa samples
returned by the Hayabusa Spacecraft are almost identical to the LL ordinary chondrite
meteorites. We are examining the impact shock records of LL chondrite meteorites [4]. For
example, for the Chelyabinsk meteorite the shocked phases have witnessed repeated parent
body shock metamorphic events whose timings have been measured by several radiogenic
methods. Thus our work is critical to understand what the dates actually represent.
References: [1] Zolensky et al. (2016) 47th Lunar Planet. Sci. Conf. Abstracts; [2] Zolensky
et al. (2015) Abstracts, 78th Annual Meeting of the Meteoritical Society; [3] Mikouchi et al.
(2014) EPS 49, 1305-1314; [4] Takenouchi et al. (2015) 46th Lunar Planet. Sci. Conf. Abstracts.
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1) Lin, JF, Alp, EE., Mao, Z, Inoue, T., McCammon, C, Xiao, Y., Chow, P., Zhao, J. Electronic spin states of ferric and ferrous
iron in the lower-mantle silicate perovskite. American Mineralogist, 97, 592-597, 2012.

2) FEEA XEZRE =HED, EHERS, WEEF SREHE, XARE BETICEITHMEHE X $RET- AR
YT —RFEERFFAIEEDRRFE), 2C08, % 54 EISETERE, #ik 2013411 A 15 A.

3) Hamada, M, Kamada, S, Ohtani, E., Mitsui, T., Masuda, R, Sakamaki, T., Suzuki, N., Maeda, F., Akasaka, M. Magnetic and spin
transitions in wiistite: A synchrotron Mossbauer spectroscopic study, Physical Review B, 93, 155165, 2016.
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Laryngeal closure at birth in premature rabbit kittens
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1The Ritchie Centre, The Hudson Institute of Medical Research, Melbourne, Australia. 2Department of Obstetrics and Gynaecology
and 3School of Physics, Monash University, Melbourne, Australia. *Division of Neonatology, Department of Pediatrics, Leiden
University Medical Center, Leiden, 2300 RC, the Netherlands. SNewborn Services, John Radcliffe Hospital, Oxford University
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Background: Non-invasive respiratory support (nIRS), applied via a face mask, is the first choice for
respiratory support at birth for preterm infants. nIRS, avoids intubation and mechanical ventilation,
which are known to be injurious to the lungs of preterm infants. However, between 40-60% of preterm
infants receiving nIRS, require subsequent intubation and mechanical ventilation, and the reasons are
unknown. We postulate that the larynx is adducted at birth and only opens during a breath, which
obstructs non-invasive intermittent positive pressure ventilation (iPPV). To investigate this, we have
imaged the larynx at birth in preterm rabbits (29-30 days gestation) receiving nIRS.

Method: Synchrotron-based phase contrast X-ray imaging was used to image the larynx and lungs in
preterm rabbit kittens immediately after birth and at one hour of life. Kittens were delivered by C-section,
a face mask was secured and imaging commenced whilst receiving nIRS. Images were analysed to
determine the proportion of time the glottis and epiglottis were open.

Results: Immediately after birth the glottis and epiglottis were open 30.5+1.2% and 19.5%+1.3% of the
time, respectively, mainly coinciding with a breath. At one hour after birth the glottis and the epiglottis
were open 90.5+1.9% (p<0.0001) and 72.3+2.3% (p<0.005) of the time, respectively, closing only during
swallowing and respiratory braking manoeuvres.

Conclusions: At birth, the larynx of preterm rabbit kittens is predominantly closed which prevents iPPV
from ventilating the lung. It then switches to predominantly open within the first hour of life.

Percentage of time the glottis and epiglottis were open
B Immediately after birth
O One hour after birth
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Fig.4 Percentage of time the glottis (a) and the epiglottis (b) are open over the first
15 minute of life (=) and after the first hour (o). After the first hour of life the glottis
and the epiglottis were open for a significantly greater percentage of the time (*
p<0.005, ** p<0.0001).
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(1) S. Aoyagi, H. Osawa, K. Sugimoto, A. Fujiwara, S. Takeda, C. Moriyoshi, Y. Kuroiwa: Appl. Phys. Lett. 107 (2015) 201905.
(2) S. Aoyagi, H. Osawa, K. Sugimoto, M. Iwata, S. Takeda, C. Moriyoshi, Y. Kuroiwa: Jpn. J. Appl. Phys. 54 (2015) 10NBO3.
(3) Z Wang, S. Aoyagi, H. Omachi, R. Kitaura, H. Shinohara: Angew. Chem. Int. Ed. 55 (2016) 199.

(4) H. Ueno, H. Kawakami, K. Nakagawa, H. Okada, N. Ilkuma, S. Aoyagi, K. Kokubo, Y. Matsuo, T. Oshima: J. Am. Chem. Soc.
136 (2014) 11162.
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Orbital Magnetism on Dzyaloshinskii-Moriya Interaction
Kohei Ueda'™, Sanghoon Kim!"™, Kihiro Yamada!, Motohiro Suzuki?, Yoshinori Kotani?, Tetsuya
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T Present address: Department of Materials Science and Engineering, Massachusetts Institute of
Technology, Cambridge, Massachusetts 02139, USA

It has been demonstrated that the Dzyaloshinskii-Moriya interaction (DMI) at the interface between a
ferromagnetic (FM) and a heavy nonmagnetic metals (HM) has an essential role for forming chiral spin
objects such as the skyrmion and the Néel-type domain wall [1,2]. The objects have attracted much attention
for the next generation data storage devices [1-3]. However, the microscopic origin of the interfacial DMI
is still debating issue [4,5]. Recently, the relation between orbital magnetism and DMI has been
theoretically demonstrated [6]. In this study, we experimentally reveals the relation to uncover the
microscopic origin of the DMI. Our nucleation measurement result based on the droplet model demonstrates
the strong temperature dependence of DMI-induced effective field in the Co/Pt bilayer. On the other hands,
the x-ray magnetic circular dichroism measurement exhibits that the perpendicular orbital moment
increases at low temperature while the in-plane orbital moment is almost temperature-independent. The
theoretical investigation based on the tight-binding model qualitatively reproduces the experimental results,
showing that orbital-to-orbital electron hopping with the inversion symmetry breaking can link between the
interfacial DMI and the orbital moments.

This work was partly supported by JSPS KAKENHI Grant Numbers 15H05702, 26870300, 26870304,
26103002, 25220604, 2604316 Collaborative Research Program of the Institute for Chemical Research,
Kyoto University, and R & D project for ICT Key Technology of MEXT from the Japan Society for the
Promaotion of Science (JSPS). This work has also been performed with the approval of the SPring-8 Program
Advisory Committee (Proposal Nos. 2015A0117, 2015A0125).
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Magnetic Compton scattering and Fermiology studies in high magnetic fields:
Long term project

J. A. Duffy!, S.B. Dugdale?, S.R. Giblin® and J.W. Taylor*
!Department of Physics, University of Warwick, Coventry, CV4 7AL, U.K.
2H.H. Wills Physics Laboratory, University of Bristol, Bristol, BS8 1TL, U.K.
3Cardiff School of Physics and Astronomy, Cardiff University, Cardiff CF24 3AA, U.K.
*DMSC - European Spallation Source, 2100 Universitetsparken 1, Copenhagen, Denmark

In this poster, we report on our current long term project to develop high-field magnetic
Compton scattering measurements on BLO8W. We present details about our current progress,
and our latest results obtained using the magnet. We also present details of our future plans to
make our first Fermiology measurements in an applied magnetic field, which requires a new
development of our sample environment.

Studies 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 inelastic “Compton” scattering of high energy X-rays. The beamline BLO8W is set up for
these experiments, with the necessary hard (typically 175 keV) circularly polarised X-rays
produced by the helical wiggler.

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.

For this project, an Oxford Instruments Spectromag cryomagnet has been shipped from the
UK and commissioned for use on BLO8W. This magnet, with its variable temperature insert,
can provide a sample environment with applied magnetic fields up to 9 Tesla (horizontally),
at temperatures from 1.3K to 300K. With our own micro-furnace, temperatures up to 700 K
can be attained.

In this poster, we will highlight some of the newest results obtained during our first very
recent experiment and will present our plans for the rest of the long term project.

We would like to thank the EPSRC in the UK for funding for this project, to SPring-8 for

providing the long term projects 2012B0045 and 2016A0131, and Y. Sakurai and M Itou for
their significant help and contribution to our experiments.
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NRVS for structural definition of non-heme iron enzyme intermediates
Kyle D. Sutherlin, Lars H. Bottger, Kiyoung Park, Martin Srnec, Yoshitaka Yoda, Makoto Seto,
and Edward I. Solomon

Mononuclear and binuclear non-heme iron enzymes catalyze a wide array of reactions of O, with
substrates in nature. In many cases oxygen intermediates active in catalysis are inaccessible to
traditional vibrational spectroscopic methods, in particular resonance Raman, and their structures thus
remain unknown. We have developed a methodology for applying nuclear resonance vibrational
spectroscopy (NRVS), which is selective for all vibrations with Fe displacement, to define the
structures of these intermediates. This methodology involves collecting NRVS data on structurally
well-defined models of the intermediates of interest and simulating these NRVS spectra using DFT
calculations. From comparing the data to the NRVS simulation, the functional and basis set
combination that best simulates the model data are identified, allowing for assignment of the iron
vibrational modes and their dependence on structure. That same computational method is then
extended to the enzyme intermediates, allowing determination of their structure. We have successfully
applied this methodology to S = 1 and S = 2 Fe'Y=0 models and then to the Fe'V=0 intermediate in
the halogenase SyrB2. DFT-calibrated NRVS allowed us to define the structure of this intermediate
and elucidate how substrate orientation in this enzyme leads to halogenation of the native substrate
but hydroxylation of a non-native substrate. We are now extending these studies to a series of six-
coordinate S = 2 Fe'V=0 model complexes and to the S = 2 Fe'V=0 intermediate in TauD. For other
mononuclear non-heme iron systems we have systematically studied the spectral changes in going
from a side-on ferric peroxo species to an end-on hydroperoxide species. We are now applying these
results to understand the peroxy intermediate in the Rieske dioxygenases and its mode of oxygen
activation in electrophilic attack on aromatic substrates. We are further extending these studies to
putative high-spin Fe'"-(hydro)peroxo intermediates in the extradiol dioxygenases.

11 g

We have also applied this methodology to a series of Fe'",-peroxy intermediates and Fe'V, and Fe
Fe" mono- and bis-p-oxo models to understand their NRVS spectra and are extending these studies to
a series of bis-p-oxo systems which exhibit different carboxylate bridging patterns. In enzyme
intermediates, our DFT-calibrated methodology has allowed us to elucidate the difference in
geometric structure of the peroxy-level intermediate P’ in AurF, which converts aromatic amino
groups to nitro groups, and the peroxy-level intermediate P in trapped in the D84E RNR variant in
E.coli. Combined with the electronic structure information obtained from magnetic circular dichroism
spectroscopy, this has allowed us to evaluate the differences P and P’ exhibit in their geometric and
electronic structures and reaction pathways. We are also applying this methodology to high-valent
binuclear non-heme Fe enzyme intermediates, where we have identified the geometric structure of the
high-valent intermediate Q in soluble methane monooxygenase, which activates the strong C-H bond
for H-atom abstraction by a Fe(IV), cluster. We are now extending this study to the mixed -valent
intermediate X in RNR, which utilizes a Fe(Il)Fe(IV) cluster to formally also perform an H-atom
abstraction (actually proton coupled electron transfer) reaction that generates a tyrosyl radical for
nucleotide reduction.
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Hydrogenases (Hzases) and nitrogenases (Nzases) are important enzymes in nature,
while newly developed nuclear resonant vibrational spectroscopy (NRVS) is excellent
to evaluate the iron specific information inside complicated systems, such as Hzases
and Naases. For example, a Ni-H-Fe wag mode inside DvMF NiFe Hzase was
published in 2015.

Observing Fe-H/D stretching will be even better to elucidate the detailed structural
information in various critical Hzase or H/D-bound Nzase intermediates because Fe-
H/D has no overlap with any other features in NRVS. In 2016, we have finished
NRVS observation for a series of important bioinorganic complexes and one real
H2ase enzyme, including some features in their Fe-H/D stretching region:

1) The [(u,x?-bdtH)(u-PPh2)(u-H)Fe2(CO)s][OTf] (or FeHFe for short) is the first di-
protonated [FeFe] Hzase model relevant to key intermediates in catalytic H:
production. The NRVS spectrum showed a much lower intensity in Fe-H-Fe wag
mode in comparison with that for the Ni-H-Fe wag mode in [NiFe]-Hzase model,

2) A pair of high spin (HS) iron (Il) hydride/deuteride isotopologues with two H or
two D in the bridges (FeHHFe or FeDDFe for abbreviation) is a good pair for
modeling Nzases. We have finished the full NRVS for this FeHHFe/FeDDFe pair,
including the features of Fe-H and Fe-D stretching modes;

3) For a real [FeFe]-Hzase: 1) with [2Fe]n being selectively 'Fe labeled; 2) having an
oxo dithiol bridge instead of the typical amine dithiol bridge; 3) prepared in D20, a
preliminary NRVS measurement revealed a “possible” Fe-D stretching “peak” at
around 1312 cm?, although it still needs more statistics and verification.
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V %! CRISPR-Cas &0 % Cpfl O dbisE

COLEF Rt TERY SLAE A AR MR A B
(1, B K% 2,JST PRESTO)

CRISPR-Cas R TF AW DOESLIZHNE T 5. 11 7L CRISPR-Cas % Tff < RNA &7
DNA = KX 7 L7 —¥ Cas9 X, FA K RNA L7 484 DNA % R A2 Y4
LHiREZ ©D. HA K RNA OFFIZET T 25 Z & TN & 95 DNA ORI A2 RS 1A H
T& 572, Cas9 17/ MREHAMT~ LIS SIWVEMBFEICEMAR I LTV, A,
V %l CRISPR-Cas 224> 5 RNA (K77 DNA = KX 7 L7 —¥ Cpfl BH I, #Hiiz
IR AFREY — L E LTHER SN TWD. Cas9 & 1x 2D, Cpflix TV vF7: PAM %
O DNA Z 8 LEHRS 2R T 528, TO0 THITRHTH -7 40, Fx
I%, Acidaminococcus sp.lZHI33" % Cpfl, #'A F RNA, 1Zf") DNA 75 72 25 RO R i
EZPRIE LT, Cpfl 7% Cas9 & X 72 DR A T A A EN G BT D 2 LIk
L7, 5612, Cpfl & Cas9 OffiEHIE D, Z4uH 2 20 CRISPR X 7 L7 —E D
TEBIHEIE (235 1T D Sl PE R L O BRRMEN I B MC R o T2, ZORBIIAHBOT ) MRES
MO EEEETLEDOTHD.
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