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3-2. Other research projects carried out using general funds of
KEK
The following projects have up to now been conducted mainly
using general funds of KEK. They will be continued on the
condition that greater efforts are made to obtain external funding.
= Simulation studies with the existing supercomputer (only up
to summer of 2017)

* Industrial application of ERL technology

= Participation in CERN LHC/ATLAS

= Research carried out in the Detector Technology Project

= Research in the Japan-US cooperation program

= Projects under the Toshiko Yuasa Laboratory (TYL)

= Small-scale research projects conducted in KEK institutes
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4-1. New light source facility
With the existing light sources deteriorating and losing their
competitive edge, it has become urgent to proceed with plans for
the next light source facility. The KEK long-term plans have up
to now called for a 3 GeV Energy Recovery Linac (ERL). This
was made obsolete by the invention of the multi-bend achromat
lattice as a synchrotron light source. As an alternative to ERL,
a 3 GeV-class storage ring-type high-brightness light source
is seen as an appropriate replacement for the PF. This next-
generation light source will achieve spatial resolution of the
order of nanometers and energy resolution of the order of meV.
It will make possible previously unachievable new research
in several areas such as studies of the structural and electronic
properties of heterogeneous substances, and clarification of
chemical reaction dynamics that include fluctuations. KEK is
starting specific consideration of an all-Japan effort to realize the
high-brightness light source, which will become an indispensable
tool for leading-edge research in a wide range of academic and

industrial fields.
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Dynamic Analysis of Ni Species Supported on Silica under CO-NO Reaction Conditions
by Means of Time-Resolved DXAFS Technique

Shohei YAMASHITA, Tetsuya MATSUOKA, Misaki KATAYAMA, Yasuhiro INADA
Department of Applied Chemistry, College of Life Sciences, Ritsumeikan University

Abstract

CO BX U NO FHL FICIITF 5 Sio, #8HF Ni (LA DL AR LIS DWW T XAFS 2 WV THEIRIL, BV AR
CHFEERIELE D B Z DR R LTz, CO LT NO I X B 1 Ni (b2 OB LE TR ISIE, 873 KICTBWTTRM
ORI HET TS %, CO-NO KIGHDOEIE Ni ki Fid, NO IZXBBLEIGIC & > TZD—EH NIO ICZ{EL DD, 5l
EHi< CO K&K BEITK DI & > THUSRRE N R A AT 2B OBIHNCKIN Lz, CO BXU NO DEAEH ADHHK

DIENIC K > TRIGHITER T B Ni0 &AL, bl JSE I

1. FCs&IT
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e PERE 7 I S SR DR HANIAY T O EE R fR# £ 75 %,
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fliPERE D M) bR R e 2 BRI 7o ITI, fid
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& IRISSMETIC BT B TG AR O (L 22 RAR 0D PRk AV R
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Figure 1 The redox mechanisms of the Ni species supported on SiO, at
873 K under the H, or O, environment.
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white x-ray
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The reaction gases are rapidly introduced
from resorvoir to cell which is already vaccumed.

Figure2 Concept of the DXAFS optics in the Bragg-type
configuration, in-situ Batch-type observation cell, and
reaction gas injection system for the DXAFS measurements.
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Figure 3 XANES spectra and Fourier transform functions, average
coordination number change of the Ni species as a function
of temperature during the heating processes under CO or NO
atmosphere. The optimized values of Ny o and Ny y; for the
Ni species under CO or NO atmosphere are compared with
those under H, or O, atmosphere.
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Figure 4 XANES spectral change after a rapid injection of the gas
mixture of CO and NO to the metallic Ni catalyst measured at
873 K. The gas pressure ratio of CO:NO was 1.0:1.0, and the
total gas pressure was set to 3.4 kPa.
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Figure 5 The X-ray absorbance change as a function of time after a
rapid injection of the gas mixture of CO and NO at 873 K
under various pressure ratio of CO:NO. The total pressure of
the mixed gas was 3.4 kPa, and the proposed reaction scheme
of the CO-NO reaction is drawn schematically.
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Figure 1 (a) Crystal structure of YbB,,[23]. (b) A low-energy electron
diffraction pattern of the YbB,,(001) clean surface at room
temperature. Arrows indicate the surface unit vectors. (c)
Angle-integrated photoelectron spectrum taken at 20 K with
photon energies at 80 eV.
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%, YO R YD D4 DY — T AIEIE I TSR [17,19] &
—H LTz, FATHIZRE DREZREWVIE, 09eV, 22eVIC
Yb* D “EKHD & ENTBEAEENMENHTH S, T
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4. YbB,, D/\Y FoE & REIKRE

Fig. 2 1% 20 K THIE T N7z ARPES 7— X TH %, Fig.
2(a) (&, FHT XILF— 200 meV TOHEILXIVF—ET,
IEATIROEES IS A MR OB FEZ KR LT\ &
EZzbN%, Tk, TODHITIVF—MIZ c2x2) DX
MEEITHINT 2T DR LMD O, HFET X ILF— 200 meV
HEDBEHENREHERTHZ I L ZRBTEEDTH
Sl TTTAFHDITIINF—EZ(LE Y, kL ITADE
FREGZE LTz, Fig. 2 (0) DZ DR TH %, sUmH
RT &K, ASHEDOT XNV F—%EZEZTEASTFEHA
DOWBUIZEN LRV, 1> T, TOETHHER £ 0EE
Flemn otk mE FIRAEE 5 X %, Fig. 2 (c) & (d) &
ZFNFN100] & [110] IR > 723 REITH %, Fig. 2
(b) TEMEIREEL AT T NN R (Fig. 2 (c) D S) 134
T 3)VF— 100 meV DL N TH L 58T %, mifRIE LDA +

Joyrioo (A1)
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Figure 2 ARPES data taken below 20 K. (a) Constant energy contour
at the binding energy of 200+10 meV (hv = 50 ¢V). Thin
lines represent surface Brillouin zone (BZ) boundary. Arrows
indicates the Miller indices based on bulk crystal structure.
Indexes used in the following part obeys this definition. (b)
Momentum distribution curves along a dashed line in (a) at
the binding energy of 200+£10 meV as a function of photon
energies. A dashed line is a guide to the eye. (c, d) ARPES
intensity maps along (c) [100] and (d) [110] measured with /v
= 53.5 eV. Dashed lines in the left region of (c) indicate the
observed bands named S, F, and F,, and F,,. Those in (d) are

calculated bulk bands around the X point of bulk BZ captured

from Ref. [20].
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&, k~018 A (IS 7 = )b I HERT & REY) B B L UWVIRAE
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Figure 3 (a-d) ARPES intensity plots near E; at different temperatures divided by the Fermi distribution function at each
sample temperature convolved with the instrumental resolution. All the data were taken along [110] with Av =
16.5 eV. Circle (triangle) marks are the peak positions from ARPES momentum (energy) distribution curves. White
arrows in (a) indicates a state lying at E; (e) ARPES energy distribution curves at &, ;;;o;= 0.35 A
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Iron speciation at the microbe — metabolite interface using STXM

Hiroki SUGA', Sakiko KIKUCHI’, Yasuo TAKEICHI®, Chihiro MIYAMOTO®, Nobuhito INAMTI’, Kazuhiko MASE’,
Kanta ONO’, Masaaki MIYAHARA', Yoshio TAKAHASHTI**

' Department of Earth and Planetary Systems Science (DEPSS), Hiroshima University,

? Institute of Biogeosciences, Japan Agency for Marine-Earth Science and Technology (JAMSTEC),
? Institute of Materials Structure Science, High-Energy Accelerator Research Organization (KEK),

* Department of Earth and Planetary Science, The University of Tokyo

Abstract

EBANE R X AREAMEE (STXM) Z VT, INERFSE 5 I L T0 2 MEYIRROSE LY (BIOS) ZEIS LTz,
STXMIC K % RZA - 23 - WK - Fk D 15 KX U - 235 -l O K8 NEXAFS 12 K D, BIOS H1A S ALY (Sheath)
MTCTFET 2MAEM AR AL, #o L WIH NEXAFS H 5 HM2EY) « #4459 -Sheath ] « Sheath DZNZFNICIEIET % 8k
DALAFEOBEN 2R U Tc, AFFRERIE, STXM D RIGURFR OMAEY) - (EHAE RIS 72 (b 22 fE O R B g

T RO S5y — )L Ts B T L RR LTz,

1. FLs&IT

IKEBAEERIEHIER DB IRIGFTICIFAES 5 [1]. AT,
KAEDILEN S EWILHE (M4 V) ERZF DY,
HERRE TOMBE LRDMEIRGE EICHE RG22 LEAD
NTVD [2]0 RIRICHES B /KBIEERDIE & A EI3 WA
Y GBBLMER L) ZE8T7D, BWENGERICE -
THBENTIKBBIEERITINA T [3], HEEYREHEEIE DK
B ZEATVBREEZLSNTNS [4], BEIIMEY
EJROPLEE{EY) (Biogenic/Bacteriogenic Iron Oxides: BIOS)
EMEEN (1, 5], BEIKBOTANEOSEERZTZ TV
FeIRPkELE  (Banded Iron Formation: BIF) DD —DI
IRo TeTREMED SRR S T B [6], BIOS &, WUAEYmICHN
ZTC, WY (RSB EHE) OfRBc k> TES Nz
Wz Lk &, MAEYHSROFE Y (EPS, Sheath, Stalk)
MHRERENT WS [7, 8], EPS &MU 24 (Extracellular
Polysaccharide) DMEFFTEH O, Sheath & Stalk (& #LFE LA
HORFIC K> TR N2 KIEEMOBEHEHFATH
%, Sheath [ZfAIR, Stalk l&Y 1 X MIRO#EEZ LT\ %,
FRIDE SIS, BIOS BV A7 A— VAT —)LTOAR
2t DOhH# - IEEE Sk TH 27D, BIOSN\DIE
e 7x LR S 28 2 FEAR 9 2 I I AE o AR Y 72 2
DIGEEN T VIREE (semi-in-sitv) THEBEHER LT, Thb
NDOTLEWAE BT 2B 0ENDH 5, DX DR
T T D semi-in-sin {CFFEHTICIE, @2EH0 fREE (B
10nm) Z&5H, MAEYE WA DEMBTEDO T IV
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F—aEl (FIZIXRE K & 8D L #i) TD NEXAFS
IS T & % E AR E M X ARPAMEE (Scanning Transmission
X-ray Microscope: STXM) ML iEL T 5,
AWFEOHIEIE, STXM I X - T BIOS RO
BRI 8 BTk, TNThIcs (BH5 Vit
) Ul#koftE@ziAd s Thsd, ThETIC,
SRR A KB (L RIS LT &, BIOSIE LT & TidHED
NOTEEDONERIMA AL S L ORELH O 9], ATk
ZWENIT BT LT, WTHUIKI BIOS ND IR THE R
EZEFOMIFAICEHMRTE 2 LEZ T 5, BIOSDX S 7%
WY & #1725 A TERIRERIAD STXM D s I BEIC
THhNTWVAH[10], HAENTIE STXM A3 2012 FEF
TIHELED S 12728, IEEX TITbNTWEY. AT,
ENTIEEEE I Nz BIOS %, KD BIOS O STXM #52
BITHbNTVBM[11-13], KIAD BIOS HOMAEY) - Kt
AR T DB EREICEH U7 HIEIE5R £ i, AR
Tld, FEBEIC STXM THAEYIEY) (Sheath) & ZDf}ik
ISIFIET B IEYI R R U [14], 29 - 49 -Sheath [
Sheath D Z NZFNICTHFAET B8k B 1%z, KD L Tl
NEXAFS ITEWDERE NI T LIZDWTHE T %,

2. STXM &322

STXM % [EHICHIAT % & T4 10 nm A — )LD 2Ry
fRBESRAE T C, NEXAFS O FHAE T 3% 655
WEEITH B [15], TDNEXAFS DX TEHEIGT %728,
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TV F—RAT v THOWRZ G LTI, FHEDEAL
D NEXAFS A7 )Lzl d % [Mmage Stack] &5
FHEERELEHT 2, BETHNUIMEDOTNORIES AT
fERiz8d, 1 ¥ 7 R)VHAD S IEMERME T2 £ 72 A
N7 M EEBZZENTES, ZLT—E [Mmage Stack|
TF—REERELTBITE, ZOREAL»SHMH LIZWEE
DD ARY bV WDOTEHMETE S,

BIE, MROBA GRMNCHERICIASERLTHD,
ZTNTNDRMD 575 Z LT\ 5% STXM TH B H[16,
17], HARTWE 2012 FEEFTEHAIN TV AN -2 (HL
FCREGZEDORTEREEHZ Z—T v b L, b5
Xz FZP THYE L TiEEM 9 % —fitM7s STXM &
WO EKTH D, EAM XS A RIZFE Lz 18],
TDXSEYEEZIT T, 2012 4EIC UVSOR IT Bruker L
D STXM MEA TN THRFEFRHANIRE > 7o HEZ[F U
< UT, PF ClEHAMEICEHE E N7z compact STXM D
FIRMEAE D, 2013 F X TIihbNlz, 2013 FEN S
S2 FEE (201382-003) DAV IN—DHIHDEHTIEH % H
N DORE NI E AN E 5 72 [19]. FS5EELS
¥, PFICT ISTXM RFE¥] CBELT, REZBELTM
Kl — BRI ORGPz H5 U 7o ¥z 7% s2 3 (2016-
$2002) MEAE -T2,

T T T, ARWFETHEM U7z BHARME B F D compact
STXM DS % Fig. 1 17”9 s compact STXM DRHFEIL L
HIARFETHLHD Loz, FEESE Gk [20) 2 &
W72 e LT, IFICHFEDO T E R R ZiiR%, 7
WIZICHEHE— LT A U REHRT % AR—ZADH PF Jil
HOWREE LT, MM VHERT— YOI
X B MBI/ N E (E— L5 4V OBEIMNATEE) ) 17
S TW3, AT MEUREEAY »v MK B STXM AR
FRZHREL, COREEFESANDS STXM Fv 23—
WOy EEBIc kT2 C Lic kb, BT +0ERiEE
FKEUIBHORE ®, [X7—YOBH) & L& HlfE-e
i X AR 75 £ OFhHE =2 BEIMEE OHIfE PC & I3HNTIC
field-programmable gate array (FPGA) [ Tl 5 &
IC&kD, BEAFYOER), T5I [a—Y—TL Y
RV—=T5T7 4 hNVA—HP—o > Z—T 2 —X (GUI) D
8L 72 EDTRMEES TNTVS [14, 20,21], BFEET
I, HIERRFY: « BREERPESTE [22-24) DAL 5T, WM
FOE, BB 2511CMA T, DRI DIHLE
MEWIE W72 &, 2SO 208 TR TV S,

Beamline optics 4—{ }—» CSTXM Counter|
__________ -1
shutter ! Specimen I \
Troidal mirror " 1 FZP \
A, STXM slit
2 i® ‘ N |
— ’ e 1
i (] " I =™ H
Grating I ' | e
Beamline slit Detector ! p
! OSA 1 microscope
e e e e e e e ==
SiPD (For adjustment) STXM chamber
Optical table

Figure 1 Schematic image of the compact STXM (reference from [14]).
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3. ZTHE STXM 2RI 50h

BUE, MEMLHMOESY CHEY) Z#0d 5
TR —MREGEE, BRERESEONK 5 EEET
BEM % (Scanning Electron Microscope: SEM) %X TH A
I [26]c F7z, BEEMEFHMBE (Transmission Electron
Microscope: TEM) IC KB MHEHRETHON TN 2D, &F
TR R BB T TOBIEED - DL ONHES G Y D
G EINEEC ZATREMEN D B (11, 12], HIIEEE 21T 2
WEHEHEBEE A=V EHTEH, AKOREIFBRLT
Wi, HITEEE TR X /8 BRI EET HBIC T 2
JRIERAT 3 EEDNT N5, EBROEEITHEN
e D % 72D TH %, SEM/TEM-EDS I & 57T
I EITHRDNTVE D, (L AREE TIEH S MICHIRE W,
e, LFETEMEYRO S MZHS MY B eI E#DL
PR (PSR S L — Y T E A BIBAMES : Confocal Laser
Scanning Microscopy: CLSM) I DNA #aZz A EHE 7z
B in-situ )NA T V) R A ¥—2 3 Vi (Fluorescence in-
situ Hybridization: FISH{%) &17&HN TV 5 [27], FISH
ECRENOMENOH 2RO LIDCE L TRIET S &
WCTE, RIGEEH» S ZR R U TN TSRz
BEOEEIIEITO TENTES, LML, MHERED
WEMO RNA BERICIKIFT 2728, HEERZEICHAN
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Figure 2 (a) Explanation of water window on the graph of photon
energy vs penetration distance [29]. (b) Measurable elements
by compact STXM (250-1600 eV). The grey elements cannot

be measured by compact STXM.
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TEREBRBRBEICENT % RNA BF ROVt
LTI TREa i &ENMEL NN EEH D, KRD
APPSO U T A TGS & i
ETNTWVWD [28], 7z, FISHIETIEIGESIIEHREZW,
TD&31C, LEDOFETIERANIZEHN TS %KM BIOS
OB RIS U 7z Bk AR MR #E LU,

ZITHYTB500, idZZ0XXORE (H51E
JEH RIS TUE S A) TMAEMOBIR - STRIHT -
{b22FEIF E D semi-in-situ THA]EEZR STXM TH B, HijbD
SEM/TEM Tl 2 B FMTlE, R ZER R
E BE om) F TN U3 ISR NGRE OBgIE
KEWTeSD, RUHOLRYIE 2 EHEBINIT 2 C I3 L
W (Fig. 2(2) ICEFRIOBEEE Z#H T TVS) 29, L
MUXBOBEE, EROFRDILETHDIRE - 252 -
R DOWINEGD B % T %)V F—HEi (285 eV- 548 eV, I
ETIi323-44mm) ZBWTC, —KAKRZ ST EICHAN
TKDOFEBEEN—HTAKEW (Fig. 2(a) [29, 301, ZD
Te®, XETHAEYZEHNT 2 &, AUHOEKRGRIC
FLUTE, MIEEEEROMINREZ N F U &
ITB5EHHKD, ORIV F—HEE TKOE) &
MESN 15, 30], E 7z, 28 X AREATYSE (Transmission X-ray
Microscope: TXM) ICLENTHRST X A —0 () AR
RO BARMIETIE STXM Z Vi (TXM (3374 fH SR I
TR 31D,

FROXI HEXRERHOEBUNDOF L E LT,
SmMTuKﬁEWZTL% MGz EZATEZD L,

MBI B Y T Y ETOIFIIRcREREL, £
@MﬂM@ﬁBk?@%%%ﬁk?%Ckﬁﬂ%?%%
TENBTENS, 5% F TICPF D compact STXM DL
FIVFE—FEIK 1 250-1600 eV T, HERANICHH AT ER T
7 Fig. 2(b) ICHE T3, TOREEENIT L, BIOSD
X O Y L BRI ORARONIIE 2 G ERICHED S T
EMTEDIZAD, 8BAA, BHTTEERICEILX STXM
V—LSA Y THHTE BNV F— I ikiz T 5 72
b, U—LIA T EICEHET> TV,

AT, STXM T3 2%t ) a2V Fiffo TEM &7
Vw Rk (ZoftoZ7 )y REEFAT 2D, BEARNICZEN
S TEM HOLDTH 3 728) BIkviERENDS, L
LB FTAMESEIAS® FISH 15 & O AR 2 S 1T BE
HD[10], FHUTX> THFLWOLY A TV ADREEDATEEIC
5%,

4. HABREREDIREE

ARE THW z BIOS B RHE LB RZHRIAEF ¥ > 78 &
WicdH s [SES M) MHERIL: (Fig 3). DM
TEHINC Mgk E S TRDMERE N T D, SEEETT
ITEERER 15 em DERTEEY) (EEBIE BIOS) MEALE N

TW5%, BIOS LG DKIRIE 15-22°C, pH & 6.2-6.5, A
TEERIRE 288 uM « IS IE IR E 29-299 uM TdH % [32]0
F 7z, DNA fi#tih 5 T O BIOS I X #BLIE OFEE S
RN TV [33],
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Groundwater Inflow nella spp.)  Sheath (Leptothrix spp.)

Figure 3 Budo pond and deposited BIOS in the Hiroshima University
Higashi-Hiroshima campus. BIOS contained metabolite called
sheath and stalk (shown in right side photo).

7 . .
3N,
Suspension Dropped ; \
— —— QA — 5
- o
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S'[}(MPhoto =
S )V A =

Sampling } Microscopy

o
Budo pond
BIOS

Figure 4 Sample preparation flow chart for the STXM measurement.

BIOS H DKWL H DA K2 < T8, Gl
5 STXM HlliE F TORLEE 36 B LINICIT > 720 JRE
MHEDILE THEMRT BRI L2 v VESRICH
WLKM%M:%@% ECHIBH I, Si®TEM 7'V
w RDTERST (500 x 500 pm) /G5 N7z 50 nm JEDZEAL
vyay (SiN) JEEIcEXy FTilRinL 1%, K&
BERCREZEEk, ZOBSTXMICK > TRE - 84 -
BEOKEBEC, o LTIV F—TOBRET->
Teo M L7z STXM I HARTHI THEA E 17z UVSOR
@ BL-4U IZ & % Bruker tL 50 STXM & [34], HAMH

DFETTHIFE E 11T Photon Factory @ BL-13A IR E X 1
7z compact STXM T& % [14], AFi T/R9 NEXAFS I3 £
IT Tmage Stack JEIC X - TR BNz, KW B XU
NEXAFS OH D H Ul aXis2000 Z il L, NEXAFS Dff
Hrid REX2000 Z i U7z BARMERID SHIE £ TOMEK
% Fig. 4 ILRT

5. BREER  MEMOHRA

STXM IC & % R & #k D47 Fig. 5(a) ICRd, T
DD BFREIROMEE DAY (Sheath) I AF
HELTWB T Lhbhb, RiFFETiE STXM/NEXAFS 12
X2MEYDFREZ AP Tz FREIROKEEER /) & Sheath
BRI B 1312 R 2 K Uit NEXAFS % Fig. 5(b) I3, &[E
DRFE « B3 - BBREB X U B OEAERE D NEXAFS 13,
Chan et al. 33 X U Mitsunobu et al. I X 3 REETN72E D
ZICIC R LT W< (11, 23], Sheath [T IC B E N4
B IR OREE D 5 1572 K 35 D NEXAFS 13 289.3 eV IC DNA
FHDOE—27%&D, —J57TC, SheathIZiX 289.3 eV DY
— 7 3R TER WV, RIC, R NEXAFS & [F U
51572 HK L i F D NEXAFS # Fig. 5(c, ) IZ/RT, £
Fig. 5(c) D& D NEXAFS I&, HEIRDERS Tld 401 eV

S U WAL
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Figure 5 (a) Composition map of carbon (blue) and iron (red). Yellow
arrow indicate microbe. (b) Carbon NEXAFS obtained from
microbe (cell) and metabolite (sheath) region. (c, d) Nitrogen
and oxygen NEXAFS of cell and sheath. Each spectrum
obtained from about the same region of (b). (¢) RGB image of
functional groups of carbon. Lipid (red), protein (green), and
polysaccharide (blue) were composited.

WA REEZSNE XV INVBEDE—T 2 RT
7Y, Sheath #7) TIXHERR S N/a W, FilF T Fig. 5(d) FER
NEXAFS TH 2 H, T 525-535 eV DKL 3V F—1H
W, 535 eV EOBTRIVF—MEEIC T E T EMNT
&% [35] IR AIVF—FEE T, FRERDOIBS + Sheath
o DT 530.7 & 532.1 eV DE—T DRI NIz, T
NS IFHITIKEBERE D 3d HLHEE T D t, Pl & e, WEN
DEBICHKT R EEZ BN, IMAT, KEIROHS
TREAVINTEICHKT R LEZLNS 534eVODOE—Y
MHERE Nz, U EOFERMN S, T ORFEIROFIE XM
EVMITHZEMRTEZTEHNRLTHAS, TOMIKIL,
STXM it 7> 7 SEM IZ & % “REBEEHh 5 (AN
72) WAEMORIREBHIL, ZOHPPHD XREHSY D
E—rZzLizc L L 8BET 5,

Fig. 5(e) ICIRBEDBERERA DA A—TmRT, RKED
NEXAFS 05 & 0h 2180, MAEYI L Sheath D ERESH
BIFL TV, 2ENEILCX S ZRAICE>TWVWE, £
U CTHEER /> D /5 HS Sheath #i77 & O ERBICE L T &
Nbohd, ThE, TNENDKENEXAFS DNy 757
TV RICHTENINE L L BEENTH %, £z, Sheath
ERICHE O & S HEDER T E 5D, TN Sheath
B LTV A EIRESSE DR E R Tld Y b7
— IRELMEHINTWVWS) ZBIHILZDTHA S [36].

PF NEWS Vol. 34 No. 2 AUG, 2016

23

CCETOREE LD L, Sheath JlHIC/EEL TV
MR L, B2 NEXAFS 5 MEYESS & bk
LSk OFEZHER L, 2L T, MEMNTOERE
DR DM IIHER S NEDN 572 £ Sheath HIHic
WEMDPFEL COIHEE LT, $EE{LHED Sheath
FIER LUK S LT 58, Z OIS Tl #EIRD EPS
ZF L > T Sheath UIMICTFET BT EHMEINTED
[37], EIU &S IREDHMAEYZ BN U Iznl G E W,
EHICWEMT SR LI LI LT THS
W, lE, MAEMNOBIEEL 0.05-05 WML FTH D,
STXM TOMIIHE LW [38], AICHE(EYZ &ET
ERMEMEEFEET 50 [39], SE S i DNA T Tl
WMEETNTWEN[32,33], AT, REDOEREESMHM
DRRNEDHHERI NG, $ON0HA A=V 5 EM
YRR TRERNZSO b RS- iz, M
YDA KB LS 2R L T B EidE X2V, Th
5D D, WMEMORED EPS I/KEELEEAZE LT
WBEEZDBDNEZYTH D, R, SLBECMENTH
% Shewanella J&D TEM BUHIT, MAEMOREBFICEET %
EPS FHIZ 100 nm LA T D7KEE(LERD B L5 F-/ RiF DVTifEaR
INTBE B B [40],

6. EREEE WMEW - CHERMM TORILEEDE(L
HiEE TR X728 D, BEEE K I NEXAFS 7 5 MEYie sy
WCIKBBIESEDEE L TR T ENHLE N5 72,22 T
#k D L i NEXAFS 7% 49 - 74 %) -Sheath [H] + Sheath
DI3IFEATASEIFLT, ZNEFNOZEEOLLKE Ui
(Fig. 6(a))o HXfS L 7z #k L i NEXAFS 7 — X & REX2000
XTI T IV RIEZIT>T05, EEYE L
tigd % &, 3 EFTh 5 ES L 72 #D NEXAFS D9 X T
W, IKBIEEED—DTHBZ T UNA RIAMTHBT
ExRRLTED, FEICFe(ll) DIFIERRT 707.55 eV (t,)
& Fe(Ill) DIFTEZ /RS 709.15 eV (e,) DR EY —
MRS N QDD =7 DX E : 1.6 eV & [25]
ZHRUT), THEMAEVBIKEBLEE (72U
ARSAH) PRELTVWEZEERELTED, BE
NEXAFS & &RfINGERTH 5, ZD%, ThEND
NEXAFS % 707.55 eV THUSL L THET 5 &, BB L7
BATT LIC e, =7 O SIEVDER TN, Sheath,
AW -Sheath, WEPDIEICE— 27 @b LTWE T &
MBS M &R o7 (Fig. 6(b))e F7z, FEZE NEXAFS TH[H
CHEAD R T E (Fig. 5(d)), T AUIEY) -Sheath DT
PO FRICF SN DBV H BT EEZ 5NERIC,
Fig. 6(c) IC#k NEXAFS O L, Wl DD A2 K U Tz
LDZRT, TTT, e, U=V ZHTH%L, Sheath,
4¥) -Sheath, WEYDIEIC, e, U=V DRETZ L L E
I, E—IHENEDOENTVWE T EAbN D, TOD
e, U=V DWBER TN ZTNOMHEK OO Lz
ERLTHED, ENH S Fe(l) RO AR RT E—
27 (708.9 V) OIFEREICERT 2 A[REMEDH 2, ZL T,
MAEVRED TREZDHFGHRENT LR EIND, X
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Figure 6 (a) Iron L-edge NEXAFS obtained from cell, cell-sheath

interface, and sheath region. ferrihydrite, Fe(IlI)-alginate (one
of the polysaccharides), and Fe(Il)-alginate was shown as a
standard spectra in the same graph. (b) Iron L-edge NEXAFS
obtained from cell, cell-sheath interface, and sheath region
(same spectra of (a)). These spectra was normalized Fe(II)
peak intensity (at 707.55 eV). (c) Expansion graph of (b), L,
region.

7z, Sheath M SEMICHMNSICDONT, Tz UNA RS
A4 FOEEFRFBPLTVWB EEZENS,

T 51, Fe () - ZHEE (7089 eV) H5H11.6 eV KT
IVFE—MNTTFELET B Fe(ll)- ZHEED Y — 7 MY 707.3 eV
MyaZ— LUTHEINEZ, ZLT, 2OY 3Lk
—DEE (NEXAFS s O gk D EI&ICBR) 1,
Sheath ) S HZEYRBICADN S ITHENTEL E> T3 T
ENbnD, TDT X, Sheath IZ LR THAEYE D Tld
Fe(Il) DEEGHEWT & ZEM L, Fe(ll) & Fe(Ill) D LA
HHAICZE L TVWE T L ZRB L T W5, miEORRE
BEATERTSE L, TNOBHLUIEBEOIZ E A LI
ITKIBIEEk L U T EPSICRE LTV B A, —HED Fe(ll) *
Fe(IID) (&MY O EPS ICEHW A LICIREETHEIEL TV
5EZDBONEYTHS, TDLKIIC, BIOSIKEEN
DAY E B O JH B T RE D L2 RE A ESEIC E L
LTV T & REHEEN L5232, A THE
REKRO—DEF R 5,

7. ¥&&

AW T ERZLITICYIZET 5,

() RIRER (B8 - E ) D S 2 iaE
BRI & ORR I B L, RE\ELH
DR ORET 2Tz,

(i) YRR OPALFAE L, EPS IS LIIKEEE T =
UINA RS A FTHY, Sheath 7 DFALZEFEIZT =
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UNARIA FDHRTHo Tz,

(iii) YD - GERPIRNC S % EPS ICE A SN z8ke &
K72 UNA RTA NTHH D, —iBIEMIasn 2 p
FEICTEPE A LTZIRRETH 0, R ERI D S I8EY
WK 21EET 2 INA R4 bR L, ME
YOS ZHEEE & Fe(ll) 35 & U Fe(Ill) DE L D
FEWREL BB Do Tz,

F2TNSDOFERITNZ T, STXM IZ X > TR BIOS ikt

R OMEEY - (A BRI &V S 8010 nm 27— )LD JEFT

T TR DTN ATRETH B T L iR LTz,

8. BhYIC

AW B LT, WA 2R E SRl & O Rk
TR <, R - EEHEIIEOR 5 STXM DAY
AW - RN (B2 VI TOSMbAEE RS
V=)V LTIHRICHATH S L 2R TE, TD
K ORI T O 2R R D5 )17y — )V & 720 15 5%
STXM TiddH 5, #HiEDADxE (BHIEWE PF & UVSOR
DH) » BHEDR S R ENSLAARTIEHRICE XL TE
57, REGEOONIFHELE>TWVWS, AREELT,
DUTEZL DFFZIC STXM THHER MR, FDW N
EHlo TWEREINIEEETH %, 7z, BFE compact
STXM DERE TN TV BL-13A TlE, AICE—LZF 1V
T U C 2RI IR - R EEDE L T 5 728,
TIEL L PRICSTXMEHE —L T4 V@R L THE,
— RN TTREARE DR Y V2 A LOWERE, E—LS
AV ALY T4 AMBIUCHIBIZA Z v T DFREZK > T
Wil ERW, ZLTHEMHE—LT A VICiE, PEF DEHB
L% o TV BIERDIGRIRFEDREB S 20H L CIHE
[41], EHMITERZED NEXAFS W@ WAl 5 1 > & 7%
BT eEET S, BEBIC, STXMIC KB RTEETOE
AESLHT « (LZARRARAT YRR O HUERTSAE P2 O ER (L 22 0D
MBSO B NT, KD —HENTHT e RIARLT,
HbbD—xxtd 5,

9. HiEF

AWFZ2iE PEWFZE AR (201352-003) 3B & T, UVSOR
WFZEE (S-15-MS-2007) IZ X > CHERE NIz~x v v R
A LI K> TiTlabnTz, £z, FRUITEEDIE HARZ
IRELRERIBFTE B SERIE (No. 15J06471) I K T/l
WHEBhAk (26-635) IC X Db Nz, AR THHL8kD
FEHEZ R T B VIE, BRKOICALERUESRIR I HiF a2z
ZEMH L%, Z LT UVSOR T STXM HIZ DB,
KRBIGIIE - FitE i —FHEHE M B O 4 T TEVW T2,
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beam pipe: 64 mm x 32 mm = & 20 mm

= magnet aperture & 26 mm
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Structural study of the superconducting indium atomic layer by surface x-ray
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