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©® BL23SU JAEA Actinide Science II (Japan Atomic Energy Agency)
® BL24XU Hyogo ID (Hyogo Prefecture) \
% BL25SU Soft X-ray Spectroscopy of Solid

€ BL26B1 RIKEN Structural Genomics I

€ BL26B2 RIKEN Structural Genomics II

I EVESPI

JAEA Actinide Science I (Japan Atomic Energy Agency) BL22XU @

Medical and Imaging I BL20B2 %
Medical and Imaging I BL20XU %

Engi Science Research 1 BL19B2
RIKEN SR Physics BL19LXU 4

% BL27SU Soft X-ray Photochemistry

@ BL28XU RISING II

(Kyoto University)
% BL28B2 White Beam X-ray Diffraction
€ BL29XU RIKEN Coherent X-ray Optics

® BL31LEP Laser-Electron PhotonI1
(Research Cenler for Nuciear Physics, Osaka Universily)

¢ BL32XU RIKEN Targeted Proteins '
4 BL32B2 R&D-BM

® BL33XU TOYOTA
(TOYOTA Central R&D Labs., Inc.) .
O BL33LEP Laser-Electron Photon |
(Research Center for Nuclear Physics, Osaka University)
% BL35XU High Resolution Inelastic Scattering %;3’
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% BL40B2 Structural Biology II AR w 3
% BL41XU Structural Biology I \W“ e ;?:é. :

% BL43IR Infrared Materials Science
& BL43LXU RIKEN Quantum NanoDynamics

® BL44XU Macromolecular Assemblies
(Institute for Protein Research, Osaka University)

& BL44B2 RIKEN Materials Science I
% BL45XU Structural Biology 11

‘ [BLa6XU Engineering Science Research 1]

% BL47XU HAXPES-uCT

' Main Bidg. |

_RIKEN Coherent Soft X-ray Spectroscopy BL17SU ¢

SUNBEAM BM BL16B2 @
(SUNBEAM Consortium)

SUNBEAM ID BL16XU @

(SUNBEAM Consortium)
WEBRAM BL15XU @

National Institute for Materials Science
Engineering Science Research II BL14B2 h

QST Quantum Dynamics II BL14B1 @
/ (Natonal Insstutes for Quantum and Radiological Saence and Technalogy)
/' Surface and Interface Structures BL13XU %

NSRRC BM BL12B2 @
(National Synchrotron Radiation Research Center)

NSRRC ID BL12XU @
(National Synchrotron Radiation Research Center)

QST Quantum Dynamics I BL11XU @
(National Institutes for Quantum and Radiological Scence and Technology)

High Pressure Research BL10XU %
Nuclear Resonant Scattering BLO9XU %
Hyogo BM (Hyogo Prefecture) BL0O8B2 @
_High Energy Inelastic Scattering BLOSW %

The University-0f-Tokyo Outstation Beamiine for Malerials Science BLO7LSU @
(The University of Tokyo)

X R&D-ID BLOSXU ¢
High Energy X-ray Diffraction BL04B2
Hngh Temperature and High Pressure Research BL04B1 %

Advanced Softmaterial BLO3XU @
(Advanced Softmaterial Beamline Consortium)

Powder Diffraction BL02B2 %
Single Crystal Structure Analysis BL02B1 %
XAFS BLO1B1 %
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XER R IR W HE#E & XAFS (BL14B2)

XAFS (X-ray Absorption Fine Structure) |
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XANES : X-ray Absorption Near Edge Structure s
EXAFS : Extended X-ray Absorption Fine Structure -
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Sample tChr ”Humming Bird”

rotary
cyhnder .

CCD camera

sample cassette
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H. Oji, J. Synchrotoron Rad., 19, 54-59 (2012). K. Osaka, AIP conf. proc., 1741, 030003 (2016).
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@ HAXASAIERADRHZFEA

7 element silicon drift detector (7-SDD)

FWHM 244 eV @ 0.25us 5.9 keV
Countrates 107 counts/ch
RFAEDIEE 65mm?2 X 7 ch = 455 mm?
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Digital signal processor (APN504*2& + HV)
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YKES s 1. Measure initial catalyst state
(X-ray Adsorption Spectroscopy) 2. Supply ™ KOH saturated by air
= Ll , 3. Set potential
-0.6,-0.4,-0.2, 0, 0.25 V vs Hg/HgO
(032 0.52,0.72,0.92,1.17 V vs RHE)

0.5

0

0.5

Z\OH Fe L

101 ¢

-1.5

RE CE Graphite -

Hg/HgO Pt plate &

Current / 1e-4A

-3.0 1

-3.5
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B = . polymer electrolyte fuel cells (PEFCs)

Cathode catalyst of PEFC

« Aggregation
« Collapse

Load cycle —

- . 9

Degradations of ORR

Activity
Durability

A EHFRE - EFRBORARK

AN B Y
P FRE-{EREBORREFin situBR M E D BRF
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1B IRRE

XAES Advantage

« Atomic species-selective

« Applicability
(bulk, liquid, gas, crystal, and amorphous...)

T S  Easy to conduct in situ XAFS measurement

—— Ptxal_PtCo_measured_BL19B2
|

1

Il 1
11.52 11.54 1156 11.58 11.60 11.62x10°
Energy (eV)

Advantage

 High resolution

Disadvantage

« Local scale information (only nm?)

* Dry condition (in vacuum)

= Difficult to conduct in situ measurements

M. Watanabe et al, J. Electrochem. Soc. 163 F455, (2016).



TGt St AL/ AEXERELEL (SAXS)BITE

Z Rt AR

SAXSHITE DL E

SAXSHEISE Thhd &
RIFREE(RSAK . R, D fR--)

—

22100 mm)

y: (=
20 =¥ SAXSDYHE

o umZmm2BEDEHFEHRMNFONDS

| — . ~ K
X$3 HASE L (= #1000 mm )
f ( ) s ECILHAETDOELEERIES
(T T TS TT, T T T T T T T T T T T T \ =in situ=EER(Z AR AL 7 1B Bl
oy arctan(%) s g5 . 100 in situSEERIZ K HFERF AL D IEHR
Mmoo m e ! * XAFSHIEEDMAEHELAIEE

= #iIF 2 & AL AR EE D 1B B

EE SR AZ AUV =SAXSHIE

B—4y k&9 B TR D RN IR T 55 TSAXSEIE
= IN\VI TS9O RBG) EVTFILERERIZH B
FTEEDOE WS ITHAEFTES




ZN e

o BESETHEA U -SAXSEITE AT DB R
o [EREY ZF DIHZSAXS, XAFSHITE > X T L DFFF
o PUEREERI FRE - {L=IREE D M

24



Instrumentation (@SPring-8 BL19B2)

. Opt. Sta. #1 Sta. #2 Sta. #3
Ring

O lim [

I 1stand 2nd
Monochromator Mirror

. : Maviv lkiiastie araift FActoenpriments
Sfabls mggtﬂgg{g%fﬁfractometer were conducted at BL19B2



%Eﬁ Setup for SAXS

- RER: SPring-8 BL19B2 e
- R PtCo& & it 4%/GCB - Vacwumpath -/
« IRJLF¥F—: 115,11.56keV (Pt-Ly)

- BREE

« HATE: 1017 mm

(FR#EH M TRIE)
« GEIZEqREE: 0.2-7.5 nm-!
- fRH= PILATUS 2M
« E—LHYA4X: 0.2mm*0.2mm
« SS—AHA: 2mrad

2-D pixel detector
PIHATUS-2M

Opt. Sta. #1 Sta. #2

Monochromator /

_Hl I
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4 ——115-1155data

ol —~

~)

Intensity [arb. unit]
., O
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m 5 O

10" TR
0

10 %VW

10" &

o 1.5nmUTHT T AIEE
o <1nmiZHBREEIE
(YR ENRLGLIPHRFORERE)
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PtCo B fIENEHMFELEAEZTTTDORIELY
[ |F(Q)? = | j o) exp(irg) dr |
S (R ASEER DB/ RE DB

g Py = 4 SERD = (RD)OSRD)

2R q°

B
HWFDONH > Schulunf p = %ﬁ) R B~lexp(—aR)

n 16 2 ;0
F@F = ) o x = | P (sinRe) ~ (Rq)eos(Ra))*dR
k=1
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Intensity [arb. unit]

6 [®
10 " H -
EN ® Experimental-3
. — Pt 1
5 — Pt 2
10 Fit_data =
10° \\
N
10° %
\.o\ L
10°

I T —A Emodel fitting& M LR

0.5

15
g [nm-1]

2.0

2.5

-EHHRIE 3.3 nm
- K10 nmIFE DRI FHERE

0.6

0.4

0.2

0.0

BEHL-HES T

2 s e s [4 ! 5 6
erticle size [nm
Fon-HRIL. BEOXMEL—H
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fENTHEER -2 FEURAN — Ay BREY AL SILRERETER DS (Ex situ)

1Rz TAT7AIL (GRERATR)

RIE S DAL (FBRAIR)

10°
—— 5000Cycles I
5 \ — Initial
10 —— Initial
o 06 —— 5000 cycles
3 v
10 S
10° Ri— \

0.4
10" /
0 2 4 6 8
0.2

Intensity [arb. unit]

Intensity [arb. unit]

q [nm-1] :
AT DRI (HERR) k
: - > 0 2 4 6 8 10
N I . Perticle size [nm]
1000 A‘ — Fit e
S —— Experimental=::3
o \\
100 - -EHRFRIEEE (BEFTTIE., 3.4->4.4 nmIZZ1L)
. N | HESHOELLHER.
1
0.5 1.0 15 2.0
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XAS, A-SAXS meas. in the same analytical field

@=23yN: 2 FEIERE

XAFS

Sample

2D-detector
PtCo alloy

Storage ring Ion chamber
(i0)

R

X-ray
Fluorescence

: B

Single element Seattering data
Ge SSD

A
XA spectra

Takeshi Watanabe et al 2019 Meet. Abstr. MA2019-02 1593
https://doi.org/10.1149/MA2019-02/35/1593

Advantage

o um2-mm2EEDEHFHRHAFOND
« EUIIELHAEDOEL-ERIES
=in situEERIC L HIFFFE L DEHS
« HAELELES
>R FRRELILFIRED T DIHZIEH
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https://doi.org/10.1149/MA2019-02/35/1593

Development channel flow electrode cell

Pt mesh counter electrode

Polytetrafluoroethylene

¢ X-ray
Reference electrode \ window
RHE(?) = )
X-ray @ ® Scattering
;:::. o | X Working electrode

........ t }., 4 \ \ (Grap h]te + Pt Wire)

X-ray \

window —  Sample
Electrolyte Viton Reservoir

* Resin-impregnated carbon
« Sufficient X-ray transmission (= 80% without an electrolyte solution)
« Area of the working electrode was 0.04 cm? (4 mm X 1 mm)

« APt catalyst was directly loaded on the working electrode.

T. Watanabe et al, ECS. Transactions. 98 47, (2020).»
https://doi.org/10.1149/09809.0477ecst
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Pump

Storage ring Ton chamber

Vacuum path
chamber
2D-detector
Beam stopper

Single element
Ge SSD

Ge-SSD
(For XAFS meas.)

\




A-SAXS measurement

Experimental conditions

e Transmission measurement
* Measurement energy : 11.5, 11.55 keV
= A-SAXS measurement

Sample
» Pt catalyst (TEC10E50E with CB)

« Camera length: 1017 mm
Pt was loading . 4
~1.33 mgp/cm? * Qrange : 0.2-7.5nm
* Detector: PILATUS 2M
Electrochemical measurement XAFS measurement
* Solution - HCIO, (0.1 M) «  Fluorescence measurement
* Potential : non(NPNS), 04, 10, 15V . Absorption edge : Pt_LHI
« Solution flow rate: 75 cm s «  Step scan mode
* Potentiostat: PGSTAT30 . krange : ~12 Al
» Detector : GLP-16195

T. Watanabe et al, ECS. Transactions. 98 47, (2020)4
https://doi.org/10.1149/09809.0477ecst
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Results (Electrochemical measurement)

Current (mA)

) —— After X-ray meas. at 0.4 V

— After X-ray meas. at 1.0 V

| After Xl—ray measl. at 1.5 VI

00 02 04 06 08 1.0
Potential vs. RHE (V)

Hydrogen adsorption/desorption

currents were observed
ECSA = 30 m? gt

1/3 of the Pt nanoparticle were estimated to be electrically connected

T. Watanabe et al, ECS. Transactions. 98 47, (2020).5
https://doi.org/10.1149/09809.0477ecst
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Results (XAFS measurement)
X-ray Absorption Near Edge Structure (XANES)

rg 2.0
S
8 15 e Ee—— :
04 08 1.2 « XANES spectra was obtained
_5 Potential vs. RHE (V)
a 1LOr S « White-line peak intensity increased
Q
= 05 — PtO, reference
3 v 1.5V — 10V
S ) —0.4V  ——NPNS
g 0.0 I — Pt foil reference |
Z 1155 1156 11.57 11.58 11.59 11 60 x10°

Energy (keV)

Removal of electrons from the Pt above 1.0 V, or the start of oxidation.

T. Watanabe et al, ECS. Transactions. 98 47, (2020)5
https://doi.org/10.1149/09809.0477ecst
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Results (A-SAXS measurement)

SAXS image of Pt catalysts 1D-profile T
320000 5 =L "
—~ L S
2T A
S 3 =
—~ S -k n
V3 ) N
S 2 WA
o > % 00 10 2.0
= k= g (nm )
c
— | |
1 2 3 4 56

-1
nm
4 (o)

Scattering vector q (= 4z Sin6/A)
(6: half the scattering angle, 1: X-ray wavelength)

» A-SAXS profiles could be successfully observed at all potentials

» Peak shifts to a lower g with an increase in potential.

T. Watanabe et al, ECS. Transactions. 98 47, (2020).7
https://doi.org/10.1149/09809.0477ecst
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Results of analysis

2

- 16m2 [
F@F = ) o x = | P (sin(Ra) - (Ra)eos(Ra))*dR
k=1

Scattering profile (fitting)

Intensity (arb. unit)

f O Observed

- — Fit_data o

| ks

- =
2

:

| n

— I | I I |

1.0 1.5_1 20 25 3.0
q (nm )

Particle size distributions of Pt catalyst

0.5
0.4
0.3
0.2
0.1

0.0

1.5V T
— 10V
— 04V 7
—— NPNS

2 3 4 5 6
Particle size (nm)

Averaged diameter

2.2 nm (NPNS) = 2.6 nm (1.5 V)

38




7-SDDME 1 (SAXS and FYXAS system for characterization of PEFC catalyst)

Iﬁl *E E‘T?iﬂl] ;FE lon chamber sample SI:A\XS prOfI Ie
-EP g z ok _— Samplel i
X-ray @ E oL 1
Vacuum path g 10° - .
chamber % 0 |
2D-detector E ok . . N
Beam stopper ERE L ER CEN

(nm’)
7 element Ge
SDD
@BL19BZ E£3/\YF
| L PILATUS2M |
=== XAN ES spectra

— Pt02 reference
—— Pt_foil_reference
—— Samplel

Vacuum path,
WW Beam stopper |

J|

Normalized absorption (arb. unit

11540 11560 11580 11600
Energy (eV)

, \ 7- SDD (new)

-
-

y
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