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A. Suda et al., J. Ceram. Soc. Jpn. 110, 126 (2002).
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1 pixel =13 nm
Resolution: 48 nm (~5720 eV)
40 nm (> 5740 eV)

Powders were mounted on 500 nm SizN, membranes.
Pt/CZ-7.6 prepared by oxidation of Pt/CZ-7 at 423 K

Ce density Ce valence
map map

SPring-8 BL29XUL station

X-rays: focused by KB mirrors to 500 nm.

Multiple diffraction pattern at each position: 4 s.
Image reconstruction: the ePIE algorithm using the KKR constraint.
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Tilt series of projection image @5708 eV
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Pt electrocatalyst
Major challenges in PEFC

(1) Improvement in ORR performance of electrocatalyst at cathode
(2) Improvement in the durability of cathode electrocatalyst

under PEFC operating conditions (load/potential/voltage-cycling)
(3) Reduction of use of Pt as electrocatalysts
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Compact Spectrometer
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galvano QXAFS (2 ms~, 100 nm~)

DXAFS (100 pis~, 200 pm~)

Sequential QXAFS/XRD (60 ms~, 100 nm~)
CT-XAFS (1 h, 1 pm~~)

XES (HR-XANES, RIXS) (1 min, 200 gm~) Galvano Nano
AP-HAXPES (10 min, 10 um~, max 100 kPa) motor [l chamber
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View field: 666 X 666 pm Measure at 1600 angles
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CT-XANES: 2.5 h
) CT-EXAFS: 4 h q
| Pt Ly-edge XANES (Energy: 184 points, measurement time: 2.5 h) l @
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1(E) = ldark
To(E) — fde (Ea.- 1) | CT-XANES: 2.5 TB

CT-EXAFS: 4.4 TB

Step 1: Raw data calculation

L

Step 2: Calibration and alignment of image drifts of 2D pt (X', Y’) matrices

put ==In

Step 3: XANES curve-fitting to extract XANES parameters

by [m E—b, o Back ground
ut(E) = (ay+azk) + ;[E + arctan(T) ] +@ (Eq.2) <I\/10|‘pr?ology)
a (X, Y, 8), by (X, Y', 8), ¢, (X, Y, &) images are obtained. ’ Edge jump
Constant: - j& | |_b12 Pt density)
:;( intensity of background) yd 8 White-line peak
b (edge jump = element density) (ey/by: Ptvalence)
b, (edge energy) //v ]
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Step 4: 3D CT reconstructions
(the ordered-subset i ization (OS-EM) method \ 100 pm
ay, by, 61 (X, Y, 8) transmissionimages — &, by, ¢, (X, Y, Z) images in real space.

a (X, Y. 2) : morphology image
b, (PtL,-edge) (X, ¥, 2)  :Ptdensity image
by (Co K-edge) (X, ¥, Z)  : Codensity image

Step 5: Calculation of reconstructed images

The images of Co/Pt ratio and Pt valence are calculated on the reconstructed images.
co _ 117 x [b; (Co K-edge) (X, Y. Z)| £a.3
e X B = T P Luede) 4.V, 20 €3

(1.17: absorption coefficient ratio of Co K-edge and Pt L-edge)

Ptvalence (X, Y, Z) /(——H\E Do

455 G Pt hiredge)X, Y. 2)] ., (Eq. 4)

[b; (Pt Ly—edge)(X, Y, Z)]

'GPGPU server

(Standard samples (Pt, Pt(acac),, and PtO,) were used.)
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MEARN DA ¥ B2 fil i 451k D SEH A AR EA H. Matsui et al, Angew. Chem. Int. ;'2:‘56, 9371 (2017).

ad i

CHITBMEAR DB - LD ATHE1E

a7 oL

(H0d 14 SnSsan) JawBIBYUB KNIY

Specific activity: i, at 0.9 V (mA cm=2,,)

34 30 26
d-band centre (V)

V. R. Stamenkovic et al, Nat. Mater. 2007, 6, 241.
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