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The slow steps are referred to surface restructuring <«— Pt#0 layer
with PtO layer formation (Kyer.0) = Kaaience) = Kaperpy = Kaer.ey)-

Pt-0=0.201 nm

Pt2*0 domain Pt-Pt=0.276 nm

The subsequent fast steps iy
involve valence increase AVETTT
and Pt toplayer disordering
(K1varence) = K1xrpy = K1(pt.ry)-
Disordered Pt layer i

Pt metallic
size

- . - | The fast transformation is
Kaipeo) = Kapuaene = Kapxaoy = Koreery | initiated by reduction of PtO

1
p layer (K’y(ez.q)) accompanied
with valence decrease
Kooy = K ttsatence = Kooy = (K's1vaiencey) @and recovery of Pt
)
1
1

metallic particle size (k’yxrp))-

1
Adsorbed |
0 atoms 1!

1
i i Adsorbed The subsequent fast steps
1

K 3(pt0)= K apvatence) Oatoms  involve Pttoplayer re-ordering

1
02" K1pery)-
The Pt core size recovers
[asmy .

Pt metallic Kipvatence) = K1p¢ro) = K1(pepy

size
The first fast step is
initiated by oxygen
adsorption (Kyer.o) )-

at one step (K’jxrp))-

Carbon support
The slow steps are referred to reduction of

Metallic Pt surface surface oxygen atoms (K'ypr.0) 2 K zvatence) )-

Pt-Pt=0.275 nm

ACS Sus. Chem. Eng. 5, 3631 (2017)
Topics Catal. 61, 889 (2018)

Pt metallic size

Carbon support
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HZXLDEE NI,

* MEA Pt/COBEIGE (G, RE (EMERTF) MN1MBEETHDIN. BI5-TJx
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8| o =R -1
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| WS b SEE (mA cm,,2) o 'K oycles| SENEE T
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w2 /’ ] 75, [ onPtNi/cmC
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| ‘ Wl Pt/C (TEC20E20E)
TECI0E20E  TECIOES0E  PtNPs Pt NBs DhPt,;Nl,, Oh PN/ 100
PtNPs/C  -HTPtNPs/C /CMC  /cMC /c cmc *CMC: carbon micro coil
- Nps=nariparticles beads Oh=octahedrén
In situ Pt L;-edge EXAFS analysis
5 . - 15 15 -
dark field high- Cross-section ana|yS|S 10 | Pt;Ni/CM Pt-Pt Pt,Ni/CME
resolution STEM = 05 .
four-layers (001) plane =00
PO B " os
MmO e 111) M 10
. il | :
; s | ok i I
% (oot @11} Uy co, (001 k /A
El 01 pab ,e® (110) * 0 viane 15
3 ne (110)  plane . Pt/C
o plane (110) —
plane i‘;{ 08
P <
§ 05
0 2 4 8 10
Relative distance / nm s
0 10
k /A1

ACS Catal. 7, 4642 (2017); Chem. Record, 19,1337 (2019).
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Nano EXAFS
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A e
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| 228 nm x 225 nm

b PtEI YT

KB Z5—3ZT 1

Q=i

FIXAFS &

RIEBOSIN X>TL >t

Focused

lectron ia]

Ge Z&FRILAR
for nano XAFS

ver Womn . i
B SiN A>T >t o 21 ~
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s E
Sijal Si g
'S b
TJ%)‘&X?&%\ g E oy <
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BT =9 TEM/STEM S S s s nIrm iR
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forTEM/ E - )
STEM 33: u(11.600 keV) mapping BF- STEM superposit
FIXAFS 3
EDS

Pt fii#Ek
0.0 T 3+2.0 0.0EETT 12,0

100 nm- 8100 nm-
thick SiN gthick SiN
3

H—IRDZEES A X EPY/T7A A
J X — e PEEBN OFHITHIA F

Angew. Chem. Int. Ed. (2014)
J. Phys. Chem. Lett. (2015)
Topics Catal. (ISHHC-7) (2016)
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FibBIED 21 TR R 1E
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2.0
1.0
+0.0
3352302288284
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3 N dge
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& FXANES N
= o
g 10 £ 1.0
5 3
(<]
205 | | Y-k 205
Y- KRE 7
0.0 0.0 S
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ﬁﬁ 2.0 | ﬁﬁ 2.0
E% 1.0 E% 1.
& KUJ
|z z B =
L I R BB BB Y 3359293234888
S S gmqagay YW S S5 S5 S c oS S o
Q 1 o o o Wno o L I Y
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ACS Appl. Mater. Interfaces, 12, 2299 (2020)
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v’ -80~80°/0.1° =16005=1° step=160R
o )LAKEFEEDINH
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FEX %;Ei g ; %‘ﬁﬂg}[‘gxﬁn )
= T80 A A—TIRHAR
v g [ s\ us iy
Xt \

,,,,,
)

FEMTEDIVE(E - SR (#s A=30)

o RIEARRIER(ICH UXAFSETZITL). ESNTZPURINE.
XANESE — 58, IRINGRTEEZ 3RTHEE/K L. Ptofn,
Pl D, BILIA O —ZEHETE (BARRE)

100 pm

In-situARIEM 3R T BB

v IRFB{EET @ 0.4V (GRITIRER)

v IR Ptofa. B PEBLE

v #%: GDL. ANfME, H—R> 1Bk

FRIE 75 [a) T RS 75 A A

J. Phys. Conf. Ser., 849, 012022 (2017).
Angew. Chem. Int. Ed., 56, 9371 (2017).

X T —A(3EE (3 RcelIb)
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In situ FEREYILFREFRFEHIS X7 A (HRY)
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E 140
=
w&ECT |[ mancTm 2 135
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— =1 -E —_

:FTE?I 5l QXAFSEHRIF EHBCTH ° 1% — E?t?:i\é'?.r

2728 o) I BREA A FIT)(— S A—HEHEE = 125 L L .
= "2 0 2 4 6 8

8 g [ = ] g H 8 ) i Time (s)

[ In-situ $EBZBIXAFS-CTA X—2 7 |

FHASFEXAFSH XRDFA
2/RTTX RS HES 2MRTTXR S R
Before
ADT
FHTHXAFSH
e W e g
In situ FREFESREFRIIETHAS A5 LAEEE After

ADT

1
0 0.002 NoPt 0 2
Pt amount Pt valence

x o7 —AEBE (3 RTEER(L)
Phys. Chem. Chem. Phys. 22, 18919-18931 (2020)
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