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Figure S1. Schematic of protocol for in situ time-resolved XAFS measurements at SPring-8 

BL36XU. 
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Details of Curve Fitting Analysis of STEM-EDS Line Profiles. Pt3Co nanoparticles were treated 

as spheres, and their radii (𝑟") were estimated by curve fitting 𝑁$%$ 𝑥  of eq 1 in manuscript with a 

semicircular equation (eq SI1), convolved with a Gaussian. 

𝑁$%$
'($ 𝑥 = 𝐴 "

+,
exp − 12

,2
∙ 𝑟"4 − (𝑥 − 𝜉 − 𝑥")4𝑑𝜉

9
:9    (SI1) 

Here, fitting parameters	𝐴, 𝜎, 𝜉, and 𝑥"were a proportional constant, the convolution width, an 

integration variable for the convolution, and the center x coordinate of the Pt3Co particles, 

respectively. The line profiles of the Pt and Co atomic ratios were given by 

𝑅?@ 𝑥 = 𝑁?@ 𝑥 /𝑁@B@ 𝑥         (SI2) 

𝑅CB 𝑥 = 𝑁CB 𝑥 /𝑁@B@ 𝑥        (SI3) 

and the thickness of the Pt-rich shells were estimated by curve fitting 𝑅CB 𝑥  with the following 

equation (eq SI4). 

𝑅CB
'($ 𝑥 =

𝑅CBDEFG	 𝑥" − 𝑟" ≤ 𝑥 < 𝑥4 − 𝑟4, 𝑥4 + 𝑟4 ≤ 𝑥 < 𝑥" + 𝑟"

𝑅CBDEFG +
KLM
NMOP:KLM

QRST U22: 1:12 2

UV2: 1:1V 2 	 𝑥4 − 𝑟4 ≤ 𝑥 < 𝑥4 + 𝑟4
   (SI4) 

In this model, inner Pt-Co alloy cores were treated as spheres with radius 𝑟4, center x coordinate 𝑥4, 

and uniform Co atomic ratio 𝑅CBWBXY (Figure S2). The remaining part of Pt3Co nanoparticles was 

outer Pt-rich skin layers with uniform Co ratio of 𝑅CBDEFG  (Figure S2). Therefore, the average 
thickness of the Pt-rich skin layer of Pt3Co/C nanoparticles, 𝜏?@:DEFG, was defined as following (eq 

SI5). 

𝜏?@:DEFG = 𝑟" − 𝑟4        (SI5) 
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Figure S2. A schematic of Pt3Co/C nanoparticle model, EDS line profile, and line profiles of Pt/Co 

proportions.  
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Figure S3. TEM images of Pt/C in (A) as-prepared MEA, (B) MEA after 7k ADT cycles, and (C) 

MEA after 17k ADT cycles. (D) Particle size distributions of Pt/C in (a) as-prepared MEA, (b) MEA 

after 2k ADT cycles, (c) MEA after 7k ADT cycles, (d) MEA after 17k ADT cycles, and (e) MEA 

after 17.5k ADT cycles. Curve fitting was performed with log-normal distribution: 

𝑁[\] 𝐷 = 	
𝐴
𝜎𝑥 exp −

1
2
ln(𝑥/𝑥c)

𝜎

4

 

where x was particle size of the PSD bin, 𝑁[\] 𝑥  was number of particles in the bin, x0 was modal 

value of distribution, and s was width of distribution. 
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Figure S4. TEM images of Pt3Co/C in (A) as-prepared MEA, (B) MEA after 17k ADT cycles, and 

(C) MEA after 35k ADT cycles. (D) Particle size distributions of Pt/C in (a) as-prepared MEA, (b) 

MEA after 10k ADT cycles, (c) MEA after 17.5k ADT cycles, (d) MEA after 20k ADT cycles, (e) 

MEA after 30k ADT cycles, and (f) MEA after 35k ADT cycles. Curve fitting was performed with 

log-normal distribution: 

𝑁[\] 𝐷 = 	
𝐴
𝜎𝑥 exp −

1
2
ln(𝑥/𝑥c)

𝜎

4

 

where x was particle size of the PSD bin, 𝑁[\] 𝑥  was number of particles in the bin, x0 was modal 

value of distribution, and s was width of distribution. 
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Figure S5. Changes in the particle size distribution of Pt/C (red) and Pt3Co/C (blue) in the MEAs as 

a function of the number of ADT cycles. (■) average particle size in Figures S3 and S4; (□) HWHM 

of the particle size distribution in Figures S3 and S4. 

  

6

5

4

3

2

1

0

Av
er

ag
e 

pa
rti

cl
e 

si
ze

 o
r H

W
H

M
 /n

m

3000020000100000
Number of ADT cycles



 S8 

 

Figure S6. STEM-EDS line profile analyses of Pt3Co nanoparticles (1) in as-prepared MEA and in 

MEAs after in situ XAFS measurements after (2) 17.5k ADT cycles and (3) 35k ADT cycles. (A) 

STEM-EDS line profiles of Pt Mα (red line) and Co Kα (green line) taken along the blue lines. Scale 

bars are 5 nm. (B) Line profiles of Pt, Co, and total (Pt + Co) atomic amounts calculated from the 

corresponding EDS line profiles in (A) (along the blue line). (C) Line profiles of the atomic ratios of 

Pt and Co for the particles in (A) (along the blue line). (Green lines) Pt; (red lines) Co; (purple lines) 

(Pt + Co); (black lines) curve-fitted lines.   
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Figure S7. In situ Pt LIII-edge XANES of the Pt/C cathode catalyst in MEA during ADT. Pt/C (a) in 

as-prepared MEA, at 0.4 V, N2; (b) in as-prepared MEA, at 1.0 V, N2; (c) in MEA after 2k ADT 

cycles, at 0.4 V, N2; (d) in MEA after 2k ADT cycles, at 1.0 V, N2; (e) in MEA after 7k ADT cycles, 

at 0.4 V, N2; (f) in MEA after 7k ADT cycles, at 1.0 V, N2; (g) in MEA after 12k ADT cycles, at 0.4 V, 

N2; (h) in MEA after 12k ADT cycles, at 1.0 V, N2; (i) in MEA after 17k ADT cycles, at 0.4 V, N2; (j) 

in MEA after 17k ADT cycles, at 1.0 V, N2; (k) in MEA after 35k ADT cycles, at 0.4 V, N2; and (l) in 

MEA after 35k ADT cycles, at 1.0 V, N2.  
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Figure S8. In situ Pt LIII-edge k3-weighted EXAFS oscillations of the Pt/C cathode catalyst in MEA 

during ADT. Pt/C (a) in as-prepared MEA, at 0.4 V, N2; (b) in as-prepared MEA, at 1.0 V, N2; (c) in 

MEA after 2k ADT cycles, at 0.4 V, N2; (d) in MEA after 2k ADT cycles, at 1.0 V, N2; (e) in MEA 

after 7k ADT cycles, at 0.4 V, N2; (f) in MEA after 7k ADT cycles, at 1.0 V, N2; (g) in MEA after 12k 

ADT cycles, at 0.4 V, N2; (h) in MEA after 12k ADT cycles, at 1.0 V, N2; (i) in MEA after 17k ADT 

cycles, at 0.4 V, N2; (j) in MEA after 17k ADT cycles, at 1.0 V, N2; (k) in MEA after 35k ADT cycles, 

at 0.4 V, N2; and (l) in MEA after 35k ADT cycles, at 1.0 V, N2. 
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Figure S9. Fourier transforms of Figure S8 at k = 30−130 nm-1. Pt/C (a) in as-prepared MEA, at 0.4 

V, N2; (b) in as-prepared MEA, at 1.0 V, N2; (c) in MEA after 2k ADT cycles, at 0.4 V, N2; (d) in 

MEA after 2k ADT cycles, at 1.0 V, N2; (e) in MEA after 7k ADT cycles, at 0.4 V, N2; (f) in MEA 

after 7k ADT cycles, at 1.0 V, N2; (g) in MEA after 12k ADT cycles, at 0.4 V, N2; (h) in MEA after 

12k ADT cycles, at 1.0 V, N2; (i) in MEA after 17k ADT cycles, at 0.4 V, N2; (j) in MEA after 17k 

ADT cycles, at 1.0 V, N2; (k) in MEA after 35k ADT cycles, at 0.4 V, N2; and (l) in MEA after 35k 

ADT cycles, at 1.0 V, N2.  
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Table S1 Curve-fitting Analysis of In Situ Pt LIII-edge EXAFS Oscillations of the Pt/C Cathode 

Catalyst in MEA during ADT 

 Shell CN R /nm ΔE0 /eV σ2 /10-5
 nm2 

(a) Pt/C in as-prepared MEA, at 

0.4 V, N2 (Rf=0.5%) 
Pt-Pt 8.4 ± 0.6 0.275 ± 0.001 2.8 ± 0.4 6.8 ± 0.5 

(b) Pt/C in as-prepared MEA, at 

1.0 V, N2 (Rf=0.9%) 

Pt-Pt 6.3 ± 0.8 0.275 ± 0.001 2.8 ± 0.4 6.4 ± 0.8 

Pt-O 0.8 ± 0.3 0.202 ± 0.003 5 ± 4 4 ± 4 

(c) Pt/C in MEA after 2k ADT 

cycles, at 0.4 V, N2 (Rf=0.8%) 
Pt-Pt 9.3 ± 0.5 0.275 ± 0.001 2.0 ± 0.5 7.0 ± 0.4 

(d) Pt/C in MEA after 2k ADT 

cycles, at 1.0 V, N2 (Rf=0.8%) 

Pt-Pt 8.2 ± 0.7 0.275 ± 0.001 2.3 ± 0.6 6.9 ± 0.4 

Pt-O 0.5 ± 0.1 0.202 5 4 

(e) Pt/C in MEA after 7k ADT 

cycles, at 0.4 V, N2 (Rf=1.0%) 
Pt-Pt 9.2 ± 0.5 0.275 ± 0.001 2.4 ± 0.5 6.1 ± 0.4 

(f) Pt/C in MEA after 7k ADT 

cycles, at 1.0 V, N2 (Rf=1.3%) 

Pt-Pt 8.2 ± 0.7 0.275 ± 0.001 2.3 ± 0.7 6.1 ± 0.5 

Pt-O 0.3 ± 0.1 0.202 5 4 

(g) Pt/C in MEA after 12k ADT 

cycles, at 0.4 V, N2 (Rf=0.7%) 
Pt-Pt 10.2 ± 0.5 0.276 ± 0.001 2.8 ± 0.7 6.5 ± 0.4 

(h) Pt/C in MEA after 12k ADT 

cycles, at 1.0 V, N2 (Rf=0.8%) 

Pt-Pt 9.3 ± 0.6 0.276 ± 0.001 2.7 ± 0.6 6.5 ± 0.4 

Pt-O 0.3 ± 0.1 0.202 5 4 

(i) Pt/C in MEA after 17k ADT 

cycles, at 0.4 V, N2 (Rf=0.8%) 
Pt-Pt 9.3 ± 0.5 0.275 ± 0.001 2.0 ± 0.5 6.7 ± 0.4 

(j) Pt/C in MEA after 17k ADT 

cycles, at 1.0 V, N2 (Rf=0.8%) 

Pt-Pt 9.3 ± 0.6 0.275 ± 0.001 2.7 ± 0.6 6.8 ± 0.4 

Pt-O -0.0 ± 0.1 0.202 5 4 

(k) Pt/C in MEA after 35k ADT 

cycles, at 0.4 V, N2 (Rf=2.6%) 

Pt-Pt 10.1 ± 3.7 0.275 1.7 ± 0.6 6.2 ± 0.8 

(l) Pt/C in MEA after 35k ADT 

cycles, at 1.0 V, N2 (Rf=2.6 %) 

Pt-Pt 10.1 ± 0.4 0.276 2.1 ± 0.3 6.3 ± 0.7 

Pt-O 0.1 ± 0.1 0.202 5 4 

k = 30−130 nm-1, R = 0.13−0.32 nm. R, ΔE0, σ2 of Pt-O in (d), (f), (h), (j), and (l) were fixed at the 

values in (b). 
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Figure S10. In situ Pt LIII-edge XANES of Pt3Co/C cathode catalyst in MEA during ADT. Pt3Co/C 

(a) in as-prepared MEA, at 0.4 V, N2; (b) in as-prepared MEA, at 1.0 V, N2; (c) in MEA after 5k ADT 

cycles, at 0.4 V, N2; (d) in MEA after 5k ADT cycles, at 1.0 V, N2; (e) in MEA after 10k ADT cycles, 

at 0.4 V, N2; (f) in MEA after 10k ADT cycles, at 1.0 V, N2; (g) in MEA after 20k ADT cycles, at 0.4 

V, N2; (h) in MEA after 20k ADT cycles, at 1.0 V, N2; (i) in MEA after 30k ADT cycles, at 0.4 V, N2; 

(j) in MEA after 30k ADT cycles, at 1.0 V, N2; (k) in MEA after 35k ADT cycles, at 0.4 V, N2; and (l) 

in MEA after 35k ADT cycles, at 1.0 V, N2.  
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Figure S11. In situ Pt LIII-edge k3-weighted EXAFS oscillations of the Pt3Co/C cathode catalyst in 

MEA during ADT. Pt3Co/C (a) in as-prepared MEA, at 0.4 V, N2; (b) in as-prepared MEA, at 1.0 V, 

N2; (c) in MEA after 5k ADT cycles, at 0.4 V, N2; (d) in MEA after 5k ADT cycles, at 1.0 V, N2; (e) 

in MEA after 10k ADT cycles, at 0.4 V, N2; (f) in MEA after 10k ADT cycles, at 1.0 V, N2; (g) in 

MEA after 20k ADT cycles, at 0.4 V, N2; (h) in MEA after 20k ADT cycles, at 1.0 V, N2; (i) in MEA 

after 30k ADT cycles, at 0.4 V, N2; (j) in MEA after 30k ADT cycles, at 1.0 V, N2; (k) in MEA after 

35k ADT cycles, at 0.4 V, N2; and (l) in MEA after 35k ADT cycles, at 1.0 V, N2.  
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Figure S12. Fourier transforms of Figure S11 at k = 30−130 nm-1. Pt3Co/C (a) in as-prepared MEA, 

at 0.4 V, N2; (b) in as-prepared MEA, at 1.0 V, N2; (c) in MEA after 5k ADT cycles, at 0.4 V, N2; (d) 

in MEA after 5k ADT cycles, at 1.0 V, N2; (e) in MEA after 10k ADT cycles, at 0.4 V, N2; (f) in MEA 

after 10k ADT cycles, at 1.0 V, N2; (g) in MEA after 20k ADT cycles, at 0.4 V, N2; (h) in MEA after 

20k ADT cycles, at 1.0 V, N2; (i) in MEA after 30k ADT cycles, at 0.4 V, N2; (j) in MEA after 30k 

ADT cycles, at 1.0 V, N2; (k) in MEA after 35k ADT cycles, at 0.4 V, N2; and (l) in MEA after 35k 

ADT cycles, at 1.0 V, N2.  
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Table S2 Curve-fitting Analysis of In Situ Pt LIII-edge EXAFS Oscillations of the Pt3Co/C 

Cathode Catalyst in MEA during ADT 

 Shell CN R /nm ΔE0 /eV σ2 /10-5
 nm2 

(a) Pt3Co/C in as-prepared MEA, 0.4 

V, N2 (Rf=1.4%) 

Pt-Pt 5.4 ± 2.5 0.270 ± 0.001 -0 ± 4 5 ± 2 

Pt-Co 3.8 ± 2.1 0.266 ± 0.004 2 ± 6 13 ± 5 

(b) Pt3Co/C in as-prepared MEA, 1.0 

V, N2 (Rf=1.2%) 

Pt-Pt 5.0 ± 2.5 0.270 ± 0.001 - 0± 4 5 ± 2 

Pt-Co 3.8 ± 2.1 0.267 ± 0.005 3 ± 6 1 ± 5 

Pt-O 0.4 ± 0.3 1.98 -1 1.00 

(c) Pt3Co/C in MEA after 5k ADT 

cycles, at 0.4 V, N2 (Rf=1.4%) 

Pt-Pt 6.1 ± 2.7 0.270 ± 0.001 -1 ± 4 5 ± 2 

Pt-Co 3.5 ± 2.1 0.267 ± 0.005 3 ± 7 13 ± 5 

(d) Pt3Co/C in MEA after 5k ADT 

cycles, at 1.0 V, N2 (Rf=1.4%) 

Pt-Pt 5.1 ± 2.8 0.270 ± 0.002 -1 ± 5 5 ± 2 

Pt-Co 3.7 ± 2.4 0.267 ± 0.006 3 ± 7 13 ± 6 

Pt-O 0.5 ± 0.1 1.98 -1 1.00 

(e) Pt3Co/C in MEA after 10k ADT 

cycles, at 0.4 V, N2 (Rf=2.8%) 

Pt-Pt 8.1 ± 0.5 0.270 ± 0.001 -0 ± 4 6.5 ± 2 

Pt-Co 3.1 ± 0.5 0.266 2 ± 7 16 ± 1 

(f) Pt3Co/C in MEA after 10k ADT 

cycles, at 1.0 V, N2 (Rf=2.3%) 

Pt-Pt 8.1 ± 3.4 0.270 ± 0.001 -0 ± 4 7 ± 2 

Pt-Co 4.2 ± 5.3 0.266 3 ± 6 20 ± 2 

Pt-O -0.3 ± 0.4 1.98 -1 1.00 

(g) Pt3Co/C in MEA after 20k ADT 

cycles, at 0.4 V, N2 (Rf=0.6%) 

Pt-Pt 8.9 ± 2.0 0.273 ± 0.001 2 ± 2 8 ± 1 

Pt-Co 2.3 ± 1.1 0.265 ± 0.003 1 ± 5 10 ± 3 

(h) Pt3Co/C in MEA after 20k ADT 

cycles, at 1.0 V, N2 (Rf=0.5%) 

Pt-Pt 8.6 ± 2.1 0.273 ± 0.001 2 ± 2 8 ± 1 

Pt-Co 2.3 ±1.2 0.264 ± 0.003 1 ± 5 10 ± 4 

Pt-O -0.0 ± 0.2 1.98 -1 1.00 

(i) Pt3Co/C in MEA after 30k ADT 

cycles, at 0.4 V, N2 (Rf=1.6%) 

Pt-Pt 8.3 ± 3.2 0.272 ± 0.001 3 ± 3 7 ± 2 

Pt-Co 1.4 ± 1.5 0.265 ± 0.005 1 ± 10 6 ± 6 

(j) Pt3Co/C in MEA after 30k ADT 

cycles, at 1.0 V, N2 (Rf=1.3%) 

Pt-Pt 8.4 ± 3.4 0.272 ± 0.001 3 ± 4 7 ± 2 

Pt-Co 1.4 ± 1.5 0.265 ± 0.005 2 ± 10 6 ± 6 

Pt-O 0.2 ± 0.3 1.98 -1 1.00 

(k) Pt3Co/C in MEA after 35k ADT 

cycles, at 0.4 V, N2 (Rf=0.8%) 

Pt-Pt 8.0 ± 2.3 0.272 ± 0.001 3 ± 3 7 ± 1 

Pt-Co 2.3 ± 1.6 0.262 ± 0.004 -3 ± 7 11 ± 5 

(l) Pt3Co/C in MEA after 35k ADT 

cycles, at 1.0 V, N2 (Rf=0.6%) 

Pt-Pt 7.5 ± 2.2 0.272 ± 0.001 3 ±3 6 ± 1 

Pt-Co 2.4 ± 1.5 0.262 ± 0.004 -2 ± 6 10 ± 4 

Pt-O -0.2 ± 0.2 1.98 -1 1.00 

k = 30−130 nm-1, R = 0.13−0.32 nm. R, ΔE0, σ2 of Pt-O in (b), (d), (f), (h), (j), and (l) were fixed at 

the values in ref. 28. R values of Pt-Co in (e) and (f) were fixed at the value in (a).  
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Figure S13. In situ Co K-edge XANES of Pt3Co/C cathode catalyst in MEA during ADT. Pt3Co/C 

(a) in as-prepared MEA, at 0.4 V, N2; (b) in as-prepared MEA, at 1.0 V, N2; (c) in MEA after 10k 

ADT cycles, at 0.4 V, N2; (d) in MEA after 10k ADT cycles at 1.0 V, N2; (e) in MEA after 35k ADT 

cycles at 0.4 V, N2; and (f) in MEA after 35k ADT cycles, at 1.0 V, N2.  
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Figure S14. In situ Co K-edge k3-weighted EXAFS oscillations of Pt3Co/C cathode catalysts. 

Pt3Co/C (a) in as-prepared MEA, at 0.4 V, N2; (b) in as-prepared MEA, at 1.0 V, N2; (c) in MEA after 

10k ADT cycles, at 0.4 V, N2; (d) in MEA after 10k ADT cycles at 1.0 V, N2; (e) in MEA after 35k 

ADT cycles at 0.4 V, N2; and (f) in MEA after 35k ADT cycles, at 1.0 V, N2.  
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Figure S15. Fourier transforms of Figure S14 at k = 30−120 nm-1. Pt3Co/C (a) in as-prepared MEA, 

at 0.4 V, N2; (b) in as-prepared MEA, at 1.0 V, N2; (c) in MEA after 10k ADT cycles, at 0.4 V, N2; (d) 

in MEA after 10k ADT cycles at 1.0 V, N2; (e) in MEA after 35k ADT cycles at 0.4 V, N2; and (f) in 

MEA after 35k ADT cycles, at 1.0 V, N2.  
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Figure S16. Series of in situ time-resolved Pt LIII-edge QXAFS spectra for Pt/C in as-prepared MEA. 

(1) Series of in situ time-resolved Pt LIII-edge XANES spectra and (2) series of in situ time-resolved 

Pt LIII-edge k3-weighted EXAFS Fourier transforms at k = 30–130 nm-1 for the voltage cycling of (A) 

0.4 → 1.0 V and (B) 1.0 → 0.4 V in N2.  
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Figure S17. Series of in situ time-resolved Pt LIII-edge QXAFS spectra for Pt/C in MEA after 2k 

ADT cycles. (1) Series of in situ time-resolved Pt LIII-edge XANES spectra and (2) series of in situ 

time-resolved Pt LIII-edge k3-weighted EXAFS Fourier transforms at k = 30–130 nm-1 for voltage 

cycling of (A) 0.4 → 1.0 V and (B) 1.0 → 0.4 V in N2.  
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Figure S18. Series of in situ time-resolved Pt LIII-edge QXAFS spectra for Pt/C in MEA after 7k 

ADT cycles. (1) Series of in situ time-resolved Pt LIII-edge XANES spectra and (2) series of in situ 

time-resolved Pt LIII-edge k3-weighted EXAFS Fourier transforms at k = 30–130 nm-1 for voltage 

cycling of (A) 0.4 → 1.0 V and (B) 1.0 → 0.4 V in N2.  
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Figure S19. Series of in situ time-resolved Pt LIII-edge QXAFS spectra for Pt/C in MEA after 12k 

ADT cycles. (1) Series of in situ time-resolved Pt LIII-edge XANES spectra and (2) series of in situ 

time-resolved Pt LIII-edge k3-weighted EXAFS Fourier transforms at k = 30–130 nm-1 for voltage 

cycling of (A) 0.4 → 1.0 V and (B) 1.0 → 0.4 V in N2.  
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Figure S20. Series of in situ time-resolved Pt LIII-edge QXAFS spectra for Pt/C in MEA after 17k 

ADT cycles. (1) Series of in situ time-resolved Pt LIII-edge XANES spectra and (2) series of in situ 

time-resolved Pt LIII-edge k3-weighted EXAFS Fourier transforms at k = 30–130 nm-1 for voltage 

cycling of (A) 0.4 → 1.0 V and (B) 1.0 → 0.4 V in N2.  
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Figure S21. Examples of the curve-fitting analysis of (A) time-resolved Pt LIII-edge XANES and (B) 

time-resolved k3-weighted EXAFS Fourier transforms for Pt/C. (a) t = 0 s, 0.4 → 1.0 V, in 

as-prepared MEA, (b) t = 0 s, 1.0 → 0.4 V, in as-prepared MEA, (c) t = 0 s, 0.4 → 1.0 V, in MEA 

after 2k ADT, (d) t = 0 s, 1.0 → 0.4 V, in MEA after 2k ADT, (e) t = 0 s, 0.4 → 1.0 V, in MEA after 

17.5k ADT, (f) t = 0 s, 1.0 → 0.4 V, in MEA after 17.5k ADT. Bold blue and red lines: observed data; 

black dashed lines in (A): curve-fitted data; green and pink dashed lines in (B): curve-fitted data of 

Pt-Pt and Pt-O, respectively.    
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Figure S22. Series of in situ time-resolved Pt LIII-edge QXAFS spectra for Pt3Co/C in MEA after 5k 

ADT cycles. (1) Series of in situ time-resolved Pt LIII-edge XANES spectra and (2) series of in situ 

time-resolved Pt LIII-edge k3-weighted EXAFS Fourier transforms at k = 30–130 nm-1 for voltage 

cycling of (A) 0.4 → 1.0 V and (B) 1.0 → 0.4 V in N2.  
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Figure S23. Series of in situ time-resolved Pt LIII-edge QXAFS spectra for Pt3Co/C in MEA after 

10k ADT cycles. (1) Series of in situ time-resolved Pt LIII-edge XANES spectra and (2) series of in 

situ time-resolved Pt LIII-edge k3-weighted EXAFS Fourier transforms at k = 30–130 nm-1 for 

voltage cycling of (A) 0.4 → 1.0 V and (B) 1.0 → 0.4 V in N2.  
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Figure S24. Series of in situ time-resolved Pt LIII-edge QXAFS spectra for Pt3Co/C in MEA after 

20k ADT cycles. (1) Series of in situ time-resolved Pt LIII-edge XANES spectra and (2) series of in 

situ time-resolved Pt LIII-edge k3-weighted EXAFS Fourier transforms at k = 30–130 nm-1 for 

voltage cycling of (A) 0.4 → 1.0 V and (B) 1.0 → 0.4 V in N2.  
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Figure S25. Series of in situ time-resolved Pt LIII-edge QXAFS spectra for Pt3Co/C in MEA after 

30k ADT cycles. (1) Series of in situ time-resolved Pt LIII-edge XANES spectra and (2) series of in 

situ time-resolved Pt LIII-edge k3-weighted EXAFS Fourier transforms at k = 30–130 nm-1 for 

voltage cycling of (A) 0.4 → 1.0 V and (B) 1.0 → 0.4 V in N2. 
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Figure S26. Examples of the curve-fitting analysis of (A) time-resolved Pt LIII-edge XANES and (B) 

time-resolved k3-weighted EXAFS Fourier transforms for Pt3Co/C. (a) t = 0 s, 0.4 → 1.0 V, in 

as-prepared MEA, (b) t = 0 s, 1.0 → 0.4 V, in as-prepared MEA, (c) t = 0 s, 0.4 → 1.0 V, in MEA 

after 5k ADT, (d) t = 0 s, 1.0 → 0.4 V, in MEA after 5k ADT, (e) t = 0 s, 0.4 → 1.0 V, in MEA after 

35k ADT, (f) t = 0 s, 1.0 → 0.4 V, in MEA after 35k ADT. Bold blue and red lines: observed data; 

black dashed lines in (A): curve-fitted data; green, orange, and pink dashed lines in (B): curve-fitted 

data of Pt-Pt, Pt-Co, and Pt-O, respectively. 
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Figure S27. Time profiles of (A) electrochemical charge, (B) Pt LIII-edge white line height, (C) CN 

of Pt−Pt bonds, (D) CN of Pt−O bonds, for the voltage cycling of Pt/C after 35k ADT. (1) 0.4 → 1.0 

V; (2) 1.0 → 0.4 V. (×) White line height; (•): CN of Pt-Pt; and (▲) CN of Pt-O. 
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Figure S28. Plots of structural kinetic parameters for Pt/C and Pt3Co/C in the MEAs for the voltage 

cycling during ADT. (1,3) Baseline value (y0 /y0´) and (2,4) variation range (A /A´) of (A: 1 (◆) and 2 

(◇)) electrochemical charge, (B: ■) Pt LIII-edge white line height, (C: ●) CN of Pt-Pt bonds (CNPt-Pt), 

and (D: ▲) CN of Pt-O bonds (CNPt-Pt). (red and pink symbols) 0.4 → 1.0 V; (blue and purple 

symbols) 1.0 → 0.4 V, respectively (different colors shows data in different MEAs).   
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