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Figure S1. (a) XPS survey spectra and (b) high-resolution N 1s XPS spectrum for the benchmark catalysts. 
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Figure S2. TEM images of the catalysts: (a) CNRS, (b) ICL, (c) PAJ and (d) UNM. 

 

TEM measurements. TEM measurements were performed using a FEI Tecnai G2 transmission electron microscopy 

operating at 100 kV. The samples were dispersed in milli-Q water, sonicated for few minutes and dropped cast on a 

gold grid.   
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Figure S3. HAADF-STEM images of (a) )  a catalyst prepared similarly to the CNRS catalyst of the present study but 

with less Fe content and containing only atomically dispersed Fe sites , (b) ICL, (c) UNM, and (d) PAJ catalysts. (a) 

Reprinted with permission ref. 1 Copyright 2018, The Royal Society of Chemistry; (b) reprinted with permission ref. 
2 Copyright 2019 Elsevier Inc.; (c) reprinted with permission ref. 3 Copyright 2019, American Chemical Society; (d) 

reprinted with permission ref. 4 Copyright 2016, Wiley-VCH. 
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Figure S4. Initial ORR mass activity of the four catalysts as measured by RRDE for different catalyst loadings and 

applied potentials: (a) 0.2 mg cm-2 and 0.80 VRHE, (b) 0.8 mg cm-2 and 0.80 VRHE, (c) 0.2 mg cm-2 and 0.85 VRHE, and 

(d) 0.8 mg cm-2 and 0.85 VRHE. The electrolyte was 0.5 M H2SO4. 

 

0.0

0.2

0.4

0.6

0.8

1.0

1.2
0.8 mg cm-2

0.85 VRHE 

M
a
s
s
 A

c
ti
v
it
y
 (

A
 g

-1
)

CNRS ICL PAJ UNM

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0
0.8 mg cm-2

0.80 VRHE 

M
a
s
s
 A

c
ti
v
it
y
 (

A
 g

-1
)

CNRS ICL PAJ UNM

0.0

0.2

0.4

0.6

0.8

1.0

1.2 0.2 mg cm-2

0.85 VRHE 

M
a
s
s
 A

c
ti
v
it
y
 (

A
 g

-1
)

CNRS ICL PAJ UNM

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0
0.2 mg cm-2

0.80 VRHE 

M
a
s
s
 A

c
ti
v
it
y
 (

A
 g

-1
)

CNRS ICL PAJ UNM

a) b)

d)c)c)



6 
 

Figure S5. ORR mass activity before and after a load-cycling AST for a catalyst loading of 0.2 mg cm-2: (a) mass 

activities at 0.80 VRHE and (b) mass activities at 0.85 VRHE. The filled columns represent the initial activity and the 

hatched ones represent the activity after the AST (5,000 cycles between 0.6 and 0.9 V vs. RHE).  

 

 

Figure S6. Hydrogen peroxide production (H2O2 %) during ORR of the four catalysts as measured by RRDE for two 

different catalyst loadings and two applied potentials: (a) 0.2 mg cm-2 and 0.20 VRHE, (b) 0.8 mg cm-2 and 0.20 VRHE, 

(c) 0.2 mg cm-2 and 0.70 VRHE, and (d) 0.8 mg cm-2 and 0.70 VRHE. 

0

2

4

6

8

10

12

14

16

18

20

22

24

26
0.8 mg cm-2

0.70 VRHE 

H
2
O

2
 (

%
)

CNRS ICL PAJ UNM

0

2

4

6

8

10

12

14

16
0.8 mg cm-2

0.20 VRHE 

H
2
O

2
 (

%
)

CNRS ICL PAJ UNM

a) b)

d)c)

0

2

4

6

8

10

12

14

16
0.2 mg cm-2

0.20 VRHE 

H
2
O

2
 (

%
)

CNRS ICL PAJ UNM

0

2

4

6

8

10

12

14

16

18

20

22

24

26
0.2 mg cm-2

0.70 VRHE 

H
2
O

2
 (

%
)

CNRS ICL PAJ UNM



7 
 

 

Figure S7. Repetitive CO pulse chemisorption profiles of the four benchmarking catalysts: (a) CNRS (3 repeats), (b) 

ICL (3 repeats), (c) PAJ (4 repeats), and (d) UNM (4 repeats). Surface CO saturation was achieved after ca 3 pulses. 

Reduced pulse peak area indicate CO uptake. 
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