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Supplementary Tables
Table S1. Summary of C, N and O contents in different samples based on the XPS

measurements.
Atomic content (at %) Relative content (%)
Sample
C O N Co Cc=0 c-O
MesoC-Co  85.74 13.27 0.99 / 28.74 71.26
MicroC-Co  86.99 10.57 2.44 / 27.54 72.46

GO-Co 87.88 9.13 2.83 0.16 23.59 76.41
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Table S2. Comparison of electrochemical H,O, production via 2e~ ORR in acid.

Disk current

Onset
) density Selectivity Stability
Catalyst Electrolyte  potential Ref.
@03 VRHE / (%@VRHE) test
(VreE) )
mA cm
0.1 M >80 This
MesoC-Co 0.73 2.4 24 h
HCI1O4 @ (0.3-0.6) work
0.1 M >90 8000
Pt-Hg/C 0.6 -0.53
HCIO, @(0.3-0.5) cycles
0.1 M 90
Au-Pd/C 0.4 -0.5 / 2
HCIO, @(0.1)
0.5M 80
Co-N-C 0.7 2.7 6h 3
H,S0, @(0.1)
0.1 M >90
Co-NC 0.75 -2.5 10h 4
HCIO, @(0.6)
0.1 M 94
Pt/HSC 0.7 -1.0 6h 5
HCIO, @(0.5)
0.1 M >95
CoN@CNTs 0.65 -2.5 12h 6
HCI1O4 @(0.3-0.6)
0.05M 80
CoSe; 0.7 -3.0 42h 7
H,S0, @(0.4)
0.5M 80 5000
MoTe, 0.56 -0.9 8
H,S0,4 @(0.3) cycles
0.1 M 65.2
MNC 0.5 -1.0 6h 9
HCIO, @(0.1)
41
C(Pt)/C 1 M HCIO, 0.7 -1.0 / 10
@(0.1)
. 0.1 M 55
Pt;/TiN 0.56 -1.0 6h 11
HCIO, @(0.4)
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Supplementary Figures

Figure S1. (a, b) SEM images and (c) TEM image of GO@MRF.
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Figure S2. The thermal gravimetric analysis of GO@MRF under N, atmosphere.

S4



Figure S3. (a, b) SEM images and (c) TEM image of MesoC.

Figure S4. TEM images of MicroC-Co.
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Figure SS5. TEM images of GO-Co.
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Figure S6. (a) Nitrogen adsorption-desorption isotherms and (b) corresponding pore

size distributions of MicroC-Co and GO-Co samples. (c) Pore size distribution of

MesoC-Co.
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Figure S7. High-resolution (a) C 1s, (b) O Is and (¢) N 1s XPS spectra of MicroC-Co.
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Figure S8. High-resolution (a) C 1s, (b) O 1s and (¢) N 1s XPS spectra of GO-Co.
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Figure S9. Calculated ORR electron transfer number for three samples in O,-saturated

0.10 M HCIO,.
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Figure S10. (a) Linear sweep voltammetry (LSV) curves of MesoC in 0.10 M HCIO4
and (b) its corresponding H,O, selectivity and electron transfer number during the

potential sweep.

S8



Q)
O

—_ 14 MesoC-Co MesoC-Co >
o w
£ < 804 /_/"-

< 0 < -~

= S 60yoeu oo

0 3 401

= N

5 24 Q, —o—pH=T7

= ——pH=7 I 20- —o—pH=13

o ——pH=13

-3 "
0.2 0.4 0.6 0.8 0.1 0.2 03 0.4 0.5 0.6
Potential (V vs RHE) Potential (V vs RHE)

Figure S11. (a) LSV curves of MesoC-Co in O,-saturated electrolytes of different pH

values. (b) Calculated H,O, selectivity as a function of applied potential.
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Figure S12. (a) Cyclic voltammogram (CV) curves of MesoC-Co in the double layer
region at scan rates of 20, 40, 60, 80, and 100 mV s! in N,-sautrated 0.1 M HCIO, (pH

= 1) aqueous electrolyte.
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Figure S13. (a) CV curves of MicroC-Co in the double layer region at scan rates of 20,

40, 60, 80, and 100 mV s~! in Nj-sautrated 0.1 M HCIO, (pH = 1) aqueous electrolyte.
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Figure S14. (a) CV curves of GO-Co in the double layer region at scan rates of 20, 40,
60, 80, and 100 mV s7! in Nj-sautrated 0.1 M HCIO, (pH = 1) aqueous electrolyte.
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Figure S15. LSV curves of MesoC-Co sample in 0.10 M HCIO, with different
conditions, including O,-saturated electrolyte without H,O,, O,-saturated electrolyte

containing 10 mM H,0,, and N,-saturated electrolyte containing 10 mM H,0,.

Reference

Counter
Electrode

Nafion
lafion et

Membran
A meTm .
Figure S16. Digital photograph of the two-compartment three-electrode H-cell setup

used for the electrochemical synthesis of H,0,.
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Figure S17. (a) UV-Vis absorption spectra of Ce*" solution with various concentrations

and (b) its corresponding standard curve.
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Figure S18. (a) UV-Vis absorption spectra of the quantitatively diluted small aliquot
of electrolyte solution sampled from the working electrode compartment at various time
points during the stability test. (b) Plot of the absorbance change at wavelength of 320

nm versus reaction time of HO, generation.
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Figure S19. The calculated H,O, Faraday efficiency (FE) of MesoC-Co as a function

of time.
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Figure S20. (a) UV-Vis absorption spectra of RhB standard solutions with various

concentrations in acidified 0.5 M Na,SOy, solution (pH = 2.85) and (b) its corresponding

standard curve.

S13



0.08
—0 0.064 y=0.0606x +0.0013
S05nm ——0.25 mg L R2=0.9995
0.06 4 ——050 mg L’ 0.05 -
o ——075mg L™’ o
% _1mgL—1 % 0.04 4
0
5 0.04- £ 003]
Q0 72}
Y 0
<< 0.02-
0.02 4
0.01 -
0.00 e 0.00 . . : .
350 400 450 500 550 600 650 700 0.0 02 04 0.6 0.8 1.0
Wavelength (nm) Concentration of MO (mg L)

Figure S21. (a) UV-Vis absorption spectra of MO standard solutions with various

concentrations in acidified 0.5 M Na,SO, solution (pH = 2.85) and (b) its corresponding

standard curve.

Figure S22. The photographs track the color changes of the electrolyte solutions before

and after 80 min without electricity inputs. (a, b) RhB solution, (¢, d) MO solution.
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