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Figure S1. XPS full spectra of CNNs, K/ CNNs, Co/CNNs and K-Co/CNN:s.

Figure S2. (A) K 2p and (B) Co 2p XPS spectra of K/CNNs, Co/ CNNs and K-
Co/CNNE.

Figure S3. (A) (B) (C) (D) CV curve of CNNs, K/ CNNs, Co/ CNNs, K-CO / CNNs.
Figure S4. The different Co contents of the (A) LSV curve, (B) production rate of
H,0,, (C) electron transfer number, (D) Faraday efficiency.

Figure S5. The different K contents of the (A) LSV curve, (B) production rate of H,O,,
(C) electron transfer number, (D) Faraday efficiency.

Figure S6. (A) CdI curve of CNNS, K/CNNS, Co/CNNS, K-CO /CNNS. (B) the
accumulation of H,O, within 24 hours of K-CO /CNNS.

Figure S7. CNNs, K/CNNs, Co/CNNs and K-Co/CNNs of the (A) Comparison of N,

adsorption and desorption curves, (B) Comparison of BET specific surface area.

Figure S8. (A)The absorption spectra of different concentrations of Ce(SO4)2, (B) the

linear relationship between the concentration of Ce(SO4)2 and the absorbance.

Figure S9. Tafel plots of CNNS, K/CNNS, Co/CNNs, K-Co/CNNs.

Figure S10. (A) Structural diagram of CNNss, (B) Structural diagram of Co/CNNss, (C)
Structural diagram of K/CNNss.

Figure S11. (A) Structure of CNNs for H,O, adsorption, (B) Structure of Co/CNNs for
H,0,; adsorption, (C) Structure of K/CNNs for H,O, adsorption.

Table S1. The comparisons of different electrocatalysts towards two-electron ORR to
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Table S2. Comparison of direct anthraquinone and oxygen reduction reaction methods
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Figure S1. XPS full spectra of CNNs, K/ CNNs, Co/CNNs and K-Co/CNNs.
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Figure S2. (A) K 2p and (B) Co 2p XPS spectra of K/CNNs, Co/ CNNs and K-Co/CNNss.



CNNs

Current density (mA cm?)
(=]
S

—20mV/s
-0.51 40 mVis
— G0 mV/s
—— 80 mVs
-1.04 —— 100 mV/s
—— 120mVs
—— 140 mVs
-1.54 —mn::w-e
020 -0.15 -0.10 -005 000 005
Potential (V vs.RHE)
(C)
1.04 Co/CNNs
§ 05
<
E
2 0.0
‘@
E 20 mV/s
205 —0mVis
S m— 0 mV/s
E 80 mV/s
— 100 mV/s
©-1.01 120 ::V/s
—— 140 mV/s
15 — 160 mV/s
T 020 -0.15 -0.10 -0.05 0.00 0.05
Potential (V vs.RHE)

.51 K/CNNs
o 1.0
8
< 0.51
E
2z 004
g 20 mV/s
% -0.51 40 mV/s
= 60 mV/s
2 80 mVi/s
£ -1.01 — Vi
&) 120 mV/s
-1.5 140 mV/s
— 160 mV/s
-020  -0.15 -0.10 -0.05 0.00 0.05
(D) Potential (V vs.RHE)
2.0
151 K-Co/CNNs
g
é 1.04
= 0.5
2
Z 0.04
0
Z -0.5 4 o 20 mV'/s
g —40 mV/s
J — G0 MV/s
[ 5] -1.0 —30 mV/s
— 100 mV/s
-1.54 120 ::wz
— 140 mVis
-2.04 —160 mV/s
-0.20  -0.15 -0.10 -0.05  0.00 0.05
Potential (V vs.RHE)

Figure S3. (A) (B) (C) (D) CV curve of CNNs, K/ CNNs, Co/ CNNs, K-CO / CNNs.
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Figure S4. The different Co contents of the (A) LSV curve, (B) production rate of

H,0,, (C) electron transfer number, (D) Faraday efficiency.
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Figure S5. The different K contents of the (A) LSV curve, (B) production rate of H,O,,

(C) electron transfer number, (D) Faraday efficiency.
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Figure S6. (A) CdI curve of CNNS, K/CNNS, Co/CNNS, K-CO /CNNS. (B) the
accumulation of H,O, within 24 hours of K-CO /CNNS.
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Figure S7. CNNs, K/CNNs, Co/CNNs and K-Co/CNNs of the (A) Comparison of N,
adsorption and desorption curves, (B) Comparison of BET specific surface area.
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Figure S8. (A)The absorption spectra of different concentrations of Ce(SO4)2, (B) the linear

relationship between the concentration of Ce(SO4)2 and the absorbance.
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Figure S9. Tafel plots of CNNS, K/CNNS, Co/CNNs, K-Co/CNN:s.

Figure S10. (A) Structural diagram of CNNs, (B) Structural diagram of Co/CNNs, (C)
Structural diagram of K/CNNSs.

Figure S11. (A) Structure of CNNs for H,O, adsorption, (B) Structure of Co/CNNs for
H,0,; adsorption, (C) Structure of K/CNNs for H,O, adsorption.



Table S1. The comparisons of different electrocatalysts towards two-electron ORR to

produce H,0,.
Catalyst Electrolyte Selectivity Ref.
0.1 M PBS
K-Co/CNNs ~97% (0.3 Vrug) This work
(PH=7)
0.1 M PBS
Co/CNNs ~87% (0.3 Vrug) This work
(PH=7)
0.1 M PBS
K/CNNs ~71% (0.3 Vrug) This work
(PH=7)
0.1 M PBS
CNNs ~76% (0.3 Vrug) This work
(PH=7)
0.5 M H,SO,
MNCs ~90% (0.1VRuE) 1
(PH=0)
PBS
Rh 1/NC ~100% 2
(PH=7)
Ni;B bicarbonate ~90% (0.3 Vrug) 3
0.1M KOH
c-WO; 90% 4
(PH=13)
Cr -ABIm - 65% 5
0.1M
r Ni@rGO 89% 6
KOH(PH=13)
0-CoSe, 0.05M H,S0O, >80% 7



FeC-O

C-WO3

Pd/C

CoSe,

Ni@B/N-CNTs-MS

NC-Ag/NHCS

NiNb,O¢
Pd-Zn

MOO3.X

c-Mo/NCP

MoSe,—MnP

TM SA/CNNS

0.1IM

KOH(PH=13)

0.1IM KOH

(PH=13)

0.5 M H,S0O,
(PH=0)

0.1IM KOH

(PH=13)

0.5 M H,S0,

(PH=0)

0.1IM KOH
(PH=13)
0.1IM KOH
(PH=13)
0.1M
PBS
0.1M KOH
(PH=13)
0.1M
PBS

95%

90%

95.1%

92%

~90%

89%-91%

96%

90.0%

93%

77-85%

97-98%

98%

10

11

12

13

14

15

16

17

18

19



Table S2. Comparison of direct anthraquinone and oxygen reduction reaction methods

for the preparation of H,O,.

Indirect anthraquinone This work
method
yield Stable hydrogenation 31.7 g/L/24h
efficiency above 11 g/L
costs Pd noble metal catalysts: Transition metal-based
expensive and scarce raw | materials: high chemical
materials stability, cost advantages
and electrocatalytic
activity comparable to
noble metals
harmful byproducts Organic impurities in the H,0
product
Synthesis method There are four processes: | Simple two-step synthesis
hydrogenation, oxidation,
extraction and post-
treatment
security Organic solvents are High security
flammable and explosive
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