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1. Supplementary figures and tables
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Fig. S1 (a) Small-angle XRD pattern, (b) N2 adsorption-desorption isotherm, (c) BJH pore size
distribution curve obtained from the adsorption branch of the corresponding isotherm, and (d)

BF-STEM image of SBA-15.
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Fig. S2 BR-STEM images of (a) Ni-N/C_3_Dry, (b) Ni-N/C_3_Acetone, (c) Ni-N/C_3_EtOH,
and (d) Ni-N/C_3_HO catalysts.
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Fig. S3 (a) N2 adsorption-desorption isotherms and (b) BJH pore size distribution curves
obtained from the adsorption branch of the corresponding isotherms of Ni-N/C_3 X catalysts.

The isotherms of Ni—-N/C_3_Acetone, Ni-N/C_3 EtOH, and Ni-N/C_3 H>O were offset by
400, 800, and 1200 cm® g%, respectively, for clarity.
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Table S1 Textural properties of SBA-15 and the Ni-N/C_3 X catalysts

Mean pore diameter® BET surface area® Total pore volume®
Material (nm) (m?g™? (cmdg™)
SBA-15 12.7 408 1.18
Ni-N/C_3 Dry 5.1 739 1.21
Ni-N/C 3 Acetone 5.1 719 1.13
Ni-N/C_3 EtOH 5.1 710 1.16
Ni-N/C 3 HO 5.1 730 1.10

3 Determined at the maximum point in the pore size distribution curve. ® Calculated in the relative
pressure range of 0.05-0.2. ¢ Calculated at the relative pressure of 0.98-0.99.
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Table S2 ICP—OES and EA results of Ni-N/C_3 X catalysts in wt%

Material Ni2 CP HP NP oP°

Ni-N/C 3 Dry 1.68 77.09 1.75 9.58 9.86
Ni-N/C 3 Acetone 1.62 76.83 2.03 9.15 9.64
Ni-N/C 3 EtOH 1.53 76.27 1.94 943 9.28
Ni-N/C_3_H,0 1.73 75.81 1.88 10.39 9.54

2 Determined by ICP-OES analysis. ° Determined by EA.
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Fig. S4 HPR polarization curves of Ni-N/C_3_X catalysts measured in N>-saturated 0.1 M
KOH containing 10 mM H;0..
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Fig. S5 High-magnification BR-STEM image of Ni-N/C_3_Dry catalyst.
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Fig. S6 Nyquist plots of Ni—-N/C_3_X catalysts.
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Fig. S7 BR-STEM images of (a) Ni-N/C_1_ H20, (b) Ni-N/C_2_ H-0, and (c) Ni-N/C_3_
H2O catalysts.
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Fig. S8 Nyquist plots of Ni-N/C_Y_H-O catalysts.
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Fig. S9 (a) N2 adsorption-desorption isotherms and (b) BJH pore size distribution curves
obtained from the adsorption branch of the corresponding isotherms of Ni—N/C_Y_H,O

catalysts. The isotherms of Ni-N/C_2_H»O and Ni—-N/C_3_H,O were offset by 600 and 1200
cm?® g2, respectively, for clarity.

S13



Table S3 Textural properties of SBA-15 and Ni—-N/C_Y_H>0 catalysts

Mean pore diameter® BET surface area’ Total pore volume®
Material (nm) (m?g™ (cm*g™)
SBA-15 12.7 408 1.18
Ni-N/C_1_H,0 5.1 741 1.17
Ni-N/C 2 HO 5.1 773 1.11
Ni-N/C_3_H,0 5.1 730 1.10

2 Determined at the maximum point in the pore size distribution curve. ® Calculated in the relative
pressure range of 0.05-0.2. ¢ Calculated at the relative pressure of 0.98-0.99.
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Table S4 ICP-OES and EA results of Ni-N/C_Y_H.0O catalysts in wt%

Material Ni2 cP HP NP oP
Ni-N/C_1_H,0 1.68 76.68 2.07 8.13 10.08
Ni-N/C_2_H,0 1.53 76.95 1.93 8.77 9.42
Ni-N/C_3_H,0 1.73 75.81 1.88 10.39 9.54

2 Determined by ICP-OES analysis. ® Determined by EA.
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Fig. S10 Ni 2p XPS spectra of Ni-N/C_2_H,0 and Ni-N/C_3 H-O catalysts.
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Fig. S11 N 1s XPS spectra of Ni-N/C_2_H>0 and Ni—N/C_3_H>O catalysts.
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R space.
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Table S5 Summary of EXAFS fitting parameters for Ni-N/C_2_H»0, Ni-N/C_3 H>0, and Ni

foil
krange R range . RP o*° AEy R factor
Material AhH R Scattering CN A) (10343 (eV) (%)
NFN/C_Z_HZO 2.5- 1.0-2.0 NifNl 4.1 1.88 8.3 45 1.6
11.7 +03 =002 36 +27
Ni-N/C_3 H,0 25~ 1.0-2.0 Ni-N; 3.9 1.82 7.7 7.9 0.9
11.7 t02 +£004 25 +1.1
Ni Foil 2.5- 1.7-4.25 NifNil 12 2.492 8.2 5.9 11
125 +0.01 +15 +11
Ni-Ni, 6 3.524
+0.01
Ni-Ni, 24 4317
+0.01
Ni-Ni-Ni, 48 3.739
+ 0.01
Ni-Ni-Ni, 48 4.255
+ 0.01

3Coordination number. °Interatomic distance. ‘Debye—Waller factor. “All Ni foil CN values
were fixed to a theoretical values for fcc Ni to obtain the passive electron reduction factor (So?)
which was determined to be 0.87.
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Fig. S14 HPR polarization curves of Ni-N/C_Y_H-O catalysts measured in N2-saturated 0.1 M
KOH containing 10 mM H;Ox.
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Table S6 Benchmarking electrochemical H202 production performance of Ni-N/C_3_H20
catalyst with those of previously reported nonprecious metal ADCs and carbon-based catalysts
in terms of mass activity and maximum H20: selectivity in 0.1 M KOH (or NaOH)

Mass activity @ Max. H20: selectivity

Sample 0.70V(Agh by RRDE (%) References
Ni—N/C_3_H:0 490.9 92 This work
Co-N/C 35.7 65 S1
Fe-CNT 25.1 95 S2
C01-NG(0) 392.9 80 s3
Ni SA/G-O 9.9 94 S4
0-C (Al) 270.4 95 S5
Mo1/OSG-H 34.0 95 S6
meso-Ni-N/C 61.4 82 S7
F-mrGO(600) 110.8 100 s8
O-CNT 29.9 90 S9
BN-C1 8.9 90 S10
NCMKSIL 19.1 86 S11
MesoC 1.3 80 S12
0-GOMC-1 73.1 93 S13
Ox0-G/NH3z-H20 1.9 82 S14
N-MFLG-8 3.0 95 S15
GNPc-0,1 38.9 98 S16
NF-Cs 24.0 82 S17
OCB-120+CTAB 30.2 92 S18
OCNSg00 191.0 90 S19
HCB+0.5 KCI 201.3 87 S20
O-GOMC-5.5 120.6 92 S21
B-C 32.3 90 S22
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Fig. S15 FT-IR spectrum of Ni-N/C_3_H-O catalyst.
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Fig. S16 In-situ ATR-SEIRAS spectra of Ni-N/C_3 H>O catalyst collected in the (a) O2-
saturated and (b) Ar-saturated 0.1 M KOH electrolyte with 0.1 V intervals from 0.9 V to 0.2 V.
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Fig. S17 (a) Full and (b) carbonyl reduction part enlarged CV curves of Ni-N/C_3_H>O catalyst
collected in Ar-saturated 0.1 M KOH at a scan rate of 20 mV s 1,
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Fig. S18 ORR polarization curves of Ni-N/C_3 H»O catalyst before and after CN™ poisoning.
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Fig. S19 The non-faradaic current, HPR current, and H>O> production current responses of the
eight-day-tested Ni-N/C_3_H»O-coated electrode at 0.6 V (vs. RHE). The non-faradaic current
and H»>O> production current responses of the fresh Ni-N/C_3_H>O-coated electrode at 0.6 V

(vs. RHE) were used as references.
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