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SUPPLEMENTARY FIGURES

Supplementary Figure 1. Comparison of melamine foam volume before and after

carbonization.
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Supplementary Figure 2. HR-TEM image of MF-900 at 5 um scale.
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Supplementary Figure 3. Total spectrum of XPS image of MF-900, MF-Ni-800, MF-
Ni-900, and MF-Ni-1000.
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Supplementary Figure 4. C 1s spectrum of XPS image of MF-900, MF-Ni-800, MF-
Ni-900, and MF-Ni-1000.
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Supplementary Figure 5. (A-D) SEM image (A), XRD image (B), XPS Nls image

(C), XPS Ni 2p image (D) of MF-Mi-900 after reaction.
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Supplementary Figure 6. Normalized LSV curves using electrochemically active

specific surface area (ECSA).
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Supplementary Figure 7. Faradaic efficiency plots of melamine powder loaded Ni

monoatomic catalysts at different potentials.
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Supplementary Figure 8. (A-D) ECSA images of MF-900 (A), MF-Ni-800 (B), MF-
Ni-900 (C), and MF-Ni-1000 (D).
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Supplementary Figure 9. 6 cycles stability test of MF-Ni-900.
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SUPPLEMENTARY TABLES

Supplementary Table 1. Changes in mass (m) and volume (V) of the sample before

and after carbonization

Catalysts

MF-900
MF-Ni-800
MF-Ni-900
MF-Ni-1000

Before carbonization

After carbonization

V (mm?)

19.0*%20.0*21.0
20.0*20.0*19.0
21.0*20.0*20.0
22.0*19.0*20.0

m (mg)
50
50
50
50

V (mm?)

12.0*10.0%9.0
11.0¥11.0*8.0
10.0*9.0*11.0
10.0¥12.0*9.0

m (mg)
8.5
8.5
8.8
8.8

“ No notable alteration was observed in the volume of the four samples prior to and

following immersion. ” The discrepancy in volume prior to charring could be attributed

to the variation in foam cut.
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Supplementary Table 2. Sample content analysis

XPS (%) MF-900 MF-Ni-800  MF-Ni-900 MF-Ni-1000
Ni - 1.85 2.38 1.86

C 65.15 65.38 65.31 78

N 23.41 26.67 26.25 24.49

“ The total C, N, and Ni content of less than 100 percent was due to the presence of
residual oxygen (due to functional groups in formaldehyde or adsorbed H>0 and CO:
added during the manufacture of MF), sodium (sodium hydroxide is added to adjust the
pH of the solution during the manufacture of MF), and hydrogen (present in carbonized
MF and adsorbed H>0).
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Supplementary Table 3. Types and content of N in XPS

XPS (%) MF-900 MF-Ni-800 MF-Ni-900 MF-Ni-1000
Pyridine-N 9.11 8.75 5.71 5.8

Ni-Nx - 5.85 9.47 3.95
Pyrrole-N 6.61 53 4.23 5.86
Graphite-N 5.37 5.25 4.92 7.18
Oxidized-N 2.32 1.52 1.92 1.7

S13



Supplementary Table 4. Comparison of common catalyst properties

Materials Electrolyte E/V  vs. Product FE j (mAcm?)
RHE (%)
Ni-N-CNSs!!! 0.1 mol/L KHCO3 -0.85 CcO 97.1 3.1
Fe/ZIF-8! 0.1 mol/L KHCO3; -0.73 CO 85 3.7
Fe-N-CB! 0.1 mol/L KHCOs -0.6 CcO 91 7.5
FexN@Fe-N- 0.5 mol/L KHCOs -0.53 CcO 95 4.71
CH
Fe-Ns- 0.1 mol/L KHCO3 -0.6 CcO 80 2.5
graphenel®!
Fe-N-C[¢] 0.5 mol/L KHCOs -0.53 CcO 95 1.9
Sb-NC!! 0.1 mol/L KHCOs -0.9 CcO 82 2.4
Ni/Fe-N-C[®] 0.5 mol/L KHCOs -0.7 CO 98 9.5
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