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Supplementary Table 1. Electrocatalytic reduction of CO: to CO over diverse reported

catalysts
. FEco Stability
Number  Catalysts E (V, vs. RHE) Jj (mA/cm?) Res.
(%) (h)

[Mn-2,6-bis(1-(alkyl)imidazol-2-

1 ylidene)pyridine]Br pincer - - 86+4 - [1]
complex

2 [Mn-MeCN/MWCNT -0.39 2.6 ~-2.0 8444 24 [2]

3 fac-Mn(CO); bipyridine complex  -1.56 About 1.3 77.7 - [3]

4 CMP-(bpy)20-Mn -1.60 —-0.01 0.43 3 [4]

5 fac-Mn(apbpy)(CO);Br complex  -1.35 About 14.0 60 10 [5]

6 [Mn(bpy(R)2)(CO);Br] /nc-Ti02  -0.30 - 60 - [6]

7 URA-Mn2 -1.20 - 60 4 [7]
MnBr(6-(2-hyd henol)-2,2'-

8 InBr(6-(2-hydroxyphenol) -0.44 3.1 76 4 8]
bipyridine)(CO)3

9 MnO/NGA -0.82 About—10 86 10 9]

10 Mn(bpy-tBu)(CO);Br -2.2(V,vs.SCE) - 100+ 15 - [10]
MnBr(2,2'-bipyridi CO

1 [MnBr(2,2-bipyridine)(CO);] 11 About—17  About35 - [11]
complex

12 Fe-N-C -0.09 17.5 93.5 - [12]
Zn; sMgi sAli-LDH

13 HsYgLAL 1140 5.9 91.8 9 [13]
Zn0/Zn foils

14 -2.00 11.5 85.0 - [14]
CuxsZn-A

15 -0.98 9.2 94.0 11 [15]

16 Cu-In/PNGC -0.59 136.4 91.3 5 [16]

17 CuZny/NGN -0.8 3.9 <50 24 [17]

This
18 MnZn/N,P-3D-GA -0.92 12.0 96.6 20

work




C,Hg0,Zn, C,H,MnO,
CgH150,4Pg, NH3-H,0

ES
-

MnZn/N,P-3D-GA
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Supplementary Scheme 1. Synthesis procedures of the MnZn/N,P-3D-GA catalyst.
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Supplementary Figure 1. SEM images of the MnZn/N,P-3D-GA catalyst.



Supplementary Table 2. The analysis results of N; adsorption/desorption isotherms for

catalysts
BET surface area Pore size Pore volume
Catalysts 5 3
(m*/g) (nm) (cm’/g)
GA 311 10.9 0.84
N,P-3D-GA 205 13.2 0.68
Zn/N,P-3D-GA 225 12.6 0.70
Mn/N,P-3D-GA 158 13.1 0.52
MnZn/N,P-3D-GA 241 11.9 0.71
(A) N 1s|(B) P2p
Pyridinic N P-C
- Pyrrolic N o0
408 406 404 452 400 258 096 284 292 137 136 135 134 133 132 131 130

Supplementary Figure 2. XPS spectra of N,P-3D-GA, including N 1s spectrum (A) and P 2p

spectrum (B).

Binding energy (eV)

Binding energy (eV)
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Supplementary Figure 3. GC results of CO2ER over the MnZn/N,P-3D-GA catalyst.
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Supplementary Figure 4. Representative '"H NMR spectrum. The '"H NMR spectrum of the liquid
products was obtained upon CO2ER on MnZn/N,P-3D-GA electrode at -0.92 V (vs. RHE) for 30

min. DMSO was used as an internal standard for quantification of liquid products.
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Supplementary Figure 5. FEn> and FEco over the MnZn/N,P-3D-GA catalyst in different anion
electrolytes containing 0.1 M K" (A) and FEn2 and FEco over the MnZn/N,P-3D-GA catalyst in

different alkali metal electrolytes containing 0.1 M CI- (B).
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Supplementary Figure 6. LSV curves over the MnZn/N,P-3D-GA catalyst in different anion
electrolytes containing 0.1 M K* (A) and LSV curves over the MnZn/N,P-3D-GA catalyst in

different alkali metal electrolytes containing 0.1 M CI- (B).
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Supplementary Figure 7. The stability of MnZn/N,P-3D-GA at -0.92 V (vs. RHE) in a

CO,-saturated 0.1 M KOH (A), 0.05 M K2COs (B), 0.05 M K804 (C), and 0.1 M KHCOs (D)

electrolyte.
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Supplementary Figure 8. The stability of MnZn/N,P-3D-GA at -0.92 V (vs. RHE) in a

COz-saturated 0.1 M LiCl (A), 0.1 M NaCl (B), and 0.1 M CsClI (C) electrolyte.
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Supplementary Figure 9. Mott-Schottky curves of Mn/N,P-3D-GA (A) and MnZn/N,P-3D-GA
(B).
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Supplementary Figure 10. The open circuit voltages of MnZn/N,P-3D-GA, N,P-3D-GA,
Zn/N,P-3D-GA and Mn/N,P-3D-GA.
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Supplementary Figure 11. SEM images of the used MnZn/N,P-3D-GA catalyst.

Supplementary Figure 12. TEM images of the used MnZn/N,P-3D-GA catalyst.
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Supplementary Figure 13. XRD of the used MnZn/N,P-3D-GA catalyst.
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Supplementary Figure 14. Optimized catalyst structures.
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