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Table S1 | Comparison of the cCO,RR performance of Ni-N/C with those of previously
reported catalysts.

Capturing . Max F. E. Max j
Catalyst media Additive  CO; flow  Product (%) (mA cm™?) Ref.
5 M MEA X X coO 65 =50
Ni—N/C 5 M MEA X X cO 78 26 This
work
M
KHCO; X X co 91 4.0
Ag 2 M MEA X X CO 5 —0.1
26
Ag 5M MEA 2MKCl X CO 72 =50
> M 2- 0.7M
AMiNG-2- tetraecthylammo
Pb nium chloride X HCOO~ 50 =25
methyl-1-
+ propylene
propanol
carbonate
27
0.7M
2 M 2-
ATino)- tetracthylammo
Au nium chloride X CO 45 -10
methyl-1-
ropanol * propylene
P carbonate
5M MEA X o CcO 39 N/A
Ag
5MMEA 0.1 wt% CTAB o CcO 38 N/A
24
Bi 5M MEA X 0] HCOO~ 18 N/A
Pb 5SMMEA 0.1 wt% CTAB o HCOO 61 N/A
cu  Ethylenedia X 0 co 58 ~184 25
mine
H 1M X X HCOO™  NA  jucoo'~1 15
£ NaHCO; JHCOO
2.8M _ L
Pd KHCO, X X HCOO 88 Jucoo - —3.5 16
3iM
Ag KHCO, X X CcO 81 25 17
Ag 2 M KOH X X CcO 28 -100 18
3IM
Ag KHCO, X X CcO 80 20 19
Bi 3M X X HCOO~ 82 -100 20
KHCO;4
3IM
Ag CsHCO, X X CcO 80 100 21
3iM
Ag KHCO, X X CcO 59 -100 22
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Fig. S1 | a,b, Low- (a) and high-magnification (b) SEM images of ZIF-8.
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Fig. S2 | a—d

Oinm

, SEM (a), TEM (b) and HAADF-STEM images (c,d) of Ni—-N/C.
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Fig. S3 | a, HAADF-STEM image of Ni-N/C. b—f, EDS elemental mapping images of Ni-N/C:
carbon (b), nitrogen (¢), oxygen (d), nickel (e), mixed image (f).
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Fig. S4 | H, partial current density () of Ni-N/C and cAg.
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Fig. SS | a—d, HAADF-STEM images of Mn- (a), Fe- (b), Co- (¢) and Cu-based (d) single
atom catalysts.
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Fig. S6 | a,b jo or j, (a) and CO F.E. (b) of various types of single atom catalysts. Solid and

dashed lines indicate j-o and jy,, respectively, in a.
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Fig. S7 | Ni K-edge in situ XANES spectra of Ni-N/C taken with applying potential from —0.2
V to —1.2 V vs. reversible hydrogen electrode (RHE).
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Fig. S8 | jco of Ni-N/C and cAg at applied constant current density in the membrane electrode
assembly test. The solid and dashed lines indicate jco when BPM and AME was used,
respectively.
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Fig. S9 | CO F. E. changes of Ni-N/C at =50 mA c¢cm™2 for 10 h.
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Fig. S10 | '"H NMR spectra of 5 M MEA before and after the electrochemical stability test.
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Fig. S11 | 'TH NMR spectra of CO,-adsorbed MEA (1-5 M) solutions.
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Fig. S12 | a,b jco (a) and CO F.E. (b) of Ni-N/C and cAg for the cCO,RR in CO,-adsorbed
MEA (1-5 M) solutions.
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Fig. S13 | a,b CO F. E. of Ni-N/C (a) and cAg (b) for the cCO,RR in CO,-adsorbed 5 M MEA

in different temperatures.
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Fig. S14 | a—f, jco of Ni-N/C and cAg for the direct electrochemical conversion of captured
CO; in CO,-adsorbed 1 M KHCO; (a), | M MEA (b), 1 M 3-amino-1-propanol (¢), 1 M 2-
(methylamino)ethanol (d), 1 M 2-amino-2-methyl-1-propanol (e) and 1 M diethanolamine (f)
solutions.
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Fig. S15 | a—d, Differential capacity of Ni-N/C and cAg in 0.05 M Li,COj; (a), Na,CO; (b),
K,COs; (¢) and Cs,COs (d) solutions.
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Fig. S16 | a—d, Differential capacity of AuAg, cPd, and cAu in 0.05 M Li,CO; (a), Na,CO;
(b), K,COs; (¢) and Cs,COs; (d) solutions.
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Fig. S17 | a—e, jco and CO F. E. of Ni-N/C (a), cAg (b), cAu (¢), cPd (d), and AuAg (e) in
0.05 M Li,CO; and Cs,COj solutions. The scattering plot and bar graph indicate j-o and CO

F. E., respectively.
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Fig. S18 | a,b Relationship between cation sensitivity and capacitance of electrode (a) and
cation sensitivity and CO F. E. (b).
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Fig. S19 | a—e, Photographs of assembled custom-designed membrane electrode assembly
electrolyzer cell (a), flow plates of anode (b) and cathode (c), gaskets and electrode of anode
(d) and cathode (e).
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