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Figure S1. (a) XRD, (b)Raman spectra, (¢c) XPS survey spectra of NO/CNs, Mn-NO/CNs-1100,

Mn-NO/CNs, and Mn-NO/CNs-900, (d) XPS Mn 2p spectrum of Mn-NO/CNss.
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Figure S2. XPS N 1s spectrum of (a) NO/CNs, (¢) Mn-NO/CNs-900, and (¢) Mn-NO/CNs-1100;

XPS O 1s spectrum of (b) NO/CNs, (d) Mn-NO/CNs-900, and (f) Mn-NO/CNs-1100.
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Figure S3. The corresponding atomic percentage of different N-substance (a) and O-species (b)

fitted according to the XPS curve of the sample.
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Figure S4. (a) LSV curves of Mn-NO/CNs-900, Mn-NO/CNs, and Mn-NO/CNs -1100 the catalysts
on carbon paper in Ar- or CO,-saturated 0.5 M KHCOj solution at the scan rate of 5 mV s7!, with a
catalyst loading of 0.56 mg cm™2. (b) Current response of Mn-NO/CNs in 0.5 M KHCO; saturated
with CO,; (c) Total FE of Mn-NO/CNs catalyst at different potentials in an H-type electrolytic cell
(0.5 M KHCOs); (e) Potential dependent FE of CO formation; (f) Potential dependent FE of H,

formation.
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Figure S5. (a) Stability test of Mn-NO/CNs in H-type electrolytic cell (0.5 M KHCOj; electrolyte)
at —0.46 V (V vs. RHE); (b) The relationship between current density difference (AJ) and scanning
rate; (c) The impedance spectra of the catalyst at carbon paper obtained under CO,RR (—0.46 V vs.

RHE) condition (frequency range: 0.1 MHz~1072 Hz); (d) Tafel diagrams.
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Figure S6. Cycle voltammetry curves of (a) Mn-NO/CNs-900, (b) Mn-NO/CNs, (c) Mn-NO/CNs-

1100 and (d) NO/CNs.



Figure S7. SEM image of Mn-NO/CNs catalyst after 70 hours of electrolysis.



Figure S8. Top view configurations of two Mn-N,O; types. The gray, blue, purple, and red

spheres represent C, N, Mn, and O atoms, respectively.

Figure S9. The adsorption configuration of *CO and *COOH on Mn-N;0. The gray, blue, purple,

and red spheres represent C, N, Mn, and O atoms, respectively.



Figure S10. The adsorption configuration of *CO and *COOH on Mn-N,0O,. The gray, blue,

purple, and red spheres represent C, N, Mn, and O atoms, respectively.

Figure S11. The adsorption configuration of *CO and *COOH on Mn-NO;. The gray, blue,
purple, and red spheres represent C, N, Mn, and O atoms, respectively.



Figure S12. The adsorption configuration of *CO and *COOH on N,0,. The gray, blue, purple,
and red spheres represent C, N, Mn, and O atoms, respectively.



Supplementary Tables

Table S1. X-ray photoelectron spectrum analysis of the Mn-NO/CNs-900, Mn-NO/CNs, Mn-
NO/CNs-1100 and NO/CNs.

Catalysts Element content/%(at%)
Cat% Nat% Oat%
Mn-NO/CNs-900 86.66 4.51 8.82
Mn-NO/CNs 87.12 4.23 8.30
Mn-NO/CNs-1100 93.01 2.46 4.52
NO/CNs 90.29 5.88 3.83

Table S2. The peak quantification of XPS fitted N1s and O 1s spectra of the Mn-NO/CNs-900,
Mn-NO/CNs-1000, Mn-NO/CNs-1100 and NO/CNs-1000.

Catalysts Fitting of N moieties/atom % Fitting of O
moieties/atom%
pyridinic-  pyrrolic-  graphitic- N- Mn-N C-0, OH Mn-
N N N oxidized at%  O=C-O o
at % at % at % at %
Mn-NO/CNs- 32.60 23.21 14.38 3.49 26.30 19.15  50.18 30.67
900
Mn-NO/CNs 26.54 18.17 24.68 8.88 21.73 3520  33.80 31.00
Mn-NO/CNs- 17.00 21.44 37.82 7.67 16.06  26.79 3535 19.11
1100
NO/CNs 30.75 45.30 18.77 5.17 0 33.1 66.9 0
Table S3. EXAFS fitting results of Mn-NO/CNs.
S0?=0.73
shell CN R(A) o2 AE, R factor
Mn-O 6 2.19+0.01 0.0076
MnO Mn-Mn 6 3.09+0.01 0.0047 0.4%1.1 0.0072
Mn-Mnl 6 3.1940.01 0.0046
sample Mn-NO/CNs  3.740.6  2.18+0.04 0.0052 1.243.3 0.0150

2N: coordination numbers; *R: bond distance; *: Debye-Waller factors; ¢ AEy: the inner potential

correction. R factor: goodness of fit. Sy? was set to 0.70, according to the experimental EXAFS fit

of Fe foil reference by fixing CN as the known crystallographic value; d: percentage.



Table S4. Comparison of the Performance of Mn-NO/CNs with Other Single Atom Catalysts and
Supported Molecular Complexes for CO,RR.

Catalyst Electrolyte Potential for CO Stability Ref.
FEax (Vs. maximum (h)
RHE) FE
Fe/NG 0.1 M KHCO;3 —0.60 V 80.0% 10 !
DNG-SAFe 0.1 M KHCO; -0.75V 90.0% 20 2
Fe-N/O-doped 0.1 M KHCO; -0.57V 96.0 % 22 3
carbon

Mn—C3;N4/CNT 0.5 M KHCO; -0.44V 98.8% 20 4
(C1, N)-Mn/G 0.5 M KHCO;, -049V 97.0% 12 3
CoNs/HNPCSs 0.5 M KHCO; -0.49V 94.0% 10 6
Bi SAs/NC 0.1 M NaHCO; -0.39V 97.0% 4 7
Cu SAs/NC 0.1 M KHCO; -0.70V 92.0% 30 8
Ni-N3-C 0.5 M KHCO; -0.65V 95.6% 10 ?
ACP/S-N-Ni 0.5 M KHCO;, -0.77V 91.0% 14 10
Ni SAs/N-C 0.5 M KHCO; —0.89 V 71.9% - 1
FeNPCN 0.1 M KHCO; -0.50 V 94.0% 12 12
Coi-Ny 0.1M KHCO;, -0.80 V 82.0% 10 13
Ni;-N-C 0.5M KHCO;4 -0.80 V 96.8% 10 14

Mn-NO/CNs 0.5 M KHCO; —0.46 V 96.0% 20 This

work

Fe/NG: atomic iron dispersed on nitrogen-doped graphene; DNG-SAFe: intrinsic defect-rich

graphene-like porous carbon embedded with single-atom Fe—Nj sites; g-C;N4: graphitic carbon

nitride; CNTs: carbon nanotubes; G: graphene; HNPCSs: hollow N-doped porous carbon spheres;

Bi SAs/NC: single Bi atoms on N-doped carbon networks; Cu SAs/ NC: single Cu atoms dispersed

on N-doped carbon substrate; ACP: activated carbon paper; FeNPCN: Fe and N doping porous

carbon nematosphere; Co;-Ny: four-coordinated N on N-doped porous carbon; Ni;-N-C: single-

atom metals implanted in N-doped carbon.

Table SS5. DFT total energy (Epgr), zero-point energy (ZPE), entropy multiplied by temperature
(TAS, T =300 K), and free energy (G) for CO,, H,, H,0, and CO.

Eper (eV) ZPE TS G
CO, -23.00 0.32 0.66 -23.34
Cco -14.80 0.14 0.61 -15.27
H, -6.76 0.28 0.40 —6.87
H,0 -14.22 0.59 0.58 -14.22




Table S6. DFT total energy (Epgr), zero-point energy (ZPE), entropy multiplied by temperature
(TAS, T =300 K), and free energy (G) at U = 0 versus RHE and adsorption energies of CO,
reduction reaction intermediates on Mn-NO3, Mn-N,O,, Mn-N;O and N,O,.

NO3;-Mn E ZPE TS G
* —883.24 —883.24
*COOH -910.10 0.61 0.18 —909.68
*CO —899.69 0.21 0.13 —899.61
N,O,-Mn E ZPE TS G
* —887.20 —887.20
*COOH —913.94 0.61 0.21 —913.55
*CO —903.35 0.21 0.15 —903.29
N30-Mn E ZPE TS G
* —890.66 —890.66
*COOH —917.36 0.62 0.22 —916.96
*CO —906.82 0.21 0.15 —906.76
N,O,-pure E ZPE TS G
* —878.58 —878.58
*COOH -905.15 0.68 0.18 —904.65
*CO —893.54 0.15 0.23 —893.61
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