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Figure S3. High-resolution XPS spectra of Sn 3d and S 2p on SnS.
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Figure S4. High-resolution XPS spectra of C 1s of a) SnS@C and b) SnS.
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97 Figure S5. N, adsorption-desorption isotherms of the carbon layer, SnS@C, and SnS
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115 Figure S8. Optical photograph of the gas-tight three-electrode configured two-
116 compartment electrochemical cell.
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Figure S9. Determination of the produced ammonia in 0.1 M Na,SO,. (a) UV-Vis

119 absorption spectra of various NH; concentrations after avoid light incubated for 1 h at

120 room temperature. (b) Corresponding calibration curves for the colorimetric NH; assay
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Figure S10. Determination of the produced hydrazine in 0.1 M Na,SO,. (a) UV-Vis
absorption spectra of various N,H, concentrations after incubated for 20 min at room
temperature. (b) Corresponding calibration curves for the colorimetric N,H, assay
using the Watt-Chrisp method. (¢) UV-Vis absorption spectra of the electrolytes stained
with the Watt-Chrisp method before and after 7200s electrolysis at a series of potentials
using SnS@C as the working electrode. (d) N,H4 concentrations at corresponding

potentials.
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Figure S11. Determination of the produced ammonia in 0.1 M HCI. (a) UV-Vis
absorption spectra of various NH; concentrations after avoid light incubated for 2 h at
room temperature. (b) Corresponding calibration curves for the colorimetric NH; assay
using the indophenol blue method.
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Figure S12. Determination of the produced ammonia in 0.1 M KOH. (a) UV-Vis
absorption spectra of various NH; concentrations after avoid light incubated for 2 h at
room temperature. (b) Corresponding calibration curves for the colorimetric NH; assay
using the indophenol blue method.
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Figure S13. Determination of the NOy in 0.1 M Na,SOj,. (a) UV-Vis absorption spectra
of various NO, concentrations after incubated for 20 min at room temperature. (b)
Corresponding calibration curves for the colorimetric NOy assay using the N-(-1-
naphthyl) ethylenediamine dihydrochloride spectrophotometric method.
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169  Figure S18. NH; yield rates and FE of SnS@C at various potentials in 0.1 M HCI.
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178  Figure S19. NH; yield rates and FE of SnS@C at various potentials in 0.1 M KOH.
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181 Figure S20. The electrolyte contact angle measurements of SnS.
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187 Figure S21. The CV curves of SnS@C and SnS collected at different scanning rates
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197  Figure S22. Five consecutive NRR electrolysis cycles at —0.50 V (vs. RHE) for 7200s
198 ina 0.1 M Na,SO, solution. (a) Time-dependent current density curves of SnS@C. (b)
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229 Figure S27. a) The structure diagram of SnS@C; b) Top view of SnS@C (The gray,
230 chocolate and yellow balls represent C, Sn, and S, respectively)
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238 Figure S28. Space-filling geometric structures of various intermediates of the NRR
239 pathway on the SnS@C (111) surface. (The gray, white, blue, chocolate and yellow
240 balls represent C, H, N, Sn and S, respectively)
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258 Figure S31. Top view of a) Charge density difference of SnS@C; b) Charge density
259 difference of SnS@C after N, adsorption on SnS (111) surface. (Wathet and mazarine
260 blue isosurfaces represent charge accumulation and depletion, respectively)

261
262
263
264
ZPE (eV) JCpdT (eV) -TS (eV)

*NNH 0.50 0.06 -0.10

*NNHH 0.77 0.09 -0.18

*N 0.09 0.02 -0.03

*NH 0.39 0.03 -0.04

*NHH 0.65 0.04 -0.07

NH; 0.85 0.10 -0.60

N, 0.14 0.09 -0.40

H, 0.27 0.09 -0.42
265

266 Table S1. The correction of zero-point energy, enthalpy effect, and entropy effect of
267 the adsorbed and gaseous species.
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281

282

Samples SnS SnS@C

my/mg,? 0.286 0.285
ny/ng,? 1.05 1.03
ng/ng,’ 1.13 1.08
Sn**/Sn?* 1.88 0.74

my/mg, is the mass ratio of the S and Sn on SnS and SnS@C;
ng/ng, is the molar ratio of S and Sn elements on SnS and SnS@C;
2 Results measured by EDX analysis;

b Results measured by XPS analysis.

Table S2. Chemical compositions of SnS and SnS@C

Samples C% H % S%

before tests  after tests  before tests  after tests  before tests  after tests

SnS 4.2 4.26 0.84 0.94 21.68 20.86

SnS@C 7.07 7.14 1.15 1.22 20.8 20.62

Table S3. Chemical composition determined by an elemental analyzer.

Samples R/Q R/
SnS 78.73 236.48
SnS@C 34.57 120.25

283 Table S4. Simulated values of fitted equivalent circuit resistances of SnS and SnS@C.



284

Catalyst System NHj; yield rate FE (%) References

SnS@C microflowers 0.1 M Na,SOy4 7.95x10! mol s7! cm2 14.56 This work
Sn/SnS nanosheets 0.1 M PBS 3.89x10- " mol s' cm2(-0.8V) 6.5 (-0.7V) 1
Sn0,/RGO 0.1 M Na,SO,4 8.33x10"! mol s! cm™2 7.1 2
Sn dendrite/Sn foil 0.1 M PBS 5.66x10'! mol s'! cm™ 3.67 3
NiCoS/C 0.1 M Li,SOy4 2.60 ug h'! cm= 12.9 4
Co-FePS; nanosheets 0.1 M KOH 90.6 ug h'! mg.,! (0.04 mg) 3.38 5
Fe-MoS,/CC 0.1 M KOH 12.5ug h'! cm™ 10.8 6
FeS, 0.1 M Na,SO, 37.2 ug h'!' mg.,!' (0.2 mg) 11.2 7
CoS,@NC/CP 0.1 M HC1 17.45 ug h'! mg.,! (0.1 mg) 4.6 8
Porous Au film 0.1 M Na,SOq, 9.42 ug cm2 h! 13.36 9
WS,/WO, 0.05 M H,SO,  8.53 ug h'! mg.,! (0.02 mg) 13.5 10
Ni-Fe@MoS, 0.1 MN2,SO;  128.17 ug h'! mge! (0.05 mg)  11.34 (40 °C) 11
Pd-Ag-S 0.1 MN2,SO;  9.73 ug h"! mgec! (0.1 mg) 18.41 12
MoS,;-rGO/CP 0.1 M LiClOy4 24.82 ug h'' mg-! 4.58 13
Ag;Cu BPNs 0.1 M Na,SO4 9.84 ug h'! cm™ 13.28 14
PTCA-rGO 0.1IM HCI 24.7 ug h''mg! 6.9 15



Mll304 0.1 M NaQSO4 11.6 ug h! mg'l 3.0 16
FePc/C 0.1 M Na,SO, 137.95 ug mggp. ' h! 10.5 17
285
286 Table S5. The comparable table of state-of-the-art NRR catalysts.
287
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