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Figure S1. (a) TEM, (b, c) HRTEM and (d) EDX elemental mapping images of Cu-Cl
catalyst.



Figure S2. (a) TEM, (b, c) HRTEM and (d) EDX elemental mapping images of Cu-Br
catalyst.
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Figure S3. (a) TEM, (b, ¢) HRTEM and (d) EDX elemental mapping images of Cu-I
catalyst.
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Figure S4. (a) UV-Vis spectra and (b) corresponding standard curve of various
concentrations of NHj.
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Figure S5. UV-Vis spectra of Cu-X electrodes under different potentials. (a) Cu, (b)
Cu-F, (c) Cu-Cl, (d) Cu-Br, and (e) Cu-I.
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Figure S6. The partial current density of NHj generated on different electrodes.
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Figure S7. XPS spectra of F 1s in the Cu-F electrode prepared by different
concentrations of KF. (a) 0.1 M, (b) 0.3 M, (c) 0.5 M, and (d) 1.0 M.



Flgure S8. HRTEM images of different Cu-F electrodes prepared by (a) 0.1 M KF (b)
0.3 M KF, and (c) 1.0 M KF.
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Figure S9. UV-Vis spectra of NH; generated on Cu-F electrode in different
concentrations of KF. (a) 0.1 M, (b) 0.3 M, and (c) 1.0 M.
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Figure S10. (a) The yield rates and (b) FEs of NH;3 generated on Cu-F electrode in
different concentrations of KF.
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Figure S11. UV-Vis spectra of NH; generated on Cu-F electrode in different
concentrations of KNOs. (a) 0.05 M, (b) 0.1 M, and (c) 0.5 M.
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Figure S12. (a) The yield rate and (b) FE of NH; generated on Cu-F electrode in
different concentrations of KNOj.
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Figure S13. Comparison of NO;RR performance of Cu-F electrode between KNO;
and NaNOs electrolyte. (a) The yield rate and (b) FE of NHj;.
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Figure S14. (a) UV-Vis spectra and (b) corresponding standard curve of various

concentrations of NOj5.
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Figure S15. UV-Vis spectra of NO;™ in the electrolyte at different reaction duration.



a 1.0
— 0 pgmL’
—— 0.05 pg mL!
0.8 = 01 pg mL!
— 0.2 pgml’!

0.4 pg ml %

2 0.6 1 0.8 pgmL"!
o
=
B
2 0.4
=
<

0.2 4

400 450 500 550 600

Wavelength (nm)

b 03]

0.6 4

0.4+

Absorbance

0.2+

0.04

y = 0.951x + 0.0096
R?=0.9991
test: 3 times

005 0.1 02 04 08

650

0.2 0.4 0.6 0.8

NOj; Concentration (pg mL™")

0.0

Figure S16. (a) UV-Vis spectra and (b) corresponding standard curve of various

concentrations of NO,.
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Figure S17. UV-Vis spectra of NO,™ in the electrolyte at different reaction duration.
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Figure S18. (a) UV-Vis spectra and (b) corresponding standard curve of various
concentrations of NoHj.
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Figure S19. UV-Vis spectra of N,H, produced on Cu-F at different potentials.
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Figure S20. '"H NMR spectra of ’'NH,* with different standard concentrations.
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Figure S21. XPS spectra of F 1s in the Cu-F electrode at different reaction times.



Table S1. The calculated grain sizes of different Cu-X and Cu catalysts.

samples K A B (FWHM) 20 D

Pure Cu 0.89 0.15405 0.247 43.25 43.7
Cu-F 0.89 0.15405 0.291 43.38 29.1
Cu-Cl1 0.89 0.15405 0.319 43.30 26.5
Cu-Br 0.89 0.15405 0.401 43.40 21.1

Cu-I 0.89 0.15405 0.383 43.27 22.1




