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Determination of ion concentrations
The ultraviolet-visible (UV-Vis) spectrophotometer was employed to analyze the
concentrations of NO3;™-N, NO,™-N, and NH4"-N, the corresponding concentration-

absorbance curves were shown in Figure S1, S2 and S3.

Determination of NO; -N

The concentration of NO;-N in electrolyte was determined before and after
chronoamperometry tests. Specifically, 1 M HCI (0.1 mL) and 0.8 wt.% sulfamic acid
solution (0.01 mL) were added to the diluted electrolyte. UV-Vis spectrophotometer
was employed to record absorption spectrum and the absorbance intensities at
wavelength of 220 and 275 nm were used to determine the concentration of NO; N (A
= A20onm — 2A2750m). The concentration-absorbance standard curve was calibrated by

using various KNO; aqueous solutions as the standard samples in the same operation.
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Fig. S1 UV-Vis curves and concentration-absorbance calibration curves of NO;™-N



Determination of NO; -N

The concentration of NO,™-N in electrolyte was determined by Griess test according to
the literature. The absorbance intensity at a wavelength of 540 nm in UV-Vis spectrum
was recorded to determine the concentration of NO, -N. The concentration-absorbance
standard curve was calibrated by using various NaNO, aqueous solutions as the

standard samples in the same operation.
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Fig. S2 UV-Vis curves and concentration-absorbance calibration curves of NO, -N

Determination of NH,*

The concentration of generated NH; was determined by quantitative detection of NH,*
in electrolyte using the indophenol blue (IB) method. In this method, NH4" reacts with
phenols and hypochlorite (C1O7) in a strongly alkaline medium to form IB, with
nitroprusside acting as a catalyst. Specifically, 14.1 g of phenol and 163 mg of sodium
nitroprusside (Na[Fe(NO)(CN)s]) were mixed and diluted to 1L with water, which was
marked as solution A. 5.2 g of NaOH and 3.07 mL of NaClO were mixed and diluted
to 1L with water, which was marked as solution B. To determine the concentration of
NH4*, 2.5 mL of solution A and 2.5 mL of solution B were added to 1.0 mL of diluted
electrolyte. The absorbance intensity at a wavelength of 623 nm in UV-Vis spectrum
was recorded. The concentration-absorbance standard curve was calibrated by using

various ammonium chloride solutions as the standard samples in the same operation.
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Fig. S3 UV-Vis curves and concentration-absorbance calibration curves of NH4"-N

Calculations
The NO;5™ removal efficiency (R(NO;™-N)), NO,™-N selectivity (S(NO,™-N)), NH;*-N
selectivity (S(NH,"-N)), selectivity of other product (S(others)), yield rate and Faraday
efficiency of ammonia (FE) were calculated by following equations:
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Where Co(NO3 -N) represents the initial concentration of NO3 - N Ce(NO3 -N) ,

_ + -
€, (NO3 -N) , and CyNH 4 -N) represent the measured concentration of NO; - N,

- +
NO3 - N, and NH 4 -N at reaction time ¢ (h), respectively, V' is the electrolyte volume

in the cathode chamber (35 mL), 4 is the geometric area of the electrode (1.0 cm?), My
is the molar mass of N, F is the Faraday constant (96 485 C mol'!), and Q is the total
charge during electrolysis.

The electrochemical surface area (ECSA) was calculated by followed equation:

where Cy is capacitance of double layer of electrode determined by CVs at different
scan rates, /. is current in CV, v is scan rate. Specifically, C, was estimated by plotting
the difference of cathode and anode current density to scanning rate, where the slope is
twice that of Cy. C; is the ideal specific capacitance and use general value in alkaline
solutions (40 uF cm™ per cmgcsa).
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Fig. S4 SEM image of Cu-Cu,0/C



Thetas: CA[M] = 169.8 + 1.2° [ Vol = 32.99 [ul] Area = 47.21 [mm?] IFT = 13503 [mN/m] ]

Fig. S5 The contact angle of Cu-Cu,0/C-0.3



Table S1 The atomic ratios of [(Cu’+Cu*)/Cu?*] of Cu-Cu,0/C, Cu-Cu,0/C-0.1, Cu-
Cu,0/C-0.3 and Cu-Cu,0/-0.5 catalysts

Catalyst (Cu®+Cu*)/Cu?*
Cu-CuxO/C 0.14
Cu-Cux0O/C-0.1 0.36
Cu-Cux0O/C-0.3 2.60
Cu-CuxO/C-0.5 0.33
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Fig. S6 CV curves of Cu-Cu,O/C under the scan rates of 20~100 mV s™! at 1 M KOH

with 0.1 M NO;5~
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Fig. S7 CV curves of Cu-Cu,0/C-0.1 under the scan rates of 20~100 mV s at 1 M
KOH with 0.1 M NO;~
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Fig. S8 CV curves of Cu-Cu,0/C-0.3 under the scan rates of 20~100 mV s at 1 M
KOH with 0.1 M NO;~
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Fig. S9 CV curves of Cu-Cu,0/C-0.5 under the scan rates of 20~100 mV s at 1 M
KOH with 0.1 M NO;~
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Fig. S10 UV spectra of Cu-Cu,0/C-0.3



Table S2 The detailed comparison of NO3;RR performance of recently reported

Cu-based catalysts and Cu,S-CuO/NC

Catalysts Yield rate FE Electrolyte Potential ~Ref.
Co0304/Cu 684 ug mg, ' h! 94.60% 0.4 M Na,SO4with —04 V [1]
50 mg L' NO>-N vs. RHE
CuO@PANI/C  0.213 mmol h™! 93.88% 0.5 M K,SO, with —0.95 V [2]
F 200 ppm NO>-N  vs. SCE
CuCo,04/CFs  394.5 mmol h™! g™! 81.90% 1 M KOH with 0.1 -0.3 V [3]
M NO?*~ vs. RHE
Cu@Cuy+ O 576.53 ngh ' mge,, ' 87.07%  0.5MK,SO; with —-1.2 V [4]
NWs 50mg L' KNO; vs.SCE
TiO, NTs/CuO  1241.81 pgh™! cm™ 92.23%  0.5M Na,SO4with —0.75 V [5]
100 ppm KNO3-N  vs. RHE
Cunanosheets  1.41 mmol h™' cm™ >80 % 1 M KOH with 0.2 -0.59 V [6]
M KNOj; solution vs. RHE
Cu/Pd/CuOy 15103 pgh ' mg., ! 84.04%  0.5MK,SO4 with —-1.3 V [7]
heterostructures 50 mg L' KNO3-N vs. SCE
Cu/MnOy 29.3 mg h™! mgcat.™! 86.20% 0.1 M Na,SO4with  —0.6 V [§]
Hybrids 100 mM KNOs; vs. RHE
Cu/MnOy 553 mgh'mg., ™" 9820% 0.1 MNa,SOswith —0.7 V [9]
Hybrids 10 mM KNO; vs. RHE
Cu-N-C SAC 4.5mgcm2h! 84.70% 0.1 M KOH with -1.00 V [10]
(12.5 molyps geo ' h™) 0.1 M KNO; vs. RHE
Cu,O 0.0699 mmol h 'mg™! 8526% 05 M sodium -12 V [l11]
sulfate with 200 vs. RHE
ppm nitrate
oxide-derived 1.1 mmol h™! cm™ 92% 1 M KOH with 100 -0.15 V [12]
Cu mM NO3*~ vs. RHE
CusoNisg 583.6+2.4 umolem™ 880 + 1MKOHwWith100 -12 V [13]
h! 1.6% mM KNO; vs. RHE
Ru@CsNy/Cu  0.249 mmol h™! cm™ - 05 M NaS0O, —09 V [14]
with NO3~ vs. RHE
Cu-Cu,0/C-0.3 13.38 mgnmsn cm? 81.4% 1 M KOH with 100 -0.8 V This
h! mM KNO; vs. RHE  work
(ca. 2.39 mol gg !
h™!)
Cu-Cu,0/C-0.3 17.64 mgnusn cm?2  79.9% 1 MKOH with 100 —-1.0 V This

h*l

(ca. 3.15 mol gg !

hl)

vs. RHE work
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