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Experimental section
Physical characterization

The chemical component, morphology, chemical state, crystallographic structure,
surface area of electrocatalysts were characterized by scanning electron microscope
(SEM, SU-8020), transmission electron microscopy (TEM, TECNAI G2 F20) with
energy dispersive X-ray spectroscopy (EDX) accessory, X-ray diffraction (XRD, DX-
2700), and X-ray photoelectron spectroscopy (XPS, Kratos Analytical Ltd.). The
measurement of the concentration of NH; was completed using previous reported
methods, which were performed on ultraviolet-visible spectrophotometer (UV-vis, UV-
2600).
Electrochemical measurements

All electrochemical tests were performed at the CHI 760E electrochemical
workstation using a three-electrode or two-electrode system. In the three-electrode
system, the working electrode is a glassy carbon electrode, the reference electrode is a
saturated calomel electrode (SCE), and the auxiliary electrode is a carbon rod. All
potentials were about the reversible hydrogen electrode (RHE), where Eryg = Escg +
0.242 V + 0.0591 pH. The ink was prepared by adding 4 mg of catalyst to a mixture
solution of 1.6 mL of water, 0.4 mL of isopropanol, and 10 pL of Nafion. 12 pL of
catalyst was uniformly coated on the working electrode and dried at room temperature.

The catalyst loading on the working electrode was about 0.3429 mg cm™.



The Faradaic efficiency of NO;RR and NH; yield

The chronoamperometry tests of NOs;RR were performed under an H-type
electrolytic cell, where the electrolyte was to be purged with Ar for 30 minutes prior to
the test. The cathode and anode chambers were 40 mL of 0.5 M Na,SO, + 0.05 M
NaNOs solution and 0.5 M Na,SO, solution, respectively.

The Faradaic efficiency for NH4* production was defined as charge converted to
NH,4" divided by the total charge passed through the electrodes during the electrolysis

(Q), which was calculated according to the following formula:!"]

) ) enF (1)
Faradaic efficiency = 3 x 100%

e was the number of electrons involved in the reaction; » was the quantity of the formed
NH,"; F was the faraday constant (96,485 C mol!).

The NH," yield was calculated by following formula: 2]

n
Yield rate = — 2)

mt

where n was the quantity of the formed NH," and m and 7 were the electrocatalyst mass
and the reduction reaction time, respectively.

The Faraday efficiency of NO, to NH; can be calculated by the following formula:
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The NO, yield can be calculated by the following formula:

Yield = ¢
M2 = (N2 x4 “)

C
N3 i the mass concentration of NH; (aq), V is the volume of electrolyte in the cathode

compartment (20 mL), t is the electrolytic time (3 h), F is the Faradaic constant (96485



C mol!), Q is the total charge passing the electrode, m and t are the electrocatalyst mass
and the reduction reaction time, respectively.
Determination of NH,*-N

Phenol hypochlorite method was used to detect the NH; concentration. 12! Firstly,
the corresponding calibration curve was obtained by UV-vis curves for known
concentration of NH4 in 0.05 M Na,SO,. After running chronoamperometry test for 3
h, 500 uLL were taken from the electrolyte and put it into the centrifuge tube and diluted
to 5 mL with water. Then Stock reagents were added in solution and stand for 3 h.
Finally, NH4*-N concentration was calculated according to the UV-vis curve and
calibration curve.
Determination of nitrite

The concentration of NO,” was detected by the N-(1-naphthyl) ethylenediamine
spectrophotometry method. Take 1.0 mL electrolyte in a 50 mL volumetric bottle, dilute
it with a little deionized water, then add 1.0 mL p-aminobenzene sulfonamide and mix
well. After leaving for 2-8 min, add 1.0 mL N-(1-naphthyl) ethylenediamine
dihydrochloride and mix well. Finally, after 10 min, the absorbance was measured by
a UV-vis spectrophotometer at 540 nm wavelength. The concentration-absorbance

curve was made using a series of standard sodium nitrite solutions.



Fig. S1. SEM image of the Cu NPs.
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Fig. S2. XRD pattern of Cu NPs.
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Fig. S3. XPS survey spectrum of Cu NPs.
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Fig. S4. (A) Cu 2p XPS spectra, (B) Cu LMM auger spectra of Cu NPs.
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Fig. SS. Nitrogen adsorption-desorption isotherm curves of Cu NPs.
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Fig. S6. LSV curves of Cu NSs in 0.5M Na,SO, with NO,  and NO5".
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Fig. S7. (A) UV-vis curves of phenate assays after in darkness for 3 h at room
temperature. (B) The calibration curve used for estimation of NH; by NH4™-N ion

concentration. (C) UV-vis adsorption curves and (D) calibration curves of NO,".
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Fig. S8. The Faradaic efficiency and NO;" yield on Cu NSs at different potential.
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Fig. S9. CV curves of (A) Cu NSs (B) Cu NPs at different potential scanning rates in
0.5 M Na,S0Oy solution. C) Linear fitting of Aj of Cu NSs and Cu NPs (Aj = j,-j.) vs.

scan rates at -0.7 V vs. RHE.
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Fig. S10. The NHj; yield on Cu NSs in 0.5 M Na,SO, electrolyte with and without NO;~.
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Fig. S11. XRD pattern of Cu NSs after chronoamperometry in 0.5 M Na,SO,4 with 50

mM NaNOQOj; at -0.7 V potential.

Fig. S12. SEM image of Cu NSs after chronoamperometry.
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Fig. S13. SEM image of Cu NPs after chronoamperometry.
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Fig. S14. XRD pattern of Cu NPs after chronoamperometry in 0.5 M Na,SO4 with 50

mM NaNOQOj; at -0.7 V potential.
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Table S1 Comparisons of the NO3;RR Activity of Electrocatalysts.

FE Ref.
Electrocatalysts Electrolyte Potential NH; yield (%) (yeilr)
Cu 0.5 M Na,SO, + 42.5 This
-0.70 97.0
Nanosheet 50 mM NaNO; v mg h'! mg,! work
05M NaQSO4 + 8.6
- - (3]
Co,-P/NPG 0.1 M KNO; 0.7V mg b mg.,! 93.8 2024
Cu,O/N- 0.1 M KOH + 340
x 0. 2024141
GDY 0.1 M KNO;s 0.5V umol h'! mg,! 85 0
. 1 M KOH +0.1 8.19
Cu/Cu,O/Pi M KNO, -0.5V mg b e’ 96.6 2024051
1 M KOH + 0.1 1.08
Fe/Cu M KNO, -0.5V mmol h! mg” 92.51 202316l
Cu-doped 0.1 M KOH + 179.55 +16.37
- ~ (7]
Fe;0, flakes 0.1 M KNO; 0.6V mg h! mg,! 100 2023
0.5 mol-L-!
. 2550
CFP-Cu;Ni;  Na,SO,+0.1  -022V mol-h-l-me. -1 95.7 2023181
mol-L-1 KNOjs K Beat
RU@C3N4/CL1 0.5m Na2804 + 0.249 9]
NWs 200 ppm NO;" 09V mmol h'! cm™! 913 2023
Cu,O/Cu 0.1 M KOH 1.63
) .
0. h! mge,! . 202410101
(OH), 1500 ppm NOi- 0.6V mg h! mg, 76.95 0
0.5 M Na,SO,4 +
Cu/Cuz, 0 200 mg L-! 15V 0.2634 88.0 202401
NSA mmol h'! cm2
NO37
50 Mm NaQSO4 5466
Cu MNC +100mgL! 064V T 653 202202
NaNO; Ecu
05M Na2804 + 56.2
h- -0. 2. 2022(131
Cu,0 h-NCs 0.05 M NaNO, 085V mg ' m,! 92.9 0
. +
Cu,0 (; zl\n/lﬂ\lj ?\2131(\)18 08V N/A 9228 2022014
- 3
_l’_
Rh@cu O MNmSOit 5y 2159 93 2022013

0.1 M NaNO;

mg cm? h!
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