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Determination of ion concentration 

Determination of NO3
- : 

Firstly, a certain volume of electrolyte was taken out from the electrolytic cell and diluted to 

5 mL to detection range. Then, 0.1 mL of 1 M HCl was added into the aforementioned solution. 

After 5 minutes, the absorbance was measured by UV-Vis spectrophotometer at a wavelength 

of 220 nm. The concentration-absorbance curve was calibrated using a series of standard 

sodium nitrate solutions.

Determination of NO2
- :

The concentration of nitrite was analyzed using the typical Griess method. A mixture of p-

aminobenzenesulfonamide (4.0 g), N-(1-Naphthyl) ethylenediamine dihydrochloride (0.2 g), 

ultrapure water (50 mL) and phosphoric acid (10 mL) was used as the color reagent. A certain 

volume of electrolyte was taken out from the electrolytic cell and diluted to 5 mL to detection 

range. Then, 0.1 mL color reagent was added into the aforementioned 5 mL sample and mixed 

uniformly. After 20 minutes, the absorbance at 540 nm was measured by UV-Vis 

spectrophotometer. The concentration-absorbance curve was calibrated using a series of 

standard sodium nitrite solutions.

Determination of NH3 :

The concentration of ammonia was determined using Nessler’s reagent method. First, a 

certain volume of electrolyte was taken out from the electrolytic cell and diluted to 5 ml to 

detection range. Then, 0.1 mL potassium sodium tartrate solution and 0.1 mL Nessler’s reagent 

were added into the above 5 mL sample and mixed uniformly. After 20 minutes, the absorbance 

at 420 nm was measured by UV-Vis spectrophotometer. The concentration-absorbance curve 

was calibrated using a series of standard ammonium chloride solutions.
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15N isotope labeling experiments :

Isotope labeling experiments were performed using Na15NO3
--15N as a nitrogen source to 

confirm the origin of generated ammonia. After chronoamperometry tests, 20 mL of the 

electrolyte was taken out and the pH value was adjusted to be weak acid with HCl. After that, 

the adjusted electrolyte was concentrated to about 3 mL via rotary evaporator. 950 L of the 𝜇

condensed solution was mixed with 50 mL of DMSO-d6. The mixed solution was analyzed 

using 1H NMR (600 MHz). 14NH4Cl and 15NH4Cl solutions were measured to obtain the 

standard triplet and doublet peaks, following the same procedure.

In situ Raman Spectroscopy measurements: 

A JASCO NRS-4500 Raman spectrometer with a laser at an excitation wavelength of 532 

nm was used for in situ analysis. A Pt wire and Ag/AgCl (3 M KCl) electrode was used as the 

counter electrode and the reference electrode, respectively. The electrolyte consisted of 0.1 M 

KOH with 0.1 M NaNO3 (30 mL). CV was conducted in advance at a scan rate of 50 mV s−1 

until steady-state polarization curves were obtained. Raman spectra were collected at applied 

potentials ranging from +0.2 V to –0.8 V, with each potential held for 120 s under potentiostatic 

control.

On-line Differential Electrochemical Mass Spectrometry (DEMS) measurements :

Hiden Analytical HPR-20 R&D analyser was used for on-line DEMS measurements. 

Ni2Mo3N/NF, Pt wire, and Ag/AgCl (3 M KCl) electrodes were used as working, counter and 

reference electrodes, respectively. Prior to measurements, the electrolyte (0.1 M KOH with 0.1 

M NaNO3) was purged with Ar gas for 30 min to remove dissolved O2. Cyclic voltammetry 

(CV) was conducted until steady-state polarization curves were achieved, using a scan rate of 

50 mV s−1. And chronoamperometry tests were conducted for 300 s at constant potential after 

the baseline kept steady. Then, the corresponding mass signals were collected. After the 

electrochemical test was over and the mass signal returned to baseline, the next cycle was 

started. After four cycles, the DEMS test was completed.  
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Calculation of the yield and Faradaic efficiency

The ammonia yield rate (mg h-1 cm-2) was calculated by the Eq. (1) :

    Yield =                          (1)

𝐶𝑁𝐻3 ×  𝑉

𝑚𝑁𝐻3 ×  𝑡 ×  𝐴

The Faradaic efficiency (FE) was calculated by the Eq. (2), (3), and (4) : 

FENH3 =   100 %               (2)

8 ×  𝐹 ×  𝐶𝑁𝐻3 ×  𝑉 

𝑚𝑁𝐻3 ×  𝑄
 

×

FENO2 =   100 %               (3)

2 ×  𝐹 ×  𝐶𝑁𝑂2 ×  𝑉 

𝑚𝑁𝑂2 ×  𝑄
 

×

FEH2 =   100 %                    (4)

2 ×  𝐹 ×  𝑛𝐻2 

𝑄
 

×

where CNH3 is the measured ammonia concentration (mg L-1), CNO2 is the measured nitrite 

concentration (mg L-1), V is the volume of electrolyte (30 mL), mNH3 is the molar mass of 

ammonia, mNO2 is the molar mass of nitrite, t is the electrolysis time (1 h), A is the area of the 

working electrode (1 x 1 cm2), n is the molar amount of H2. F is faradaic constant (96485 C 

mol-1), Q is the total charge passing the electrode.
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Fig. S1.  (a) SEM image of Ni foam and corresponding EDS mapping image of (b) Ni. Scale 

bars denote 200 m.𝜇

Fig. S2.  TEM-EDS mapping images of Ni, Mo, and N for Ni2Mo3N/NF. Scale bar denotes 

100 nm.

a) b)
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Fig. S3.  (a) N2 adsorption-desorption isotherms for Ni2Mo3N/NF and Ni foam, (b) pore size 

distribution of Ni2Mo3N/NF.
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Fig. S4.  Cyclic voltammograms of (a) Ni foam and (b) Ni2Mo3N/NF at different scan rates. 

(c) Measured capacitive current as a function of scan rate of Ni2Mo3N/NF, and Ni foam. 
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Fig. S5.  Chronoamperometry curves of Ni2Mo3N/NF at different potentials for 1 h in 0.1 M 

KOH with 0.1 M NaNO3 electrolyte. 
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Fig. S6.  a) UV-vis adsorption spectra and b) calibration curves for NO2
−. c) UV-vis adsorption 

spectra and d) calibration curves for NO3
−. e) UV-vis adsorption spectra and f) calibration curves 

for NH3.
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Fig. S7.  (a) Consecutive cycling tests of Ni2Mo3N/NF at -0.5 V vs RHE for NO3
−RR. (b) 

LSV curves of Ni2Mo3N/NF fresh and after cycling tests.
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Fig. S8.  Consecutive 20 cycling test of Ni2Mo3N/NF at -0.5 V vs RHE. (a) FENH3 and NH3 

yield and (b) the chronoamperometry curves during 20 cycling stability test.
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Fig. S9.  (a) XRD patterns of Ni2Mo3N/NF fresh and after cycling tests. (b) SEM images of 

Ni2Mo3N/NF after cycling tests and corresponding SEM-EDS mapping for Ni, Mo, and N. 

Scale bar denotes 200 m. (c) TEM images and (d) EDS mapping images of Ni, Mo, and N for 𝜇

Ni2Mo3N/NF after cycling tests. Scale bar denotes 50 nm. (e) HRTEM images of Ni2Mo3N/NF 

after cycling tests; (f), (g) FFT images.
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Fig. S10.  XPS spectra of Ni2Mo3N/NF after cycling tests for (a) survey, (b) Ni 2p, (c) Mo 

3d, and (d) N 1s. 
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Fig. S11.  Ex situ Raman spectra of Ni2Mo3N/NF fresh and after cycling tests.

Fig. S12.  (a) XRD pattern of the Mo2N. (b) FENH3 and NH3 yield for Mo2N/NF at different 

applied potentials.
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Fig. S13.  (a) LSV curves for NO3
−RR (solid line), NO2

−RR (dashed line) on Ni2Mo3N/NF 

and Mo2N/NF catalysts. (b) Comparison of NO3
-RR performance between Ni2Mo3N/NF and 

Mo2N/NF at -0.5 V vs RHE. (c) Comparison of NO2
-RR performance between Ni2Mo3N/NF 

and Mo2N/NF at -0.5 V vs RHE.
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Fig. S14.  (a) Ex situ Raman spectra of Ni(OH)2/NF. (b) FEs of different products for 

Ni(OH)2/NF after NO3
−RR electrolysis under different conditions. 
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Table S1.  Comparison of the electrochemical NO3
−RR performance with Ni-, Mo-, and 

TMN-based electrocatalysts.

Electrocatalysts Electrolytes 𝐹𝐸𝑁𝐻3 NH3 yield Ref.

Fe-MoS2
0.1 M Na2SO4

+ 0.1 M NaNO3

98.0 %

(@ -0.5 V)

0.51 mg h-1 cm-2

(@ -0.5 V)
1

Mo2C/RGO
 0.5 M Na2SO4

+ 0.1 M NaNO3

85.2 %
(@ -0.6 V)

4.8 mg h-1 cm-2

(@ -0.6 V) 2

MoO2/Ni
0.5 M K2SO4

+ 0.1 M KNO3

95.9 %

(@ -0.3 V)
3.4 mg h-1 cm-2

(@ -0.3 V) 3

Cu-Ni
0.01 M KOH

+ 0.5 M Na2SO4

88.0 %
(@ -1.0 V)

9.9 mg h-1 cm-2

(@ -1.2 V) 4

Ni3B@NiB2.74
0.1 M KOH

+ 0.1 M NO3
-

98.7 %
(@ -0.3 V)

3.3 mg h-1 cm-2

(@ -0.3 V) 5

NiMoO4
0.5 M Na2SO4

+ 0.05 M NaNO3

96.1 %
(@ -0.4 V)

2.2 mg h-1 cm-2

(@ -0.4 V) 6

MoO2-C NBF
1 M KOH

+ 0.1 M KNO3

99.0 %
(@ -0.3 V)

1.8 mg h-1 cm-2

(@ -0.3 V) 7

NiCoO2@Cu
0.1 M Na2SO4

+ 0.1 M NaNO3

94.2 %

(@ -0.7 V)
5.9 mg h-1 cm-2

(@ -0.9 V)
8

FeMo-N-C
0.05 M PBS

+ 0.16 M KNO3

94.7 %
(@ -0.5 V)

0.3 mg h-1 cm-2

(@ -0.5V)
9

Cu3N
0.1 M Na2SO4

+ 0.1 M KNO3

93.1 %

(@ -0.6 V)

2.9 mg h-1 cm-2

(@ -0.6 V)
10

Cu3N nanocube
0.1 M PBS

+ 0.1 M NaNO3

76.0 %

(@ -0.9 V)

2.0 mg h-1 cm-2

(@ -0.9 V)
11

Ni2Mo3N/NF
0.1 M KOH

+ 0.1 M NaNO3

97.7 %

(@ -0.5 V)
5.55 mg h-1 cm-2

(@ -0.7 V)
This 
Work
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