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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 L of DMSO-d6. The mixed solution was analyzed using 𝜇

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

triplet and doublet peaks, following the same procedure.

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 (FENH3) was calculated by the Eq. (2) : 

FENH3 =   100 %               (2)

𝑛 × 𝐹 ×  𝐶𝑁𝐻3 ×  𝑉 

𝑚𝑁𝐻3 × 𝑄
 

×

where CNH3 is the measured ammonia concentration (mg L-1), V is the volume of electrolyte 

(30 mL), mNH3 is the molar mass of ammonia, t is the electrolysis time (1 h), A is the area of 

the working electrode (1 x 1 cm2), n is the number of electrons transferred, which is 8 for 
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ammonia and 2 for nitrite. F is faradaic constant (96485 C mol-1), Q is the total charge passing 

the electrode.

Adsorption capacity measurements

To determine the adsorption capacities of the synthesized catalysts, a certain amount of 

each catalyst was added to 30 mL of nitrate solutions with an initial concentration of 0.1 M. 

The mixtures were stirred for 2 hours. After stirring, the solutions were separated by filtration 

using the 0.45 m microporous membrane filter. Specifically, the solution was diluted before 𝜇

absorbance measurements. The adsorption capacity was calculated by the Eq. (3) :  

qe =                            (3)

(𝐶0 ‒  𝐶𝑒) ×  𝑉

𝑚𝑐𝑎𝑡.

where qe is the adsorption capacity (g gcat.
-1), C0 is the initial concentration of nitrate (g mL-1), 

Ce is the measured concentration of nitrate after the adsorption (g mL-1), V is the volume of 

the electrolyte (30 mL), mcat. is the mass of the catalyst (g).
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Fig. S1 a) XPS survey scan of Mo2C/CNT-RGO. b) XPS spectra of GO for C 1s
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Fig. S2 XPS spectra of Mo2C/CNT for a) survey scan, b) C 1s, c) Mo 3d, and d) N 1s.
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Fig. S3 XPS spectra of Mo2C/RGO for a) survey scan, b) C 1s, c) Mo 3d, and d) N 1s.
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Fig. S4 a) LSV curves for as-prepared catalysts in 0.1 M KOH with and without 0.1 M NaNO3. 
b) Chronoamperometry measurements of the Mo2C/CNT-RGO electrode at different given 
potentials in NO3

-RR.  
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Fig. S5 Cyclic voltammograms of a) Mo2C/CNT-RGO, b) Mo2C/CNT, and c) Mo2C/RGO with 
various scan rates (20 to 60 mV s-1) at the potential range of 0.21 - 0.31 V vs RHE.
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Fig. S6 Adsorption capacities of Mo2C/CNT-RGO, Mo2C/CNT, and Mo2C/RGO for NO3
-.
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Fig. S7 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. S8 TEM and HRTEM images of a, b) Mo2C/CNT-RGO after consecutive cycling test.
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Table S1. The comparison of NH3 yield and FE with other Mo-based catalysts for NO3
-RR.

Catalysts Electrolyte FE NH3 yield Ref.

Mo
2
C NS

1 M NaOH
+ 0.1 M NO

3
-

81.4 %
(@ -0.3 V)

18.87 mg h-1 mg
cat.

-1

(@ -0.3 V)
[1]

Mo
2
C/RGO

0.5 M Na
2
SO

4

+ 0.1 M NO
3
-

85.2 %
(@ -0.6 V)

4.8 mg h-1 cm-2

(@ -0.6 V)
[2]

Mo/TiO
2

0.05 M Na
2
SO

4

+ 0.1 M KNO
3

88.0 %
(@ -1.4 V)

3.0 mg h-1 cm-2

(@ -1.4 V)
[3]

NiMoO
4

0.5 M Na
2
SO

4
+ 0.05 M NaNO

3

96.13 %
(@ -0.4 V)

0.22 mg h-1 cm-2

(@ -0.4 V) [4]

Fe-MoS
2

0.1 M Na
2
SO

4

+ 0.1 M NaNO
3

98 %
(@ -0.5 V)

0.51 mg h-1 cm-2

(@ -0.5 V)
[5]

FeMo-N-C
0.05 M PBS

+ 0.16 M NO
3
-

94.7 %
(@ -0.45 V)

0.30 mg h-1 cm-2

(@ -0.45 V)
[6]

Bi
2
S

3
/MoS

2
/CC

0.1 M Na
2
SO

4

+ 0.1 M NaNO
3

88.4 %
(@ -0.8 V)

2.56 mg h-1 cm-2

(@ -0.8 V)
[7]

1T-MoS
2

0.5 M K
2
SO

4

+ 0.1 M KNO
3

88.1 %
(@ -0.5 V)

0.65 mg h-1 cm-2

(@ -0.5 V)
[8]

FeMoN@C NO
1 M KOH

+ 0.1 M NaNO
3

98.2 %
(@ -0.3 V)

7.39 mg h-1 cm-2

(@ -0.3 V)
[9]

Mo2C/CNT-RGO
0.1 M KOH

+ 0.1 M NaNO3

95.9 %
(@ -0.3 V)

5.23 mg h-1 cm-2

(@ -0.6 V)
This 
Work

Mo2C/CNT
0.1 M KOH

+ 0.1 M NaNO3

85.3 %
(@ -0.3 V)

4.55 mg h-1 cm-2

(@ -0.6 V)
This 
Work

Mo2C/RGO
0.1 M KOH

+ 0.1 M NaNO3

84.4 %
(@ -0.3 V)

4.52 mg h-1 cm-2

(@ -0.6 V)
This 
Work
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