
Experimental Section

Synthesis of Mo2C/RGO

All the chemicals were used as received without further purification. Briefly, 

0.36 g of GO was ultrasonically dispersed in 100 mL of distilled water to form a 

homogeneous GO suspension. Then 0.2 g (NH4)6Mo7O24·4H2O was added in GO 

suspension under ultrasonication for 30 min. After drying the mixed solution at 80 °C 

for 24 h, the resulting solid powders were annealed in a tube furnace at 800 °C for 2 h 

under Ar atmosphere, obtaining Mo2C/RGO.

Electrochemical measurements

Electrochemical measurement was carried out on a CHI-660E electrochemical 

workstation. Mo2C/RGO coated on carbon cloth (1×1 cm2, 0.5 mg cm-2), Hg/HgO and 

platinum foil were used as working, reference and counter electrodes, respectively. 

All potentials reported in this work were referenced to reversible hydrogen electrode 

(RHE) scale by ERHE = EHg/HgO + (0.098 + 0.0591 × pH). The NRA measurements 

were conducted in Ar-saturated 0.5 M Na2SO4 + 0.1 M NaNO3 electrolyte (pH=6.9) 

using an H-type two-compartment electrochemical cell separated by a Nafion 211 

membrane. The Nafion membrane was pretreated by heating it in 5% H2O2 aqueous 

solution at 80 °C for 1 h and then in deionized water at 80 °C for another 1 h. Before 

NRA test, linear sweep voltammetry (LSV) curves were conducted until that the 

polarization curves achieve steady-state ones at a rate of 10 mV s-1 from 0 to -0.8 V vs. 

RHE. Then, the potentiostatic test was carried out at different potentials for 1 h, 

produced NH3 and other possible by-products were analyzed by various colorimetric 

methods using UV-vis absorbance spectrophotometer (MAPADA P5). The detailed 

determination procedures are given in our previous publications [1]. 

Calculations of NH3 yield and Faradaic efficiency

NH3 yield = (c × V) / (17 × t × A)                  (1)

Faradaic efficiency was calculated by the following equation:

FE = (8 × F ×c × V) / (17 × Q) × 100%                (2)

where c (μg mL-1) is the measured NH3 concentration, V (mL) is the volume of 
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electrolyte in the cathode chamber, t (s) is the electrolysis time and A is the surface 

area of CC (1×1 cm2), F (96500 C mol-1) is the Faraday constant, Q (C) is the total 

quantity of applied electricity.

Characterizations

Transmission electron microscopy (TEM), selected area electron diffraction 

(SAED) and high-resolution transmission electron microscopy (HRTEM) were 

recorded on a Tecnai G2 F20 microscope. X-ray diffraction (XRD) was conducted on 

a Rigaku D/max 2400 diffractometer. X-ray photoelectron spectroscopy (XPS) 

analysis was collected on a PHI 5702 spectrometer. UV-vis absorption spectra were 

measured on MAPADA ULM 1912006 UV-vis spectrophotometer.

Calculation details

DFT computations were conducted by using Cambridge sequential total energy 

package (CASTEP). The generalized gradient approximation (GGA) with the 

Perdew–Burke–Ernzerhof (PBE) exchange-correlation function was utilized in the 

calculations. The 3×3×1 Monkhorst-Pack mesh was used in Brillouin zone sampling. 

The convergence tolerance was set as 1.0×10-5 eV for energy and 0.02 eV Å-1 for 

force to ensure all atoms were fully relaxed for each system. The kinetic cutoff energy 

for the plane wave basis was set at 420 eV. The Mo2C (002) slab was constructed by a 

4×4 supercell and a vacuum region of 15 Å was used to separate adjacent slabs. The 

Gibbs free energy (ΔG, 298 K) of reaction steps is calculated by [2]:

                      (3)=G E ZPE T S     

where ΔE is the adsorption energy, ΔZPE is the zero point energy difference and TΔS

is the entropy difference between the gas phase and adsorbed state. The entropies of 

free gases were acquired from the NIST database. 

Molecular dynamics (MD) simulations were carried out using a force field type 

of universal[3]. The non-bond interaction was processed by Ewald with accuracy of 

1.0×10-5 Kcal/mol and the repulsive cutoff was chosen as 15 Å. The electrolyte 

systems were constructed by cubic cells with randomly filling 2000 H2O, 50 NO3
- and 

50 H+. After geometry optimization, the MD simulations were performed under the 

universal field with the total simulation time of 1 ns at a time step of 1 fs.
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The radial distribution function (RDF) is calculated as

                                                      (4)2g(r)=
4

dN
r dr

where dN is the amount of particle NO3
- or H+ in the shell between the central particle 

r and r+dr, ρ is the number density of NO3
- or H+. 

S-3



Fig. S1. (a) UV-vis absorption spectra of NH4
+ assays after incubated for 2 h at 

ambient conditions. (b) Calibration curve used for the calculation of NH3
 

concentrations.
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Fig. S2. (a) UV-vis absorption spectra of NO2
- assays after incubated for 20 min at 

ambient conditions. (b) Calibration curve used for calculation of NO2
- 

concentrations.
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Fig. S3. (a) UV-vis absorption spectra of NO3
- assays after incubated for 20 min at 

ambient conditions. (b) Calibration curve used for calculation of NO3
- 

concentrations.
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Fig. S4. CV curves of Mo2C/RGO with and without NO3
-.
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Fig. S5. NH3 partial current densities of Mo2C/RGO at various potentials.
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Fig. S6. NH3 yields and FENH3 of RGO, bare Mo2C and Mo2C/RGO at -0.6 V.
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Fig. S7. NO3
--to-NH3 conversion rates over Mo2C/RGO at various electrolysis times 

at -0.6 V.
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Fig. S8. FENH3 of Mo2C/RGO at various starting NO3
- concentrations.
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Fig. S9. (a) TEM image, (b) HRTEM image, and (c) XRD pattern of Mo2C/RGO 
after stability tests.
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Fig. S10. Optimized structures of intermediate configurations through NOH 
hydrogenation pathway on Mo2C. 
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Fig. S11. Optimized structures of intermediate configurations through NHO 
hydrogenation pathway on Mo2C.
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Table S1. Comparison of the optimum NH3 yield and FENH3 for the recently reported 
state-of-the-art NRA electrocatalysts at ambient conditions.
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Catalyst Electrolyte
NH3

yield rate
(mg h–1 cm–2)

FENH3

(%)
Potential

(V vs. RHE)
Ref.

Fe-PPy SACs
0.1 M KOH

（0.1 M KNO3）
2.75 100 -0.7 [4]

Cu-PTCDA
1 M PBS

（500 ppm KNO3）
0.44 85.9 -0.4 [5]

CuCl_BEF
0.5 M Na2SO4

（100 mg/LNO3
−）

1.82 44.7 -1.0 [6]

Fe3O4/SS
0.1 M NaOH

(0.1 M NaNO3)
10.15 91.5 -0.5 [7]

Fe-MoS2
0.1 M Na2SO4

（0.1 M NaNO3）
0.51 98 -0.48 [8]

Cu10Ce10
1 M KOH

（10 mM NO3
−）

16.83 98.43 -0.23 [9]

Poly-Cu14cba
0.5 M K2SO4

（250 ppm NO3
−）

2.84 90 -0.15 [10]

10Cu/TiO2−x

0.5 M Na2SO4

（200 ppm 
NaNO3）

1.94 81.34 −0.75 V [11]

RuNi-MOF
0.1 M Na2SO4

（50 mg L-1 NO3
-）

0.27 73 -1.2 [12]

Fe/Ni2P
0.2 M K2SO4

50 mM KNO3
4.17 94.3 −0.4 V [13]

Mo2C/RGO
0.5 M Na2SO4

（0.1 M NO3
-）

4.8 85.2 -0.6
This
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