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Fig. S1. (a) XRD pattern and (b) SEM of the FMO-NPs sample.
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Fig. S2 The XPS spectra of FMO-NPs in Fe 2p (a) and Mo 3d (b) region
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Fig. S3. XRD pattern of commercial Fe2O3 and commercial MoO3
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Fig. S4. LSV curves of FMO-NPs in Ar- and N2-saturated 0.1M Na2SO4 with the scan 

rate of 5 mV/s.
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Fig. S5. (a) UV-Vis absorption spectra of indophenol assays with NH3 after 

incubation for 2 h at room temperature 0.1M Na2SO4 electrolyte; (b) calibration curve 

used for estimation of NH3 by NH3 concentration.
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Fig. S6. (a) UV-Vis curves of various N2H4 concentrations after adding into chemical 

indicator by the method of Watt and Chrisp. (b) Calibration curve used for calculation 

of N2H4 concentrations.
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Fig. S7. UV-Vis absorption spectra of the electrolytes estimated by the method of 

Watt and Chrisp after electrolysis in N2-saturated 0.1M Na2SO4 at a series of 

potentials for FMO-NPs.
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Fig. S8. (a) UV-Vis absorption spectra of indophenol assays with NH4Cl after 

incubation for 2 h at room temperature in 0.1M HCl electrolyte; (b) calibration curve 

used for estimation of NH3 by NH4Cl concentration.(c) UV-Vis absorption spectra 

of the electrolytes stained with indophenol indicator at a series of potentials in 

0.1M HCl electrolyte after electrolysis for 2 h. (d) NH3 yields and FEs for 

FMO-NPs at corresponding potentials.
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Fig. S9. (a) Time-dependent current density curves over commercial Fe2O3 at 

various potentials for 2 h in 0.1M Na2SO4. (b) UV-Vis absorption spectra of the 

electrolytes stained with indophenol indicator at a series of potentials after 

electrolysis for 1 h. (c) NH3 yields and FEs for commercial Fe2O3 at 

corresponding potentials.
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Fig. S10. (a) Time-dependent current density curves over commercial MoO3 at 

various potentials for 2 h in 0.1M Na2SO4. (b) UV-Vis absorption spectra of the 

electrolytes stained with indophenol indicator at a series of potentials after 

electrolysis for 1 h. (c) NH3 yields and FEs for commercial MoO3 at 

corresponding potentials.
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Fig. S11. (a) Time-dependent current density curves over mixture (Fe2O3 + 

3MoO3) at various potentials for 2 h in 0.1M Na2SO4. (b) UV-Vis absorption 

spectra of the electrolytes stained with indophenol indicator at a series of 

potentials after electrolysis for 1 h. (c) NH3 yields and FEs for mixture (Fe2O3 + 

3MoO3) at corresponding potentials.
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Fig. S12. UV-Vis absorption spectra of indophenol assays with the electrolytes 

under different condition.
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Fig. S13. (a) Time-dependent current density curves of FMO-NPs at –0.6 V for 6 

cycles. (b) UV-Vis absorption spectra of the electrolytes stained with indophenol 

indicator after NRR electrolysis under different conditions for 6 cycles.



15

Fig. S14. UV-vis absorption spectra of indophenol assays with electrolyte after 

different electrolysis time (h) at room temperature.
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Fig. S15. Calculated density of states (DOS) of Fe2(MoO4)3 (110) surface.
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Fig. S16. (a) Calculated charge density difference of *N2, *NNH. (b) Bond lengths 

of N-N, Fe-N through distal pathway.
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Table S1. Calculated zero point energies and entropy of different adsorption 

species, where the * denotes the adsorption site. T was set as 300K.

Adsorption Species EZPE (eV) TΔS (eV)

*NN 0.22 0.22

*NNH 0.41 0.25

*HNNH 0.79 0.13

*HNNH2 1.16 0.25

*H2NNH2 1.53 0.21

*H2NNH3 1.75 0.22

*NH2 0.62 0.15

*NH3 0.96 0.09
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Table S2. Comparison of electrocatalytic N2 reduction performance for FMO-NPs 

with other electrocatalysts under ambient conditions. 

Catalyst Electrolyte NH3 yield FE% Ref.

FMO-NPs 0.1M Na2SO4 18.16 μg h−1 mg−1
cat. 9.1

This 

work

PEBCD/C 0.1M Li2SO4 1.58 μg h−1 mg−1
cat. 2.85 [1]

La2O3 0.1M Na2SO4 17.04 μg h−1 mg−1
cat. 4.76 [2]

Cr0.1CeO2 0.1M HCl 16.82 μg h−1 mg−1
cat. 3.84 [3]

Bi NS 0.1M Na2SO4 13.23 μg h−1 mg−1
cat. 10.46 [4]

TiO2/rGO 0.1M Na2SO4 15.13 μg h−1 mg−1
cat. 3.3 [5]

LaFeO3 2M KOH 13.46 μg h−1 mg−1
cat. 1.99 [6]

Pd/C 0.1M PBS 4.5 μg h−1 mg−1
cat. 8.2 [7]

Bi4V2O11/CeO2 0.1M HCl 23.21 μg h−1 mg−1
cat. 10.16 [8]

B4C 0.1M HCl 26.57 μg h−1 mg−1
cat. 15.95 [9]

CoP HNC 1M KOH 10.78 µg h−1 mg−1
cat. 7.36 [10]

BNS 0.1M Na2SO4 13.22 µg h−1 mg−1
cat. 4.04 [11]

Pd-Co/CuO 0.1M KOH 10.04 h−1 mg−1
cat. 2.16 [12]

N-doped porous 

carbon
0.05M H2SO4 23.8 μg h−1 mg−1

cat. 1.42 [13]

YSZ 0.1M Na2SO4 10.84 μg h−1 mg−1
cat. 12.3 [14]

Defect-Rich Bi 0.2M Na2SO4 5.453 μg h−1 mg−1
cat. 11.68 [15]

CuO/graphene 0.1M HCl 1.8 ×10–10 mol s−1 cm−2 3.9 [16]

PdRu TPs 0.1M KCl 37.23 μg h−1 mg−1
cat. 1.85 [17]



20

Table S3. Comparison of electrocatalytic N2 reduction performance for FMO-NPs 

with other Fe-based and Mo-based electrocatalysts under ambient conditions. 

Catalyst Electrolyte NH3 yield FE% Ref.

FMO-NPs 0.1 M Na2SO4 18.16 μg h−1 mg−1
cat. 9.1

This 

work

FeS@MoS2/CFC 0.1M KOH 8.75 μg h−1 mg−1
cat. 2.96 [18]

MoS2 0.1M Na2SO4 8.08 × 10–11 mol s–1 
cm–2

1.17 [19]

MoO3 0.1M HCl
4.80×10–10 mol s–1 

cm–2
1.9 [20]

MoO2/RGO 0.1M Na2SO4 37.4 μg h−1 mg−1
cat. 6.6 [21]

γ-Fe2O3 0.1M KOH
12.5 nmol

h−1 mg−1
1.9 [22]

Fe3O4/Ti 0.1M Na2SO4
5.6 × 10–11 mol s–1 

cm–2
2.6 [23]

Fe2O3 nanorods 0.1M Na2SO4 15.9 µg h–1 mg–1
cat. 0.94 [24]

Fe3S4 0.1M HCl 75.4 µg h–1 mg–1
cat. 6.45 [25]
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