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Turnover number (TON) calculation.

Turnover number (TON) is usually defined by the number of reacted molecules to that of an 

active site (Eq (1)).1-5

𝑇𝑂𝑁 =  
𝑁𝑢𝑛𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑎𝑐𝑡𝑒𝑑 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑐𝑡𝑖𝑣𝑒 𝑠𝑖𝑡𝑒𝑠
                                 (1)

However, it is difficult to determine the exact number of active sites on the solid catalyst. So, we 

define the number of reacted electrons to the number of Mo atoms as the TON (2) of the 

photocatalyst. 

      (2)
𝑇𝑂𝑁 =  

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑎𝑐𝑡𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑀𝑜 𝑎𝑡𝑜𝑚𝑠 𝑖𝑛 𝑝ℎ𝑜𝑡𝑜𝑐𝑎𝑡𝑎𝑙𝑦𝑠𝑡

=  
3𝑛(𝑁𝐻3)

𝑛(𝑀𝑜)

It is worth noting that the active sites of Mo-W on the surface is relatively few that TON (2) is 

smaller than the real TON (1).

The photocatalytic N2 reduction reaction (NRR) performance of the photocatalysts was evaluated 

in a photocatalytic reactor with a quartz glass window under atmospheric pressure and ambient 

temperature. 20 mg Au-MWO catalyst was added into 100 mL methanol aqueous solution, and the 

corresponding NH3 production yield was 1.437 mg/L. The n(NH3) was calculated to be 7.9848 × 

10-6 mol. The total amount of Mo was 1.63 × 10-6 mol. The TON was calculated to be (3 × 7.9848 

× 10-6) / 1.63 × 10-6 = 14.70.
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Figures and Table.

Figure S1. AFM analysis of the Au-MWO nanowires: (a) AFM image of the nanowires, (b) 
height profiles along the white lines in (a).

Figure S2. Raman spectra of WO, MWO and Au-MWO.

Raman spectra of WO and MWO shows two intense Raman peaks at 805 cm-1 and 687 cm-1, 

which can be assigned to the symmetric and asymmetric stretching vibrations of W6+–O bond, 

respectively. As can be seen from Au-MWO spectrum, an obvious band representing Au 

nanoparticles appears at the location 920 cm-1, which also indicates the successful introduction of 

Au nanoparticles.6
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Figure S3. EPR spectra of WO, MWO and Au-MWO samples at room temperature.

The three samples of WO, MWO and Au-MWO all exhibit a pair of sharp symmetric peaks in 

accordance with the oxygen vacancy signal at g = 2.003, which indicates electron trapping at oxygen 

vacancies. Moreover, all of three samples show an indistinguishable strength of the peak. It 

indicated that Mo doping and Au deposition did not introduce extra oxygen vacancies. This is 

consistence with the result of the O 1s XPS (Figure 2f) and the calculated slab energies of various 

Mo-doped models.

Figure S4. Possible sites of Mo doping to replace W atom in WO model.

In order to determine the location of doped Mo atoms, we calculate the energies of Mo doped 

WO with different doping configurations, as illustrated in Figure S4a. The slab energies of Mo 

doped models are summarized in Figure S4b. Position 3 with Mo–W bond exhibits the lowest 

energy among all configurations, which has been applied in our calculations.
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Figure S5. NH4
+quantification using Nessler’s reagent.

Figure S6. Time-dependent NH3 yield for WO, MWO-2 and 6Au-MWO.

The photocatalytic nitrogen fixation rates of photocatalysts still maintain high stability with 

continuous irradiation for 4 h, as shown in Figure S6. It also demonstrated the high photostability 

of photocatalysts.
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Figure S7. (a, b) Standard curve of NH4
+ with ion chromatography. (c) The ammonium ion 

chromatograms of 6Au-MWO under different time.

The ion chromatography had been performed to detect the produced ammonia accurately. 

Standard curve of NH4
+ with ion chromatography was draw under the condition of methane sulfonic 

acid as eluent, as shown in Figure S7a and S7b. the ammonia yield of 6Au-MWO under different 

time was detected to verify the accuracy of nitrogen fixation rate. As shown in Figure S7c, the 

comparable nitrogen fixation rate (389.01μmol g-1 h-1) verified the accuracy of produced ammonia.

Figure S8. The (a) W 4f, (b) Mo 3d, (c) O 1s and (d) Au 4f XPS spectra of Au-MWO after cyclic 
tests.
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The characterization of chemical states before and after photocatalytic reaction is an important 

way to evaluate the stability of photocatalyst. The chemical states of the Au-MWO after the stability 

tests were characterized by XPS. As shown in Figure S8, the unaltered chemical states of Mo and 

O indicated the high stability of the photocatalyst.

Figure S9. (a) SEM and (b) TEM images of 6Au-MWO after cyclic tests.

The SEM and TEM measurements of 6Au-MWO after the stability tests had been conducted. As 

shown in Figure S9, the 6Au-MWO still keeps the unchanged morphology of nanowire. This 

demonstrates the excellent reusability and stability of 6Au-MWO for photocatalytic N2 fixation.

Figure S10. Photocatalytic nitrogen fixation over 6Au-MWO under different conditions (N2 and 

Ar with irradiation, N2 without irradiation).

As compared to the considerable nitrogen fixation capacity of 6Au-MWO in N2-saturated water 

with irradiation, ignorable NH3 yield was observed in Ar-saturated water with irradiation and N2-

saturated water without irradiation, indicating that N2 is the only source of NH3 obtained by 

photocatalytic nitrogen fixation process.
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Figure S11. (a) Valence-band XPS spectra of WO, MWO-2 and 6Au-MWO. (b) Tauc plots of the 
three catalysts. The curves were converted from the absorption spectra shown in Figure 4e.

Table S1. Representative works on photocatalytic N2 fixation.

Photocatalysts Light source Conditions NH3 yield rate AQE Ref.

Au-MWO full spectrum methanol 399 μmol g-1 h-1 0.61% at 540 nm This work

Pothole-rich WO3 full spctrum water :1.92 mg g-1 h-1𝑁𝑂 ‒
3 0.11% at 380 nm 7

C-WO3.H2O visible light water 63.55 μmol g-1 h-1 -- 8

W18O49 full spectrum water 65.2 μmolL-1 g-1 h-1 9% at 365 nm 9

TiO2/Au/a-TiO2 AM1.5G water 13.4 nmol cm-2 h-1 -- 10

Bi5O7Br-OV λ > 420 nm water 1.38 mmol g-1 h-1 -- 11

BiOBr-OV λ > 420 nm water 104.2μmol g-1 h-1 0.23% at 420nm 12

Au/TiO2-OV λ > 420 nm methanol 130.5μmol g-1 h-1 0.82% at 550 nm 13

CuCr λ > 420 nm water 73.9 umol g-1 h-1 0.1% at 500 nm 14

TiO2-OV λ > 280 nm water 0.73 umol g-1 h-1 0.70% at λ < 350 

nm

15

Mn-WO3 full spectrum water 425 μmolL-1 g-1 h-1 0.18% at 450 nm 16

F-VO-TiO2 full spectrum water 206μmolL-1 g-1 h-1 0.38% at 420 nm 17
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