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Table S1. Summary of electrochemical NRR performance at different

potential and electrolyte.

Catalyst Electrolyte NH; yield rate FE Applied Referen
(ug h"' mg™) (%) potential ce
WS,/WO, 0.05 M H,SO, 8.53 13.5 -0.1 V vs RHE | this work
Mo,C/C 0.5M Li,SO4 1.3 7.8 -0.3 Vvs RHE S1
Mo-SACs 0.1 M KOH 30.4 13 -0.3Vvs RHE S2
PCN 0.1 M HCI 8.09 11.59 | -0.2V vs RHE S3
Bi;V,011/CeO 0.1 M HCI 23.21 10.16 | -0.2 V vs RHE S4
2
Pd/C 0.1 M PBS 4.5 8.2 0.1V vs RHE S5
Au nanorod 0.1 M KOH 1.65 3.88 | -0.2Vvs RHE S6
Au 0.1 M HCI 214 8.11 | -0.2Vvs RHE S7
cluster/TiO,
a-Au/CeOx- 0.1 M HCI 8.3 10.1 | -0.2V vs RHE S8
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Figure S1 XPS survey scan spectra of WS,, WS,/WO, and WO,.
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Figure S2 High-resolution O1s XPS spectra of WS,/WO, and WO..

C O WS,WO, L (e) WO,

Figure S3 SEM images ofWS; (a, b), WS,/WO, (c, d) and WO, (e, f).
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Figure S4 LSV curves of WS,, WS,/WO, and WO, in Nj/Ar-saturated

electrolyte.
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Figure S5 CA curves of WS, (a), WS,/WO, (b) and WO, (c) at different

potentials.
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Figure S6 (a) UV-vis absorption spectra at various ammonia concentrations

and (b) the corresponding NH3 standard curve.
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Figure S7 (a) UV-vis absorption spectra at various hydrazine concentrations

and (b) the corresponding N,H, standard curve.
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Figure S8 UV-vis absorption spectra of (a) NH; and (b) NoH,4 for WS,/WO, at

different potentials.
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Figure S9 (a) UV-vis absorption spectra of WS, at different potentials and (b)

NH3; yield and Faradaic Efficiency of WS,.
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Figure S10 (a) UV-vis absorption spectra of WO, at different potentials and (b)

NH; yield and Faradaic Efficiency of WO,.
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Figure S11 CA curves of WS,/WO, at -0.1 V vs RHE for 5 times.
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Figure S12 UV-vis absorption spectra WS,/WO, at -0.1 V vs RHE for 5 times.
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Figure S$S13 CA curves of WS,/WO, at -0.1 V vs RHE for 10 h.
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Figure S14 UV-vis absorption spectra of WS,/WO, at -0.1 V vs RHE for every
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Figure S15 (a) "H NMR spectra for the “NH,4* standard samples and (b) the

corresponding calibration.
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Figure S16 'H NMR spectra for the *NH,* tested in No- and Ar- saturated

electrolyte.
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Figure S17 (a) The morphology and (b) electron diffraction and mapping of

WS,/WO, after 10 h catalysis.
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Figure S18 Cg of WS,/WO, and WS,. CV curves at different scan rates of (b)

WS,/WO, and (c) WS,.
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Figure S19 CV curves (a) at different scan rates and Cq (b) of WS,/WO,-m.
(c) UV-vis absorption spectra of WS,/WO,-m at different potentials. (d) NH;

yield and Faradaic Efficiency of WS,/WO,-m.



Figure S20 The top and side views of WO, (a, b), WS, (c, d) and WS,/WO; (e,

f) heterostructures.

(a) AG=0.88eV— AG=-0.70eV— AG=0.17eV —

Figure S21 Reaction pathway and the corresponding energy changes for

NRR of (a) WS, and (b) WS,/WOs,.
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