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Fig. S1. Schematic illustration for synthetic method of Ni2W3N/NF.

Fig. S2. XRD patterns of the prepared samples a) at different annealing temperatures (fixed 

duration: 3h) and b) at different annealing durations (fixed temperature: 650 °C). 



Fig. S3. (a) SEM images of NF and corresponding EDS mapping images of (b) Ni, (c) W, (d) 
N. Scale bars denote 200 um.

Fig. S4. Average particle size of Ni2W3N/NF.



Fig. S5. (a) N2 adsorption-desorption isotherms for Ni2W3N/NF and NF, (b) pore size 
distribution of Ni2W3N/NF.

Fig. S6. XPS spectra of Ni2W3N/NF for (a) survey, (b) W 4f, (c) N 1s, and (d) Ni 2p.



Fig. S7. (a) XRD patterns of W2N powder and W2N/NF. (b) The LSV curves of Ni2W3N/NF 
and W2N/NF.

Fig. S8. (a) Tafel plots of Ni2W3N/NF, Pt/C, and NF. (b) Nyquist plots of Ni2W3N/NF and NF.



Fig. S9. Cyclic voltammograms of (a) NF and (b) Ni2W3N/NF at different scan rates. (c) 
measured capacitive current as a function of scan rate of Ni2W3N/NF, and NF.



Fig. S10. Chronopotentiometric curve of Ni2W3N/NF at 100 mA cm-2 for 72 h.

Fig. S11. XPS spectra of Ni2W3N/NF during the stability test (a) survey scan for 2h, (b) survey 

scan for 6h, (c) W 4f for 2h, and (d) W 4f for 6h.



  

Fig. S12. XPS Spectra of after CP for 30 h of Ni2W3N/NF for (a) W 4f, (b) Ni 2p.

 

Fig. S13. XRD patterns of before and after CP for 30 h of Ni2W3N/NF.



Fig. S14. (a) TEM image, (b), (c) FFT images, (d) HRTEM image (e) Ni, (f) W, (g) O, and (h) 
N.



Fig. S15. Tafel plots of before and after CP for 30 h of Ni2W3N/NF.



Fig. S16. Potential-dependent in situ Raman spectra of NF in 1 M KOH (a) applying voltage 
in the negative direction, and (b) applying voltage in the positive direction.



Fig. S17. The ex-situ Raman spectra of the no bias and after HER at -0.06 V of Ni2W3N/NF.
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Fig. S18. Water dissociation structures on pure metal (Pt, Ni, W) and Ni2W3N surfaces.
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Fig. S19. The most stable surface functional groups on Ni2W3N[-W] as a function of 
electrochemical potential.
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Fig. S20. Possible hydrogen binding sites for original Ni2W3N(221), W-leached Ni2W3N[-W], 
and *OH-attached Ni2W3N[-W/*OH] surfaces.



Fig. S21. Differential charge density iso-surface map of Ni2W3N[-W/*OH] surface and 
corresponding Bader partial charge analysis results. Adjacent Ni atoms (1 and 2) show 
significant electron depletion due to the electron-withdrawing effect of *OH.



Table S1. Comparison of the HER performance in alkaline media with reported bimetallic 

TMN-based catalysts. 

 electrolyte η50 [mV] η100 [mV] Tafel slope 

[mV dec -1]

Reference

Ni2W3N/NF (Fresh) 1 M KOH 75.5 112 71 This work

Ni2W3N/NF

(After CP for 30h)

1 M KOH 46.5 78.7 57 This work

Co3Mo3N/ 

Ni3Mo3N

1 M KOH 36 (η10) 130 53 1

Ni3FeN@C/NF 1 M KOH ~200 277 131 2

NiMoN 1 M KOH 227 293 174 3

Co-Mo-N/NF 1 M KOH 81 (η10) 198 121 4

Ni3Mo3N-NC/NF 1 M KOH 39 (η10) 149 71 5

NiMo0.75N/PNCT 1 M KOH 52 (η10) ~200 82 6

Co2Ni1N 1 M KOH ~200 N/A 60.17 7

Ni2Mo3N/NF 1 M KOH 89 123.8 62 8

FeNi3N/NG 1 M KOH 98 (η20) 186 83.1 9

NiMoN-550 1 M KOH 159 (η20) 265 79 10

CoMoNx-400 

NSAs/NF

1 M KOH 91 (η10) 208 70.3 11

Co3.2Fe0.8N/NMC-

100

1 M KOH 315 (η10) N/A N/A 12

NiCo2N/NF 1 M KOH ~180 (η10) N/A 79 13

NiTiNx 1 M KOH 125 (η10) ~200 71 14

Ni2Fe2N/Ni3Fe 1 M KOH 74 (η10) N/A 53 15

V-Ni2Mo3N 1 M KOH 54 (η10) 117 42.8 16

MoVN 1 M KOH 108 (η10) ~180 60 17

CuxNi4-xN/NF 1 M KOH 12 (η10) 111 86 18

Ni3Mo3N/NF-2.0 1 M KOH 28 (η10) N/A 60 19

Ni/Ni0.8Mo4.2N6 1 M KOH 20 (η10) ~130 38 20

Fe2Ni2N 1 M KOH 110 (η10) ~310 101 21
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