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1. Supplementary section
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Figure S1. The calculated d-band center values of different sites in (a) pure CoP and (b) WO-CoP. (Co-Brownish red, P-pink atom, W-blue atom, O-red atom)
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[bookmark: OLE_LINK1]Figure S2. The optimized atomic structures of intermediates during N2H4 oxidation on the pure CoP (011) and W-O doped CoP (011) surface. (Co-Brownish red, P-pink atom, W-blue atom, O-red atom, H-white atom, N-dark blue atom)
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Figure S3. The optimized atomic structures of intermediates during water dissociation on the pure CoP (011) and W-O doped CoP (011) surface. (Co-Brownish red, P-pink atom, W-blue atom, O-red atom, H-white atom)
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Figure S4. The optimized atomic structures of Hads during hydrogen adsorption on the pure CoP (011) and W-O doped CoP (011) surface. (Co-Brownish red, P-pink atom, W-blue atom, O-red atom, H-white atom)
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Figure S5. (a, b) SEM images of ZIF-L/NF precursor at different magnifications.
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Figure S6. XRD pattern of ZIF-L.

[bookmark: OLE_LINK4][image: ]Figure S7. (a-d) SEM images of 6W-O-Co/NF at different magnifications.
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Figure S8. XRD pattern of 6W-O-Co.
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Figure S9. Raman spectra of 6W-O-Co.
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Figure S10. (a-d) SEM images of 6W-O-CoP/NF at different magnifications.
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Figure S11. EDS mapping images of 6W-O-CoP/NF.
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Figure S12. Raman spectra of 6W-O-CoP/NF and CoP/NF without etching and doping treatment.
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[bookmark: OLE_LINK17]Figure S13. XPS full scan spectra of (a) 6W-O-CoP/NF and (b) CoP/NF.
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Figure S14. High-resolution XPS spectra of P 2p in the prepared samples.
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Figure S15. High-resolution XPS spectra of O 1s in the prepared samples.
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Figure S16. Water bubble contact angle measurement of the obtained catalysts.
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Figure S17. Cyclic voltammograms (CVs) of (a) 2W-O-CoP/NF, (b) 4W-O-CoP/NF, (c) 6W-O-CoP/NF, (d) 8W-O-CoP/NF and (e) 10W-O-CoP/NF at varied scan rate in 1.0 M KOH. (f) The corresponding CVs of xW-O-CoP/NF based catalysts at the scan rate of 100 mV/s.
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[bookmark: OLE_LINK2][bookmark: OLE_LINK30]Figure S18. (a, b) SEM and (c, d) TEM images of 6W-O-CoP/NF catalyst after 10000 cycles of HER test at different magnifications.
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[bookmark: OLE_LINK9]Figure S19. XRD patterns of 6W-O-CoP/NF catalyst before and after 10000 cycles of HER test. 
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[bookmark: OLE_LINK13]Figure S20. High resolution XPS spectra of (a) Co 2p and (b) W 4f for 6W-O-CoP/NF catalyst after HER 10000 cycles.
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[bookmark: OLE_LINK12]Figure S21. Stability measurement of 6W-O-CoP/NF at overpotential of -220 mV (vs. RHE) for 15 h.
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Figure S22. Comparison between GC-measured and theoretically calculated H2 quantities of 6W-O-CoP/NF at overpotential of -220 mV (vs. RHE).
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Figure S23. (a) UV-vis absorption spectra of different concentrations of hydrazine stained with color reagent. (b) Calibration curve for calculating the hydrazine concentration. The absorbance at 458 nm was measured by a UV-Vis spectrophotometer, and the fitting curve shows good liner relation of absorbance with N2H4 concentration (y = 1.5145x + 0.0244, R2 = 0.9997).

[image: ]
Figure S24. (a) UV-vis absorption spectra of hydrazine concentrations with different charge consumption during HzOR process. (b) The corresponding calculated utilization efficiency of N2H4. 
[bookmark: OLE_LINK5]HzOR measurement was conducted at constant potential. We would pause the test when reaching certain charge (0 C, 51.6 C, 103.6 C, 150.0 C, 204.4 C, 255.2 C and 303.7 C) and then record the time and extract the electrolyte from the reaction cell to measure the concentration of N2H4. Comparing the real and ideal concentration of N2H4 to determine the electro-oxidation efficiency of N2H4. 
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Figure S25. LSV curves of 6W-O-CoP/NF under different concentrations of hydrazine.
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Figure S26. LSV curves of 6W-O-CoP/NF at different scan rate in 0.1M N2H4 + 1M KOH electrolyte.
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Figure S27. LSV curves of obtained xW-O-CoP/NF catalysts in 1.0M KOH for OER.
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[bookmark: OLE_LINK26][bookmark: _Hlk118413276][bookmark: OLE_LINK14]Figure S28. Stability measurement for 6W-O-CoP/NF at overpotential of -22 mV (vs. RHE) for 20 h (inset: the LSV curves before and after 5000 HzOR cycles).
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Figure S29. Stability measurement for 6W-O-CoP/NF at overpotential of 28 mV (vs. RHE) for 10 h.
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[bookmark: OLE_LINK31]Figure S30. (a, b) SEM and (c, d) TEM images of the 6W-O-CoP/NF catalyst after 5000 cycles of HzOR test at different magnifications.
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Figure S31. XRD patterns of 6W-O-CoP/NF catalyst before and after 5000 cycles of HzOR test. 
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Figure S32. High resolution XPS spectra of (a) Co 2p and (b) W 4f for 6W-O-CoP/NF catalyst after 5000 cycles of HzOR test.
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[bookmark: OLE_LINK27]Figure S33. (a) The digital photo of assembled overall hydrazine splitting (OHzS) unit (6W-O-CoP/NF (+) || 6W-O-CoP/NF (-)). (b) LSV curves of OHzS electrolyzer equipped with 6W-O-CoP/NF (red) as both anode and cathode catalyst in 1.0 M KOH + 0.1M N2H4 electrolyte and that with commercial Pt/C as benchmarks measured for comparison (black).
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Figure S34. Open circuit voltages of 6W-O-CoP/NF || Pt/C and Pt/C || Pt/C.
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Figure S35. The stability measurement of assembled DHzFC at different current density.
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Figure S36. Digital photograph of different LEDs powered by the homemade DHzFC.

Table S1. Inductive Coupled Plasma (ICP) results of prepared samples.
	Samples
	W
(wt.%)
	Co
(wt.%)
	P
(wt.%)

	0W-O-CoP/NF
	0.003
	0.77
	1.38

	2W-O-CoP/NF
	0.93
	0.77
	0.87

	[bookmark: OLE_LINK11]4W-O-CoP/NF
	1.03
	0.87
	0.78

	6W-O-CoP/NF
	1.39
	0.97
	1.06

	10W-O-CoP/NF
	1.61
	1.14
	1.16



Table S2. Comparison of the HER performance in 1.0M KOH between 6W-O-CoP/NF in this work and various self-supported transition metal-based catalysts recently reported.
	Materials
	Current density
(mA/cm2)
	Potential
(V vs. RHE)
	Reference

	6W-O-CoP/NF
	1000
	185.6
	This work

	A-NiCo LDH/NF
	1000
	381
	1

	Co-P Foam
	1000
	290
	2

	P-MNS/NF
	1000
	245
	3

	WMo-NiCoP/NF
	1000
	249
	4

	NiCoS@CoCH
	1000
	438
	5

	NiCo@C-NiCoMoO/NF
	1000
	266
	6

	H-CoS@NiFe LDH/NF
	1000
	375
	7

	N-NiMoS
	1000
	322
	8

	NiCoP-CPF
	1000
	295
	9

	Ru-CoOx/NF
	1000
	252
	10




Table S3. EIS parameters of obtained catalysts in 1.0M KOH toward HER.
	[bookmark: _Hlk118408104]Materials
	R (Ω)
	R1 (Ω)
	R2 (Rct, Ω)

	P-NF
	1.67
	35.33
	14.66

	CoP/NF
	1.32
	0.94
	13.82

	0W-O-CoP/NF
	1.27
	0.81
	6.29

	2W-O-CoP/NF
	1.88
	0.98
	3.26

	4W-O-CoP/NF
	1.77
	0.88
	2.54

	6W-O-CoP/NF
	1.54
	0.50
	1.40

	8W-O-CoP/NF
	1.55
	0.40
	4.64

	10W-O-CoP/NF
	1.81
	0.83
	6.51



Table S4. Comparison of the HzOR performance between 6W-O-CoP/NF in this work and various catalysts recently reported. 
	Materials
	Current density
(mA/cm2)
	Potential
(V vs. RHE)
	Tafel slope
(mV/dec)
	Reference

	6W-O-CoP/NF
	100
200
300
	-0.035
-0.019
-0.005
	8.43
	This work

	Ru-MPNC
	10
200
	-0.039
0.072
	40
	11

	FeWO4/WO3
	10
	-0.034
	45.1
	12

	NiCo-MoNi4
	10
	-0.03
	-
	13

	Ni-C HNSA
	10
	-0.02
	16.2
	14

	Mo-Ni3N/NF
	10
200
	-0.0003
0.075
	48
	15

	FeNiP-NPHC
	100
	0.007
	24
	16

	Ni-Co-Se
	300
	0.4
	88
	17

	PtCu-NA
	200
	0.668
	40
	18

	PW-Co3N/NC
	200
	0.027
	14
	19



Table S5. EIS parameters of obtained catalysts in 1.0M KOH + 0.1M N2H4 toward HzOR.
	Materials
	R (Ω)
	R1 (Ω)
	R2 (Rct, Ω)

	0W-O-CoP/NF
	1.46
	0.98
	1.53

	2W-O-CoP/NF
	1.75
	0.63
	1.52

	4W-O-CoP/NF
	2.50
	0.12
	1.32

	6W-O-CoP/NF
	1.56
	0.57
	1.05

	8W-O-CoP/NF
	1.53
	0.71
	1.35

	10W-O-CoP/NF
	1.38
	0.59
	1.74



Table S6. Comparison of the DHzFC performance between 6W-O-CoP/NF in this work and various catalysts recently reported. 
	
	Power density
(mW/cm2)
	Open circuit voltage(V)
	Reference

	6W-O-CoP/NF
	142
	1.1
	This work

	Ni3N-Co3N PNAs/NF
	60.3
	1.00
	20

	Mo Ni3N/Ni/NF
	37.8
	0.96
	21

	PW-Co3N NWA/NF
	46.3
	0.98
	19

	FeNiP-NPHC
	31
	0.98
	16

	Cu-CoFe/Co/NC
	26.7
	0.996
	22
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