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Material
[bookmark: _Hlk129635174][bookmark: _Hlk129635146]Nickel nitrate hexahydrate (Ni(NO3)2⋅6H2O, 99%), Cerium nitrate hexahydrate (Ce(NO3)3⋅6H2O, 99%), urea (CO(NH2)2, 99%), potassium hydroxide (KOH, 85%), platinum-carbon (commercial 20% Pt/C), sodium hypophosphite (NaH2PO2, 95%), sodium chloride (NaCl, 90%) were produced by Sigma-Aldrich. The Teflon autoclave (50 ml) was produced by Anhui Chem-n Instrument Co., Ltd. The ultrapure water (18.2 MΩ) was used for samples preparation and washing.


Structure and characterization:
The crystal structure and composition of the sample was identified by X-ray diffractometer (XRD, Rigaku Dmax 2200, CuKa radiation). Morphology and microstructure were further characterized by scanning electron microscopy (SEM, Hitachi 7500) and high-resolution transmission electron microscopy (TEM, JOEL JEM-2200FS). The high-angle annular dark-field scanning TEM (HAADF-STEM) and Energy-dispersive spectroscopy (EDS) mapping were characterized by JOEL JEM-2200FS operating at 200 kV. The chemical and valence state were investigated by X-ray photoelectron spectroscopy (XPS) by PHI 5000 Versaprobe with an Al Kα X-ray source. The Brunauer-Emmett-Teller (BET) specific surface area and pore size distribution was determined by ASAP 2460, Micromeritics, USA. The electron paramagnetic resonance (EPR) characterization was performed on Bruker EMXplus-6/1, Germany.
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Fig. S1. X-ray diffraction of Ni(OH)2@CeO2 nanoarrays.
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Fig. S2. Scanning electron microscopy (SEM) image of Ni2P/NF.
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Fig. S3. Scanning electron microscopy (SEM) image of CeO2/NF.






Table. S1. The overpotentials at current densities of 10, 50 and 100 mA/cm2 of Ni2P@CeO2/NF, Ni2P/NF, CeO2/NF and Pt/C/NF electrodes for HER.
	Catalysts
	Overpotential (mV) 
at 10 mA/cm2
	Overpotential (mV) 
at 50 mA/cm2
	Overpotential (mV) 
at 100 mA/cm2

	Ni2P@CeO2/NF
	62
	128
	174

	Ni2P/NF
	108
	198
	257

	CeO2/NF
	161
	275
	361

	Pt/C/NF
	42
	85
	120





[bookmark: _Hlk103699839]
Table. S2. Performance comparisons of Ni2P@CeO2/NF electrode with recently reported HER electrocatalysts. 
	Catalysts
	Overpotential (mV) 
at 10 mA/cm2
	Tafel slope
(mV/dec)
	Reference

	Ni2P@CeO2/NF
	62
	57.8
	This work

	NiP2/NiSe2/CFC
	89
	65.7
	[1]

	CoSe2-MoSe2(1–1)/rGO
	107
	56
	[2]

	Ni2P@C NAs/NF
	122
	102
	[3]

	Fe,Ce-NixSy
	125
	63
	[4]

	15:MoCo-VS2/CC
	140
	75
	[5]

	Ni2P-Fe2P-Ru2P/NF
	78.6
	85.1
	[6]

	Fe0.9Ni2.1S2@NF
	72
	71
	[7]

	B-CoSe2@CoNi LDH 
	100
	101
	[8]

	NiMo@ZnO/NF
	110
	131.2
	[9]
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Fig. S4. Cyclic voltammograms of (a) Ni2P@CeO2/NF, (b) Ni2P/NF, and (c) CeO2/NF obtained in 0.03~0.13 V vs. RHE region at scan rates of 10, 20, 30, 40, 50 and 60 mV/s, respectively.
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Fig. S5. I-t curve of Ni2P /NF electrode recorded at -0.26 V vs. RHE for 100 h in 1 M KOH.
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Fig. S6. SEM image of Ni2P@CeO2/NF after HER tests.









[image: ]
Fig. S7. XRD pattern of Ni2P@CeO2 nanoarrays after HER tests.
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Fig. S8. XPS spectrum of Ni2P@CeO2 nanoarrays after HER tests.



Table. S3. Performance comparisons of Ni(OH)2@CeO2/NF electrode with recently reported transition-metal-based OER electrocatalysts. 
	Catalysts
	Overpotential (mV) 
at 10 mA/cm2
	Tafel slope
(mV/dec)
	Reference

	Ni(OH)2@CeO2/NF
	229
	86.5
	This work

	NiMoNS
	260
	54.7
	[10]

	Cu-CoP
	252
	89.1
	[11]

	CeO2@CoS/MoS2
	247
	64
	[12]

	NC-FeCoNiMg
	290
	34.6
	[13]

	NiFe-MOF-BF4-0.3 NSs
	237
	41
	[14]

	NCF-C3
	273
	63
	[15]

	NCFPO-350
	278
	58.92
	[16]

	M-PCBN/CC
	232
	32
	[17]

	single-facet CoSe2(001)
	240
	75.8
	[18]

	Co-Ni-Fe-P HNBs
	249
	59.19
	[19]
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Fig. S9. Cyclic voltammograms of (a) Ni(OH)2@CeO2/NF, (b) Ni(OH)2/NF, and (c) CeO2/NF obtained in 1.00~1.10 V vs. RHE region at scan rates of 10, 20, 30, 40, 50 and 60 mV/s, respectively.
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Fig. S10. OER polarization curves of Ni(OH)2@CeO2/NF electrode before and after i-t test.



Table. S4. Performance comparison of Ni(OH)2@CeO2/NF||Ni2P@CeO2/NF electrolyzer with the recently reported two-electrode electrolyzer.
	Electrolyzer
	Voltages (V) 
at 10 mA/cm2
	Reference

	Ni(OH)2@CeO2/NF‖Ni2P@CeO2/NF
	1.53
	This work

	[bookmark: OLE_LINK1]Ni-CoP/Co2P@NC||Ni-CoP/Co2P@NC
	1.59
	[20]

	[bookmark: OLE_LINK2]Ru1Co2 NPs||Ru1Co2 NPs
	1.59
	[21]

	NiFe-LDH/Ni(OH)2||NiFe-LDH/Ni(OH)2
	1.6
	[22]

	[bookmark: OLE_LINK3]Co-Ni-P/MoS2||Co-Ni-P/MoS2
	1.53
	[23]

	CuO@CoZn-LDH||CuO@CoZn-LDH
	1.55
	[24]

	Ru-NiSe2/NF||Ru-NiSe2/NF
	1.537
	[25]

	MoCo-VS2||MoCo-VS2
	1.54
	[5]

	[bookmark: OLE_LINK4]La-doped RuO2||La-doped RuO2
	1.53
	[26]

	N-NiCo-LDH‖N-NiCo-LDH
	1.55
	[27]

	Co/Mo2C@C|| Co/Mo2C@C
	1.59
	[28]

	Ni3S2@NGCLs/NF||Ni3S2@NGCLs/NF
	1.55
	[29]
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Fig. S11. Polarization curves of Ni(OH)2@CeO2/NF||Ni2P@CeO2/NF electrolyzer before and after i-t tests in 1 M KOH.
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Fig. S12. Faradic efficiencies of Ni(OH)2@CeO2/NF||Ni2P@CeO2/NF electrolyzer under 100 mA/cm2 in 1 M KOH solution.




[bookmark: _Hlk103699694]Table. S5. The voltages of Ni(OH)2@CeO2/NF||Ni2P@CeO2/NF electrolyzer in 1 M KOH, 1 M KOH + NaCl and 1 M KOH + seawater electrolytes at current densities of 10, 50 and 100 mA/cm2.
	Electrolytes
	voltage (V) 
at 10 mA/cm2
	voltage (V) 
at 50 mA/cm2
	voltage (V) 
at 100 mA/cm2

	1 M KOH
	1.53
	1.63
	1.72

	1 M KOH + NaCl
	1.54
	1.65
	1.75

	1 M KOH + seawater
	1.55
	1.68
	1.78











[image: ]
Fig. S13. Polarization curves of Ni(OH)2@CeO2/NF||Ni2P@CeO2/NF electrolyzer before and after i-t tests in 1 M KOH + seawater electrolyte.
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Fig. S14. Faradic efficiencies of Ni(OH)2@CeO2/NF||Ni2P@CeO2/NF electrolyzer under 100 mA/cm2 in 1 M KOH + seawater electrolyte.
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