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1. Experimental Section

Materials: Nickel chloride hexahydrate (NiCl2·6H2O), sodium hypophosphite 

hydrate (NaH2PO2·H2O), ammonium fluoride (NH4F), hexamethylenetetramine 

(HMT), hydrochloric acid (HCl), N,N-dimethylformamide (DMF), and ethanol 

(C2H5OH) were purchased from Sinopharm Chemical Reagent Co. Ltd. 

(Shanghai, China). Terephthalic acid (C8H6O4) was purchased from Energy 

Chemical (Shanghai, China). Nafion (5 wt%) was supplied by Sigma-Aldrich 

Chemical Reagent Co., Ltd. Pt/C (10 wt%) was provided by Alfa Aesar (China) 

Chemicals Co., Ltd., while RuO2 was supplied by Aladdin Ltd. (Shanghai, 

China). NF was purchased from Shenzhen Green and Creative Environmental 

Science and Technology Co., Ltd. All chemical regents were used as received 
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without further purification (except NF). Ultrapure water was used throughout 

all experiments.

Preparation of RuO2 and Pt/C working electrodes: 5 mg of RuO2 (or Pt/C) 

were dispersed in a solution containing 500 μL C2H5OH, 480 μL water, and 20 

μL Nafion. Subsequently, the above solution was ultrasonicated for 1 h to 

obtain a uniform ink. The resulting ink (400 μL) was then carefully coated on a 

cleaned NF (1 × 1 cm2), and the NF with a catalyst loading (RuO2 or Pt/C) of 2 

mg cm-2 was dried at 60 °C for 2 h. The Ni2P@C powder working electrode 

was also prepared using the above procedure.

Characterizations: XRD measurements were performed using a Rigaku 

Ultima IV diffractometer with Cu Kα radiation (40 KV, 30 mA). SEM images 

of our samples were collected on a Hitachi S4800 SEM at an accelerating 

voltage of 15 kV. XPS data were recorded on an ESCALab 250 X-ray 

photoelectron spectrometer using non-monochromatic Al K X-rays as the 

excitation source. TEM measurements were performed on a JEOL2100 TEM 

with an accelerating voltage of 200 kV. HAADF-STEM, EDX data, and 

elemental mapping images were recorded on an FEI TECNAI F30 microscope 

at 300 KV. Raman spectra were collected on a confocal microscope (XploRA 

INV HORIBA) using a 638 nm laser beam at ambient temperature.
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2. Supplementary Results

Fig. S1. SEM images of (a) NiMOF NAs/NF and (b-c) Ni2P@C NAs/NF at different 

magnifications.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

Fig. S2  EDX spectrum of Ni2P@C NAs/NF.
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Fig. S3 (a) XRD pattern and (b) SEM images of Ni2P@C powder.

Fig. S4 (a) XRD pattern and (b) SEM images of Ni2P NAs/NF.
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Fig. S5 High-resolution XPS spectra for Ni2P NAs/NF in the (a) Ni 2p and (b) P 

2p regions.

Fig. S6 CV curves recorded for (a) Ni2P@C NAs/NF, (b) Ni2P NAs/NF, (c) Ni2P@C 

powder, and (d) NiMOF NAs/NF at different scanning rates from 5 to 50 mV s-1 

tested in 1.0 M KOH.
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Fig. S7 SEM images under different magnifications of (a-c) cathodic and (d-f) anodic 

Ni2P@C NAs/NF after water electrolysis for 36 h.

Fig. S8 High-resolution XPS spectra for post-electrolysis Ni2P@C NAs/NF in the (a) 

C 1s and (b) P 2p regions.
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Table S1. Comparisons of OER performance for Ni2P@C NAs/NF with other noble 
metal-free based catalyst materials operated in alkaline electrolyte. It should be stated 
that the extracted overpotential (η) was required to deliver a catalytic current density 
of 10 mA cm-2 except an especial illustration.

Catalyst Overpotential
η10 (mV)

Tafel slope
(mV dec-1) Electrolyte Ref.

24315 mA cm-2

28050 mA cm-2Ni2P@C NAs/NF

297100 mA cm-2

58 1.0 M KOH This 
work

CoP/NCNHP 310 70 1.0 M KOH [1]

NiCo LDH nanoleaf 262 49.36 1.0 M KOH [2]

Ni2P/CoN–PCP 270 65 0.1 M KOH [3] 

CoOx@CN hybrids 260 ~ 1.0 M KOH [4]

MOF-derived Ni2P–
CoP 320 69 0.1 M KOH [5]

NGO/Ni7S6 380 45.4 0.1 M KOH [6]

Porous Ni2P nanosheets 320 105 1.0 M KOH [7]

CNTs@NiCoP/C 297 57.35 1.0 M KOH [8]

Ni2P–Ni3S2 HNAs/NF 210 62 1.0 M KOH [9]

Ni3S2/NF 260 ~ 1.0 M KOH [10]

Nickel-iron oxide/C 310 42 1.0 M KOH [11]

Ni45Fe55 oxyhydroxide 310 65 0.1 M KOH [12]

NiCoP/C 330 96 1.0 M KOH [13]

NiS/Ni2P/CC 26520 mA cm-2 41.3 1.0 M KOH [14]

Ni5P4 films 27020 mA cm-2 ca. 40 1.0 M KOH [15]

Ni–P/CF 325 120 1.0 M KOH [16]

CoP/rGO 340 66 1.0 M KOH [17]

FeP/Ni2P hollow 
nanospindles 234 56 1.0 M KOH [18]

NiSe2–Ni2P/NF 22050 mA cm-2 45 1.0 M KOH [19]

Ni/Ni2P@3DNSC 231 67 1.0 M KOH [20]

Ni3FeN-NPs 280 46 1.0 M KOH [21]
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Co–P films 345 47 1.0 M KOH [22]

NiCo LDH 367 40 1.0 M KOH [23]

Ni3Se2–GC 310 97.1 1.0 M KOH [24]

Cu3P microsheets 290 84 1.0 M KOH [25]

Co/CoP nanoparticles 340 79.5 1.0 M KOH [26]

Fe doped CoP 
nanoarray 230 67 1.0 M KOH [27]

Ni2P hollow 
microspheres 270 40.4 1.0 M KOH [28]

FeB2 nanoparticles 296 52.4 1.0 M KOH [29]

CP/CTs/Co–S 306 72 1.0 M KOH [30]

NiSe/NF 27020 mA cm-2 64 1.0 M KOH [31]

Ternary NiCoP 
nanosheet arrays 30850 mA cm-2 68.6 1.0 M KOH [32]

NiCo2S4 NA/CC 340100 mA cm-2 89 1.0 M KOH [33]

ECT-Co0.37Ni0.26Fe0.37O 232 37.6 1.0 M KOH [34]

C@Ni8P3 267 51 1.0 M KOH [35]

Ni2P particles 290 59 1.0 M KOH [36]

NiCo2O4 ca. 480100 mA cm-2 60 1.0 M KOH [37]

CoMnP 330 61 1.0 M KOH [38]

Co3O4C-NA 290 70 0.1 M KOH [39]

BP/Co2P ca. 380 78 1.0 M KOH [40]

Table S2. Rs, Rct1, Rct2 values of different catalyst electrodes in the equivalent circuit 
model.

Catalyst Rs Rct1 Rct2

Ni2P@C NAs/NF 1.61 2.03 0.52

Ni2P NAs/NF 1.68 2.16 0.40

Ni2P@C powder 1.63 2.58 0.52

NiMOF NAs/NF 1.60 4.92 0.28
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Table S3. Comparisons of HER performance for Ni2P@C NAs/NF with other noble 
metal-free based electrocatalysts. It should be stated that the overpotential (η) 
recorded in this table was required to afford a current density of 10 mA cm-2 except 
especially explained.

Catalyst Overpotential
η10 (mV)

Tafel slope
(mV dec-1) Electrolyte Ref.

Ni2P@C NAs/NF 122 102 1.0 M KOH This 
work

CoP/NCNHP 140 53 1.0 M KOH [1]

CoOx@CN hybrids 232 115 1.0 M KOH [4]

MOF-derived Ni2P–CoP 105 64 0.5 M H2SO4 [5]

NGO/Ni7S6 37 145.5 0.1 M KOH [6]

Porous Ni2P nanosheets 168 63 1.0 M KOH [7]

Ni2P–Ni3S2 HNAs/NF 80 65 1.0 M KOH [9]

Ni3S2/NF 223 ~ 1.0 M KOH [10]

NiS/Ni2P/CC 11120 mA cm-2 78.1 1.0 M KOH [14]

Ni5P4 films 19020 mA cm-2 53 1.0 M KOH [15]

Ni–P/CF 98 55 1.0 M KOH [16]

CoP/rGO 150 38 1.0 M KOH [17]

Ni/Ni2P@3DNSC 92 65 1.0 M KOH [20]

Ni3FeN-NPs 158 42 1.0 M KOH [21]

Co–P films 94 42 1.0 M KOH [22]

Cu3P microsheets 130 83 1.0 M KOH [25]

Co/CoP nanoparticles 253 73.8 1.0 M KOH [26]

Fe doped CoP nanoarray 78 60 1.0 M KOH [27]

Ni2P hollow microspheres 100 86.4 1.0 M KOH [28]

CP/CTs/Co–S 190 131 1.0 M KOH [30]

NiSe/NF 96 120 1.0 M KOH [31]

Ni2P particles ca. 220 ~ 1.0 M KOH [36]

CoP/Co-MOF hybrid 34 56 1.0 M KOH [41]

Ni2P−Cu3P@NiCuC 78 173 1.0 M KOH [42]
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Table S4. Comparisons of water-splitting activity for two-electrode electrolyzer 
assembled by Ni2P@C NAs/NF with those electrolyzers based on previous non-noble 
metal based electrocatalysts. It should be stated that the cell voltage recorded in this 
table was applied at a water-splitting current of 10 mA cm-2 except especially 
explained.

Catalyst Applied voltage
at 10 mA cm-2 Electrolyte Ref.

Ni2P@C NAs/NF 1.64 V 1.0 M KOH This work

CoP/NCNHP 1.64 V 1.0 M KOH [1]

CoOx@CN 
hybrids 1.55 V20 mA cm-2 0.1 M KOH [4] 

Ni2P–Ni3S2 HNAs/NF 1.50 1.0 M KOH [9]

Ni3S2/NF 1.70 1.0 M KOH [10]

NiS/Ni2P/CC 1.67 1.0 M KOH [14]

Ni5P4 films 1.68 1.0 M KOH [15]

Ni–P/CF 1.68 1.0 M KOH [16]

CoP/rGO 1.70 1.0 M KOH [17]

Ni/Ni2P@3DNSC 1.55 1.0 M KOH [20]

Co–P films 1.74100 mA cm-2 1.0 M KOH [22]

Fe doped CoP nanoarray 1.60 1.0 M KOH [27]

Ni2P hollow microspheres 1.6420 mA cm-2 1.0 M KOH [28]

CP/CTs/Co–S ca. 1.74 1.0 M KOH [30]

NiSe/NF 1.63 1.0 M KOH [31]

Ni2P particles 1.63 1.0 M KOH [36]

β-Ni(OH)2/NiSe2 couple 1.78 1.0 M KOH [43]

CoNi(OH)x/NiNx couple 1.64 1.0 M KOH [44]

NiFe/NiCo2O4/NF 1.67 1.0 M KOH [45]

 Fe-Ni@NC-CNTs ca. 1.72 1.0 M KOH [46]

Ni11(HPO3)8(OH)6 1.6 1.0 M KOH [47]

NF@Ni/C-600 1.6035.9 mA cm-2 1.0 M KOH [48]
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