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1. Material characterizations

The crystal phases and structures of the as-prepared samples were characterized 

by powder X-ray diffraction (XRD) with Bruker D8 Advance diffractometer (Cu Ka 

radiation, λ = 0.15418 nm) in the 2θ range of 20-80° at a scanning rate of 0.05° s-1. 

The microstructures of the products were observed by transmission electron 

microscopy (TEM, JEM-2100F) and field-emission scanning electron microscopy 

(FESEM, Zeiss Supra 55) that equipped with element mappings. The morphologies of 

the materials were characterized by scanning electron microscopy (SEM, Zeiss Sigma 

300 Cold Field scanning electron microscope). X-ray photoelectron spectroscopy 

(XPS, PHI-5000C ESCA, PerkinElmer, USA) was employed to obtain elemental 

information of prepared catalysts on a VG ESCALAB MKII using Al Ka radiation. 

The Fourier transform infrared spectrometer (FT-IR, Nicolet iS5) was recorded to 

detect the functional groups of samples in the range of 200-2000 cm-1. Ultraviolet 

photoelectron spectroscopy (UPS) is performed on Thermo ESCALAB Xi+ equipped 

with ultraviolet photoelectron spectrometer (Hel (21.22 eV)). Electron paramagnetic 

resonance (EPR) spectra were recorded on a Bruker EPR ELEXSYS 500 

spectrometer. Inductively coupled plasma optical emission spectroscopy (ICP-OES) 

characterization was performed on an Agilent Varian 720ES equipment. Absorbance 

data of spectrophotometer were measured on UV-2700 spectrophotometer. Analysis 

of the molecular structure of the catalyst was performed using a Raman spectrometer 

(XPOLORA PLUS, China) at an excitation wavelength of 532 nm for Raman 

scattering peak analysis. 



2. Electrochemical measurements

All the electrochemical measurements were tested using a CHI760E 

electrochemical workstation with a standard three electrode cell. The reference and 

counter electrodes were Hg/HgO and graphite rod, respectively. A glassy carbon 

electrode (GCE. 5 mm inner diameter) that modified with catalyst ink is used as the 

working electrode. The homogeneous catalyst ink was made by ultrasonically 

dispersing a mixture containing 2 mg of catalyst, 20 µL Nafion (5 wt%), 360 µL 

ethanol and 120 µL ultrapure water. Then, 13 µL of the catalyst ink was dropped on 

the surface of GCE. All potentials were measured against Hg/HgO and converted to 

reversible hydrogen electrode (RHE) by Nernst equation: E vs RHE = E vs Hg/HgO + 

0.0591·pH + 0.098. The overpotential (η) was calculated through the formula: η = E 

RHE - 1.23 V. Cyclic Voltammograms (CV) were measured at a scan rate of 5 mV/s. 

Electrochemical impedance spectroscopy was tested over the frequency range of 

1000000 to 0.01 Hz with an AC signal amplitude of 5 mV. The double-layer 

capacitance (Cdl) was evaluated by cyclic voltammetry (CV) curves performed at the 

non-faraday reaction regions with an interval of 20 mV/s over the scanning range of 

20 ~ 120 mV/s. The turnover frequency (TOF) values were calculated from the 

following equation: TOF = (j × A)/ (k × F × n). Here, k is the number of electron 

transfer (the factors of HER and OER are respectively 2 and 4), j is the current density 

at a given overpotential, A is the geometric surface area of the electrode, F is the 

Faraday constant (96485.3 C/mol), n is the number of active sites (mol). The number 

of voltammetric charges is gained by CV curves from -0.6 ~ 0 V and 0 ~ 0.6 V vs. 



RHE for OER and HER in phosphate buffer solution (pH = 7) with a scan rate of 

50 mV/ s respectively, and the following equation is n (mol) = Q/2F (the surface 

charge Q is proportional to the number of active sites). The long-term stability of the 

catalyst was conducted by chronopotentiometry (CP). All the data of electrochemistry 

were presented without any iR correction.



Fig. S1 SEM image of the NiFe LDH.



Fig. S2 (a-c) High-resolution TEM of Fe2P/Ni5P4, integrated pixel intensities (b-1 and 
c-1) of Ni5P4 and Fe2P (taken from the green dotted rectangle in (b) and (c)). (d) 
SAED pattern of Fe2P/Ni5P4. (f) Mapping images of Fe2P/Ni5P4

Fig. S3 EDX spectrum of Fe2P/Ni2P.



Fig. S4 XRD patterns of NiFe LDH



Table S1 UPS measured work functions of Fe2P, Ni5P4 and Ni2P 

Catalysts Ecutoff (eV) EVB (eV) Φ (eV)

Fe2P 15.0 2.47        6.22      

Ni5P4 15.3 3.96        5.92

Ni2P 14.5 3.67  6.72



Fig. S5 (a) XPS survey spectra of the Fe2P/Ni2P and Fe2P/Ni5P4. Mott-Schottky plots 
of (b) Ni5P4, (c) Fe2P, and (d) Ni2P.



Fig. S6 (a-c) CV curves of different electrocatalysts with different scanning rates for 

OER in 1.0 M KOH solution. (d) Cdl values of different catalysts for OER in 1.0 M 

KOH solution.



Fig. S7 (a-c) CV curves of different electrocatalysts with different scanning rates for 

HER in 1.0 M KOH solution. (d) Cdl values of different catalysts for HER in 1.0 M 

KOH solution.



Fig. S8 (a-c) CV curves from -0.6 to 0 V vs. RHE for OER in 1.0 M PBS (pH = 7) at 
50 mV s-1. (d) TOF values of different catalysts for OER and HER in 1.0 M KOH + 
freshwater solution.



Fig. S9 (a-c) CV curves of different electrocatalysts with different scanning rates for 

OER in alkaline seawater solution. (d) Cdl values of different catalysts for OER in 

alkaline seawater solution.



Fig. S10 (a-c) CV curves of different electrocatalysts with different scanning rates for 

HER in alkaline seawater solution. (d) Cdl values of different catalysts for HER in 

alkaline seawater solution.



Fig. S11 (a-c) CV curves from 0 ~ 0.6 V vs. RHE for OER in 1.0 M PBS (pH = 7) at 
50 mV s-1. (d) TOF values of different catalysts for OER and HER in 1.0 M KOH + 
seawater solution.



Fig. S12 XRD pattern of the Fe2P/Ni2P catalyst before and after the test.



Fig. S13 Electrolytic alkaline seawater oxidation lifespan comparison of Fe2P/Ni2P 
and Fe2P/Ni5P4 at 50 mA cm-2.



Fig. S14 Concentrations of Fe and Ni versus reaction time for Fe2P/Ni2P.



Fig. S15 Zeta potential values of Fe2P/Ni5P4 and Fe2P/Ni2P.



Fig. S16 Hypochlorite detection result with different NaClO contents and the 
electrolyte after 30 h electrolysis for Fe2P/Ni2P at a constant current density of 50 mA 
cm-2 in 1 M KOH + seawater.



Fig. S17 (a) UV-Vis absorption spectra of ClO- with different concentrations. (b) 
Calibration curve used for calculating ClO- concentrations of the electrolyte.



Fig. S18 UV/Vis absorption spectrum of the electrolyte after 100 h electrolysis for 
Fe2P/Ni2P at a constant current density of 50 mA cm-2 in 1 M KOH + seawater.



Fig. S19 (a) Polarization curves for corresponding electrodes after OCP test. (b) 
comparison of Ecorr and Icorr on Fe2P/Ni5P4 and Fe2P/Ni2P.



Fig. S20 Photographs of (a) Fe2P/Ni5P4 and and (b) Fe2P/Ni2P during alkaline 
seawater electrolysis. The fragment of Fe2P/Ni5P4 would severely drop as a result of 
instability.



Table S2 Comparison of OER performance in 1.0 M KOH solution for Fe2P/Ni2P 

with some representative catalysts. 

Catalysts
Overpotential 

(mV)

Current density

(mA cm-2)
Ref 

Fe2P/Ni2P 196 10 This work

CoP2/NC-1 290 10         1

Ir@Zr-CoP 292 10  2

Ru-MoCoP 240 10  3

Ni2P/Ni5P4 286 10          4

CoP@CNF 300 10  5

CoP/NiCoP 310.7 10  6

CoP/Mo2CTx 312 10  7

Ru-RuPxCoxP 338 10  8

Fe-Co-P 340 10  9

Mn-CoP-2 344 10  10

V-CoP 420 10  11



Table S3 Comparison of HER performance in 1.0 M KOH solution for Fe2P/Ni2P 

with some representative catalysts reported.

Catalysts
Overpotential 

(mV)

Current density

(mA cm-2)

Tafel slope

(mV/dec)
Ref.

Fe2P/Ni2P 108 10 121.5 This work

Co-P-O2 113 10 49 12

Co-Ni-P/MoS2 116 10 41 13

V-dope-MoS2 206 10 89 14

NiCoSe|S/BP 172 10 128 15

NiSe@Co0.85Se/N

F
168 10 72 16

Co0.85Se/Ni0.85Se 250 10 93 17

NiFeP/NCH 216 10 — 18

FeCo/Co2P@NPC

F
260 10 120 19

SWCNTs/ReS2 327 10 — 20

CoIIFe-ONC 284 10 75.8 21

Pd-e-NiCo-PBA-C 147 10 67 22

Fe-Co-Ni-P-1 215 10 72.1 23



Table S4 Fitting parameters of Fe2P/Ni2P electrode for impedance spectra in Fig. 6a.

Potential (V) R1 () R2 ()

1.20 4845 1336

1.25 4676 1267

1.30 4426 1205

1.35 4230 937

1.40 2612 239.3

1.45 1235 15.6

1.50 162.8 7.4

1.55 28 6.2

1.60 15 5.1



Table S5 Fitting parameters of Fe2P/Ni5P4 electrode for impedance spectra in Fig. 6d.

Potential (V) R1 () R2 ()

1.20 11569 2774

1.25 10385 2673

1.30 10194 2543

1.35 9945 2204

1.40 6769 975

1.45 2684 674

1.50 300 101

1.55 63 31

1.60 19 5.6



Table S6 Comparison of OER performance in alkaline seawater solution for 

Fe2P/Ni2P with some representative catalysts reported.

Catalysts
Overpotential 

(mV)

Current density

(mA cm-2)

Tafel slope

(mV/dec)
Ref.

Fe2P/Ni2P 229 10 89.3 This work

Fe2P-NiCoP 258 10 49 24

FCNP@CQs 268 10 45.2 25

CoSe2-NCF 245 10 93 26

Er-MoO2 312 10 99 27

ER-SNCF-20s 278 10 57 28

Fe2P-NiCoP 245 10 82.5 29

NiMoSe@CC 360 10 — 30

Co2P/CoMoP2 268 10 81 31



Table S7 The alkaline OWS performance of Fe2P/Ni2P with some representative 
bifunctional electrocatalysts reported.

Catalysts Electrolyte
Cell voltage 

(V)
Ref 

Fe2P/Ni2P 1.0 KOH 1.63 This work

S,N-CNTs 

/CoS2@Co
1.0 KOH 1.633        32

CoNSC 1.0 KOH 1.64 33

CoP/NCNHP 1.0 KOH 1.64 34

Co/β-Mo2C@N-

CNTs
1.0 KOH 1.64 35

CoP@SNC 1.0 KOH 1.64 36

v- NiS2/CeO2 1.0 KOH 1.64 37

Ni/Mo2C-NCNF 1.0 KOH 1.64 38

Co9S8/WS2/Ti foil 1.0 KOH 1.65 39

CoP 1.0 KOH 1.65 40

NiCo2O4 1.0 KOH 1.65 41

ONPPGC/OCC 1.0 KOH 1.66 42

EG/Co0.85Se/NiFe 

LDH
1.0 KOH 1.67 43

Co-NC/C 1.0 KOH 1.67 44

Sv-Co3S4/MoS2 1.0 KOH 1.67 45

FeCo/Co2P@C 1.0 KOH 1.68 19

NiFe LDH/NF 1.0 KOH 1.7 46

Ni5Ni4/NF 1.0 KOH 1.7 47

Co9S8/Ni3S2/NF 1.0 KOH 1.743 48

Ni3S2 1.0 KOH 1.76 49

Ni(OH)2/CC//NiSe

2/CC
1.0 KOH 1.78 50
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