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Chemicals and reagents

Nickel foam (NF, thickness 1.0 mm) was purchased from Kunshan Guangjiayu New Material 

Co., Ltd; Sublimation sulphur was purchased from Tianjin Windship Chemical Reagent 

Technology Co., Ltd; Selenium powder was purchased from Aiwan (Shanghai) Chemical 

Technology Co., Ltd; Sodium hypophosphite monohydrate (NaPO2H2·H2O) was purchased from 

Shanghai Aladdin Biochemical Technology Co., Ltd; Ammonium fluoride (NH4F) was purchased 

from Sinopharm Chemical Reagent Co., Ltd; Potassium hydroxide (KOH), hexahydrate 

(Co(NO3)2·6H2O), Nickel nitrate hexahydrate (Ni(NO3)2·6H2O), urea (CO(NH2)2) were purchased 

from Tianjin Damao Chemical Reagent Factory; Concentrated hydrochloric acid (HCl, 12 mol/L) 

was purchased from Chengdu Colon Chemical Co., Ltd.

Material characterization 

The morphology of the catalyst was characterized by scanning electron microscopy (SEM) 

and HITACHI SU8000. Transmission electron microscopy (TEM TECNAI G2) was used to 

observe the microstructure and lattice fringes of the electrodes, and to characterize the spatial 

distribution of elements. The electrode composition and purity were researched by X-ray powder 

diffraction (XRD, Rigaku, Cu Ka radiation, k =1.5406A). The surface properties and oxidation 

states of the electrodes were researched by X-ray photoelectron spectroscopy (XPS, Axi-Ultra 

ddd-600 W), and the C1s peaks of each material were calibrated with reference values of 284.6 eV. 

Electrochemical test 

Electrocatalytic data were researched at the CHI760e electrochemical workstation. 

Electrochemical tests were carried out in a standard three-electrode system, with Hg/HgO 
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electrode as the reference electrode, graphite rod as the counter electrode, and the prepared 

synthetic material as the working electrode. All measurements were performed in an alkaline 

medium for HER (1.0 M KOH+Seawater) and (1.0 M KOH + 0.5 M Urea)，UOR (1.0 M KOH + 

0.5 M Urea). The potential involved is converted based on the following formula: E (RHE) = E 

(Hg/HgO) +0.098 +0.059* pH (1 M KOH, pH = 13.6). Linear sweep voltammetry (LSV) was 

obtained to research the performance of the electrode. Cyclic voltammetry (CV) curves are also 

tested at different sweep speeds in the nonFaraday region to assess the double layer capacitance of 

the electrode, which can reflect the size of the electrochemically surface area (ECSA) of the 

electrode. The electrochemical active surface area (ECSA) was calculated from the double-layer 

capacitance (Cdl) by the equation of ECSA = S × Cdl/Cs (in alkaline solution containing 1.0 M 

KOH, S is the working electrode area, Cs=0.04 mF cm-2). Electrochemical impedance 

spectroscopy (EIS) was performed at a constant voltage in frequency range between 1*10-2 Hz and 

1*105 Hz, and the test voltage for the EIS is set to -1.25 V. All electrocatalytic measurements were 

performed under compensated conditions (iR =70%). 

DFT computation details: 

The DFT calculations were performed using the Cambridge Sequential Total Energy Package 

(CASTEP) with the plane-wave pseudo-potential method. The geometrical structures of the (100) 

plane of NiCoP was optimized by the generalized gradient approximation (GGA) methods. The 

Revised Perdew-Burke-Ernzerh of (RPBE) functional was used to treat the electron exchange 

correlation interactions. A Monkhorst Pack grid k-point of 3*5*1 of NiCoP ,a plane-wave basis 

set cut-off energy of 400 eV were used for integration of the Brillouin zone. The structures were 

optimized for energy and force convergence set at 0.05 eV/A and 2.0×10−5 eV, respectively. The 

Gibbs free energy of H adsorption was calculated as follows:

ΔGH* = ΔEH* + ΔZPE – TΔS

Where ΔZPE is the zero-point energy and TΔS stands for the entropy corrections. According to 

the previous report by Norskov et al., we used the 0.24 eV for the ΔZPE - TΔS of hydrogen 

adsorption in this work.
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Fig.S1 SEM images of Co(OH)2/NF.

Fig.S2 SEM images of NiCoP.

Fig.S3 SEM images of NiCoP-Se.



Fig.S4 SEM images of NiCoP-N.

Fig.S5 EDS spectrum of NiCoP-S and corresponding element atomic percentage.

Fig.S6 TEM images of NiCoP-S.



Fig.S7 CV plots of a) Co(OH)2/NF, b) NiCoP, c) NiCoP-S, d) NiCoP-Se, e) NiCoP-N at 

different scan rates of HER in 1.0 M KOH + 0.5 M Urea.



Fig.S8 CV plots of a) Co(OH)2/NF, b) NiCoP, c) NiCoP-S, d) NiCoP-Se, e) NiCoP-N at 

different scan rates of UOR in 1.0 M KOH + 0.5 M Urea.



Fig.S9 CV plots of a) Co(OH)2/NF, b) NiCoP, c) NiCoP-S, d) NiCoP-Se, e) NiCoP-N at 

different scan rates of HER in 1.0 M KOH+Seawater.



Fig. S10 Density of states for NiCoP, (a) Ni, (b) Co and (c) P.

Fig. S11 Density of states for NiCoP-S, (a) Ni, (b) Co, (c) P and (d) S.



Fig. S12 Density of states for NiCoP-Se, (a) Ni, (b) Co, (c) P and (d) Se.

Fig. S13 Density of states for NiCoP-N, (a) Ni, (b) Co, (c) P and (d) N.



Table S1 Comparison of the HER performances of NiCoP-S and other reported electrocatalysts 

in alkaline solutions containing urea.

catalysts Electrolytes pH Overpotential(V)

at 100 mA/cm2

Reference

NiCoP-S 1M KOH + 0.5 Urea 13.6 170 mV This work

Ni3N/NF 1M KOH + 0.5 Urea 14 287 mV 1

Fe2P@NixP/NF 1M KOH + 0.5 Urea 14 219 mV 2

CoMn/CoMn2O4 1M KOH + 0.5 Urea 14 165 mV 3

NF/CoP@Ni3S2 1M KOH + 0.5 Urea 14 231 mV 4

Cu-Ni3S2@NiFe LDH 1M KOH + 0.5 Urea 14 223 mV 5

NiMo@ZnO/NF 1M KOH + 0.33 Urea 14 243 mV 6

Cu2S@Ni3Se2 1M KOH + 0.5 Urea 14 199 mV 7

Ni3S2-NiS/NF 1M KOH + 0.5 Urea 14 301 mV 8

Fe-NiS-NiS2 1M KOH + 0.5 Urea 14 267 mV 9

Ni(OH)x/p-N 1M KOH + 0.33 Urea 14 220 mV 10

Table S2 Comparison of the UOR performances of NiCoP-S and other reported electrocatalysts 

in alkaline solutions containing urea.

catalysts Electrolytes pH Potential(V)

at 100 mA/cm2

Reference

NiCoP-S 1M KOH + 0.5M Urea 13.6 1.451 V This work

NiCoP 1M KOH + 0.5M Urea 14 1.55 V 11

a-FeCoO 1M KOH + 0.5M Urea 14 1.52 V 12

FeCoNiRu/CNFs 1M KOH + 0.33M Urea 14 1.49 V 13

CoS2/MoS2@FCP 1M KOH + 0.4M Urea 14 1.75 V 14

Fe–Ni2P/NiSe2-0 1M KOH + 0.33M Urea 14 1.455 V 15

CoMoO4/NF 1M KOH + 0.33M Urea 14 1.695 V 16



CoS2/Ni3S2/NF 1M KOH + 0.5M Urea 14 1.59 V 17

Ni(OH)2 1M KOH + 0.33M Urea 14 1.46 V 18

Mo0.05-Co-NiS/Ni3S4 1M KOH + 0.33M Urea 14 1.55 V 19

NiFe2O4/NF 1M KOH + 0.33M Urea 14 1.519 V 20

Table S3 Comparison of the HER performances of NiCoP-S and other reported electrocatalysts 

in alkaline seawater solution.

catalysts Electrolytes pH Overpotential(V)

at 100 mA/cm2

Reference

NiCoP-S 1M KOH+Seawater 13.6 139 mV This work

NiTe@FeOOH 1M KOH+Seawater 14 278 mV 21

S–Fe(OH)3/NiSe/NF 1M KOH+Seawater 14 349 mV 22

CFM 0.3 1M KOH+0.5M NaCl 13.6 270 mV 23

NNNF@Mo2N/FeOxNy 1M KOH+Seawater 13.82 142 mV 24

NiFe-LDH/Cu-IF 1M KOH+1M Na2S 13.91 203 mV 25

MoS2/S-CoP 1M KOH+Seawater 14 197 mV 26

B, V-Ni2P 1M KOH+Seawater 14 162 mV 27

Cu2O-CoO/CF 1M KOH+Seawater 14 295 mV 28

RuO2-Ti3C2/NF 1M KOH+Seawater 14 156 mV 29

NiFe LDH-Ni3S2 1M KOH+Seawater 14 257 mV 30

Table S4 Comparison of solution diffusion resistance (Rs) and charge transfer 
resistance (Rct) values for all samples in alkaline solutions containing urea (HER).

catalyst Rs(Ω) Rct(Ω)
NiCoP-S 1.651 0.894

Co(OH)2/NF 1.706 2.213
NiCoP 1.782 1.603

NiCoP-Se 1.609 1.127
NiCoP-N 1.583 0.943



Table S5 Comparison of solution diffusion resistance (Rs) and charge transfer 
resistance (Rct) values for all samples in alkaline solutions containing urea (UOR).

catalyst Rs(Ω) Rct(Ω)
NiCoP-S 1.659 6.738*1012

Co(OH)2/NF 1.683 9.969*1015

NiCoP 1.88 3.93*1015

NiCoP-Se 1.603 4.027*1013

NiCoP-N 1.783 4.59*1013

Table S6 Comparison of solution diffusion resistance (Rs) and charge transfer 
resistance (Rct) values for all samples in alkaline seawater solution (HER).

catalyst Rs(Ω) Rct(Ω)
NiCoP-S 1.748 0.543

Co(OH)2/NF 1.773 1.257
NiCoP 1.781 0.979

NiCoP-Se 1.647 0.658
NiCoP-N 1.671 0.564
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