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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 (110) and (011) plane of NiS and VS, 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-points of 6%6*1 and 5*2*1 of NiS and VS,, a plane-wave basis set cut-off energy of
500 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 2.0x107° eV, respectively. The Gibbs free energy of H

adsorption was calculated as follows:
AGyx = AEg« + AZPE — TAS

Where AZPE is the zero-point energy and TAS stands for the entropy corrections. According to
the previous report by Norskov et al., we used the 0.24 eV for the AZPE - TAS of hydrogen

adsorption in this work.

Res: J. Electrochem. Soc., 2005, 152, J23.
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Fig. S1. XRD of NiVS.
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Fig. S2 XRD of Co-NiVS.
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Fig. S3 XRD of Cr-NiVS.
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Fig. S4 Quantitative analysis of EDS characterization of Ce-NiVS catalyst.



Fig. S5 EDS layered images.
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Fig. S6. CV curves of UOR: (a) NiVS, (b) Co-NiVS, (c) Ce-NiVS, (d) Cr-NiVS.
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Fig. S7. CV curves of HER: (a) NiVS, (b) Co-NiVS, (c) Ce-NiVS§, (d) Cr-NiVS.
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Fig. S8. Comparison of the properties of Ce-NiVS catalysts in alkaline urea and alkaline seawater:

(a) anode reaction, (b) cathode reaction, (c) total hydrolysis.
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Fig. S9. Comparison of the properties of Ce-NiVS catalysts in alkaline urea and alkaline urea

seawater: (a) anode reaction, (b) cathode reaction, (c) total hydrolysis.
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Fig. S10.XRD image of Ce-NiVS catalyst after stability test.
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Fig. S11 (a-b) Adsorption models of H* on Ce-NiS and VS,, (c) obtained free energy diagram for

HER, (d) obtained H* state densities of Ce-NiS and VS,.
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Fig. S12. Density of states for Ce-NiS, (a) Ce, (b) Ni, (c)S.
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Fig. S13. Density of states for VS, (a)V, (b) S.

Table S1. Comparison of this work for UOR in 1.0 M KOH with 0.5 M urea solution with other

works
Catalyst j/mA cm™ Voltage / V Reference
Ce-NiVS 10 1.29 This work
NiMoO4 10 1.37 [1]
CoS,/Ti mesh 10 1.40 [2]
NiMo@ZnO/NF 10 1.405 (3]
Ni,P/CFC 10 1.42 [4]
Ni(OH), nanotube-NF 10 1.41 [5]
NiCo alloy

10 1.53 [6]




Table S2. Comparison of the HER performance for Ce-NiVS catalyst with other reported catalysts

in alkaline solution

Catalyst j/mA cm™ Overpotential / mV Reference

Ce-NiVS 10 141 This work
NiCo/NiCoOy 10 155 [7]
Co0,@CN 10 232 [8]
CoySg@NiCo LDH 10 168 [9]
Co-Ni;N 10 180 [10]
MoS»/NiCoS 10 189 [11]
Mo0;-MoS,/FTO 10 310 [12]
Cop Mo, 4N» 10 200 [13]

Table S3. Comparison of the performance of urea electrolysis for Ce-NiVS catalyst with other

reported catalysts in alkaline solution

Catalyst potential (V Electrolyte Reference
at 10 mA
cm?)
Ce-NiVS 1.50 1.0 MKOH+ This
0.5M urea work
MnO,/MnCo,0, 1.58 1.0 MKOH+ [14]
0.5M urea
NP-Nig70Feg 30 1.55 1.0 MKOH+ [15]
0.33M urea
Pt/C||IrO, 1.72 1.0 MKOH+ [16]
0.5M urea
CoS,/Ti mesh 1.59 1.0 MKOH+ [2]
0.3M urea
Ni-WxC/CNTs||WxC/ 1.65 1.0 MKOH+ [17]
CNTs 0.33M urea
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