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Experimental

Chemicals and materials

Co(NO3),:6H,0, NH4F, CH3CSNH,, Ni(NOs),-6H,0 and urea were provided from Sinopharm Chemical Reagent Co.
Ltd. Nickel foam (NF) were provided from Taiyuan source of power company.

Sample synthesis

Preparation of CoS,/NF

A piece of NF (3 x 2 cm) was treated in HCl aqueous solution followed by subsequent washing of water and
ethanol. Firstly, 2 mmol Co(NOs),, 10 mmol urea and 6 mmol NH4F were added in water and pre-treated NF was
added into above solution. Secondly, after heating at 120 °C for 6 h Co(OH),/NF was obtained. Thirdly, the
Co(OH),/NF was added to CH3CSNH, solution and maintained at 200 °C for 6 h to prepare CoS,/NF.

Preparation of CoS,/Ni(OH),/NF

The CoS,/NF was immersed mixed solution contained 0.5 mmol Ni(NO3), and 2 mmol urea, which was heated for
6 h at 120 °C. Thereafter, CoS,/Ni(OH),/NF was obtained with chilling to room temperature.

Materials characterization

The phase and microstructures were studied by X-ray diffraction (XRD, Bruker D8 diffractometer), scanning
electron microscopy (SEM, S-4800) and transmission electron microscopy (TEM, FEI Talos F200X). Chemical
valence states were analyzed via X-ray photo-electron spectrometer (XPS, Thermo ESCALAB 250).
Electrochemical measurements

Electrochemical tests were performed on biologic VMP3 electrochemical workstation with obtained catalysts as
working electrode. Polarization curves were carried out and corresponding potentials were rectified.
Electrochemical impedance spectroscopy (EIS) was measured at a frequency range from 100 kHz to 0.1 Hz.



Figures

CoS,/Ni(OH),/NF

Fig. S1 Schematic illustration for preparing CoS,/Ni(OH),/NF.
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Fig. S2 XRD pattern of Co(OH),/NF.
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Fig. S3 SEM image of of Ni(OH),/NF (a), CoS,/NF (b), CoS,/Ni(OH),/NF (c).
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Fig. S4 Low and high-resolution TEM images of Ni(OH),/NF (a, c) and CoS,/NF (b, d).
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Fig. S5 XPS spectra of (a) Ni 2p, (b) Co 2p, (c) O 1s, and (d) S 2p for CoS,/Ni(OH),.
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Fig. S6 CV curves of Ni(OH),/NF (a), CoS,/NF (b), CoS,/Ni(OH),/NF (c).
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Fig. S7 XRD pattern of CoS,/Ni(OH),/NF after the HER stability.

Fig. S8 SEM image of CoS,/Ni(OH),/NF after the HER stability.
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Fig. S9 XPS spectra of (a) wide scan spectrum, (b) Ni 2p, (c) Co 2p, (d) O 1s, and (e) S 2p for CoS,/Ni(OH),/NF after

the HER stability.
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Fig. S10 XRD pattern of CoS,/Ni(OH),/NF after the UOR stability.
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Fig. S12 XPS spectra of (a) wide scan spectrum, (b) Ni 2p, (c) Co 2p, (d) O 1s, and (e) S 2p for CoS,/Ni(OH),/NF
after the UOR stability.



Table S1. Comparison of HER performance of CoS,/Ni(OH),/NF with other reported catalysts.

Overpotential (mV) at 10 mA

Catalysts 2 Tafel slope (mV dec?) References

CoS,/Ni(OH),/NF 148 99 This work
CoP/rGO 150 38 s1
Ni(OH),@Co304/NF 159 114 S2
Ni,P@NF 202 120 S2
NisS, nanorod array foam 200 107 S3
Ni3S, nanowires 199.2 106.1 sS4
NCO NWs/NF 175 157.84 S5
NF-MoS,/NisS,-thiourea 187 93.41 S6
NF-MoS,/NisS,-L-cysteine 148 68.81 S6
Co-W/CeO, 166 110 S7
Ni-S/Ce0, 170 118 S8
NisFeN-NPs 158 42 S9




Table S2. Comparison of UOR performance of CoS,/Ni(OH),/NF in the 1.0 M KOH solution containing 0.5 M urea
with other reported catalysts.

Voltage for urea electrolysis at j (V @

Catalysts References
mA cm?)
CoS,/Ni(OH),/NF 1.339@10 This work
1.409@100

Fe,03/NF 1.41@10 [510]
Mo-Ni,P 1.41@10 [S11]
Ni,P/CFC 1.42@10 [S12]
P-CoS, 1.51@10 [S13]
Ni,P@Ni-MOF/NF 1.41@100 [S14]
CoN NF/NF 1.41@100 [S15]
FQD/CoNi-LDH/NF 1.42@100 [S16]
CoS,/Co-MOF 1.43@100 [S17]
MS-Ni;P/Nig.g6S/NF 1.441@100 [S18]

CoMo0,/CoySg/NF 1.50@100 [S19]



mailto:1.339@0.0.0.10

Table S3. Comparison of water electrolysis performances of CoS,/Ni(OH),/NF with recently reported catalysts.

Catalysts Voltage (V) at 10 mA cm2 References

CoS,/Ni(OH),/NF 1.628 This work
NiFe/Co(PO3),@NF 1.63 [520]
ZIF-67DC/NiMoCo/CNT 1.64 [S21]
CugSs/NSC 1.64 [S22]
CNO@NSG 1.67 [S23]
FeCoP/NF 1.67 [S24]
FeNiOH/NF 1.67 [S25]
Mn-CoP/Co,P 1.67 [526]
Co—Fe—-B—P 1.68 [S27]
CoP/rGO 1.7 [S1]

Hollow CoP@NC 1.72 [S28]




Table S4. Comparison of urea electrolysis performances of Mn-Ni,P/NiFe LDH with recently reported catalysts.

Catalysts Voltage (V) at 10 mA cm2 References
CoS,/Ni(OH),/NF 1.485 This work
CoMn/CoMn,0, 1.51 [S29]

NiTe,/Ni(OH), 1.52 [S30]
Ni-MOF 1.52 [S31]
Fe;Seg@Fe,03 1.55 [S32]
Bulk MnO, 1.55 [S33]
Ni@NCNT-3 1.56 [S34]
MnO,/MnCo,0,/Ni 1.58 [S35]
FQD/CoNi LDH/NF 1.59 [S16]
HC-NiMoS/Ti 1.59 [S36]
Ni(OH),NS@NW/NF 1.68 [S37]
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