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Fig. S1 SEM images of (a) Fe-NiS@HA 3 h; (b) Fe-NiS@HA 6 h; (c) Fe-NiS@HA 12 
h and (d) Fe-NiS@HA 24 h with different magnification. 
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Fig. S2 Loading amount of Fe-NiS@HA with different electroless plating (EP) time. 
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Fig. S3 iR-uncorrected LSV curves of Fe-NiS@HA with different electroless plating 
(EP) time during HER process.
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Fig. S4 iR-uncorrected LSV curves of Fe-NiS@HA with different electroless plating 
(EP) time during OER process.
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Fig. S5 Nyquist plots derived from EIS measurements of Fe-NiS@HA with different 
electroless plating (EP) time during HER process.
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Fig. S6 Nyquist plots derived from EIS measurements of Fe-NiS@HA with different 
electroless plating (EP) time during OER process. 
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Fig.S7 High-resolution X-ray photoelectron spectroscopy spectrum of full for Fe-
NiS@HA.
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Fig. S8 High resolution XPS spectrum of (a) Fe 2p, (b) Ni 2p, (c) S 2p and (d) O 1s. 
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Fig. S9 Bare HA is observed in the macroscopic scale.  
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Fig. S10 Chronopotentiometry (j-t) curve of Fe-NiS@HA for HER at 10 m A cm-2.
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Fig. S11 LSV curves of Fe-NiS@HA before and after 24 h chronoamperometric 
response for HER at 10 mA cm-2.
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Fig. S12 CV curves within a non-faradaic reaction region of 0.25 ~ 0.5 V (vs. RHE) at 
different scan rates toward HER for Fe-NiS@HA(a) and NiS@HA(b)
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Fig. S13 Cdl-normalized LSV curves of Fe-NiS@HA and NiS@HA for HER.
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Fig. S14 LSV curves of Fe-NiS@HA before and after 500 HER cycles. 
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Fig. S15 SEM images of Fe-NiS@HA after HER stability test.
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Fig. S16 Chronopotentiometry (j-t) curve of Fe-NiS@HA for OER at 10 m A cm-2.
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Fig. S17 LSV curves of Fe-NiS@HA before and after 24 h chronoamperometric 
response for OER at 10 mA cm-2.



19

Fig. S18 CV curves within a non-faradaic reaction region of 0.85~1.10 V (vs. RHE) at 
different scan rates toward OER for Fe-NiS@HA(a) and NiS@HA(b)
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Fig. S19 Cdl-normalized LSV curves of Fe-NiS@HA and NiS@HA for OER.
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Fig. S20 LSV curves of Fe-NiS@HA before and after 500 OER cycles. 
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Fig. S21 SEM images of Fe-NiS@HA after OER stability test.
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Fig. S22 Chronopotentiometry (j-t) curve of Fe-NiS@HA for overall seawater 
splitting at 10 mA cm-2.  
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 Fig. S23 The generation amount of H2 and O2 collected per 350 seconds at the current 
density of 100 mA cm-2.



25

Fig. S24 High-resolution X-ray photoelectron spectroscopy spectrum for Fe-NiS@HA: 
(a) full spectrum, (b) Fe 2p, (c) Ni 2p, (d) S 2p and (e) O 1s.
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Table S1. Comparison of HER performance of Fe-NiS@HA electrode with recently 
reported sulfur-based catalysts under alkaline conditions and catalysts for electrolysis 
of alkaline simulated seawater.

Catalyst System η10 
(mV)

Tafel slope
(mV/dec) References

Fe-NiS@HA 1.0 M KOH+
0.5 M NaCl 53 89.3 This work

S-Ni3Se4&Se–Ni3S2/NF 1.0 M KOH 89 61 1

S-NiFeOOH/NF 1.0 M KOH 176 90 2

Vs-Ni3S2/NF 1.0 M KOH 88 87 3

Ni-S-Se/NF 1.0 M KOH 98 99.4 4

Vs-Co3S4@NF 1.0 M KOH 45 66 5

Ni3Bi2S2@NF 1.0 M KOH 45 53.6 6

Cu8S5/NSC-900 1.0 M KOH 137 136.8 7

S-RuP@NPSC 1.0 M KOH 92 90.23 8

Ag500-
MoS2@Ni3S2/NF 1.0 M KOH 33 41.7 9

Co@MoS2–SV 1.0 M KOH 36 33 10

AQS/S 1.0 M KOH 62 52 11

CeO2/CoS2/Ti 1.0 M KOH 36 38 12

NiCoSe|S/BP 1.0 M KOH 172 128 13

CoSA/N,S-HCS 1.0 M KOH 165 95.6 14

P-Fe3N@NC NSs/IF 1.0 M KOH 102 68.59 15

Ni-Sv-MoS2 1.0 M KOH 101 66 16

Co9S8 - MoS2/NF 1.0 M KOH 110 81.7 17

CoSx@Cu2MoS4-
MoS2/NSG 0.1 M KOH 118.1 41.1 18

NixSy@MnOxHy/NF 1.0 M KOH 179 95.1 19

P-NiS2-500 1.0 M KOH 73 86.51 20
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Ni3Bi2S2@NF (LPTE) 1.0 M KOH η100 
= 127

53.6 6

Cu-NiS2 1.0 M KOH 139 77 21

CNFMPO 1.0 M KOH+
0.5M NaCl 73 / 22

Ni@CNTs–MoxC/Ni2P
1.0 M KOH+
0.5M NaCl 65.4 / 23

RuO2-C-300 1.0 M KOH+
0.5M NaCl 27 / 24

1D-Cu@Co-CoO/Rh 1.0 M KOH+
0.5M NaCl 137.7 / 25

Ir0.05-Co2P/Co2P2O7 NWs 1.0 M KOH+
0.5M NaCl 17 / 26

Mox-Ni0.85Se/MoSe2
1.0 M KOH+
0.5M NaCl 132 / 27
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Table S2. Comparison of OER performance of Fe-NiS@HA electrode with recently 
reported sulfur-based catalysts under alkaline conditions and catalysts for electrolysis 
of alkaline simulated seawater.

Catalyst System η10 
(mV)

Tafel 
slope

(mV/dec)

Reference
s

Fe-NiS@HA 1.0 M KOH+
0.5 M NaCl 190 92.4 This work

S-NiFeOOH/NF 1.0 M KOH 220 40 2

Vs-Co3S4@NF 1.0 M KOH η100 = 
245

60 5

Ni3Bi2S2@NF 1.0 M KOH 127 40.9 6

Cu8S5/NSC-900 1.0 M KOH 313 66.5 28

A-AQS/S 1.0 M KOH 133 40 11

NiCoSe|S/BP 1.0 M KOH 285 116 13

CoSA/N,S-HCS 1.0 M KOH 306 38.1 14

P-Fe3N@NC NSs/IF 1.0 M KOH 270 89.72 15

Co-Sv-MoS2 1.0 M KOH 190 128 16

CoSx@Cu2MoS4-
MoS2/NSG 0.1 M KOH 351.4 61.5 18

NixSy@MnOxHy/NF 1.0 M KOH η100 
=326

39.0 19

P-NiS2-500 1.0 M KOH η100 
=350

118.17 20

Ni3Bi2S2@NF  (LPTE) 1.0 M KOH η100 
=316 

40.9 6

Cu-NiS2 1.0 M KOH 232 46 21

Fe-Ni3S2 1.0 M KOH η100 
=290

46.9 29

Co/CoS/Fe-HSNC-
700 1.0 M KOH 250 62.6 30

CCS-NiFeP-10 1.0 M KOH 201 41.2 31

Re/ReS2-7H/CC 1.0 M KOH 290 81 32

MoS2-AB/NF 1.0 M KOH 248 72.8 33

Ru@MoO(S)3 1.0 M KOH 265 51 34
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CoFe-Ni2P
1.0 M KOH+
0.5M NaCl 213 / 35

RuO2-C-300 1.0 M KOH+
0.5M NaCl 346 / 24

CNFMPO 1.0 M KOH+
0.5M NaCl 282 / 22

GDY/RhOx/GDY 1.0 M KOH+
0.5M NaCl 193 / 36

Ag/NiFeRu LDH 1.0 M KOH+
0.5M NaCl 203 / 37

Ni@CNTs–
MoxC/Ni2P

1.0 M KOH+
0.5M NaCl 220 / 23
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Table S3. Comparison of OWS performance of Fe-NiS@HA electrode with recently 
reported sulfur-based catalysts under alkaline conditions and catalysts for electrolysis 
of alkaline simulated seawater.

Catalyst System Voltage10 (V) References

FeNiS@HA 1.0 M KOH+
0.5 M NaCl 1.52 This work

AQS/S‖A-AQS/S 1.0 M KOH 1.43 11

NixSy@MnOxHy/NF 1.0 M KOH 1.53 19

S-NiFeP-20||S-NiFeP-10 1.0 M KOH 1.5 31

Re/ReS2-7H/CC 1.0 M KOH 1.3 32

CoNi2S4/Ni3S2@NF 1.0 M KOH 1.65 38

Ni3Se2/MoSex 1.0 M KOH 1.57 39

NiMoS 1.0 M KOH 1.53 40

MoS2/NiS/NF 1.0 M KOH 1.5 41

Co3S4@MoS2-Ni3S2 1.0 M KOH 1.72(50 mA 
cm-2

42

MoO2@MoS2@Co9S8 1.0 M KOH 1.62 43

(SFCNF)/Co1-xS@CoN 1.0 M KOH 1.58 44

NiCoSe|S/BP 1.0 M KOH 1.67 13

P-Fe3N@NC NSs/IF 1.0 M KOH 1.61 15

NixSy@MnOxHy/NF 1.0 M KOH 1.529 19

Ag500-MoS2@Ni3S2/NF 1.0 M KOH 1.47 9

Cu8S5/NSC 1.0 M KOH 1.64 28

NFO-Sx/IF 1.0 M KOH 1.43 45

NiSe2/Ni3Se4/NF 1.0 M KOH 1.56 46

Ni3Bi2S2@NF 1.0 M KOH 1.4 6

Co3O4@Mo-Co3S4-Ni3S2/NF 1.0 M KOH 1.62 47
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Ir0.05-Co2P/Co2P2O7 NWs 1.0 M KOH+
0.5M NaCl 1.62 26

CNFMPO 1.0 M KOH+
0.5M NaCl 1.56 22

Mn-doped Ni2P/Fe2P
1.0 M KOH+
0.5M NaCl 1.64 48

FMCO/NF 1.0 M KOH+
0.5M NaCl 1.58 49

GDY/RhOx/GDY 1.0 M KOH+
0.5M NaCl 1.42 36

Ni@CNTs–MoxC/Ni2P
1.0 M KOH+
0.5M NaCl 1.54 23
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