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Supplementary Figure 1. Synthesis illustration of NiMoOx/NiMoS heterostructure array by
oxidation/hydrogenation-induced surface reconfiguration strategy.
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Supplementary Figure 2. XRD patterns of different arrays. (a) MoS2 and Ni3S2 as well as
MoS2/Ni3S2, (b) NiOx/NizS2, MoOx/MoS:2 and NiMoOx/NiMoS.



Supplementary Figure 3. SEM images of (ab) MoSz, (cd) NisS2 and (ef) NiMoS arrays.
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Supplementary Figure 4. Element mapping of NiMoOx/NiMoS heterostructure array by
use of oxidation/hydrogenation-induced surface reconfiguration treatment.



Supplementary Figure 5. HAADF-STEM image and the corresponding EDX elemental
mapping of NiOx/NizS2 from NiMoOx/NiMoS. Scale bar, 10 nm.
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Supplementary Figure 6. XPS spectra of NiMoS and NiMoOx/NiMoS arrays. (ab) Mo 3d
and (cd) Ni 2p.
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Supplementary Figure 7. XPS spectra of MoOx/MoS: array. (a) Mo 3d, (b) S 2p and (c) O
1s.
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Supplementary Figure 8. XPS spectra of NiOx/Ni3Sz array. (a) Ni 3d, (b) S 2p and (c) O 1s.
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Supplementary Figure 9. HER polarization curves of commercial Pt/C supported on Ni

foam in comparison of pristine Ni foam in 1 M KOH.
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Supplementary Figure 10. (ab) LSV curves of different arrays for HER by tunable power
and (b) hydrogenation temperatures, (c) electrochemical impedance spectroscopy tests.
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Supplementary Figure 11. Calculated mass activity of NiMoOx/NiMoS array for HER in 1
M KOH.
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Supplementary Figure 12. (abcd) Cyclic voltammetry curves and (e) electrochemical
double-layer capacitances of various catalysts supported on Ni foam during HER process.
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Supplementary Figure 13. (a) Cyclic voltammetry curves and (b) electrochemical
double-layer capacitance of NiMoOx/NiMoS supported on Ni plate.
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Supplementary Figure 14. HER polarization curves of commercial Pt/C supported on Ni
plate in comparison of pristine Ni plate in 1 M KOH.
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Supplementary Figure 15. (a) Cyclic voltammetry curves and (b) electrochemical
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Supplementary Figure 16. Polarization curves of NiMoOx/NiMoS and commercial Pt/C
supported on Ni plate with the relative current normalized to ECSA.
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Supplementary Figure 17. The yields of hydrogen theoretically calculated from HER
current and tested from gas chromatography by NiMoOx/NiMoS at 10 mA cm2,
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Supplementary Figure 18. OER polarization curves of commercial IrO2 supported on Ni
foam in comparison of pristine Ni foam in 1 M KOH.
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Supplementary Figure 19. LSV curves of different arrays for OER by (a) tunable power
and (b) different hydrogenation temperatures.
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Supplementary Figure 20. (abcd) Cyclic voltammetry curves and (e) electrochemical
double-layer capacitances of various catalysts supported on Ni foam during OER process.
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Supplementary Figure 21. The yields of hydrogen theoretically calculated from OER
current and tested from gas chromatography by NiMoOx/NiMoS at 10 mA cm2,




Supplementary Figure 22. Hz and Oz bubbles on its respective NiMoOx/NiMoS
heterostructure electrode for two-electrode overall water splitting by a 1.5 V AAA battery.
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Supplementary Figure 23. Air-bubble contact angles under water for (a) NiMoOx/NiMoS,
(b) NiOx/NisSz2, (c) MoOx/Mo0Sz.
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Supplementary Figure 24. XPS spectra of NiMoOx/NiMoS array after HER and OER
reactions.
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Supplementary Figure 25. SEM, TEM images and elements mapping of NiMoOx/NiMoS
array after electrocatalytic water splitting by two-electrode system.
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Supplementary Figure 26. (a) Top and (b) side view of DFT simulated Ni3S2/MoS:2
interface model. The unit cell is marked in the dark red boxes.
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Supplementary Figure 27. Possible H* adsorption sites on the interface of NiIMoOx/NiMoS
and corresponding free energies.
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Supplementary Figure 28. (ab) OH, O and OOH adsorption configurations and (cd) free
energy diagrams for OER on the surface of (ac) NiMoS and (bd) NiMoOx/NiMoS.
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Supplementary Figure 29. (a) Chemisorption models and Gibbs free energies of H on the
surface of NisS2 (S), NiOx/NisS2 (S), NizS2(Ni) and NiOx/NisSz (Ni). (b) OH, O and OOH
adsorption configurations for OER on the surface of NizSz2 (S), NizS2 (Ni), NiOx/NisS2 (S) and
NiOx/NisS2 (Ni) and free energy diagrams.
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Supplementary Figure 30. (a) Chemisorption models and Gibbs free energies of H on the

edge of MoS: (S), MoOx/MoS:2 (S), MoS2 (Mo) and MoOx/MoS:2 (Mo). (b) OH

, O and OOH

adsorption configurations for OER on the edge of MoS2 (S), MoOx/MoSz2 (S), MoS2 (Mo) and

MoOx/MoS:2 (Mo) and free energy diagrams.
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Supplementary Figure 31. Possible H adsorption sites on the surface of (a,b) NisS2(S),
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Supplementary Figure 32. Possible H adsorption sites on the edge of (a) MoS2 (S), (b-d)
MoS:2 (Mo), (e) MoOxMoS:2 (S) and (f-h) MoOx/MoS:2 (Mo) and free energies.
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Supplementary Figure 33. (a) The charge density difference and (b) the plane-averaged
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orange regions represent the charge accumulation and depletion, respectively.




Supplementary Table 1. Comparison of HER activities for various electrocatalysts.

Catalysts Overpotential @10mA cm=?  Tafel slope (mV/dec) Reference
Pt2/N-C 46 mV 36.8 [1]
P,W co doped CosN 41 mV 40 [2]
C-doped MoS:2 45 mV 46 [3]
FeCoNi-HNTAs 58 mV 37.5 [4]
Ni-Co with 1T MoS:2 70 mV 38.1 [5]
MoS2/C09Ss/NisS2/Ni 113 mV 85 [6]
(Ru-C0)Ox 44.1 mV 23.5 [7]
sc-Ni2P%/NiHO 60 mV 75 [8]
Ni-MoS: 98 mV 60 [9]
MoO3/Ni-NiO 62 mV 59 [10]
Co-NisN 194 mV 156 [11]
R-MoS2@NF 71 mV 100 [12]
Co@N-CNTs@rGO 108 mV 55 [13]
O-CoMoS 97 mV 70 [14]
Ni(OH)2/MoS: 80 mV 60 [15]
MoS2/NiS> 62 mV 50.1 [16]
MoS2/NiS NCs 92 mV 113 [17]

NiMoOx/NiMoS 38 mV 38 This work




Supplementary Table 2. The turnover frequency (TOF) per site for various HER
electrocatalysts at different overpotentials in alkaline condition.

Catalysts TOF values
n=50 mV n=100 mV n=200 mV
NiMoOx/NiMoS 0.28 st 1.97 st 10.08 st
NiOx/NizS2 0.16 s 0.59 st 3.80st
MoOx/MoS2 0.007 st 0.027 st 0.35s
NiMoS 0.004 st 0.0435 st 0.13 st




Supplementary Table 3. Comparison of TOF values of HER catalysts in alkaline condition.

Catalysts TOF (H2s1@ mV) Reference
NiCo2Px 0.056 s at 100 mV 18
MoNis/MoOszx 1.13 st at 100 mV 19
N-NiC02S4 1.0 stat 125 mV 20
NiO@1T MoS:2 0.7 stat 130 mV 21
Mo1N:1C> 1.46 stat 150 mV 22
Co-NiS2 4.1 stat 200 mV 23
MoOz@MoS:2 1.93 stat 250 mV 24
NiMoOx/NiMoS 0.28 stat 50 mV this work

NiMoOx/NiMoS 1.97 stat 100 mV this work




Supplementary Table 4. Comparison of mass activity of HER electrocatalysts.

Catalysts Mass activity (A g1) Reference
RU@MWCNT 186 A gt at 20mV [25]
Co-NiS2 100 Ag* at 185mV [23]
NiS:2 150 A g’ at 300mV [23]
NiCoN/C 204 A g at 200mV [26]
R-MoS2@NF 40 A gt at 100mV [12]
A-MoS> 40 A gt at 300mV [12]
Pt-CoS2/CC 2.1Ag?at100mV [27]
Pt@PCM 600 A g'! at 185mV [28]
Ov-Co0304 2.12 Agtat 200mV [29]

NiMoOx/NiMoS 436 A gt at 200mV this work




Supplementary Table 5. Comparison of OER activities for various electrocatalysts.

Catalysts Overpotential @10mA cm?  Tafel slope (mV/dec) Reference
np-Ir/NiFeO 197 mV 29.6 [30]
CoBDC-Fco.17 291 mV 61 [31]
W-Ni(OH)2 237 mV 33 [32]
Ru/CoFe-LDHs 198 mV 39 [33]
Ni-Co with 1T MoS:> 235 mV 45.7 [5]
Ir-NiO 215 mV 38 [34]
FeOOH(Se)/IF 287 mV 54 [35]
Mo0S2/C09Ss/NizS2/Ni 166 mV 58 [6]
P-C0304 280 mV 51.6 [36]
Ni/Ni(OH)2 270 mV 53 [37]
W2N/WC 320 mV 122.8 [38]
NiTe/NiS 244 mV 49 [39]
Co1.8Ni(OH)s.6 274 mV 45 [40]
@Co01.8NiS0.4(OH)a4s

5-FeOOH NSs/NF 265 mV 69 [41]
Co-NisN 307 mV 57 [11]
Porous Ni3Sa 257 mV 67 [42]
O-CoMoS 272 mV 45 [14]

NiMoOx/NiMoS 186 mV 34 This work




Supplementary Table 6. Comparison of overall water splitting activities of bifunctional
electrocatalysts.

Catalysts Electrolyte Potential Reference
RulrOx alkaline 1.47Vv [43]
a-RuTe acid 1.52v [44]
Ni-Fe NPs alkaline 1.47V [45]
IFONFs alkaline 1.58V [46]
NiFe-NiMo/Ni-P alkaline 1.51VvV [47]
NiFe MOF alkaline 1.55Vv [48]
NiFeOx/CNF alkaline 1.51Vv [49]
CoMoNIS-NF alkaline 1.54Vv [6]
EBP@EG alkaline 1.54Vv [50]
R-NiC0204 alkaline 1.61V [51]
CoP/NCNHP alkaline 1.64V [52]
NisS2 alkaline 1.76V [53]
CoMnO@CN alkaline 1.5V [54]
MoOz3/Ni-NiO alkaline 1.55V [10]
Ni/Ni(OH)2 alkaline 1.59v [37]
Co2P/CoNPC alkaline 1.64V [55]
W2N/WC alkaline 1.58Vv [38]
CoFeZr oxides alkaline 1.63V [56]
Cr-FeNi-P/NCN alkaline 1.50V [57]

Co/CNFs alkaline 1.69V [58]




Co03S4/EC-MOF
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Feo.00C00.13-NiSe2

Se-(NiC0)S/OH
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Supplementary Table 7. Comparison of overall water splitting activities of bifunctional
electrocatalysts with high current at 500 mA cm2.

Catalysts Potential Reference
FeP/Ni2P 1.72V [81]
RFNOH-10INiFe-LDH/NF 1.69V [82]
Cu@NiFe LDHINi2@a-xyMozxP 1.82V [83]
Ni NWsINio.sFeo.2-AHNA 1.702 V [84]
MoNis/SSWISSW Rs-12h 1978V [85]
NFN-MOF/NF 19V [86]

NiMoOx/NiMoSINiMoOx/NiMoS 1.6V this work




Supplementary Table 8. Entropy and zero point energy used for calculated the free energy
of the intermediate in this work.

TS(eV) TAS(eV) ZPE(eV) AZPE (eV) AZPE-TAS(eV)

H,0M 0.67 0 0.56 0 0
*OH+1/2H, 0.33 -0.34 0.50 -0.06 0.28
*O+H, 0.48 -0.19 0.34 -0.22 -0.03
*OOH+3/2H, 0.75 -0.59 0.87 -0.25 0.34

H, 7% 0.41 - 0.27 - -

*OH 0.12 - 0.36 - -

*0 0.07 - 0.07 - -

*OOH 0.13 - 0.46 - -




Supplementary Note 1. Calculation of TOF.
The TOF values (s*) were calculated with the following formula:

TOF=— (1)
2nF

I: current density extracted from the LSV curves;
F: Faraday constant;
n: the number of active sites. Cycle voltammetry measurements were conducted between
-0.2 V and 0.6 V vs. RHE in 1M PBS (pH=7) at a scan rate of 50 mV s. The absolute
components of the voltammetric charges tested during one CV cycle were calculated.
Assuming a one-electron process for both reduction and oxidation, the absolute charges
was divided by two and the Faraday constant to get the number of active sites of the
catalysts. The upper limit of active sites for NIMoOx/NiMoS could be calculated according to
the equation:

n=Q/2F (2)
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