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Figure S1. (a-c) SEM images of NiMoO4 xH20 nanowires grown on the nickel foam

(NiM0O4-xH20 NWs/NF). (d) XRD patterns of NiMoOs-xH20 NWs and NiMoOs xH20
NWs/NF.
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Figure S2. XRD pattern of NiMoO4-xH20 NWs calcined at 800 °C in Ar/Ha.
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Figure S3. ICP results of M0O2-Ni-x (x = 500, 550 and 600) NWs, respectively.

Figure S4. (a, b) SEM and (c) HRTEM images of mesoporous MoO:2 nanowires. The inset in (c)

is the TEM image of mesoporous MoO:2 nanowires.
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Figure S5. XRD patterns of NiMoO4-xH20 NWs calcined at different temperatures.

NiMoO,-xH,0 transforms to high-crystalline NiMoO,

Figure S6. The in-situ TEM snapshots for the transformation processes of NiMoO4-xH20 to

NiMoOs.
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Figure S7. The in-situ TEM snapshots for the transformation from high-crystalline NiMoOs4 to
low-crystalline/amorphous NiMoOs4.

NiO dissolves out and grows up

Figure S8. The in-situ TEM snapshots for the processes of NiO dissolution and growth.

024 nm;

NiO is reduced to Ni by H, gas

Figure S9. The in-situ TEM snapshots for the reduction processes of NiO to Ni.
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Figure S10. XRD pattern of the NiMoOs product derived from NiMoO4:xH20, which is calcined
at 550 °Cin Ar.

Figure S11. (a, b) SEM images of silver molybdate nanowires (Ag-Mo-O NWs).



images of MoO2-Ag heterostructure nanowires. (e-i) HAADF-STEM images with elemental

mappings for a single MoO2-Ag nanowire.
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Figure S12. LSV curves and the corresponding #10 values of (a, b) M00O2-Ni-550 and (c, d) MoO2

NWs with the different mass loadings on glassy carbon, respectively.
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Figure S13. CV curves of (a) M0oO2-Ni NWs and (b) MoO2 NWs at various scan rates. The

current densities obtained at 0.274 V vs. RHE are used to calculate the Cai values.



d
0] —Mo0,-Ni-500 NWs 0{—Mo0,-Ni-500 NWs/NF
—— Mo0O,_-Ni-550 NWs ——MoO,-Ni-550 NWs/NF
; —— MoO,-Ni-600 NWs/NF

-10{ — MoO,-Ni-600 NWs

s
o
L

' ‘\-"E\ decreased
£ -20 o HER activity
:(J E 20

30 =
E =
5

g -30

-50 T T T 7 T T T T T

-0.6 -0.4 0.2 0.0 -0.30 -0.25 -0.20 -0.15 -0.10 -0.05 0.00 0.05

Potential (V vs. RHE) Potential (V vs. RHE)

Figure S14. LSV curves of (a) M0O2-Ni-x (x = 500, 550 and 600) NWs and (b) MoO2-Ni-x (x =
500, 550 and 600) NWs/NF measured at 5 mV st in 1 M KOH.

500 °C

Figure S15. (a-c) Schematic illustration, (d-f) SEM and (g-h) TEM images of M0oO2-Ni-x (X =
500, 550 and 600), respectively.
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Figure S16. (a-c) Nitrogen absorption/desorption and (d-f) pore size distribution diagrams of
MoO:2-Ni-x (x =500, 550 and 600), respectively.
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Figure S17. I-V curves of M002-Ni-500 and M0O2-Ni-550 powders by the Probe Station and
Agilent B1500A Semiconductor Device Analyzer.
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Figure S18. Ni 2p XPS spectra of M00O2-Ni-500 and MoO2-Ni-550.
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Figure S19. LSV curves of M0oO2-Ni NWSs/NF after soaking in () 1 M KOH and (b) 0.5 M
H2SO4 for different time, respectively.
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Figure S20. The Ni/Mo molar ratios of M0O2-Ni-550 NWs after soaking in 0.5 M H2SOa for

different time, which were obtained by ICP measurement.



d initial b 12h
1.0 1.0
0.5 1 0.5 1
0.0 0.0
5 5
< 0.5 < -05-
S £
S -1.04 > -1.0-
-1.5 -1.5
2.0+ Scan rate: from 10 to 2 mV s 2.0 Scan rate: from 10to 2 mV s™
026 028 030 032 034 036 0.38 026 028 030 032 034 036 038
Potential (V vs. RHE) Potential (V vs. RHE)
C 18 h d 24 h
1.0 1.0
0.5 0.5
. PR
£ £
o fr——— o
E -0.5 1 E -0.5
= 1.0 = 104 Scan rate: from 10to 2 mV s™
Scan rate: from 10to 2 mvV' s™
-1.54 -1.54
2.0 -2.04
026 028 030 032 034 036 038 026 028 030 032 034 036 0.38
Potential (V vs. RHE) Potential (V vs. RHE)
e =
2,54 O initial
o 12h
0
ol £ 41 L
—~ 1022 mF em? _ .~
‘\"E mF cm i O . B D
O 1.5 FET
E ’)9/7,/’86.0chm'2
= T o2
© 1.0 O 5 = - 5
= O A,,—" 54.7 mF cm?
4 e T
0.5 P i -
@ B i |
T Fes 7aais 19.7 mF cm
0.0 T T T T T
2 4 6 8 10

Scan rate (mV s")
Figure S21. CV curves of M00O2-Ni-550 NWs/NF after soaking in 0.5 M H2SOxs for (a) 0 h, (b) 12
h, (c) 18 h and (d) 24 h, respectively, which are measured in 1 M KOH at different scan rates. (e)
The corresponding Cai values obtained at 0.3175 V vs. RHE.
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Figure S22. Mo 3d XPS spectra of M0O2-Ni-550 NWs and MoO2 NWs.
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Figure S23. Optimized structure models for (a) MoOz, (b) Ni and (c) MoOz2-Ni.
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Figure S24. Optimized structure models for (a) MoO2 and (b) Ni with four water-dissociation

steps.



Figure S25. The AGwn= values of hydrogen adsorption on the different sites for (a) MoO2-Ni and (b)

MoO2 models.
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Figure S26. The calculated work function for (a) MoOz2, (b) MoO2-Ni, (c) H atom, (d) H-adsorbed
MoO:2 and (e) H-adsorbed M0O2-Ni models.

To obtain the schematic diagram in Figure 6b, the following calculation formula for each models

was adopted.

The x-axis values of PDOS data (taking the vacuum energy level as zero) = the x-axis values of

PDOS data (taking the Fermi level as zero) - the calculated work function.
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Figure S27. (a) HAADF-STEM images with elemental mappings of NiFe-S nanosheets. (b) EDX

results of atomic ratios in NiFe-S nanosheets.
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Figure S28. (a) Chronopotentiometric measurement of NiFe-S/CC at -10 mA cm™ in 1 M KOH.
The insets are the SEM images for NiFe-S/CC before and after stability test. (b) Performance of
the electrolyzer held at 10 mA cm™. The inset is the schematic of electrolyzer, which uses

Mo0O2-Ni NWs/NF cathode and NiFe-S/CC anode in 1 M KOH.



Table S1. Summary of HER properties in 1 M KOH on our MoO2-Ni NWs catalyst and the

reported metal oxide-oxide catalysts.

Catalysts N4o (MV) References
MoO,-Ni-550 NWs/NF 47
This work
MoO,-Ni-550 NWs 58.4
Co-Co;0, NSs/NF! ~90 Nano Lett. 2015, 15, 6015-6021
Ni-CeO,/CNTs? 91 Nano Lett. 2015, 15, 7704-7710
NiO-Ni/CNTs? 80 Nat. Commun. 2014, 5, 4695
Ni-MoQ,/CC* 40 J. Mater. Chem. A 2017, 5, 24453-24461
Co@CoO/NG® 72 J. Mater. Chem. A 2016, 4, 12046-12053
Co/Co0/Co,0,@NC? 232 J. Am. Chem. Soc. 2015, 137, 2688-2694
Ni-NiO/NG/NF” 140
Adv. Funct. Mater. 2015, 25, 5799-5808
Co-CoO/NG/NF7 170
Ni/NiO NSs® 145 J. Power Sources 2015, 300, 336-343

Table S2. Comparison of the cell voltages at 10 mA cm™ (V10) of our assembled water-splitting

device with currently available robust water-splitting device in 1 M KOH.

Cathode and anode catalysts Vio (V) References
MoO,-Ni-550 NWs/NF and » .
NiFe-S/CC 1.58 This work
CONIBNERIE e ORI i Nano Lett. 2017, 17, 7773-7781
BP/Co,P and BP/Co,P"° 1.92 Angew. Chem. Int. Ed. 2018, 57, 2600-2604
NiIMOO.f '\fooz A NIMa Oy, 1.56 J. Mater. Chem. A 2018, 6, 12361-12369
,/MoO,
Ni-Co-P and Ni-Co-P1? 1.62 Energy Environ. Sci. 2018, 11, 872-880
Ni;S,/NF and Ni;S,/NF'3 ~1.76 J. Am. Chem. Soc. 2015, 137, 14023-14026
Co@NC/NF and Co@NC/NF'4 1.59 Adv. Energy Mater. 2018, 8, 1702838
VOOH and VOOH' 1.62 Angew. Chem. Int. Ed. 2016, 129, 588-592
NiCo,0,4 and NiCo,0,'¢ 1.65 Angew. Chem. Int. Ed. 2016, 128, 6398-6402

NiFeO,/CFP and NiFeO,/CFP!7 1.55

Nat. Commun. 2015, 6, 7261
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