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Characterization

   SEM performed on a JEM 2100F microscope and TEM acquired using FEI Tecni G20 at 200 kV 

were taken to detect the morphology and lattice information of synthesized samples. The crystal 

structure of the samples is characterized by X-ray diffraction (XRD) with Cu Kα radiation (λ = 1.54 

Å) on the Brook D8 advance equipment. Energy dispersive X-ray spectroscopy (EDX) is recorded on 

the Hitachi S-4800 to obtain the element composition and distribution of the resulting sample. X-ray 

photoelectron spectroscopy (XPS) data is collected with Thermo Fisher K-alpha 250Xi to study the 

surface chemical and valence information of materials. 

Electrochemical measurements

   Electrochemical performance measurements were performed at room temperature by a standard 

three-electrode system with GAMRY Reference 3000 electrochemical equipment. The cut MoNi foam 

(1 cm × 2 cm) was ultrasonically treated with hydrochloric acid, acetone, ethanol and deionized water, 

respectively, for 30 min to remove the surface impurity. All electrochemical measurements were 

conducted under the same conditions in 1.0 M KOH. The obtained samples, graphite rod electrode and 

saturated calomel electrode were used as working electrode, counter electrode and reference electrode, 

respectively. The scan rate of linear sweep voltammetry curves was maintained at 5 mV s–1. All the 

electrode potential were converted to reversible hydrogen electrode (RHE) via the Nernst equation: 

ERHE = ESCE + 0.0592 pH + E0
SCE (E0

SCE = 0.245 V). All the polarization curves were iR corrected. The 

CV curves with different scanning rates are employed to determine the double-layer capacitances (Cdl). 

The stability of sample was evaluated via both chronopotentiometry and fast CV cycles with a rate of 

40 mV s–1 for 4000 sweeps. The frequency of electrochemical impedance spectroscopy (EIS) was 

range from 105 Hz to 0.1 Hz with AC voltage of 5 mV. All the overpotential in this work is converted 
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to RHE unless indicated.

DFT calculation

The density functional theory (DFT) calculations were carried out by using the material studio. 

The exchange-correlation interaction was described by generalized gradient approximation (GGA) 

with the Perdew-Burke-Ernzerhof (PBE) functional.1–3 The energy cutoff was set to 490 eV. The 

Monkhorst-Pack k-point mesh was set as 3 × 3 × 5, 1 × 3 × 1 and 2 × 2 for NiO (110), MoO2 (200), 

and NiO/MoO2 (101) surface models, respectively. The convergence criterion in geometry 

optimization was set as 10–5 eV/atom for energy. For the construction of surface models, a vacuum of 

20 Å was used to eliminate interactions between periodic structures. 
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Fig. S1. SEM morphologies of (a and b) commercial MoNi foam, (c and d) NiO/MoO2-100 sample.



6

Fig. S2. SEM morphologies of NiO/MoO2-100-2.
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Fig. S3. Morphologies of Ni/Mo-2 and corresponding particle distribution.
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2
3 Fig. S4. XRD pattern of (a) MNF and (b) NiO/MoO2-100.



9

1
2
3 Fig. S5. HRTEM of NiO/MoO2-100-2. (b), (c), (d) are the ragion of 1, 2, 3, respectively.
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1
2
3 Fig. S6. EDX spectrum and element contents of Mo, Ni, O in NiO/MoO2-100-2.
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2 Fig. S8. XRD pattern of (a) NiO and (b) MoO2 and (c) corresponding HER activity.



13

1
-0.35 -0.30 -0.25 -0.20 -0.15 -0.10 -0.05 0.00-120

-90

-60

-30

0  NiO/MoO2-50-2
 NiO/MoO2-100-2
 NiO/MoO2-150-2
 NiO/MoO2-200-2

Cu
rre

nt
 d

en
si

ty
 (m

A 
cm

-2
)a

 

 

E vs. RHE (V)
-0.4 -0.3 -0.2 -0.1 0.0-120

-90

-60

-30

0  NiO/MoO2-100-1
 NiO/MoO2-100-2
 NiO/MoO2-100-3

Cu
rre

nt
 d

en
si

ty
 (m

A 
cm

-2
)b

 

 

E vs. RHE (V)

2 Fig. S9. Polarization curves of NiO/MoO2-s-h at (a) different oxidation time (s) and (b) 

3 molten-salt treatment time (h).
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2 Fig. S11. Tafel slopes of NiO/MoO2-s-h at (a) different oxidation time (s) and (b) molten-salt 

3 treatment time (h).
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5 Fig. S12. (a-i) CV curves of all obtained samples with scan rate from 40 to 120 mV s–1 within 

6 the potential window of 0.17-0.27 V vs. RHE (clockwise) and (j and k) corresponding Cdl 

7 values. 
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4 Electrochemical active surface area = Cdl/Cs
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1 Table S1. Comparison of the HER activity of NiO/MoO2-100-2 with the other NiO-based 

2 OER electrocatalysts in 1.0 M KOH.

Electrocatalyst j
(mA cm-2 )

ƞ
(mV)

b
(mV dec-1 )

Ref.

NiO/MoO2-100-2 10 48 51.5 This work

NiOx@BCNTs 10 79 122 [4]

Ni-BDT-A 10 80 70 [5]

Ni/NiO 10 180 135 [6]

NiO NRs-m-Ov 10 110 100 [7]

Ni/NiO/NCW 10 105.3  55.2 [8]

Ni/NiO-3.8 10 90 41 [9]

Ni/NiO CNTs 10 98 67 [10]

MoSx@NiO 10 406 43 [11]

Ni/NiO-0.5C 10 161 99 [12]

NiO-300 10 424 105 [13]

Fe11%-NiO/NF 10 88 49.7 [14]

Ni/NiO@HGPxOy 10 205 80 [15]

Ni/NiO 10 41 59 [16]
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