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Figure S1. Locally enlarged diffraction peaks of (a) (003) and (b) (006) of NiMo/NiFe-LDH and NiFe-
LDH for comparison.

Table S1. Elemental compositions of NiFe-LDH, NiMo, and NiMo/NiFe-LDH determined with ICP-
OES.

Sample Ni (at%) Fe (at%) Mo (at%)
NiFe-LDH 65.23 34.77 0

NiMo 60.66 0 39.34
NiMo/NiFe-LDH 66.69 32.1 1.21
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Figure S2. SEM images of (a-c) NF, (d-f) NiFe-LDH on NF, (g-i) NiMo on NF, and (j-l) NiMo/NiFe-LDH 
on NF at decreasing magnifications. 
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Figure S3. (a) TEM image of NiFe-LDH. (b) HRTEM image of NiFe-LDH. (c) Locally enlarged HRTEM 
image of NiFe-LDH with exposed facets designated. (c) HAADF-STEM image of NiFe-LDH with 
corresponding EDS elemental mapping of Ni, Fe, and O. 
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Figure S4. (a) HR-TEM image of NiMo. (b) Locally enlarged HRTEM image of NiMo with exposed facets 
designated. (c) HAADF-STEM image of NiMo with corresponding EDS elemental mapping of Ni and Mo.
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Figure S5. XPS survey spectrum of NiMo/NiFe-LDH.
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Table S2. Binding energies (in eV) of constituent peaks for HRXPS spectra of Ni 2p of NiFe-LDH, 
NiMo, and NiMo/NiFe-LDH.

Catalyst Ni0 Ni2+ Ni sat.
Ni 2p3/2 855.7 861.4

NiFe-LDH
Ni 2p1/2 873.5 879.7
Ni 2p3/2 853.0 859.4

NiMo
Ni 2p1/2 870.2
Ni 2p3/2 853.3 855.5 860.4

NiMo/NiFe-LDH
Ni 2p1/2 870.3 872.7 878.7
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Table S3. Binding energies (in eV) of constituent peaks for HRXPS spectra of Fe 2p of NiFe-LDH and 
NiMo/NiFe-LDH. 

Catalyst Fe 3+ Fe sat.
Fe 2p3/2 711.1 714.0

NiFe-LDH
Fe 2p1/2 724.9
Fe 2p3/2 710.8 713.8

NiMo/NiFe-LDH
Fe 2p1/2 723.9
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Table S4. Binding energies (in eV) of constituent peaks for HR-XPS spectra of Mo 3d of NiMo and 
NiMo/NiFe-LDH. 

Catalyst Mo0 Mo4+ Mo6+

Mo 3d5/2 228.1 229.5 232.0
NiMo

Mo 3d3/2 231.1 233.2 235.3
Mo 3d5/2 228.3 229.7 232.1

NiMo/NiFe-LDH
Mo 3d3/2 231.2 233.4 235.4

Table S5. Binding energies (in eV) of constituent peaks for HR-XPS spectra of O 1s of NiFe-LDH and 
NiMo/NiFe-LDH. 

Catalyst M-O OH- H2O(ad)

NiFe-LDH O 1s 529.8 531.0 532.6
NiMo/NiFe-LDH O 1s 529.6 531.0 532.5
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Figure S6. CV curves of (a) NiMo/NiFe-LDH, (b) NiMo, and (c) NiFe-LDH in non-Faradaic potential 
windows recorded at increasing scan rates from 10 to 50 mV s-1.
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Table S6. Fitted Rct values (Ω) for NiFe-LDH, NiMo, and NiMo/NiFe-LDH under (a) HER (-0.3 V) and
(b) OER (1.56 V) conditions.

HER OER
catalyst Rct (Ω) catalyst Rct (Ω)

NiMo/NiFe-LDH 1.72 NiMo/NiFe-LDH 0.42
NiMo 2.48 NiMo 3.9

NiFe-LDH 4.6 NiFe-LDH 0.82



S12

Table S7. Comparison of HER, OER, and overall water splitting (OWS) performances of NiMo/NiFe-
LDH with those of recently reported LDH/ alloy based heterostructured catalysts.

HER OER

Catalyst
Overpotential

η10 (mV)

Tafel 

slope

(mV dec-1 )

Catalyst
Overpotential

η10 (mV)

Tafel 

slope

(mV dec-1 )

OWS

η10 

(V)

Ref

NiMo/NiFe-LDH 40 73
NiMo/NiFe-

LDH
190 38 1.476

This 

work

CoNiN@NiFe-

LDH
150 169

CoNiN@NiFe 

LDH
227 58 1.63 [S1]

NiFe-

LDH@NiCoP
120 88

NiFe 

LDH@NiCoP
220 49 1.57 [S2]

NiCu@NiFe-

LDH
85 92

NiCu@NiFe 

LDH
244 51 1.54 [S3]

MoS2/NiFe-LDH 98 98
MoS2/NiFe 

LDH
257 59 1.61 [S4]

NiMo/NiCo2O4 44 61 NiMo/NiCo2O4 305 73 1.54 [S5]

NiS/NiMo 77 95 NiS/NiMo 245 87 1.58 [S6]

Cu-NiCo 

LDH@CC
73 79

Cu-NiCo 

LDH@CC
151 68 1.51 [S7]

NiTe@CoFe 

LDH
103 100

NiTe@CoFe 

LDH
218 20 1.56 [S8]

CuNi/CoFe 

LDH@NF
56 34

CuNi/CoFe 

LDH@NF
268(η50) 63 1.49 [S9]
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Figure S7. Comparison of (a) HER and (b) OER LSV curves before and after long-term stability tests 
(500 mA cm⁻², 65 h) for NiMo/NiFe-LDH. 
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Figure S8. k²-weighted in-situ FT-EXAFS spectra of NiMo/NiFe-LDH under HER conditions at (a) Ni K-
edge and (b) Fe K-edge, and under OER conditions at (c) Ni K-edge and (d) Fe K-edge, with corresponding 
locally enlarged overlaid curves presented in panels (e), (f), (g), and (h), respectively.
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Figure S9. In-situ Raman spectra of NiMo/NiFe-LDH under (a) HER conditions and (b) OER conditions. 
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