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The method of ECSA measurement
The electrochemical surface area was measured from its electrochemical capacitance 
in a non-faradic region. By plotting the capacitive currents (Janodic - Jcathodic)/2 vs. v, 
the capacitance can be estimated as half of the slope. The Cdl is believed to provide 
meaningful results for the comparison of real active surface area owing to the 
accessible surface sites can be fully exposed to electrolyte.
Computational methods and models

All calculations were performed using DMol3 program package. The exchange-
correlation energy was calculated within the generalized gradient approximation 
(GGA). In addition, the Perdew-Burke-Ernzerhof (PBE) function with the Grimme 
method for DFT-D correction was used to evaluate the intermolecular force. The 
maximum force applied in the geometry optimization was 2.0 × 10-3 Ha/Å. The k-
points of (3×3×1), the orbital cutoff of 5.5 Å and the vacuum region of 15 Å were 
used in all calculations. Spin states were explicitly set. In this calculation, the 
Ru@Ni(OH)2 and RuO2@NiOOHx were generated on the basis of the Ni(OH)2 and 
NiO2 slab models, where the Ni(OH)2 and NiO2 were composed of 4 Ni rows in the x-
direction and 4 Ni rows in the y-direction. The Ru cluster model for Ru@Ni(OH)2 is 
composed of 13 atoms with a diameter of 7.40 Å. The Ru (100) surface was modeled 
by periodically repeated four-layer slabs. The atoms in the top two layers were 
relaxed, while the rest of the atoms were fixed in the positions. The adsorption 
energies (Eads) were calculated using the equation as follows, where Eadsorbent/slab was 
the total energy of the adsorbate interacting with the slab, Eadsorbent and Eslab were the 
energies of the free adsorbate in gas phase and the bare slab, respectively.

Eads= Eadsorbent/slab- Eadsorbent - Eslab
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Figure S1. SEM images of NF: (A) pristine NF, and (B) cleaned NF.
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Element Wt% At%
OK 03.00 10.12
FK 00.40 01.13
FeK 00.45 00.44
NiK 96.15 88.32

C

Figure S2. (A, B)SEM images and (C) EDX analysis of NiFe LDH-F/NF catalyst.
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Element Wt% At%
OK 05.68 17.91
FK 00.71 01.88
RuL 00.72 00.36
FeK 00.35 00.32
NiK 92.55 79.54

Figure S3. EDX analysis of 0.5%Ru/NiFe LDH-F/NF catalyst.
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Figure S4. SEM image of Ru/NiFe LDH-F/NF catalyst.
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Figure S5. SEM image of NiFe LDH-F catalyst.
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2 nm

Figure 2C

Figure S6. High-resolution TEM image of local domain of Ru/NiFe LDH-F 
nanosheets. 
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Figure S7. AFM image of Ru/NiFe LDH-F/NF catalyst.
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Figure S8. XPS patterns of the as-prepared Ru/NiFe LDH-F/NF and NiFe LDH-F/NF catalysts.



11

288 286 284 282 280 278

Ru 3d

NiFe LDH-F/NF

 

 

In
te

ns
ity

 /a
.u

.

Binding energy /eV

288 286 284 282 280 278

Ru/NiFe LDH-F/NF

 

 

In
te

ns
ity

 /a
.u

.

Binding energy /eV

Ru 3d

A

B

Figure S9. XPS patterns of the Ru 3d of the as-prepared (A) NiFe LDH-F/NF and (B) Ru/NiFe 
LDH-F/NF catalysts.
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Figure S10. The CV curves (1 mV s-1) of the calibration of the HgO/Hg reference electrode in 1 
M KOH solution.

The calibration was performed in the high purity oxygen saturated electrolyte with a Pt foil as the 

working electrode. The average (-0.9024 V) of the two potentials where the current crossed zero 

was taken to be the thermodynamic potential. So, the formula of E(Hg/HgO) converting to E(RHE) is as 

following: E(RHE) = E(Hg|HgO) + 0.9024.
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Figure S11. Comparison of OER current densities of the catalysts at a potential of 1.5 V.
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Figure S12. Electrochemical capacitance of (A) NiFe LDH-F/NF, (B) Ru/NiFe LDH-F/NF, and 
(C) NF measured in the non-Faradaic potential range at scan rates of 50, 100, 150, 200, 250, 300, 

350, 400 mV s-1, respectively. 
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Figure S13. (A) OER LSV plots (B) OER LSV plots for different electrocatalysts.
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Figure S14. (A) OER LSV curves, (B) EIS curves recorded at 1.50 V vs. RHE of Ru/NiFe LDH-
F/NF and Ru/Ni LDH-F/NF catalysts. (C) Electrochemical capacitance, (D) Linear fitting of the 
capacitive currents versus CV scan rates of Ru/Ni LDH-F/NF catalyst. (E) HER LSV curves, (F) 
EIS curves recorded at -0.1 V vs. RHE of Ru/NiFe LDH-F/NF and Ru/Ni LDH-F/NF catalysts.
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Figure S15. (A) OER LSV curves, (B) EIS curves recorded at 1.50 V vs. RHE of Ru/NiFe LDH-
F/NF and Ru/NiFe LDH/NF catalysts. (C) Electrochemical capacitance, (D) Linear fitting of the 
capacitive currents versus CV scan rates of Ru/NiFe LDH/NF catalyst. (E) HER LSV curves, (F) 
EIS curves recorded at -0.1 V vs. RHE of Ru/NiFe LDH-F/NF and Ru/NiFe LDH/NF catalysts.
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Figure S16. (A) SEM, (B) TEM and (C-H) EDS elemental mapping images of Ru/NiFe LDH/NF 
catalyst after stability test.
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Figure S17. Structure models of Ru, Ru/NiFe LDH, NiFe LDH and RuO2/NiFe LDH catalysts. 
Color code for atoms: Orange, Ru; blue, Fe; green, Ni; red: O; and white: H.
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Table S1. Comparison of recent electrocatalysts for overall water splitting in alkaline 
electrolytes.

Electrocatalysts Electrolyte
HER

η10 (mV)

HER Tafel 

slop (mV 

dec–1)

OER

η10 

(mV)

OER Tafel 

slop (mV 

dec–1)

E10 (V) Ref.

Ru/NiFe LDH-

F/NF
1.0 M KOH 115.6 65.7 230 50.2 /

This 

work

RuO2/NiO/NF 1.0 M KOH 22 31.7 250 50.5 1.5 R1 

MoS2-Ni3S2 

HNRs/NF
1.0 M KOH 98 61 249 57 1.5 R2 

NiO/Ni 1.0 M KOH 121 88 294 41 1.7 R3

Co(SxSe1-x)2 1.0 M KOH 122 85.7 283 65.6 1.63 R4

FeB2-NF 1.0 M KOH 61 87.5 296 52.4 1.57 R5

RuO2/Co3O4 1.0 M KOH 89 91 305 69 1.645 R6

1D-RuO2-CNx 0.5 M KOH 95 70 260 56 /
R7

CoFePO/NF 1.0 M KOH 87.5 38.1 274.5 51.7 1.588 R8

NiCoFe LTHs/CFC 1.0 M KOH 200 70 239 32 1.55 R9 

NixPy-325 1.0 M KOH η20=160 107.3 320 72.2 1.57
R10 

Porous MoO2/NF 1.0 M KOH 27 41 260 54 1.53 R11

NiCo2O4 1.0 M KOH 110 49.7 290 53 1.65 R12 

2-cycle 

NiFeOx/CFP
1.0 M KOH 88 150.2 250 31.5 1.55 R13

NiFe-LDH-

NS@DG
1.0 M KOH / / / / 1.5 R14

Cu@NiFe LDH 1.0 M KOH 116 58.9 199 27.8 1.54 R15

Ni5P4 films 1.0 M KOH / / / / 1.70 R16

NiSe Nanowires/Ni 

foam
1.0 M KOH / / / / 1.63 R17 

NiFe LDHs/NF 1.0 M KOH / / / / 1.70 R18

Ni(OH)2/NF 1.0 M KOH / / / / 1.82 R18 

NiMo HNRs 1.0 M KOH / / / / 1.64 R19

RuO2/TiMІІPt/C/Ti

M
1.0 M KOH / / / / 1.57 R19 

Ni2P 1.0 M KOH / / / / 1.63 R20

CoP films 1.0 M KOH / / / / 1.63 R21 
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Table S2. Comparison of the OER performance of the electrocatalysts in 1 M KOH.

Electrocatalysts
Overpotential (mV) (j 

=10 mAcm-2)

OER Tafel slop 

(mV dec–1)
Ref.

Ni-Fe MOF NSs 240 34 R22

Na0.08Ni0.9Fe0.1O2 260 44 R23

Li+ converted NiFeOx 230 31.5 R13

CoSe/NiFe LDH 250 57 R24

FeNi-LDH 224 52.8 R25

NiFe-LDH/CNT 247 31 R26

FeNi LDH 227 38 R27

NiFe LDH 280 50 R28
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Table S3. Comparison of the HER performance of the electrocatalysts in 1 M KOH.

Electrocatalysts
Overpotential (mV) (j =10 

mAcm-2)
Loading (mg cm-2) Ref.

NiCoFe LTHs/CFC 200 0.4 R9

Ni nanowires 350 1.0 R29

Bulk MoB 225 0.5 R30

Bulk Mo2C 195 0.8 R30

Porous NiSe2 nanosheets 184 0.46 R31

Ni5P4 Films 150 / R32

CoP/CC 209 0.92 R33

Ni2P 220 5.0 R20

NiFe LDHs 219 N.A. R34

MoCx 151 0.8 R35

Co NPs@N-CNTs 370 0.28 R36

NiFe-LDH-NS@DG 300 0.28 R14

Cu@NiFe LDH 116 2.2 R15

NiO/Ni-CNT < 100 0.28 R39
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Table S4. Actual metal loading of each catalyst, determined by ICP-OES.

Catalysts Ni (actual loading) Fe (actual loading) Ru (actual loading)

NiFe LDH-F/NF 89.24% 10.76% /

0.08%Ru/NiFe LDH-F/NF 88.70% 11.22% 0.08%

0.43%Ru/NiFe LDH-F/NF 89.01% 10.56% 0.43%

1.87%Ru/NiFe LDH-F/NF 88.21% 9.92% 1.87%

Note: The net weight of NiFe LDH-F/NF, 0.1%Ru/NiFe LDH-F/NF, 0.5%Ru/NiFe 
LDH-F/NF, and 2%Ru/NiFe LDH-F/NF are about 2 mg. In order to ICP test, the 
nanosheets of as-prepared catalysts were scratched off the NF and collected by 
sonication method 30 min.
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