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Experimental and Characteristics

Comparison experiment

1. Different methods to prepare NiFe LDH:

(1) Hydrothermal method (HT): Disperse Ni(NO3)2·6H2O (1.890 g), Fe(NO3)3·9H2O (0.263 g) 

and precipitation agent urea (8.64 g) in deionized water ( 120 mL), and stirred for 15 min to obtain 

transparent solution, then transferred to a Teflon-lined stainless steel autoclave treated at 120 °C for 

12 h. The power was collected by repetitive centrifugation at 8000 rpm for 3 min and washed several 

times by H2O and EtOH, then dried at 60 ℃ in oven for 24 h.

(2) Co-precipitation (CP): Disperse Ni(NO3)2·6H2O (1.890 g), Fe(NO3)3·9H2O (0.263 g) in 

deionized water (120 mL) and stir to form a transparent metal salt solution. In a 60 ℃ water bath, 

slowly drip the metal salt solution and 1 M NaOH solution into 50 mL 0.15 M Na2CO3 solution 

under stirring, and control the pH value of the solution to about 10±0.5. After the dropwise addition 

of the metal salt solution was completed, the precipitate was aged at 60°C for 18 hours. The power 

was collected by repetitive centrifugation at 8000 rpm for 3 min and washed several times by H2O 

and EtOH, then dried at 60 ℃ in oven for 24 h.

2. Preparation of MN LDH (M, N = Ni, Co, Fe)

NiCo LDH, CoFe LDH, and NiCoFe LDH were synthesized by microwave heating method as 

the synthesis of NiFe LDH. Among them, except for the change in the quality of the metal salt, the 

other experimental conditions remain the same. Ni(NO3)2·6H2O is 0.419 g and Co(NO3)2·6H2O is 
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1.676 g in NiCo LDH. Co(NO3)2·6H2O is 1.892 g and Fe(NO3)3·9H2O is 0.263 g in CoFe LDH. 

Ni(NO3)2·6H2O is 0.378 g, Co(NO3)2·6H2O is 1.513 g, Fe(NO3)3·9H2O is 0.263 g in NiCoFe LDH. 

The molar ratio of metal salt is the optimal ratio determined by our previous work.

3. Preparation of NiFe LDH/X (X = Cu Foam, carbon cloth)

NiFe LDH/Cu Foam (CF, 1×1 cm2) and NiFe LDH/Carbon Cloth (CC, 1×1 cm2) were prepared 

by replacing NF substrate. The method was the same as the synthesis of NiFe LDH/NF.

Calculation of Faradaic Efficiency

The Faradaic Efficiency of OER was estimated using the following equation:

FE = 4FnO2/It × 100%

Where F is Faraday constant (96485 C/mol), nO2 is the number of moles of experimental O2 during 

the reaction (mol), I is the current of the reaction (A), t is the reaction time (s).

Tafel slope measured by steady-state polarization

In order to compare with the Tafel slope calculated by the LSV curve, the steady-state method is 

used to measure Tafel slope. Set the voltage and reaction time by potentiostatic method to measure 

the current density at a steady state. Then the logarithm of the current density (log|j|) at steady state 

is plotted against the overpotential (η), and the Tafel slope can be obtained by fitting linear curves, 

as shown in Fig. S17.

ICP-MS measurement

The content of Ni and Fe in the KOH solution of r-NiFe LDH before and after 1000 CV cycles were 

measured by ICP-MS, as shown in Table S3. The content of Ni and Fe have a very small increase 

that can be ignored, indicating r-NiFe LDH has excellent stability.



Figures and Tables

Fig. S1 Schematic diagram of parameter setting of I-T (-1.5 V，50 s)

Fig. S2 Samples of different reduction potential (a) Δη-j chart, (b) Tafel plots

Fig. S3 Samples of different reduction time (a) Δη-j chart, (b) Tafel plots



Fig. S4 XRD patterns of NiFe LDH and r-NiFe LDH

Fig. S5 HRTEM image of (a) NiFe LDH and (b) r-NiFe LDH

Fig. S6 XPS spectra of NiFe LDH and r-NiFe LDH



Fig. S7 Comparison samples (a) LSV curves, (b) Tafel plots

Fig. S8 The CV curves at different scan rates (20, 40, 60, 80, 100 mV/s) of (a) NiFe LDH and 

(b) r-NiFe LDH

Fig. S9 Stability test of NiFe LDH at current density of 20 mA·cm−2



Fig. S10 The amount of O2 theoretically calculated and experimentally measured versus time 

at current density of 20 mA·cm−2 : (a) NiFe LDH, (b) r-NiFe LDH

Fig. S11 SEM images of r-NiFe LDH (a) before and (b) after stability test

Fig. S12 XPS spectra of r-NiFe LDH before and after stability test



Fig. S13 XRD patterns of CoFe LDH and NiCo LDH



Fig. S14 The Tafel plots of (a) MN LDH (M, N = Ni, Co, Fe), (c) NiFe LDH synthesized by 

hydrothermal method and co-precipitation method, (e) NiFe LDH/X (X = Carbon Cloth, Cu 

Foam); The EIS curves of (b) MN LDH (M, N = Ni, Co, Fe), (d) NiFe LDH synthesized by 

hydrothermal method and co-precipitation method, (f) NiFe LDH/X (X = Carbon Cloth, Cu Foam).

Table S1 Comparison of OER performance for the present catalyst with some catalysts reported in 



the literature.

Catalyst Overpotential@

Density Current 

(mV@ mA·cm-2)

Tafel slope

(mV·dec-1)

Substrate Refs.

r-NiFe LDH 285@20 83.0 Ni Foam This work

r-NiFe LDH 305@50 80.8 Carbon Cloth This work

Fe-Ni(OH)2 285@50 223.5 Ni Foam 1

Ni1−xFexOOH 320@10 / Au discs 2

NiFe LDH-PANI 220@10 44 Carbon Paper 3

NiFe LDH 260@10 55 Carbon Paper 3

NiFe-MOF 215@10 49.1 / 4

NaBH4-NiFe LDH 280@10 56 Ni Foam 5

NiFe2O4 324@10 132 Ni Foam 6

NiFe-LDH/CF 382@10 124 Carbon Fiber 7

A-NiFeLDH 241@10 55 Glassy Carbon 8

nNiFe LDH/3D MPC 340@10 71 / 9

NiFeMn-LDH 289@20 47 / 10

Fe-CoOOH/G 330@10 37 GO 11

NiCoFe-LDH 276@10 56 Ni Foam 12

NiFeLDH/NiTe 228@50 51.04 Ni Foam 13

Ni3N@Fe3N 296@10 40 Carbon Fiber 14

Ni1.5Fe0.5P/CF 264@10 55 Carbon Fiber 15

V10-Ni2P 308@10 75.1 Glassy Carbon 16

NiFe-Se/CFP 281@10 40.93 Carbon Fiber Paper 17



Table S2 Equivalent analog circuit parameters of NiFe and r-NiFe

Samples Rs

(Ω·cm-2)

CPE1

(F·cm-2)

R1

(Ω·cm-2)

CPE2

(F·cm-2)

R2

(Ω·cm-2)

NiFe LDH 1.305 0.0067856 1.296 0.063453 2.581

r-NiFe LDH 1.415 0.16889 0.76093 0.10149 1.313

Fig. S15 Comparison between the LSV curves (from 0.9 V to 1.8 V) and CV measurement (from 

1.8 V to 0.9 V) of (a) NiFe LDH, (b) r-NiFe LDH.

Fig. S16 Comparison between the LSV curves (from 0.9 V to 1.8 V) and CV measurement (from 

1.8 V to 0.9 V) of (a) NiCoFe LDH, (b) CP-NiFe LDH, (c) NiFe LDH/C Cloth



Fig. S17 Tafel slopes measured by steady-state polarization of (a) NiFe LDH, (b) r-NiFe LDH.

Table S3 ICP analysis of Ni and Fe in the KOH before and after 1000 cycles

Sample Ni (μg/L) Fe (μg/L)

Before 1000 cycles 17.2 39.0

After 1000 cycles 87.9 89.3
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