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Fig. S1 Nyquist plots of NiFe-LDH/C-NF-M-0.1-1200 and NiFe-LDH/C500-NF-M-0.1-1200 at 1.45 V vs. RHE. 

 

Before carbonization, PAN needs to be stabilized. The nitrile groups of PAN undergo cyclization 

events during the stabilization phase, transforming the initial linear molecular chains into a thermally 

stable ladder-type structure that keeps them from melting during the subsequent carbonization 0. 

According to earlier research, PAN cyclization mostly takes place in the temperature range of 268–

279 °C under a nitrogen environment 0, and a stabilization temperature of 280 °C has been commonly 

accepted in the literature [S3‒S4]. As a result, 280 °C was chosen for PAN stabilization in this 

investigation. 

To evaluate the effect of carbonization temperature on electrical conductivity, a control sample 

(C500-NF-M) was prepared by carbonizing the stabilized PAN film at 500 °C, while all other 

preparation conditions were kept identical to those used for the main sample carbonized at 800 °C 

(denoted as C-NF-M). After electrodepositing NiFe-LDH catalysts on both substrates, their 

electrochemical impedance spectra (EIS) were examined (Fig. S1). The charge transfer resistance (Rct) 

of NiFe-LDH/C500-NF-M-0.1-1200 (76.8 Ω) is around 15.6 times greater than that of NiFe-LDH/C-

NF-M-0.1-1200, suggesting that carbonization at 500 °C is not enough to completely transform the 
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organic film into a conductive carbon framework. On the other hand, complete carbonization and 

greatly increased electrical conductivity are made possible by carbonization at 800 °C. Therefore, 

800 °C was chosen as the carbonization temperature in this work, in accordance with earlier 

publications [S3–S5]. 

 

 

Fig. S2 Nitrogen adsorption‒desorption isotherms of C-NF. 

 

 

Fig. S3 XPS survey spectrum of NiFe-LDH/C-NF-M-0.1-1200. 

 

The loading amount of NiFe-LDH was determined using the mass difference method. First, the 

initial mass of the C-NF-M substrates was precisely measured and noted as x. After electrodeposition, 

the substrates loaded with NiFe-LDH were washed, dried, and then their mass was accurately 

weighed and noted as y. Considering that adsorbed substances on the substrate may also contribute 

to the mass increase during electrodeposition, a blank experiment was conducted to evaluate the 

percentage of mass increase caused by adsorption, which was defined as z. Therefore, the actual 

loading amount of NiFe-LDH can be calculated using the following equation: 

Loading amount = y − x – z·x                      (S1) 
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Fig. S4 Relationship between NiFe-LDH loading amount and OER activity. The mass activity (left axis) reflects the 

utilization efficiency of active sites, while the current density (right axis) represents the overall electrode 

performance. 

 

 

Fig. S5 OER performance of NiFe-LDH/C-NF-M-0.1-1200. 

 

 
Fig. S6 The chronoamperometric response at 10 mA⸱cm−2. 
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Fig. S7 CV curves of (a) NiFe-LDH/NF-0.003-30, (b) NiFe-LDH/C-NF-M-0.003-30, (c) NiFe-LDH/C-NF-M-0.1-

400, (d) NiFe-LDH/C-NF-M-0.1-1200, and (e) NiFe-LDH/C-NF-M-0.1-1800 at different scan rates in non-faradaic 

region. 

 

Table S1 Electrochemical performances of NiFe-LDH/C-NF-M at different NiFe-LDH loadings 

Catalyst Loading 

/(mg·cm−2) 

η10 

/mV 

Tafel slope 

/(mV·dec−1) 

J300 

/(mA·cm−2) 

MA300 

/(mA·mg−1) 

NiFe-LDH/C-NF-M-0.003-30 1.35 238 51.44 161.08 118.94 

NiFe-LDH/C-NF-M-0.1-400 5.72 198 55.71 464.67 81.28 

NiFe-LDH/C-NF-M-0.1-1200 18.69 189 44.19 838.33 44.85 

NiFe-LDH/C-NF-M-0.1-1800 21.88 203 48.41 754.58 34.49 

Notes: η10 refers to the overpotential at 10 mA·cm−2; J300 refers to the current density at an overpotential of 300 mV; MA300 refers to 

mass activity at an overpotential of 300 mV. 
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Table S2 Comparison of electrocatalytic OER performance of recently reported non-precious metal electrocatalysts 

in 1 mol⸱L−1 KOH electrolyte 

Catalyst η/mV@100 mA·cm−2 Tafel slope/(mV·dec−1) Ref. 

NiFe-LDH/C-NF-M-0.1-1200 230 44.19 This work 

NiFeLa-LDH/v-MXene/NF 231 40 0 

Co-CH@NiFe-LDH/NF 232 56 0 

NiSe@CoFe LDH/NF 236 90.3 0 

NiFe-LDH/NiCo2O4/NF 236 57.6 0 

CoP@NiFe LDH/NF 238 35.4 0 

Ni2Fe-LDH/FeNi2S4/NF 240 29.4 0 

N-CDs/NiFe-LDH/NF 260 43.4 0 

NiV0.1-BLDH/NiCoP/NF 268 155.3 0 

CoO-Co4N@NiFe-LDH/NF 270 39 0 

Mo-NiSx@NiFe LDH/NF 271 44.41 0 

NiSe@NiMn LDH/NF 287 164.7 0 

NiCoSx-0.4/NF 289 75.4 0 

Ni-FeLDH@MnCO3/NF 328 45 0 

FQD/CoNi-LDH/NF 368 94 0 
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