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1. EXPERMENTAL DETAILS

1.1 Reagents and Materials

All chemicals were purchased from Shanghai Aladdin Bio-Chem Technology Co., LTD and directly used 

without further purification. The solution employed in the whole experiment were prepared with deionized water 

(D.I. water) supplied by a Milli-Q machine. The nickel foams (thickness = 1.6 mm) were purchased from the 

Tanqi New Materials Technology Department, Shanghai.

1.2 Synthesis of NiFe Hydroxide Electrocatalysts

The NiFe hydroxide electrocatalysts were prepared by a facile strategy combining classic homogenous Fenton 

treatment and replacement reaction together. Briefly, the nickel foam was successively washed by acetone, 

ethanol, and water by the ultrasonic treatment for 5 min. Then, the clean nickel foam was immersed into 10 mL 

FeCl3 solution (0.1 M) with a certain amount of H2O2 (~30 wt%) added to trigger the redox reaction between Ni 

metal and Fe3+. The generated Fe3+ would induce the Fenton process to form oxidative species, synergistically 

etching the pristine nickel foam. After a certain time, the obtained electrode sample was taken out and washed by 

D.I. water for several times, which was named as F-NiFe LDH-NF. For comparison, the normal FeCl3 etching 

method was also employed to prepared the NiFe LDH-NF catalysts.

1.3 Characterizations and Measurements

Scanning electron microscope (SEM) was conduct on the HITACHI S4800 to observe the micro-

morphology. X-ray photoelectron spectroscopy (XPS) was conducted on a PHI 5000 Versa 31 Probe spectrometer 

with an X-ray source of Al Kα to characterize the chemical atmosphere and status before and after electrolysis 

reaction. Specially, the obtained results were calibrated by the C 1s binding energy at 284.6 eV. X-ray diffraction 

(XRD) was carried out on the Rigaku Corporation D/Max-2400 with Cu Kα radiation (λ = 0.15418 nm) at a scan 

rate of 5 o/min. Raman spectra was obtained by using the laser of 532 nm. The electrochemical measurement was 

put forwards in a classic three-electrode system, in which Hg/HgO and graphite rod were selected as the reference 

and counter electrode respectively. To eliminate the possible interference of oxidation current from Ni2+ to Ni3+, 

a reverse scan of LSV curve is always adopted as previously reported1-5. All the potentials employed were 

converted referring to the reverse hydrogen electrode (RHE). Electrochemical impedance spectra (EIS) were 

recorded from 0.01 to 1000000 Hz at different applied potentials. Electrochemical specific areas were obtained 

by conducting cyclic voltage measurement in the non-Faradaic zone to obtain the double-layer capacitance (Cdl)6.
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2. DISCUSSIONS

2.1 Electrochemical Characterizations

Electrochemical impedance spectroscopy (EIS) was also performed to study the interface structure and 

charge transfer process (Figure S3). These plots were simulated by an equivalent circuit of simple Randle mode, 

in which the interception with horizontal axis represents the resistance of the system (Rs), the semicircle diameter 

equivalents the interface charge-transfer resistance (Rct), and the space-charge capacitance (Csc) parallel to Rct. 

Nyquist plots showed F-NiFe LDH-NF exhibited smaller Rct at the interface compared with that in NF and NiFe 

LDH-NF under the bias potential beyond 1.47 V (vs. RHE). It proved the better interface structure and conditions 

for charge exchange. Additionally, the Bode phase plots consisted two electrochemical processes caused by the 

electrode-electrolyte interface (low-frequency region) and the electro-oxidation of the electrode (middle-

frequency region)7. Thus, the phase angle peaks in the low-frequency zone could be associated with the OH- 

adsorption, while the one in the high-frequency zone indicates the OER. From the results, Fe involved could 

facilitate the OH- adsorption into OER under lower potentials8. Moreover, F-NiFe LDH-NF behaved a more 

advanced posture towards high-frequency zone, proving its superior OER activity. This evidence well proved the 

advantages of Fenton involved in the synthesis of efficient NiFe electrocatalysts.

2.2 Influence Factors of Fenton-assisted etching method

To optimize parameters, the effect of H2O2 amount and treatment time on the electrochemical activity were 

further investigated in detail (Figure S4). The electrochemical OER activity increased with H2O2 amount at the 

initial, while the OER activity would be inhibited once beyond 2 mL. This could be explained by the structure 

collapse with a strong etching in the process. Although the Cdl still increased with H2O2 amount, the difference 

between the electrodes obtained from 2 mL and 4 ml H2O2 addition was not obvious. Meanwhile, a better OER 

activity of F-NiFe LDH-NF was gradually achieved with a longer Fenton-assisted etching time and 15 min was 

enough to get an outstanding performance. It could be inferred by effectively promoting exposure of reactive sites 

and continuously reshaping the surface structures during longer treatment time. However, when extended the 

treatment time into half an hour, it showed that the OER performed a less activity compared with that in 15 min. 

The electrochemical dynamic mechanism nearly kept the same from Tafel plots. This phenomenon could be same 

to that in the effect of larger H2O2 amount that over-corrosion could break up the hierarchical structure and destroy 

the reactive sites exposed. Only suitable etching degree of treatment could achieve the effective surface 

modification and induce abundant reactive sites to improve the electrochemical activity. Thus, the optimized 

conditions of electrode synthesis were adopted in the follow-up experiments to obtain the best electrochemical 

activity (2 mL H2O2 and 15 min treatment). We also compared the electrochemical performance by over-potential 

(ƞ) at 10 mA/cm2 and Tafel slope with previous literature9-16. Our work is located at a favorable position, superior 
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to many transition-metal-based OER catalysts, indicating the excellent performance achieved by this novel 

synthesis strategy. 
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Figure S1 SEM images of (a, b) Ni foam, (c, d) NiFe LDH-NF electrode, and (e, f) F-NiFe LDH-NF electrode under 
different magnifications.
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Figure S2 The energy dispersive spectrometer (EDS) analysis of elemental distribution on the F-NiFe LDH-NF electrode 
surface.
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Figure S3 The Nyquist and Bode plots of (a, b) Ni foam, (c, d) NiFe LDH-NF, and (e, f) F-NiFe LDH-NF electrodes 
under a series of applied potentials respectively.
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Figure S4 (a) Polarization curves, (b) Tafel plots, and (c) ECSA calculations of F-NiFe LDH-NF electrodes under 
different H2O2 addition. (d) Polarization curves, (e) Tafel plots, and (f) ECSA calculations of F-NiFe LDH-NF electrodes 

under different treatment time.
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Figure S5 CV curves of F-NiFe LDH-NF electrodes at different scan rates from 10 to 50 mV/s with (a) 0.5 mL, (b) 1 mL, 
(c) 2 mL, and (d) 4 mL H2O2 addition respectively.
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Figure S6 CV curves of (a) Ni foam, (b) NiFe LDH-NF, and F-NiFe LDH-NF electrodes with a treatment time of (c) 3 
min, (d) 5 min, (e) 8 min, (f) 15 min, and (g) 30 min respectively at different scan rates from 10 to 50 mV/s.
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Figure S7 (a) The amount of gas products obtained from calculations and measurement in the saline electrolysis. High-
resolution XPS of (b) Ni 2p3/2, (c) Fe 2p3/2, and (d) O 1s, respectively.  
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Figure S8 (a) Cyclic voltage curves of F-NiFe LDH-NF during 1500 cycles. The corresponding comparison in high-
resolution XPS of (b) Ni 2p3/2, (c) Fe 2p3/2, and (d) O 1s, respectively before and after 1500 cycles.
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Figure S9 CV plots of (a) F-NiFe LDH-NF in 1 M KOH with/without 0.33 M urea, and (b) different electrodes in 1 M 
KOH with 0.33 M urea. (c) CV plots of F-NiFe LDH-NF in 1 M KOH and 0.33 M urea with/without other salts of urine, 

and (d) long-term electrolysis of F-NiFe LDH-NF in the simulated urine.
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