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Supplementary Table 1. Summary of experimental instrument information 

Instrument/equipment Model/specification Manufacturer 

Analytical balance CP214 
OHAUS Corporation, 

Parsippany, NJ, USA 

Laboratory ultrapure water 

purification system 
KQ-100KDB 

Hangzhou Yijie Technology 

Co., Ltd. (EJER), Hangzhou, 

China 

Magnetic stirrer S10-3 
Shanghai Sile Instrument Co., 

Ltd., Shanghai, China 

Ultrasonic cleaner KQ5200DE 

Kunshan Ultrasonic 

Instruments Co., Ltd. (Shumei), 

Kunshan, China 

Forced-air drying oven DHG-9030 
Shanghai Yiheng Instrument 

Co., Ltd., Shanghai, China 

Scanning electron 

microscope (SEM) 
Sirion 200 

FEI Company, Hillsboro, OR, 

USA 

X-ray diffractometer 

(XRD) 
X’Pert³ Powder 

PANalytical B.V., Almelo, the 

Netherlands 

Electron energy-loss 

spectrometer (EELS) 
Enfina 

Gatan, Inc., Pleasanton, CA, 

USA 

Transmission electron 

microscope (TEM) 
Talos F200X 

Thermo Fisher Scientific, 

Waltham, MA, USA 

X-ray photoelectron 

spectrometer (XPS) 
ESCALAB 250Xi 

Thermo Fisher Scientific, 

Waltham, MA, USA 

Electrochemical 

workstation 
CHI660E 

Shanghai Chenhua Instrument 

Co., Ltd., Shanghai, China 

Graphite electrode 5 mm diameter 

Tianjin Aida Hengsheng 

Technology Co., Ltd., Tianjin, 

China 
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Platinum sheet electrode 

holder/clamp 
Pt210 

Tianjin Aida Hengsheng 

Technology Co., Ltd., Tianjin, 

China 

Hg/HgO reference 

electrode 
R0501 

Tianjin Aida Hengsheng 

Technology Co., Ltd., Tianjin, 

China 

Saturated calomel 

electrode (SCE) 
R0232 

Tianjin Aida Hengsheng 

Technology Co., Ltd., Tianjin, 

China 

 

 

Supplementary Figure 1. (a-b) SEM images of NFF. 

 

 

Supplementary Figure 2. (a-b) SEM images of NiFe(OH)x. (c) SEM image of 

RuO2/NiFe(OH)x. 
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Supplementary Figure 3. XRD patterns of NFF, NiFe(OH)x and RuO2/NiFe(OH)x. 

 

 

Supplementary Figure 4. XPS survey spectra of NiFe(OH)x and RuO2/NiFe(OH)x. 

 

 

Supplementary Figure 5. High resolution XPS spectra of O 1s regions. 
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Supplementary Figure 6. (a) Color changes and (b) pH evolution of the RuCl3 

solution during NiFe(OH)x immersion. 

 

Supplementary Table 2. Time-dependent pH changes of the RuCl3 solution during 

the immersion process of the NiFe(OH)x electrode. 

Immersion time/min pH value Immersion time/min pH value 

0 3.10 60 4.93 

10 3.50 120 5.00 

30 4.06   

 

Supplementary Table 3. ICP-OES results of RuCl3 solution before and after the 

NiFe(OH)x immersion 

Condition Ni/mg L-1 Fe/mg L-1 Ru/mg L-1 

Before immersion 0.0949 0.3047 145.7364 

After immersion 68.1262 210.2132 19.9406 
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Supplementary Figure 7. HER polarization curves of RuO2/NiFe(OH)x and 

commercial Pt/C in 1.0 M KOH. 

 

 

Supplementary Figure 8. CV curves of (a) NFF, (b) NiFe(OH)x and (c) 

RuO2/NiFe(OH)x at the different scanning rates. 

 

 

Supplementary Figure 9. ECSA-normalized HER polarization curves of NFF, 

NiFe(OH)x and RuO2/NiFe(OH)x. 
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Supplementary Table 4. Comparison of the HER performances of 

RuO2/NiFe(OH)x with the recently reported electrocatalysts 

Sample Overpotentials 

at 100 mA 

cm-2 (mV) 

Tafel 

slopes 

(mV dec-1) 

Stability test References 

RuO2/NiFe(OH)x 149 33.70 200 mA cm-2 

for 100h 

This work 

AC-Ni/NF 153 46.8 10 mA cm-2 for 

24h 

[1] 

SnFeSxOy/NF 167 90 50 mA cm−2 

for 54h 

[2] 

Ni/NM 178 89 100 mA cm−2 

for 72h 

[3] 

CoFe-P/NF-1 180 84 50 mA cm−2 

for 25h 

[4] 

CoNi2S4@NiMn 

LDH/SCC 
184 97.8 

20 and 100 mA 

cm−2 for 12h 
[5] 

CoNi-LDH/Co@NC 187 94 
50 and 100 mA 

cm−2 for 20h 
[6] 

NiSe@NiFe-LDH/NF 193 74.3 195mV for 

100h 

[7] 

NiFeOxHy/Ni3Fe 196 111 10 mA cm−2 

for 2h 

[8] 

NiCo(nf)-P 199 112 

500 and 1000 

mA cm–2 for 

30h 

[9] 

CdS@NiCo-LDH 202 41.3 100 mA cm-2 

for 30h 

[10] 

NiAl-LDH/Ni3S2/NF 209.2 68.7 20 mV for 5h [11] 
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Pt/Ni(OH)2/NF-A 211 37.6 20 mV for 20h [12] 

Mn–Co (7.5)/GP 216 121 100mV for 24h [13] 

Mo-doped CoFe 

LDH/NF 
227 94 

100 mA cm-2 

for 24h 
[14] 

CNS/LDH/NF 228 65 10 mA cm−2 

for 14h 

[15] 

Fe0.25Co0.75 245 127 100 mA cm-2 

for 100h 

[16] 

 Co3S4@NiCo-LDH/NF 251 121.6  131.5 and 251 

mV for 100h 

[17] 

Co(OH)2/Ni-Co-S-8h 254 88 20 mA 

cm−2 for 14h 

[18] 

LiTiPO4F/NF 290 48 290 mV for 

57h 

[19] 

 

 

Supplementary Figure 10. (a-b) SEM images of RuO2/NiFe(OH)x after the stability 

test. 

(a) (b)
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Supplementary Figure 11. XPS spectra of RuO2/NiFe(OH)x before and after the 

stability test: (a) Ru 3p, (b) Fe 2p, (c) Ni 2p, and (d) O 1s.. 

 

 

Supplementary Figure 12. Faradaic efficiency measurement of RuO2/NiFe(OH)x for 

hydrogen generation. (a) Photographs of the collected H2 gas at different electrolysis 

times. (b) Comparison between the experimentally measured and theoretically 

calculated H2 volumes during HER. 
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Supplementary Figure 13. Optimized model (position-Ⅰ) with labeled atoms for 

Bader charge analysis. 

 

Supplementary Table 5. Bader charges of labeled atoms in optimized model 

(position-Ⅰ) 

Site 1 2 3 4 5 6 7 8 9 

Charge -0.833 1.929 -0.97 2.64 -0.912 -0.803 -0.92 1.868 -0.803 

Total 1.196 

 

 

Supplementary Figure 14. Optimized model (position-Ⅱ) with labeled atoms for 

Bader charge analysis. 
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Supplementary Table 6. Bader charges of labeled atoms in optimized model 

(position-Ⅱ) 

Site 1 2 3 4 5 6 7 8 9 

Charge -1.042 1.719 -1.097 1.048 -1.153 -1.049 1.265 -1.122 1.766 

 

 

Supplementary Figure 15. Optimized model (position-Ⅲ) with labeled atoms for 

Bader charge analysis. 

 

Supplementary Table 7. Bader charges of labeled atoms in optimized model 

(position-Ⅲ) 

Site 1 2 3 4 5 6 7 8 9 

Charge -1.11 1.794 -1.118 1.308 -1.116 -1.058 1.319 -1.018 1.772 

 

  



 
Energy Materials 

Supplementary Table 8. Comparison of water-splitting performances of the 

NiFe(OH)x ‖ RuO2/ NiFe(OH)x system with the recently reported devices 

HER catalyst OER catalyst 

Cell voltage 

at 100 mA 

cm-2 (V) 

Stability 

test 

Reference

s 

RuO2/NiFe(OH)x NiFe(OH)x 1.656 100 and 200 

mA cm−2 for 

100h 

This work 

IrNi PMAN IrNi PMAN 1.69 50 mA cm−2 

for 24h 
[20] 

CoNi2S4@NiMn 

LDH/SCC 

CoNi2S4@NiMn 

LDH/SCC 1.691 
50 mA cm−2 

for 12h 
[5] 

Pt/C np-CFO(Al and 

Mn) 
1.70 

500 mA 

cm⁻² for 100 

h 

[21] 

NF10 NF10 1.703 100 and 

400 mA 

cm−2 for 

105h 

[22] 

NiSe@NiFe-LDH

/NF 

NiSe@NiFe-LDH/

NF 

1.705 1.65 and 

1.71 V for 

100h 

[7] 

H-NMO/CMO/C

F-450 

H-NMO/CMO/CF-

450 

1.71 100 mA 

cm−2 for 

300h 

[23] 

NiCo(nf)- P NiCo(nf)- P 1.74 500 and 

1000 mA 

cm−2 for 30h 

[9] 

NiCoP/NF F-NC2AL@ZFAL/

NF 

1.75 100 mA cm−

2 for 22 h  
[24] 
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Ni/NM NiFe-LDH/Ni/NM 1.80 500 and 

1000 mA 

cm−2 for 

154h 

[3] 

NiMoO4-S/Ni3S2/

NF 

NiMoO4-S/Ni3S2/N

F 

1.85 1.52 and 

1.85 V for 

70 h 

[25] 

MNF-2 MNF-2 1.90 100 mA 

cm−2 for 50 

h 

[26] 

(Mo/Co)Oₓ–

Cu@NF 

(Mo/Co)Oₓ–

Cu@NF 

1.99 10 mA cm⁻² 

for 24 h 
[27] 

 

 

Supplementary Figure 16. Comparison of the HER polarization curves of (a) IF, (b) 

NF, (c) CF and (d) SSM before and after corrosion. 
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Supplementary Figure 17. (a-b) SEM images of large-size RuO2/NiFe(OH)x 

electrode. 

 

 

Supplementary Figure 18. Chronopotentiometry curve of the large-size 

RuO2/NiFe(OH)x electrode at the constant current density of 200 mA cm-2. 
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