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Supplementary Figure 1. a-d, EDS spectra of precursor alloys of Fe15Co5Ce5Al75 (a), 

Fe20Co5Al75 (b), Fe25Al75 (c) and Ce25Al75 (d).  
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Supplementary Figure 2. XRD patterns of precursor alloys of Fe15Co5Ce5Al75, 

Fe20Co5Al75, Fe25Al75 and Ce25Al75. The line patterns show reference cards 19-0006, 

29-0042 and 04-0787 for monoclinic Al11Ce3, orthorhombic Al13Fe4 and face-centered 

cubic Al according to JCPDS. 
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Supplementary Figure 3. a, Representative top-view SEM image of as-dealloyed 

eutectic Fe15Co5Ce5Al75 alloy, i.e., nanoporous FeCo/Ce-O. Scale bar, 500 nm. b, 

XRD patterns of nanoporous FeCo/Ce-O electrode.  
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Supplementary Figure 4. SEM image of nanoporous FeCo/CeO2−xNx composite 

electrode. Scale bar, 1 m.  
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Supplementary Figure 5. a, Representative HRTEM image of FeCo/CeO2−xNx 

hetero-regions in the constituent nanoporous FeCo alloy/oxide lamellas of nanoporous 

FeCo/CeO2−xNx composite electrode. Scale bar, 4 nm. b, FFT patterns of different 

regions in (a) from No. 1 to No. 6, which correspond to FeCo alloy (red) and 

CeO2−xNx (yellow) phases, respectively.  

 

  



7 
 

 

Supplementary Figure 6. Raman spectra of nanoporous (NP) FeCo/CeO2−xNx and 

nanoporous FeCo/Ce-O hybrid electrodes.  
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Supplementary Figure 7. XPS survey of nanoporous (NP) FeCo/CeO2−xNx hybrid 

electrode.  
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Supplementary Figure 8. a, b, High-resolution XPS spectra of Ce 3d, Co 2p, Fe 2p 

and O 1s on the nanoporous FeCo/Ce-O electrode before (a) and after performing 

initial OER test (b).  
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Supplementary Figure 9. Typical SEM backscattered electron image and the 

corresponding EDS elemental mapping images of Fe, Co, Ce, O and N elements for 

nanoporous FeCo/CeO2−xNx electrode after the initial OER test. Scale bar, 2 m. 
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Supplementary Figure 10. a, b, High-resolution XPS spectra of Ce 3d, Co 2p, Fe 2p, 

O 1s and N 1s on the nanoporous FeCo/CeO2−xNx electrode before (a) and after 

performing initial OER test (b).  
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Supplementary Figure 11. Typical initial OER polarization curves of nanoporous 

(NP) FeCo/Ce-O hybrid electrode in 1 M KOH aqueous electrolyte. Scan rate: 5 mV 

s−1. 
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Supplementary Figure 12. a-c, Atomic structures of CoFeOOH/CeO2−xNx (a), 

CoFeOOH/CeO2 (b) and amorphous CoFeOOH (c) for DFT calculations based on 

amorphous CoFeOOH layer. 
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Supplementary Figure 13. a, b, The charge density difference diagrams for 

CoFeOOH/CeO2−xNx (a) and CoFeOOH/CeO2 (b). The yellow isosurfaces represent 

electron accumulation and the blue ones represent electron depletion, respectively. 

The isosurfaces level is 0.007 e Å−3. The numbers in red color are the Bader charges 

of Co atoms. 
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Supplementary Figure 14. The projected partial density of states (PDOS) of the 

catalytic sites on CoFeOOH/CeO2−xNx and CoFeOOH/CeO2 interfaces, and 

amorphous CoFeOOH surface. Dash lines indicate the d band center.  
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Supplementary Figure 15. Current-potential curve of Pt wire in highly pure 

H2-saturated 1 M KOH aqueous solution, used for calibration of the Ag/AgCl 

electrode with respect to RHE. Scan rate: 1 mV s−1. The potentials were calibrated to 

RHE, ERHE = EAg/AgCl +1.016 V. 
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Supplementary Figure 16. a, b, OER polarization curves (a) and the corresponding 

Tafel slopes (b) for self-supported nanoporous (NP) FeCo/CeO2−xNx lamellate 

composite electrode and commercially available RuO2 DSA.  
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Supplementary Figure 17. Reproducibility. The OER polarization curves for five 

nanoporous FeCo/CeO2−xNx electrodes, which are prepared by alloying/dealloying 

and nitridation procedures. Scan rate: 1 mV s−1.  
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Supplementary Figure 18. Double-layer capacitances of nanoporous (NP) 

FeCo/CeO2−xNx, FeCo/Ce-O, FeCo, CeO2−xNx and RuO2/NF electrodes, which are 

evaluated by cyclic voltammogram. 
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Supplementary Figure 19. Comparison of specific activity at the overpotential of 

360 mV for self-supported nanoporous (NP) FeCo/CeO2−xNx, FeCo/Ce-O, FeCo, 

CeO2−xNx and RuO2/NF electrodes. 

 

Calculation of specific current density (js) 

js = jgeo/AECSA 

AECSA = Cdl/Cs 

The average specific capacitance for a flat surface is. 

At the overpotential of 360 mV, 

js, NP FeCo/CeO2-xNx = 3948.7 mA cm−2/ (283 mF cm−2/40 µF cm−2) = 0.5581 mA 

cm−2
ECSA 

js, NP FeCo/Ce-O = 450.6 mA cm−2/ (359 mF cm−2/40 µF cm−2) = 0.0502 mA cm−2
ECSA 

js, NP FeCo = 152.4 mA cm−2/ (178 mF cm−2/40 µF cm−2) = 0.0343 mA cm−2
ECSA 

js, NP CeO2-xNx = 2.6 mA cm−2/ (5 mF cm−2/40 µF cm−2) = 0.0204 mA cm−2
ECSA 

js, RuO2/NF = 180.4 mA cm−2/ (40 mF cm−2/40 µF cm−2) = 0.1804 mA cm−2
ECSA. 
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Supplementary Figure 20. a, Comparison of RCT for nanoporous (NP) 

FeCo/CeO2−xNx, FeCo/Ce-O, FeCo, Ce-O-N, RuO2/GC and RuO2/NF electrodes. b, 

Comparison of RP for nanoporous FeCo/CeO2−xNx, FeCo/Ce-O, FeCo, Ce-O-N and 

RuO2/NF electrodes. c, Comparison of RI for nanoporous FeCo/CeO2−xNx, FeCo/Ce-O, 

FeCo, Ce-O-N, RuO2/GC and RuO2/NF electrodes. 

  



22 
 

 

Supplementary Figure 21. a, b, Optical photographs of nanoporous FeCo/CeO2−xNx 

electrode after (a) and before durability test for 400 hours (b) in 1 M KOH electrolyte 

at the potential of 1.54 V versus RHE.  
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Supplementary Figure 22. a,b, EDS spectra of nanoporous FeCo/CeO2−xNx electrode 

before (a) and after durability test (b), which is performed for 1000 hours at the 

potential of 1.54 V versus RHE.  
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Supplementary Figure 23. High-resolution XPS spectra of Ce 3d, Co 2p, Fe 2p O 1s 

and N 1s on the surface of nanoporous FeCo/CeO2−xNx electrode after durability test 

for 1000 hours at the potential of 1.54 V versus RHE. 
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Supplementary Table 1. Comparisons of Tafel slopes and representative current 

densities at various overpotentials for nanoporous FeCo/CeO2−xNx electrode with 

previously reported OER catalysts in 1 M KOH electrolytes. 

Electrocatalysts 

Overpotential

s 

(mV) 

Current 

density 

(mA cm−2) 

Tafel 

slopes 

(mV dec−1) 

Refs. 

NP FeCo/CeO2−xNx 

284 500 

33 This work 

297 1000 

300 1195 

311 2000 

359 4000 

410 6000 

Ag@CoCuFeAgMoOOH 
300 ~370 

35.3 1 
~336 500 

Ni/MoO2@CN 

300 ~60 

48 2 ~388 500 

420 1000 

MoNiFe-27% 300 ~125 23 3 

Fe-Ni3S2 

300 ~154 

46.9 4 ~330 500 

~347 1000 

V25%-Ni2P/NF-AC  300 ~57 66 5 

Co-TiO2 (12% Co) 300 ~3 72 6 

NP Au/CoMoNx 

300 ~152 

46 7 
~334 500 

~362 1000 

400 2000 

NiFe LDH/NiS 

300 ~325 

60.1 8 ~310 500 

325 1000 

NiFe-MOF 
297 500 

49.1 9 
300 ~575 

FeNiCoCrMnS2 

285 500 

39.1 10 300 ~815 

308 1000 

S-(Ni,Fe)OOH 

300 ~200 

48.9 11 328 500 

355 1000 

FeMOFs-SO3 

298 500 

36.2 12 300 ~525 

330 1000 



26 
 

Fe, P-NiSe2 
300 ~300 

39.5 13 
317 500 

(Ni,Fe)OOH 

259 500 

41.5 14 289 1000 

300 1251 

Fe0.25Co1CH/NF 

270 500 

42 15 300 ~530 

308 1000 

EA-FCCN 

(electrochemical activated 

FeCoCrNi) 

300 ~395 38.7 16 

Pt1/CoHPO 300 404 49.8 17 

Aza-CMP-Co 300 ~18 44.1 18 

NiFe-Boride 300 ~207 25 19 

Ni3Fe0.5V0.5 
~291 500 

39 20 
300 ~1000 

NiVIr-LDH 
300 ~172 

38 21 
~381 500 

Ir1/VO-CoOOH 300 ~163 32 22 

FeCoNiMnRu/CNFs 300 ~79 61.3 23 

FeP-CoP/NC 300 ~20 73 24 

NiMoOx/NiMoS 

278 500 

34 25 300 ~695 

334 1000 
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Supplementary Table 2. Fe mass electrodeposited on carbon rod electrode during the 

stability tests of nanoporous FeCo/CeO2−xNx, FeCo/Ce-O and FeCo electrodes, which 

are performed for 400, 100 and 100 hours, respectively. The mass of Fe is determined 

by ICP measurement. The dissolution rate of Fe is evaluated according to the mass of 

Fe electrodeposited on carbon rod electrode. 

Electrocatalysts 
Test time 

(hours) 

Mass of Fe on carbon 

rod electrode (mg) 

Dissolution rate of 

Fe (g h−1) 

NP FeCo/CeO2−xNx 400 0.1907 0.477 

NP FeCo/Ce-O 100 0.0782 0.782 

NP FeCo 100 0.2412 2.412 
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