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Fig. S1 Rietveld refinement on the XRD pattern of Zn-FeCo@NCA.

Table S1. Occupancy information for Fe0.55Co0.45-Im3m

Atom Wyckoff S.o.f. x y z

Fe1 2a 0.550000 0.000000 0.000000 0.000000

Co1 2a 0.450000 0.000000 0.000000 0.000000

Table S2. Occupancy information for Co0.72Fe0.28-I43m

Atom Wyckoff S.o.f. x y z

Fe1 2a 0.280000 0.000000 0.000000 0.000000

Fe2 8c 0.280000 0.320100 0.320100 0.320100

Fe3 24g 0.280000 0.359500 0.359500 0.042000

Fe4 24g 0.280000 0.092800 0.092800 0.280600

Co1 2a 0.720000 0.000000 0.000000 0.000000

Co2 8c 0.720000 0.320100 0.320100 0.320100

Co3 24g 0.720000 0.359500 0.359500 0.042000

Co4 24g 0.720000 0.092800 0.092800 0.280600



Fig. S2 EDS spectrum of the resulting Zn-FeCo@NCA sample.

               
Fig. S3 SEM images of the NCA sample.

        

Fig. S4 SEM images of the FeCo@NCA sample.



    
Fig. S5 SEM images of the Zn-FeCo@NCA sample.

Fig. S6 (a) Full spectrum of XPS for the Zn-FeCo@NCA electrocatalyst; The high-

resolution XPS spectra of (b) C 1s; (c) O 1s; and (f) N 1s for the resulting samples for 

comparison.



Table S3. Surface chemical compositions of the resulting samples were calculated by 

the Lorentzian-Gaussian function.

Samples
Fe 2p

/binding

Energy

/amount

Co2p

/binding

Energy

/amount

Zn 1s 

/binding

Energy

/amount

Fe0 2p3/2 707.2 5.0% Co0  2p3/2 778.5 13.4 % Zn0 2p3/2 1021.5 62.48%

Fe2+ 2p3/2 710.2 63.3% Co2+ 2p3/2
526780.2 

56.2%
Zn0 2p1/2 1044.8 37.52%

Co0  2p1/2 777.9 8.9% / /

Zn-FeCo@NCA

Fe2+ 2p1/2 723.4 31.6%
Co2+ 2p1/2 780.0 28.1% / /

Fe0 2p3/2 706.7 7.5% Co0  2p3/2 779.3 15.2% / /

Fe2+ 2p3/2 710.1 61.7%. Co2+ 2p3/2 781.8 53.7% / /

Co0  2p1/2 796.0 8.3% / /
FeCo@NCA

Fe2+ 2p1/2 723.1 30.8%
Co2+ 2p1/2 795.8 22.8% / /

Fig. S7 CV curves of (a) Zn0.1-FeCo@NCA; (b) Zn0.5-FeCo@NCA; (c) Zn1-

FeCo@NCA; (d) FeCo@NCA; and (e) RuO2 at different scan rates.



Fig. S8 SEM images of Zn0.5-FeCo@NCA aerogel after potentiostatic polarization 
test.

Table S4. Comparison of OER performance of as-prepared Zn0.5-FeCo@NCA and 

other similar electrocatalysts reported in the literature.

Sample
Overpotential 

(mV)

Tafel slope 

(mV·dec-1)
Reference

Zn0.5-FeCo@NCA 270 75.5 This work

 LaNi0.7 Fe0.25O3 320 79.9 [1]

CoSe2/Co 318 91.11 [2]

FeCo/CNF 490 102.5 [3]

RuNi7FeOx(OH)y@NCA 278 102.7 [4]

(FeCoNiCuZn)O 323 64.5 [5]

CoCuFe 338 117.5 [6]

Co3O4@rGO 380 153 [7]

5% Ce-doped LDH 340 130 [8]

Co(OH)2NF 396 112 [9]

NSCA/FeCo 355 60 [10]

CoOOH-Cs+ 355 66 [11]

Fe-CoOOH/G 330 93 [12]

Co0.89Ca0.11-CPs 371 58.3 [13]

Co/Mo-rGO 420 169 [14]



Fig. S9 Optimized configureurations of the (a) *; (b) *OH; (c) *O; and (d) *OOH 

adsorbed on the active Zn for the Zn-FeCo@NCA sample (the white, red, green, deep 

blue, and pale blue atoms represent the H, O, Fe, Co, and Zn atoms).

Fig. S10 Optimized configureurations of the (a) *; (b) *OH; (c) *O; and (d) *OOH 

adsorbed on the active Fe for the Zn-FeCo@NCA sample.



Fig. S11 Optimized configureurations of the (a) *; (b) *OH; (c) *O; and (d) *OOH 

adsorbed on the active Co for the Zn-FeCo@NCA sample.

Fig. S12 The DFT calculations for the Gibbs free energy curves of the four OER 

elementary steps at U=0 V.



  
Fig. S13 FDOS of O of the resulting Zn-FeCo@NCA sample.

Fig. S14 PDOS of O of the resulting Zn-FeCo@NCA sample.



Fig. S15 The electron density slice of the optimized configurations of the Zn-
FeCo@NCA (red for large value, blue for small value).

Fig. S16 The spin-electron density of optimized configurations of the Zn-
FeCo@NCA (red for large value, blue for small value).

Fig. S17 A digital photograph of the operating AEMWE.



Table S5. Fitting results of the XPS spectra of the initial Zn0.5-FeCo@NCA and Zn0.5-

FeCo@NCA after the OER test

Sample codes Initial Zn0.5-FeCo@NCA Zn0.5-FeCo@NCA after OER test

Regions Bonds  B. E. (eV) Amount B. E. (eV) Amount

Fe2+ 723.7 22.32 % / /
Fe 2p1/2

Fe3+ 726.0 12.58 % 721.2 34.64 %

Fe 2p3/2 Fe2+ 710.2 39.35 % / /

Fe3+ 712.7 25.75 % 710.2 65.36 %

Co2+ 779.7 46.24 % 779.7 8.97 %
Co 2p3/2

Co3+ 782.3 43.98 % 781.4 57.76 %

Co2+ 794.5 18.57 % 794.2 4.58 %
Co 2p1/2

Co3+ 796.1 6.22 % 796.5 28.70 %
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