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Fig. S1 (a, b) SEM images of FeFe(CN)6 particles on carbon cloth.
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Fig. S2 (a) Fourier transform (FFT) image of FexNC. (b) Size distribution of 
nanoparticles measured from Fig. 1d. (c) Raman spectra of as-prepared electrodes (d) 
Energy-dispersive X-ray spectroscopy (EDS) elemental mapping images of FexNC.
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Fig. S3 (a, b) SEM images of NiFe(OH)x on carbon cloth and (c, d) TEM images of 
NiFe(OH)x.
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Fig. S4 SEM images of (a, b) FexNC@NiFe(OH)x-0.3 and (c, d) FexNC@NiFe(OH)x-
10. 
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Fig. S5 Full XPS survey spectra of FexNC@NiFe(OH)x , NiFe(OH)x and FexNC.

Fig. S6 High resolution XPS spectra of NiFe(OH)x: (a) Ni 2p, (b) Fe 2p and (c) O 1s.
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Fig. S7 ORR Tafel slopes of FexNC@NiFe(OH)x, NiFe(OH)x, FexNC and Pt.

Fig. S8 Contact angle evaluation on NiFe(OH)x.
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Fig. S9 The CV curves recorded between 1.00 V and 1.12 V at different scan rates on 
(a) NiFe(OH)x, (b) FexNC, and (c) FexNC@NiFe(OH)x.  
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Fig. S10 (a) N2 adsorption/desorption isotherms and (b) BJH pore size distribution 

of FexNC, NiFe(OH)x, and FexNC@NiFe(OH)x, respectively.

Fig. S11 (a) Chronopotentiometric test of Pt/C and FexNC@NiFe(OH)x at 10 mA cm-

2. (b) Chronopotentiometry test of RuO2 and FexNC@NiFe(OH)x at 10 mA cm-2.
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Fig. S12 XRD patterns of FexNC@NiFe(OH)x electrode after 12 h OER and ORR.
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Fig. S13 TEM image of FexNC@NiFe(OH)x after 12 h (a, b) OER and (c, d) ORR.
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Fig. S14 XPS plots of post-OER electrode, post-ORR electrode and the initial one: (a) 
full survey spectra, (b) O 1s, (c) Ni 2p and (d) Fe 2p.
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Fig. S15 Electrocatalytic performance of electrodes with different deposition 
times for (a) OER, (b) ORR and (c) comparison of their physicochemical 
characteristics. (d) Schematic illustration of mass transport capability on 
electrodes with different amounts of NiFe(OH)x. 
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Fig. S16 (a) The photo of a homemade zinc-air battery. (b) The configuration of the air 
cathode. (c) Corresponding EIS of ZABs: the intersection of X-axis represents the 
electronic resistance in the cell. 

Fig. S17 The power density of ZABs with different electrodes.
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Fig. S18 The discharge/charge curves of Zn-air battery with electrode of 20 % Pt and 
RuO2 at 10.0 mA cm-2.

Fig. S19 The discharge/charge curves of Zn-air battery with electrode of FexNC at 10.0 
mA cm-2.
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Fig. S20 The discharge/charge curves of Zn-air battery with electrode of NiFe(OH)x at 
10.0 mA cm-2.

Table S1 EDS results of the prepared electrodes (wt. %).

Wt. %
FeNC NiFe(OH)x FexNC@NiFe(OH)x 

Fe 8.19 2.5 19.62
Ni - 3.42 16.79
C 90.12 15.31 46.02
O - 78.78 17.58
N 1.56 - -
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Table S2 Proportion of graphitic N, pyrrolic N, Fe-Nx and pyridinic N in the FexNT 
according to the XPS analysis.

Types Pyridine-N Fe-N Pyrolytic-N Graphical-N Oxidized -N
Contents 30.9% 20.3% 11.9% 22.1% 14.8%

Table S3 XPS results of the prepared electrodes (at. %).

Atomic % 
FeNC NiFe(OH)x FexNC@NiFe(OH)x 

Fe 0.89 12.19 14.09
Ni - 16.18 16.98
C 92.17 17.17 11.18
O - 53.25 57.13
N 0.09 - -

Table S4 Comparison of Ej=10 and E1/2 on different electrodes.

Catalysts Ej=10 (V) E1/2 (V)
FexNC@NiFe(OH)x 1.494 0.858

FexNC 1.607 0.825
NiFe(OH)x 1.511 0.685
RuO2/Pt/C 1.562 0.899

Table S5 BET surface area and pore volume of the different electrocatalysts.

Catalysts BET surface

area (m2 g-1)

Pore volume

(cm3 g-1)

FexNC 4.14 0.039

NiFe(OH)x 2.54 0.011

FexNC@NiFe(OH)x 5.88 0.041
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Table S6 Comparison of electrochemical performance on previously reported 
electrodes ZABs

Catalysts Ƞ@10 
mA (V)

E 1/2 
(V)

∆ E (V) Current 
density

(mA cm-

2)

Cycling 
hours 
(hrs)

Reference

FexNC@NiFe(OH)x 0.264 0.858 0.636 10 350 This work
Co3O4/WS2 0.330 0.81 0.750 5 16 1

NiFe-LDH/Co,N-
CNF

0.312 0.790 0.752 25 80 2

Co3O4@POF 0.33 0.82 0.74 10 60 3
Fe/N/C@BMZIF 0.41 0.85 0.79 10 17 4

Fe,Ni–N–C/N-CNT 0.315 0.879 0.666 10 200 5
NiCo2O4@NiCoFe–

OH
0.235 0.77 0.695 10 250 6
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Table S7 Comparison of ZAB performances with FexNC@NiFe(OH)x , Pt/C+RuO2, 
and other reported cathodes operating at 10 mA cm-2.

Electrodes Voltage 
gap(V)

Cycle number Reference

FexNC@NiFeOH 0.81 2000 This work
Pt/C+RuO2 0.87 530 This work

Zn-Co-S-NN/CFP 0.85 200 7
Cu-Foam@CuCoNC-500 0.8 1080 8

CMO/NCNF 0.93 350 9
NiSx-FeOy/SCFP 1.00 55 10

Fe-N/C-1/30 1.00 50 11
NiCo2O4@NiCoFe-OH 0.83 500 6

Co@NCNTA/CC 0.80 1020 12
am-Fe-Bi/NF 0.60 85 13

Co3O4@NiFe LDH 0.80 1200 14
N-Co/CNF 0.74 100 15

Co4N/CNW/CC 0.84 408 16
NC-Co3O4/CC-600 0.87 106 17

 CoOx@NC 0.80 110 18
NCCo/CoNx 0.80 1200 19

CMO–U@CC 0.70 150 20
NiFe/NCNF/CC 0.79 700 21
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