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Figure S1. The TEM images of Fe-N,S-C-950 (Zn). 
 
 
 

 
 

Figure S2. The HR-TEM images of Fe-N,S-C-950 (Zn). 
 
 
 

 

Figure S3. The high-resolution N 1s of (a) Fe-N-C-950 (Zn) and (b) Fe-N,S-C-950. 



 

 
Figure S4. The N content relative to C of electrocatalysts Fe-N,S-C-950, Fe-N,S-C-
950 (Zn) and Fe-N-C-950 (Zn). 
 

 
Figure S5. The CV curves of Fe-N,S-C-950 (Zn) in N2 and O2-saturated 0.1 M KOH 

solution. 
 
 
 
 
 

 
 
 
 



Table S1. The specific surface area of Fe-N,S-C-950, Fe-N,S-C-950 (Zn) and Fe-N-C-
950 (Zn). 

 
 
 
Table S2. The fitting parameters of high-resolution XPS N1s spectra of Fe-N,S-C-950, 
Fe-N,S-C-950 (Zn) and Fe-N-C-950 (Zn). 
 

Catalysts 

Binding energy of N species (eV) and content (%) N 
relative 

to C 
(at%) 

Pyridinic 
N Fe-N Pyrrolic 

N 
Graphitic 

N 

Oxidized 
N 

 
Fe-N,S-C-950 398.5 

(27.2) 
399.4 
(6.1) 

400.5 
(14.0) 

401.5 
(37.6) 

404.0 
(15.1) 3.39 

 
Fe-N,S-C-950 

(Zn) 

 
398.3 
(23.0) 

 
399.2 
(21.3) 

 
400.7 
(26.4) 

 
401.6 
(18.4) 

 
404.0 
(10.9) 

 
1.64 

 
 

Fe-N-C-950 
(Zn) 

 
398.1 
(35.6) 

 
399.4 
(17.1) 

 
400.0 
(10.9) 

 
401.6 
(24.9) 

 
404.0 
(11.5) 

0.69 

 
Table S3. The ORR performances in comparison with Fe-N,S-C-950 (Zn) and other 
representative NNMEs for ORR in alkaline solution. 

Electrocatalyst 

Onset 
potential 

(V vs. 
RHE) 

Half-wave 
potential (E1/2) 
(V vs. RHE) 

Limiting current 
density 

(JL mA cm-2) 
Reference 

CoZn-NC-700 0.98 0.84 4.93 [1] 
OM-NCNF-FeNx 0.905 0.836 5.6 [2] 

Fe/Mn-N-C 1.02 0.880 5.7 [3] 

Sample 
BET Surface 

Area (m2 g-1) 

t-Plot Micropore Area 

(m2 g-1) 

t-Plot External 

Surface Area 

(m2 g-1) 

Fe-N,S-C-950 669.0 168.5 500.5 

Fe-N,S-C-950 (Zn) 951.5 172.8 778.7 

Fe-N-C-950 (Zn) 801.2 64.2 737.0 



Fe1-HNC-500-850 0.93 0.842 5.80 [4] 
Fe3C@NCNTs 0.92 0.840 5.80 [5] 

ZFP-800 1.028 0.875 5.86 [6] 
CoZn/CNT@Por.NC - 0.87 5.55 [7] 
FeCoP@NMn-CNS-

800 
1.02 0.84 5.81 [8] 

ZnS/NSC-NaCl 1.02 0.905 6.32 [9] 
CoN/CNCs-800 0.964 0.852 5.18 [10] 

750-SAHm/EC600 1.0 0.89 ~6.5 [11] 
Fe/NSC (800) 0.84 0.76 ~5 [12] 
FeNSC-850 0.89 0.82 ~5.2 [13] 

Fe-N,S-C-950 (Zn) 0.921 0.844 6.03 This work 
 
Table S4. Performance comparison of Fe-N,S-C-950 (Zn) with advanced NNMEs for 
ZABs. 

Electrocatalyst 
Open-circuit 
voltage (V) 

Maximum power 
density (mW cm-2) 

Specific capacity 
(mAh g-1) 

Reference 

Fe-N,S-C-950 (Zn) 1.450 121.9 639 
This 
work 

Fe/Fe3C@FeNC 1.414 134.6 856.2 [14] 
Fe3O4@NHCS-2 1.42 133 701 [15] 
Fe2O3@NC-450 1.267 156.6 - [16] 

Fe3C/Fe2O3@NGNs 1.46 139.8 722 [17] 
FePPc@CB 1.367 90 1391 [18] 

FeS/Fe3C@NS-C-900 1.455 192.2 750 [19] 
Fe-N-C 1.48 175 775.7 [20] 

FeSA-FeNC@NSC 1.48 259.88 811.03 [21] 
ISG Fe-N-C 1.48 259.1 763 [22] 

Fe-SAs/Fe3C-Fe 1.42 158 762 [23] 
FePc&rGO 1.48 103 739.7 [24] 

CoFe@NCS-24 1.477 146 812 [25] 
320-Fe1Co1.5-NC-800 1.499 77 - [26] 

NP-CoSANC 1.42 158.1 768.4 [27] 
SAs-Fe/N-CNS 1.45 157.03 789.82 [28] 

CoN-Nd 1.44 120 702 [29] 
SPE-FeNx-HPNC 1.5 150 748 [30] 
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