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Supplementary Tables and Figures 

 

Fig. S1 a-e TEM images and corresponding HAADF mapping, and f XRD patterns of 
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conventional plasma engineering of Co-N4 precursors in aniline without ultrasonic 

homogenizer 

 

Fig. S2 HR-TEM of Fe-N4/NC 

 

Fig. S3 XRD patterns of Co-N4/NC, Fe-N4/NC, and NC 

 

Fig. S4 Raman spectra of Co-N4/NC, Fe-N4/NC, and NC
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Fig. S5 N2 adsoprtion and desoprtion curves of Co-N4/NC, Fe-N4/NC, and NC 

 

Fig. S6 Pore size distribution of (a) Fe-N4/NC, (b) Co-N4/NC and, (c) NC
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Fig. S7 XPS survey spectrum of M-N4/NC (M = Co, Fe) and NC 

 

Fig. S8 CV curves recorded in O2-saturated (red line) and N2-saturated (black line) in 

0.1 M KOH solution of Fe-N4/NC and Co-N4/NC 

 

Fig. S9 a, b Electron transfer number and H2O2 yield of Co-N4/NC, Fe-N4/NC, and 20 

wt% Pt/C
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Fig. S10 a ORR chronoamperometric response of Co-N4/NC at a constant potential of 

0.6 V. b ORR chronopotentiometric response of Co-N4/NC at a constant current 

density of -4 mA cm-2 

 

Fig. S11 OER catalytic activity (LSV) of NC at 1600 rpm in 0.1 M KOH 

 

Fig. S12 OER chronoamperometric response of Co-N4/NC at a constant potential of 

1.6 V
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Fig. S13 a-d Discharging-charging curve of Co-N4/NC battery in various cycle ranges 

 

Fig. S14 a, b Carbon sheet and c, d zinc sheet before and after 100 cycles 

 

Fig. S15 OCV of used Zinc-air battery with Co-N4/NC after 100 cycles

http://springer.com/40820


Nano-Micro Letters 

S7/S11 
  

Table S1 XPS results of M-N4/NC analysis for the prepared samples (at%) 

Sample Name C1s 

(at.%) 

N1s 

(at.%) 

O 1s 

(at.%) 

Co2p3 

(at.%) 

Fe2p3 

(at.%) 

Co-N4/NC 91.65 3.21 4.87 0.27  

Fe-N4/NC 93.85 1.1 4.93  0.21 

Table S2 Textural parameters of M-N4/NC derived from the N2 adsorption-

desorption isotherms 

Sample Name BET surface area 

(m2/g) 

BJH 

Adsorption 

Pore volume 

(cm3/g) 

BJH Adsorption 

Average pore 

width (nm) 

Co-N4/NC 226.71 0.3945 14.75 

Fe-N4/NC 257.91 0.4261 10.95 

Table S3 Summary of ORR/OER catalytic properties of reported single-atom M-N4 

catalsyts in 0.1 M KOH 

Eectrocatalyst 
Active 

sites 

ORR (E1/2) 

Or OER (E10mA/cm2) 

vs RHE 

Metal 

loading 
References 

Co-N4/NC Co-N4 E1/2 =0.81V 

E10mA/cm
2 =1.60 V 

< 0.3 wt.% This work 

Fe-N4/NC Fe-N4 E1/2 =0.80 V 

E10mA/cm
2 =1.63 V 

< 0.3 wt.% This work 

Pt/C (20 wt. %) Pt/C E1/2 =0.82 V  This work 

E-FeNC Edge  

Fe-N4 

E1/2 = 0.88 V 0.32 wt.% [S6] 

FeNC Fe-N4 E1/2 = 0.84 V 0.37 wt % [S6] 

Fe-ISAs/CN Fe-N4 E1/2 = 0.90 V 2.16 wt.% [S8] 

FeNx-PNC Fe-N4 E1/2 = 0.89 V 

E10mA/cm
2 =1.62 V 

3.935 at.% [S10] 

FeSAs/PTF-600 Fe-N4 E1/2 = 0.87 V 8.3 wt.% [S5] 

FeNC-S-

MSUFC 

Fe-N4 E1/2 = 0.68 -0.73 V 0.16 - 0.5 

at.% 

[S7] 

(CM+PANI)-

Fe-C 

Fe-N4 E1/2 = 0.80 V 0.2 at % [S9] 

Fe-NCCs Fe-N4 E1/2 = 0.82 V 0.26 at % [S9] 
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Co-SAs@NC Co-N4 E1/2 = 0.82 V; 

E10 mA/cm
2 = 1.8 V 

1.7 wt.% [S2] 

CoNC700 Co-N4 

planar 

E1/2 = 0.85 V 0.73 at.% [S3] 

Co-SAs/N-C Co-N4 E1/2 = 0.88 V 4 wt.% [S1] 

Co-N4/NG Co-N4 E1/2 = 0.87 V 

E10mA/cm
2 = 1.61 V 

~ 1 wt.% [S4] 

Table S4 Summary of OER and ORR overpotential of Co-N4/NC and Fe-N4/NC 

obtained from DFT and experiment 

 DFT Experiment  

 ηOER (V) ηORR (V) ηOER (V) ηORR (V) 

Co-N4/NC 0.19 0.40 0.29 0.30 

Fe-N4/NC 0.82 0.85 0.31 0.30 

Table S5 Comparison of Zn-air batteries performance of this work with recently 

reported similar highly active bi-functional catalytic materials [S11-S19]

Electrocatalyst 

Power 

Density 

(mW cm‒2) 

Specific 

capacity 

(mA hg‒1) 

OCV (Vmax) 
Cycle life 

performance 
References  

Co-N4/NC 101.62 762.8 1.36 > 100 cycles,  

> 20 h 

This work  

Pt/C-Ru/C 89.16 707.9 ～ ～ This work 

NiO/CoN PINWs 79.6 945 1.46 >12 h ACS Nano 11, 

2275 (2017) 

Co-Nx/C NRA  

 

193.2 

 

853 1.42 40 cycles,  

> 80 h 

Adv. Funct. 

Mater., 28, 

1704638 (2018) 

NCNT/CoO-NiO-

NiCo 

～ 594 1.22 100 cycles Angew. Chem., 

Int. Ed. 54, 

9654 (2015) 

Co@N-C 105 ～ 1.46 > 120 h Advanced 

Materials, 30 

1705431 (2018) 

EA-Co-900 73 ～ 1.37 110 h Applied 

Catalysis B: 

Environmental 
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256, 117778 

(2019)  

CoSx@PCN/rGO 110 634 ～ 394 cycles,  

> 43.8 h 

Adv. Energy 

Mater. 8, 

1701642 (2018) 

N-P-Fe-C ～ 625 1.29 100 min J. Mater. Chem. 

A 4, 8602-8609 

(2016) 

NGM-Co 152 749.4 1.44 > 180 cycles, 

 > 60 h 

Adv. Mater. 29, 

1703185 (2017) 
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