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1

2 Figure S1. SEM images of (a) Na-Fs, (b) ZnNa-Fs-300, (c) ZnNa-CFs-800, and (d) ZnNa-CFs-

3 1000. (e) TEM image of ZnNa-CFs-500 with the corresponding EDS elemental mapping results.
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1

2 Figure S2. (a) Comparative XPS survey spectra of CFs-900, Na-CFs-900, and Zn-CFs-900 presented in a 

3 three-dimensional stacked view. XPS survey spectra of (b) ZnNa-CFs-500, (c) ZnNa-CFs-800, (d) ZnNa-

4 CFs-900, and (e) ZnNa-CFs-1000.
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14 Table S1. EXAFS fitting parameters at the Zn K-edge for the various samples.
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Sample Path N R（Å）
σ2（10-3 

Å2）
E0（eV） R-factor

Zn-Zn1 6 2.64 (0.004) 11.33 (1.38)
Zn Foil

Zn-Zn2 6 2.80 (0.02) 2.54 (5,32)
2.34 (1.45) 0.005

Zn-N 1.29 (0.21) 2.03 (0.02) 3.16
ZnNa-CFs

Zn-Cl 2.41 (0.17) 2.27 (0.01) 3.87
7.04 (1.04) 0.015

Zn-N 2.09 (0.14) 1.97 (0.02) 4.53
Zn-CFs

Zn-Cl 0.88 (0.11) 2.25 (0.01) 0.40
4.47 (1.33) 0.011

1 aCN, coordination number; bR, distance between absorber and backscattering atoms; cσ2, Debye-Waller 

2 factor accounting for thermal and structural disorders; dΔE0, inner-potential correction; The R factor 

3 indicates the goodness of fit. The amplitude reduction factor (S0
2) was fixed at 0.90 based on the 

4 experimental EXAFS fitting of Zn foil with the CN constrained to its known crystallographic value. 

5 Reasonable ranges for EXAFS fitting parameters are: 0.600 < Ѕ0
2 < 1.000; CN > 0; σ2 > 0 Å2; |ΔE0| < 15 

6 eV; R factor < 0.02. 

7

8 Figure S3. (a) ORR polarization curves of various CFs compared with Pt/C. (b) Tafel slopes of the CF 

9 samples for ORR. (c) OER polarization curves of various CFs compared with RuO2. 
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1
2 Figure S4. CV curves of (a) CFs-900, (b) Na-CFs-900, (c) Zn-CFs-900, and (d) ZnNa-CFs-900 recorded 

3 at sweep rates of 20-100 mV/s. (e) Current density versus sweep rate and (f) Nyquist plots for the four 

4 samples.
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1

2 Figure S5. (a) ORR and (b) OER polarization curves of the Zn-based catalysts. (c) Tafel slopes for ORR. 

3 (d) ORR and (e) OER polarization curves of the Na-regulated catalysts. (f) ORR polarization curves.



7

1
2 Figure S6. (a) OER polarization curves. (b) Summary plot comparing the ORR and OER activities of all 

3 samples.

4 Table S2. Comparison of ORR and OER activities of ZnNa-CFs-900 with other recently reported noble 

5 metal-free catalysts[1-6].

Catalysts

Eonset

(V vs. 

RHE)

E1/2

(V vs. 

RHE)

Jl

(mA cm-

2)

Ej=10

(V vs. 

RHE)

References

Co4/Fe1@NC 0.980 0.835 4.55 / [1]

NZP-900 0.96 0.79 3.23 / [2]

FeCoNi-N-rGO 0.89 0.836 5.11 1.67 [3]

Mn/Co-N-C-

0.02-800
0.9 0.8 5.3 1.66 [4]

H-CoFe@NCNF 0.96 0.77 4.89 1.68 [5]

CoN-HPCNF 0.78 5.0 1.63 [6]

ZnNa-CFs-900 0.95 0.87 5.6 1.61 This work
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1
2 Figure S7. Molecular models of representative catalyst slabs and the corresponding adsorption 

3 configurations of oxygen intermediates (a) ZnNa-CFs, (b) Zn-CFs-900. 

4

5 Table S3. Bader effective charges of two catalyst slabs

Na Cl(Zn-Cl) Cl(C-Cl)-1 Cl(C-Cl)-2

ZnNa-CFs
-0.144 -0.741 0.004 -0.187

Bader charge

Zn-CFs
/

-0.708 0.037 -0.193
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