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Figure S1. Photographs of different precursor samples.

Figure S2. FTIR spectra of various precursor samples.

Figure S3. (a) XPS survey spectra and (b) high-resolution C 1s XPS spectra of different 
precursor samples.



Figure S4. SEM images of (a) precursor Co-TEFR, and (b) the corresponding Co@NSC 
derived from the carbonization of Co-TEFR, (c) Co-PDA precursor, and (d) the 
corresponding Co@NC derived from the carbonization of Co-PDA.

Figure S5. EDS spectra of Co-NTMCs@NSC, Co @NSC and Co@NC.



Figure S6. (a) The HR-TEM images of Co-NTMCs@NSC; (b, c, d, e) The enlarged images 
of the selected region in panel a.

Figure S7. A HR-TEM image of Co-NTMCs@NSC to illustrate the interface between 
metallic Co and N, S-doped carbon matrix.



Figure S8. (a) TGA curve of Co-NTMCs@NSC and (b) XRD patterns of the Co-
NTMCs@NSC sample after TG test.

Figure S9. Raman spectra at low wavenumber region of 100−1000 cm−1 for Co@NC, 
Co@NSC and the typical sample Co-NTMCs@NSC.

As shown in Figure S9, the weak peak at 680 cm−1 observed in Co@NC is attributed to the 
vibration of Co-O bond in CoOx nanoparticles that probably due to the partial oxidation of 
metallic Co [R1]. Besides, the spectrum for Co@NSC displays typical Raman peaks at 672, 
517, 479 and 189 cm−1, which are assigned to vibration of Co-S bond in Co4S3 particles. As 
for Co-NTMCs@NSC, the peaks at 684 and 483 cm−1 are assigned to the Co-O vibration, 
while the one at 670 cm−1 is ascribed to the vibration of Co-S bond, indicating the 
coexistence of CoSx and Co3O4 species in Co-NTMCs@NSC.



Figure S10. (a, c, e) RRDE curves and (b, d, f) K-L plots of Co@NC, 

Co@NSC and Pt/C in O2-saturated 0.1 M KOH solution, respectively.



Figure S11. Chronoamperometric measurements of Co-NTMCs@NSC and 

Pt/C +0.50 V vs. RHE in an O2-saturated 0.1 M KOH electrolyte at an electrode 

rotation rate of 900 rpm.

Figure S12. Chronoamperometric responses of Co-NTMCs@NSC and Pt/C in 

O2-saturated 0.1 M KOH in the presence of 1 M methanol solution at +0.50 V 

vs. RHE.



Figure S13. (a) LSV curves of Co-NTMCs@NSC for ORR and (b) LSV curves 

of Co-NTMCs@NSC for OER before and after etching treatment with 0.5 M 

H2SO4 at 80 ℃.



Table S1. The comparison on the key parameters of some leading transitional 

metal-based catalysts in ORR and OER electrocatalysis conducted in 0.1 M 

KOH electrolyte.
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