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Fig. S1. TEM images of synthesized carbon nanoparticles (a) CNS, (b) NCNS, (c) BCNS, (d)
PCNS, (e) BNCNS, (f) PNCNS. ; All synthesized particles have spherical morphology with
uniform size (20~30 nm) and it became an agglomeration structure.
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Fig. S2. Raman spectra of hetero-atom doped carbon nanoparticles.
(a) CNS, (b) BCNS, (c) PCNS, (d) BNCNS, (e) PNCNS.



Table S1. Chemical compositions and doping concentrations of the sample obtainded from the
XPS analysis.

Chemical compositions (at%) Doping concentrations
C N ) P B 0/C N/C P/C B/C
NCNS 934 3.0 3.6 - 3.85 321 - -
BCNS 95.3 - 3.3 - 14 346 - - 147
PCNS 95.5 - 3.9 0.6 - 4.08 - 0.63 -
BNCNS 90 4.0 3.7 - 1.9 411 4.44 - 211
PNCNS 87.3 3.8 7.5 14 - 8.59 435 1.60 -
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Fig. S3. Cls spectra of hetero-atom doped carbon nanoparticles
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Fig. S4. Linear sweep voltammetry of hetero-atom doped carbons at various rotation speed (a)
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BCNS, (b) PCNS, (c) NCNS, (d) BNCNS, (e) PNCNS.

— 1800
— 500
— 3500
10 08 0.6 =08 Wz 00 oz
Potential (V' vs. AgfagCl)
T T T T T
o}
L L
A0 €8 06 04 -02 0.0 02



