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Figure S1: XPS survey spectra (a), core level of C1s spectra (b) of GO and GO-COOH and XPS

survey spectra of GO—COOH, rGO, rGO-sp?-rGO and rGO-sp*-rGO (c).
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Figure S2: The C-species content calculated from the wt% of C for all samples (a) N-species

content calculated from the wt% of N for sp*>-DABu, rGO-sp>-rGO and rGO-sp*-rGO (b).
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Figure S3: XPS survey spectra (a), core level of N1s spectra (b) of rGO-sp*-rGO samples from

without (GO) and with (GO-COOH) conversion treatment (CT) precursor.
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Figure S4: TGA curves of three different rGO-sp®>-rGO materials which prepared by three

different w/w ratios of GO-COOH and sp>-DABu (1:1, 1:2, and 1:3).
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Figure S5: Nyquist plots of rtGO/GCE, rGO-sp*rGO/GCE and rGO-sp>-rGO/GCE.
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Figure S6: CA curves of three different rGO-sp®-rGO catalysts which prepared by three different

wiw ratios of GO-COOH and sp®-DABuU (1:1, 1:2, and 1:3).



Table S1: The comparison of ORR activity of the metal-free catalysts.

Catalyst Electrolyte Eonset (Ref. electrode) n value References
PDDA"-graphene | 0.1 M KOH —0.105V (vs. Ag/AgCl) | 3.54 [9]*
PGP 0.1MKOH |-0.112V (vs. Ag/AgCl) | 3.85 (0.4 V) [11]*
N—graphene 0.1 M KOH —0.17 V (vs. Ag/AgCIl) | 3.64 [16]
BsCNTs® 1 M NaOH —0.13V (vs. Ag/AgCl) | 25(0.7V) [24]*
TDMAC RGO [01MKOH |-0.24V (vs. Ag/AgCl) | 3-4 [32]
Acr@MWCNTs | 0.1 M KOH —0.14 V (vs. Ag/AgCl) |3.2(-1V) [33]
NS-C®-1100 0.IMKOH [0.05V (vs. Ag/AgCl) |3.4-3.8 [34]*
AG' 0.LMKOH |-0.04V (vs. Ag/AgCl) |3.3-4 [41]
Py’-EGO 0.IMKOH |02V (vs.Ag/AgCl) [3.74(-0.4V) |[42]
S-graphene”-1050 | 0.1 M KOH —0.08 V (vs. Ag/AgCl) |3.82(-0.3V) [43]

NPC' 0.LMKOH | -0.04 (vs. Ag/AgCl) 3.7(-0.6 V) [60]
rGO-sp>-rGO 0.1 M KOH —0.1V (vs. Ag/AgCl) 3.95-3.98 This work

“noly(diallyldimethylammonium chloride), °plasma-treated graphene, ‘boron-doped carbon
nanotibes, “tridodecylmethylammonium chloride, “sulfur and nitrogen codoped carbon, ‘amino-
functionalized graphene, %pyridine functionalized graphene, "sulfur-doped graphene, 'nitrogen
self-doped porous carbon, *converted V vs. Ag/AgCI.



