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1. Formation mechanism of graphene-like mesoporous carbon sheets

The formation mechanism of graphene-like mesoporous carbon sheets are illustrated
in Scheme 1. Calcium gluconate is encapsulated by ethanol, which is decomposed easily in
situ production a lot of CO: via burning ethanol, and these COz-bubbles play a key role for
the formation of graphene-like mesoporous carbon sheets. At this point, calcium gluconate
will change from solid state to molten state. A large number COz-bubbles was formed at
different locations in the interior of precursor, which build a series of channels by
extrusion process from the interior to precursor-air interface. Where there are CO:-bubbles,
there will be no carbon precursor. Therefore, the carbon precursor is only existed in the
gaps of COz-bubbles, resulting in the formation of graphene-like mesoporous carbon
sheets.

2. Electron transfer number and H:0: yield

The electrocatalytic oxygen reduction reaction pathway of sample was evaluated by
RRDE measurement. The electron transfer number (1) and H:0: yield can be calculated
from the following the Eq. (1) and Eq. (2):

n=dx—1o (1)
I,+1,/N
H,0,(%)= 200x eV )
1,+1,/N

Here, Ip, Ir and N are the disk current, ring current and collection efficiency of the Pt
ring, respectively [1].
3. RHE Calibration

All potentials were converted to the reversible hydrogen electrode (RHE) scale based
on the Nernst equation [2]:
Eppe = E 11400 +0.2046 V + 0.059 pH (3)

RHE

4. Tafel plot
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Tafel slopes were calculated by fitting the linear portions of Tafel plots to the Tafel

equation[3]:
n=blogJ +a 4)
Where, 7, b, | and a are the overpotential, Tafel slope, current density, and empirical
coefficient.
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Figure S1. XRD patterns of C-1000, PDRC-800, PDRC-900 and PDRC-1000.
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Figure S2. XPS data of PDRC-800, PDRC-900 and PDRC-1000.
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Figure S3. Raman spectra of (a) C-1000, (b) PDRC-800, (c) PDRC-900 and (d) PDRC-1000.
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Figure S4. CV curves of (a) C-1000, (b) PDRC-800, (c) PDRC-900 and (d) PDRC-1000 (scan rate 150
mV s1) in Ar- or Oz-saturated 0.5 M H2SOs.
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Figure S5. (a) RRDE voltammograms, (b) the n value and (c) H20: yield of C-1000 in Oz-saturated 0.5

M H2SOs.
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Figure S6. The stability measurements of PDRC-1000 electrode over 20 h in (a) alkaline and (b) acidic
media, respectively.

Table S1. The atomic % of C, O, N and Ca of samples from XPS data.

Samples C(at%) O(@at%) N (at%) Ca (at%)

PDRC-800 79.59 9.6 10.11 0.7
PDRC-900 68.04 14.42 13.12 4.42
PDRC-1000  79.21 7.69 11.82 1.28

Table S2. The atomic % of the different N-bond types from XPS data.

Samples Pyridinic N (at %) Pyrrolic N (at %) Graphitic N (at %)
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PDRC-800 421 3.65 225
PDRC-900 6.41 5.70 1.01
PDRC-1000 5.49 4.68 1.65

Table S3. The summary table of the samples used and their main properties.

Samples Treatment  BET surface area (m? g') Content of N (at %)
C-1000 Ar, 1000 °C 620 0
PDRC-800  NHs, 800 °C 809 10.11
PDRC-900  NHs, 900 °C 1034 13.12
PDRC-1000 NHs, 1000 °C 1158 11.82
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