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The computer controlled Neware battery tester was used for the galvanostatic charge-discharge 
of test cells. So we need to use the equations (5) and (6) in text to work out the volumetric 
capacity. The SEM crosssection of prepared NCM electrodes can be seen in Figure S1. The 
thickness (t) of electrode tested is ca.5.8 µm in our experiment. 

The density of the electrode, ρ, can be calculated from the according equation ρ (g cm-3)=M 
(mg cm-2)/t (cm), i.e., ρ=M/t=0.706*10-3/(5.8*10-4)/(π/4)=1.55 (g cm-3). So, at 0.1 A g-1, Cv=885.8 
mAh g-1*1.55 g cm-3=1373 mAh cm-3; at 1.0 A g-1, Cv=709.6*1.55=1100 mAh cm-3.

Figure S1. The prepared NCM electrodes. (a) SEM crosssection. (b) Optical photograph.

Figure S2. Schematic structural characters of the NCM. I, II, and III in panels represent three 
typical defective locations, i.e., the corner (I), the broken fringe (II), and the pore (III), 
respectively.



Figure S3. SEM images of different moles of chitosan and gallic acid, (a) 5&0 mmol, (b) 4&1 
mmol, (c) 2.5&2.5 mmol, (d) 1&4 mmol, (e) 0&5 mmol.

Figure S4. SEM images of the 4 mmol chitosan and 1 mmol gallic acid mixture treated at 180 oC 
for 12, 24 and 48 h, respectively.

Figure S5. XRD patterns of NCM, NC, and C.



Figure S6. STEM image and corresponding elemental mappings for a single microsphere of NCM.

Figure S7. Survey XPS spectra for NCM, NC, and C.



Figure S8. ORR performances of all samples. (a) LSV curves. (b) The corresponding plots of n 
and HO- 2 yield.



Figure S9. Long-life cycling and corresponding volumetric capacity of the electrode thickness 
from16 to 35 μm at the current densities of 0.5 and 1.0 A g-1 for 100 and 500 cycles, respectively.

Table S1 Compositions of NCM, NC and C.
At.% [b] N/C species (absolute/relative content)

Samples
SBET

(m2 g-1) 
[a] C N O N1 N2 N3

NCM 322.7 87.2 5.6 7.2 0.7 (11%) 2.5 (39%) 3.2 (50%)
NC 213.5 86.8 5.7 7.5 1.9 (29%) 3.1 (48%) 1.6 (23%)
C 94.6 89.3 N.A. 10.7 N.A.

Note: N.A. not available. [a] SBET is BET specific surface area. [c] Atomic concentrations from the 
XPS data. N1: pyridinic-N. N2: pyrrolic-N. N3: graphitic-N.



Table S2 ORR activities of NCM versus recent reported N-doped metal-free carbons.

Samples Precursors of CDs Synthesis methods
N 

(at.%)

Catalyst 

loading

(mg cm-

2)

Eonset

(V vs. 

RHE)

E1/2

(V vs. 

RHE)

Refs.

NCM chitosan +gallic acid Hydrothermal 5.6 0.12 0.996 0.818
This 

study

NMC

polypyrrole + phytic 

acid + polystyrene 

sphere

Polymerization + 

pyrolysis (900 °C)
3.56 0.20 N.A. 0.81 [1]

NCN-1000-5 citric acid + NH4Cl

Pyrolysis + 

carbonization (1000 

°C)

2.46 N.A. 0.95 0.82 [2]

N-doped 

microporous 

carbon

banana peel + melamine

Carbonization (400 

°C) + pyrolysis (1000 

°C)

3.0 0.10 -0.085 N.A. [3]

NCYS PPy
Pyrolysis (900 °C, 

 Ar)
3.24 0.64 0.93 0.81 [4]

NS-MHCS

sodium 1,5-

naphthalenedisulfonate 

+ polydopamine + silica 

SBA-15

Hard template + 

carbonization (800 

°C)

2.04 0.16 0.945 0.812 [5]

HNC Aniline + K3[Fe(CN)6]

Polymerization + 

carbonization (900 

°C)

1.95 0.50 1.001 0.796 [6]

THNCM
glucose + 

dicyandiamide

Hydrothermal +  

carbonization (800 

°C)

4.88 0.81 0.92 N.A. [7]

NCMSs
o-methylaniline + 

H3PO4 + H2O2 + FeCl3

Hydrothermal 

+carbonization (900 

°C)

1.86 0.20 0.981 0.815 [8]

N-CSH

porous silica 

microspheres + pyrrole 

+ hydrofluoric acid

Template + 

carbonization (850 

°C) + dissolve the 

framework

8.0-8.8 

wt.%
0.10 0.927 N.A. [9]

NGHMs

polystyrene 

microspheres + H2SO4 

+ poly(ethyleneimine) + 

graphene oxide 

nanosheets + melamine

Sacrificial template+ 

pyrolysis (800 °C)
2.73 2.55 0.934 0.777 [10]

N-CB carbon black

Two-step heating 

procedures (750 + 

800 °C)

0.7 N.A. 0.97 0.82 [11]



Table S3 Volumetric capacities of other anode materials for LIBs.

Samples
Density
(g cm-3)

Refs.

NCM 1.55 This study
INCM 1.59 [12]

I-doped graphene 0.39 [13]
N-doped holey 

graphene
1.1 [14]

Modified hard
carbon aerogel

~1.5 [15]

Sn(IV)@Ti3C2 2.16 [16]
Si-C composites 0.49 [17]

Si/graphene/graphite 
foam

1.03 [18]

SnO2@GC 2.18 [19]
Hollow structured 

SnO2@Si nanospheres
1.33 [20]

CNC 2.06 [21]
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