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Supplementary Table

Table S1. Comparison of the electrochemical performances of various MSCs.

Areal Capacitance (mF cm−2)Material Electrolyte Ref

LEG H3PO4/PVA 13.01 at 0.01 V s−1 8.59 at 1 V s−1  

11.15 at 1 mA cm−2 15.38 at 0.1 mA cm−2

this work

Onion carbon 1 M Et4NBF4  in PC 1.7 at 1 V s−1 S1

Onion carbon Ionic liquida 1.1 at 0.2 V s−1 S2

rGO Hydrated GO 0.51 S3

Carbon 1 M Et4NBF4  in PC 2.1 at 0.001 V s−1 S4

Porous carbon Ionogelb 0.6 at 0.01 V s−1 S5

LSGc H2SO4/PVA 2.32 at 16.8 mA cm−3 S6

LIGd 1 M H2SO4 3.9 at 0.2 mA cm−2 S7

B-LIGe H2SO4/PVA 12.4 at 0.04 mA cm−2 S8

LIG H2SO4/PVA 8.0 at 0.03 mA cm−2 S9

LIG H3PO4/PVA 0.8 at 0.01 V s−1 S10

MPGf H2SO4/PVA 0.0807 S11

Graphene H2SO4/PVA 0.116 at 0.01 V s−1 S12

rGO H2SO4/PVA 0.95 at 0.43 mA cm−2 S13

rGO/CNTg 3 M KCl 6.1 at 0.01 V s−1 S14

MG/MWNTsh H3PO4/PVA 2.54 at 0.01 V s−1 S15

VACNTsi Ionogelj 0.43 at 0.1 V s−1 S16

rGO microribbons H3PO4/PVA 0.54 at 0.5 V s−1 S17

EG/PH1000k H2SO4/PVA 5.4 at 0.001 V s−1 S18
aThis ionic liquid is composed of N-methyl-N-propylpiperidiniumbis[fluorosulfony]imide (PIP13FSI) and N-butyl-

N-N-methylpyrrolidiniumbis[fluorosulfony]imide (PYR14FSI) in 1:1 ratio.
bThis ionogel is composed of 1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide (EMI TFSI) and 

Fumed silica nanopowder (FS) in a 1:0.03 mass ratio. 
cLSG is laser scribed graphene.
dLIG is laser-induced graphene.
eB-LIG is boron-doped laser-induced graphene.
fMPG is reduced graphene film.
gCNT is carbon nanotube.
hMG/MWNTs is multilayer graphene/multi-walled carbon nanotubes.
iVACNTs is vertical aligned carbon nanotubes.
jThis ionogel is composed of tetramethyl orthosilicate (TMOS), formic acid (FA)and EMI TFSI in a 1:6:6 molar 

ratio.
kEG/PH1000 is electrochemically exfoliating graphene/electrochemically active poly(3,4-

ethylenedioxythiophene):poly(styrenesulfonate)
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Supplementary Figures

Fig. S1 (a) SEM image, (b) C 1s XPS spectrum and (c) Raman spectrum of GO sheets.

Fig. S2 (a) The photograph of a LG electrode composed of 8 pairs rGO fingers. (b) SEM 

image of the area circled by a red box in panel (a).

Fig. S3 Schematic illustration of the electrochemical activation process. 
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Fig. S4 (a) Cross section SEM image of an rGO/PVP composite film. (b) The relationship 

between the reciprocal of the thickness and sheet resistivity of rGO/PVP films. (c) Typical 

stress-strain curve of an rGO/PVP composite film.

Fig. S5 Cross section SEM images of LG (a) and LEG (b) on PEN.

Fig. S6 The charge-discharge curves at 1 mA cm−2 for LEG-MSCs wih LEG-rGO electrodes 

treated by electrochemical activation (a) at 3 V for 50 or 100 s, or 5 V for 60 s or 7 V for 30 s 

or (b) at 5 V for 30, 40, 50 or 60 s; the voltages and time are dipicted in the names of MSCs 

(LEG-MSCxV-ts, where x is the applied voltage, t is the given time in one direction). 
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Electrochemical activation of LG-rGO in water was applied to expand the compact 

rGO films. In this case, LG-rGO was subjected to a constant voltage (3, 5, or 7 V) for 

a given time (30, 40, 50, 60, or 100 s) and then at the opposite voltage for the same 

time. The resultant MSC is called LEG-MSCxV-ts, where x is the applied voltage, t is 

the given time in one direction. It is expected that the rapid gas evolution by water 

electrolysis can expand the highly stacked rGO films into three-dimensional 

interconnected network. Indeed, it was found that 5 V and 60 s are the optimal 

combination of voltage and polarization time that can moderately expand the rGO 

film into porous network without detaching from the substrate. The MSC based on the 

LG treated at 5 V with 60 s followed by the opposite voltage with the same time gives 

a high areal capacitance of 11.15 mF cm−2 at the current density of 1.0 mA cm−2 (Fig. 

S6). Low voltage (3V) and short time (≤ 50 s) are less efficient for the expansion of 

the rGO films due to the slow gas evolution rate and insufficient amount of gas 

produced, whereas high applied voltage (7 V) or long-time treatments usually detach 

the microelectrodes easily from the substrate (Fig. S6). 

Fig. S7 Cross section SEM image of an LEG on PEN after pressing at 1 MPa for 1 min.
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Fig. S8 Nyquist plot of the LEG-MSC (black circle) and fitting Nyquist plot of the device 

(red circle). The inset shows the equivalent circuit.

The inset of Fig. S8 shows the equivalent circuit of the device, where, RS is the ohmic 

resistance attributed to the contact resistance between the interfaces of the electrolyte 

and electrodes, and the electrolyte resistance and electrode resistance. Cdl is the 

double layer capacitance. W is associated with the diffusion resistance of the porous 

electrode according to the DeLevie model. The parallel constant phase angle element 

(CPE) and R represent the leakage current from the oxygen function group reaction in 

low-frequency region.
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