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Experimental section

Synthesis of 3D rGO film on SS

rGO film was synthesized using electrodeposition method. Before electrodeposition,
40 mg GO was firstly added to 0.1 M NaClO4 solution. Then, the mixture was
processed by ultrasonic cell disruptor for 30 minutes at room temperature, making the
tightly stacked GO layers in the mixture dispersed. The electrodeposition was
performed on a CS310 electrochemical workstation by using a traditional
three-electrode configuration. In detail, the SS, platinum sheet (Pt) and saturated
calomel electrode (SCE) were utilized as the working electrode, counter electrode and
reference electrode, respectively. For the growth, constant voltage polarization mode
at -1.2 V was carried out for 15 hours, with the GO reduced to rGO, forming a film
with 3D porous networks (0.15 mg cm?; the loading mass can be readily controlled
by changing the polarization time). After the reaction, the sample was taken out,
rinsed with deionized water for several times. Finally, the flexible 3D rGO@SS

electrode was obtained after freeze drying for 48 h in vacuum freeze dryer.

Assembly of symmetric supercapacitor (SC) device

Firstly, the NaClO4-PVA sol electrolyte was prepared as follows: 4 g PVA 1799
(Aladdin Biochemical Technology, Shanghai, China), 5.6 g NaClO4 were added into
40 mL deionized water and further heated to 80 °C under vigorous stirring until the
solution became clear. Then, two pieces of 3D rGO@SS electrodes (1 cm?) were
soaked in the sol electrolyte for 5 minutes and consequently assembled face-to-face
under a pressure and left overnight until the sol electrolyte was solidified into gel. The

gel electrolyte also served as the separator.

Characterizations
The morphology and structure of the as-prepared electrode sample was characterized
by SEM (Phenom ProX, 10.0 kV) and XRD (Bruker D-8 Advance) with Cu Ka

irradiation (A=1.54 A). XPS measurements were performed with Thermo Scientic



K-Alpha using monochromatic Al Ka radiation to analyze the surface composition of
rGO@SS electrode. Raman spectra were collected from Witech CRM200 Raman

spectrometer using 632.8 nm He-Ne laser.

Electrochemical measurements

All the electrochemical measurements were performed on a CS310 Electrochemical
Workstation at ambient temperature. Electrodes’ property testing was performed in a
three-electrode electrochemical system. The 3D rGO@SS was cut into small pieces (1
cm? of active area) and utilized directly as the working electrode, while Pt plate and
saturated calomel electrode (SCE) were used as the counter electrode and the
reference electrode, respectively. The electrolyte was 1 M Na2SOs aqueous solution
(40 mL). Areal capacitance of the electrode (Cs, mF cm2) was calculated based on the

equation:?
Cs = jidV/ZSv AV

where [ idV is the integrated CV area, S is the geometrical area of the electrode, v is
the scan rate, and A V is the voltage window.

The electrochemical impedance spectroscopy (EIS) data of the device was
collected using an Autolab electrochemical working station, with an AC voltage of 5
mV amplitude in the frequency range from 100 kHz to 0.1 Hz.

The areal capacitance of the symmetric SC (C cen, mF cm) was calculated by the
equation:?

Ceel= IXAU(AVXS)
where I, At, AV and S are the current, discharging time, voltage window and the
geometrical area of the electrode, respectively. The areal/volumetric energy and power

densities were calculated based on the following equations:?

_JIv()dt
T A

P=E/At

E

Where | is the discharging current, V(t) is discharging voltage at t, dt is time

differential, At is the total discharging time, and A is the device’s area or volume.



Figure S1. SEM images of the rGO@SS electrodes prepared with different deposition
times. The thickness of the rGO film increases steadily from 70 to 400 um when the
electrodeposition time is prolonged from 1 to 15 h. However, the thickness is only
~320 pm after 20 h electrodeposition, which is probably due to the partial exfoliation
of the very thick film.



(a) (b)
4 -0.9 -
« . Negative —03mAcm®
£ 100 mV's ——0.5mAcm?
: 2 —1mAcm?
£ 5mVs) —-06 —2mAcm?
= > 3 2
< —3mAcm
2 = 2
5 0 3 —5mAcm
S c 10 mA cm?
o 203
€ -2 o
g
3
-4 T T T T T 0.0+ T T T
-0.8 -0.6 -0.4 -0.2 0.0 0 60 120 180 240
( ) Potential (V vs. SCE) (d) Time (s)
Cc
4 0.9 -
< Positive —0.3mAcm”
£ — 0.5mAcm”
: 24 —1mAcm?
£ —~ 0.6 —2mAcm?
; 2 —3mAcm?
LN © —5mAcm®
0n = 2
u:, c 10 mAcm
o 203
T -2 o
e
3
4 . . . . . 0.0 y T T
0.0 0.2 0.4 0.6 0.8 0 40 80 120 160
Potential (V vs. SCE) Time (s)

Figure S2. (a) CVs and (b) GCD curves of the rtGO@SS as negative electrode. (c) CVs
and (d) GCD curves of the rtGO@SS as positive electrode.
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Figure S3. Comparative areal capacitances at various scan rates (5-100 mV s?) of the
positive and negative electrodes.
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Figure S4. CV curves of the 3D rGO-based SC device with different voltage
windows at 20 mV s,




Table S1. Comparison of voltage window of the 3D rGO-based SC with other
carbon-based SCs.

Electrgde Electrolyte Voltage window Reference
material
Graphene—carbon 6 M KOH 12V 3
nanosphere
CNT PVA/H3PO4 0.8V 4
Activated carbon PV/A/H>SOs 10V 5
cloth
Activated carbon PVA/KOH 1.0V 6
Graphene PVA/H2S04 10V 7
Graphene sheets PVA/H2S04 0.8V 8
rGO/PPy PVA/H2SO4 0.8V 9
Graphene PVA/H2SO04 10V 10
MWCNTs PVA/H3PO4 0.8V 11
rGO/PANI PVA/H2SO4 1.0V 12
3D rGO 1 M NazSOx 16V this work

PVA/NaClO4
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Figure S5. (a) LSV curves of SS and rGO@SS. (b-c) CV curve comparison of the SS
and rGO@SS electrodes. In Na2SO4 aqueous electrolyte, the potentials for oxygen
evolution reaction and hydrogen evolution reaction on rGO@SS electrode are ~0.75
V and -1.0 V, respectively. From Figure S5a, it is found that the overpotential for
oxygen evolution reaction on SS is higher than rGO@SS, while the overpotential for
hydrogen evolution reaction on rGO@SS is higher than SS. Therefore, the origin of
this overpotential increase should come from the combination effect of SS and rGO.
In addition, based on previous report®, the lower contents of H* and OH" in Na2SOa4
electrolyte compared with acidic and alkaline electrolytes are very helpful to achieve
higher overpotentials for hydrogen and oxygen evolution.
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Figure S6. Volumetric Ragone plot of the quasi-solid-state device. At high power
density of 200 mW cm, the device still has an energy density of 44.45 pWh cm,
which is obviously superior to many reported supercapacitors based on hydrogenated
single-crystal ZnO@amorphous ZnO-doped MnO2 core-shell nanocable (HZM, 40
uWh cm at 2.44 mW cm™), single-walled carbon nanotubes (SWCNTs, 31.6 pWh
cm at 8.18 mW cm), MnO2-coated ZnO nanowires (MnO2@Zn0, 5.0 pWh cm™ at

0.756 mW cm™), and carbon nanotubes (CNTs, 33.36 pWh cm™ at 3.892 mW cm).
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Figure S7. The self-discharging curve of the quasi-solid-state device. The device has
a self-discharge time of ~15 h (from Vmax to 0).

Figure S8. Digital photographs showing the flexibility of the device.
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Figure S9. Digital photographs of the 3D rGO-based SC device under different
bending situations.
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