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XPS Analysis

The X-ray photoelectron spectroscopy (XPS) C 1s spectra were analyzed using peak
deconvolution. The sp*hybridized carbon (C=C) bonding located at the binding energy of
284.6 eV was fitted using the asymmetric Doniach-Sunjic line shape." > Other spectral
components corresponding to the sp*-hybridized carbon (C-C), C-O, C=0, 0=C-0, and n-n*
transition were located at 285.6, 286.4, 287.8, 288.9, and 290.8 eV with the Gaussian—
Lorentzian product formula, respectively.>> Minimal K 2p peaks appeared at approximately
292-296 eV due to potassium residue left in the activated graphene (AG) after KOH

activation.’

Electrochemical testing of the synthesized AG

The synthesized AG particles were assembled into electrodes by mixing with 5 wt%
polytetrafluoroethylene (PTFE, 60 wt% dispersion in water, Sigma Aldrich) binder. The
AG/PTFE mixture was homogenized in an agate mortar and rolled into a 50 um thick sheet.
The electrodes were formed by punching the sheet into 10 mm diameter discs. The
supercapacitor test cell was assembled with two identical AG electrodes, two current collectors
(conductive polymer film, 2267p, z-flo), a porous separator (3501, Celgard), and a 6 M KOH
aqueous electrolyte. The cell assembly was fastened between two stainless steel plates for

electrochemical testing.’

The CV curves have a rectangular shape within a voltage window of 0—1 V at scan rates of
0.05-0.5 V s! (Figure S5a). The GCD measurements exhibit a linear discharge curve at current

densities of 1, 2, 4, and 8 A g'!' (Figure S5b). A Nyquist plot at frequencies ranging from 50



kHz to 0.1 Hz displays a vertical slope at low frequency, implying a nearly ideal capacitive
behavior (Figure S5¢).> ® The inset of Figure S5¢ shows the equivalent circuit used to fit the
Nyquist plot for all supercapacitors tested in this work. The equivalent circuit includes an
equivalent resistance (Rs), a double-layer capacitance (CpL), a charge transfer resistance (Ret),
and a Warburg element (Wo). Furthermore, the capacitive behavior of the AG electrode is

confirmed by the phase angle being close to -90 ° at low frequencies (Figure S5d).’

The specific gravimetric capacitance of a single electrode was estimated from the GCD

curves according to the following equation:

o = 21
™ mdv/dt
where I (A) is the applied constant current, dV /dt (V s™')is calculated from the slope of the
linearly fitted discharge curve over the range of 0.8-0.4 V, and m is the mass of a single
electrode. The synthesized AG shows a high gravimetric capacitance of 198 F g'! at a current

density of 1 A g™!.

Calculation of electrochemical performance of the wire supercapacitors

The specific areal capacitance of a single electrode was calculated from the CV curves using
the following equation:

_2[1(V)av
A7 AvAV

where I (A) is the current in the CV curves, V (V) is the applied voltage, v (V s™!) is the

scan rate, AV (V) is the total scanning voltage, and A is the area of a single electrode, which



is equal to the circumference of the wire electrode multiplied by the length of the overlapped
portion of the two electrodes.
GCD curves were also used to estimate the specific areal capacitance of a single electrode

according to the following equation:

21

A= Taviar

where I (A) is the applied constant current, dV /dt (V s™)is calculated from the slope of the
linearly fitted discharge curve over the range of 0.8-0.4 V, and A is the area of a single
electrode.

The areal energy density (E,) and power density (P,) of the device were estimated from the

GCD curve using the following formula:

1 2
EA - gCAU
E4
Py= —5—
4 Atdischarge

where C4 is the specific areal capacitance of a single electrode, U is the operating voltage

window of the device, and Atgiscnarge is the discharge time.



Figure S1. SEM images of the surfaces of (a) AG/rGO@G-Cu and (b, ¢) rGO@G-Cu wires.
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Figure S2. Characterizations of AG. (a, b) HR-TEM images at (a) low and (b) high

magnification. (c) Pore size distribution calculated using the NLDFT model.
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Figure S3. (a, b) XPS C 1s spectra of (a) AG and (b) AG/rGO electrode materials. (¢c) Raman

spectra of AG/GO and AG/rGO.
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Figure S4. TGA and DTA curves of (a) AG, (b) rGO, and (c) AG/rGO at a temperature range

of 20-900 °C in air.
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Figure S5. Electrochemical tests of the synthesized AG using a two-electrode supercapacitor
with a 6 M KOH electrolyte. (a) CV curves at scan rates ranging from 50 to 500 mV s’'. (b)
GCD curves at current densities ranging from 1 to 8 A g™'. (¢) Nyquist plot with the equivalent

circuit and (d) Bode phase angle plot at frequencies ranging from 50 kHz to 0.1 Hz.
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Figure S6. CV curves of the AG/rGO@G-Cu wire supercapacitors at scan rates ranging from
20 to 200 mV s’!. The AG/GO materials were deposited using the EPD process at an applied

voltage of 10 V and various deposition times of (a) 15, (b) 45, and (¢) 60 s.

Figure S7. SEM images of the surface of the AG/rGO@G-Cu wire at (a) low and (b) high
magnification. The EPD process was performed at an applied voltage of 10 V and a deposition

time of 60 s.
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Figure S8. GCD curves of the AG/rGO@G-Cu wire supercapacitor at different current

densities. EPD process performed for (a) 30 and (b) 60 s.
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Figure S9. The surface morphology of various Cu wires after each wire was immersed in a gel

electrolyte at 80 °C for 1 h. SEM images of (a, b) G-Cu, (c, d) A-Cu, and (e, f) R-Cu wires.
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Figure S10. SEM images of (a, b) R-Cu and (c, d) A-Cu wires at low and high magnification.
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Figure S11. Nyquist plots of the AG/rGO-based wire supercapacitors using (a) G-Cu, (b) A-

Cu, and (c) R-Cu at 20 °C before and after the thermal tests.
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Table S1. Comparison of electrochemical performance of wire supercapacitors.

Ca Energy density Power density ESR
Electrode materials Electrolyte  Ref.
[mF cm?]  [uWhcem™] [mW cm™] [Q]

4.54 0.39
(at 1 mA cm?) (at 1 mA cm?)

130.3 342 0.81
(EPD 60 s) (at2 mA cm?) (at2 mA cm?)
1.86 1.39
2 2
AG/rGO@CVD- (at4 mA cm™) (at4 mA cm™) This
PVA/H3PO4
graphene 367 041 work
(at 1 mA cm?) (at 1 mA cm?)
104.3 2.86 0.87
8.0
(EPD 30 ) (at2 mA cm?) (at2 mA cm?)
1.86 1.61
(at 4 mA cm?) (at4 mA cm?)
rGO/CNT core-
eath i 177 3.84 0.02 0.55k PVA/H;POs 1°
sheath fiber
3D graphene-CNT 89.4 - - - PVA/H2SO4 !
GF@3D-G 1.7 0.17 0.1 - PVA/H3POs 12
Coiled
CNT/MnO2/nylon 40.9 2.6 0.0669 - PVA/LiCl 13
fiber
rGO fiber - 1.68 - - PVA/H;POs ™
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Mesoporous

39.7 1.77 0.043 - PVA/H;POs 1
carbon/CNT fiber
GO/rGO fiber 14.3 - - - PVA/H2SO4 16
Plasma-treated
36.25 0.80 0.02 - PVA/H2SO4 V7
graphene fiber
PPY/CNTs/urethane
- 6.13 0.133 - PVA/H3;POs '8
fiber
Hollow
graphene/conducting ~ 304.5 6.8 0.0166 306.8 PVA/H:POs Y
polymer

12
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