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The CV curves of different samples at 5 mV s in Figure Sla show that GO-150
exhibits a typical bilayer rectangle, while LG-150 exhibits a very obvious redox peak,
which greatly increases the integral area of the CV curve, which proves that SL
contributes pseudocapacitance to the LG-150 electrode. The calculated Cg of the
GO-150, LG-150 and LGP-150 electrodes are 89, 137, and 264 F gtat 5 mV s?,
respectively, which also demonstrates that the introduction of SL greatly enhances the
specific capacitance values through rapid and reversible redox reactions. When PANI
is added, the CV area is further increased, so the LGP-150 electrode has better
electrochemical performance. This result is due to the in situ polymerization of PANI
in an acidic environment, which greatly increases the reaction sites and forms shorter

conductive pathways, thereby enhancing the electrochemical performance. Figure S1b
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shows the GCD curves of GO-150, LG-150 and LGP-150 electrodes at 1 A g*. It can
be seen that the GO-150 electrode exhibits a linear isosceles triangular curve,
indicating a stable double-layer energy storage behavior, while the LG-150 and
LGP-150 electrodes exhibit a nonlinear isosceles triangular-like shape with slow
charging and discharging plateaus indicating the presence of pseudocapacitive energy
storage behavior, which is consistent with the CV curves. The above results are
further demonstrated in the EIS curves of Figure S1c, where the LGP-150 electrode
has smaller Rs and Rct compared with GO-150 and LG-150, proving that it has the
best charge transfer capability and the smallest resistance performance among the
three of them. Figure S1d shows the specific capacitance curves of GO-150, LG-150
and LGP-150 composite electrodes in the range of 0.5 to 5 A g. The specific
capacitances at 0.5 A g are 106, 201 and 521 F g%, and at 5 A g™t are 68, 146 and 390
F g%, respectively, and the capacitance retention rates are 64.2 %, 72.6 % and 74.9 %,
respectively. The results indicate that the LGP-150 electrode has the largest specific
capacitance and the highest capacitance retention, which is consistent with the results
of CV and GCD curves, proving that the addition of SL and PANI provides the
pseudocapacitance, respectively, making the LG-150 and LGP-150 electrodes display

a specific capacitance far exceeding that of the GO-150 electrode.
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Figure S1. The electrochemical performance of the GO-150, LG-150, and LGP-150
electrodes: (a) CV curves at 5 mV s, (b) GCD curves at 1 A g, (c) Nyquist plots
(the inset shows a magnified view of the high-frequency region), and (d) specific

capacitance curves in the range of 0.5to 5 A g*

Temperature favors the acceleration of molecular motions, which affects the
strength of the cross-linking reaction. To investigate the effect of hydrothermal
temperature on the electrochemical properties, the electrochemical properties of the
composites prepared at five different hydrothermal temperatures including 80 °C,
100 °C, 120 °C, 150 °C and 180 °C is investigated. The electrochemical properties are

shown in Figure S2. The specific capacitances at 0.5 A g of the five electrode
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materials, LGP-80, LGP-100, LGP-120, LGP-150 and LGP-180, are 425, 412, 514,
521 and 184 F g%, and at 5 A g* are 303, 252, 120, 390 and 113 F g}, respectively.
The capacitance retention rates are 71.3 %, 61.2 %, 23.3 %, 74.9 % and 61.4 %,
respectively, indicating that the LGP-150 electrode has the largest specific capacitance
and the highest capacitance retention rate. With the increase of temperature, the
adhesion between PANI and LG film may become closer, and the best adhesion effect
is achieved at 150 °C, suggesting the most robust conductive structure. When the
temperature is increased to 180 °C, the binding effect between PANI and LG may
become worse, and the electrochemical performance is greatly reduced. This indicates

that 150 °C is the optimum water heating temperature.
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Figure S2. The electrochemical performance of LGP-80, LGP-100, LGP-120,

LGP-150, and LGP-180 electrodes: (a) CV curves at 5 mV s?, (b) GCD curves at 1 A
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g}, (c) Nyquist plots (the inset shows a magnified view of the high-frequency region),

and (d) specific capacitance curves in the range of 0.5 to 5A g

In order to clarify the effect of PANI polymerization time, five electrodes were
obtained by controlling the PANI polymerization time of 3 h, 6 h, 9 h, 12 hand 15 h
to further discuss the electrochemical properties. Figure S3a shows the CV curves of
the LGP-150 electrode at 5 mV s*. Comparing the closed areas of the curves, the CV
curves with the polymerization time of 12 h have the largest closed areas, and the
specific capacitances are calculated to be 159, 156, 243, 264, and 231 F g%, indicating
that 12 h is the optimal polymerization time. The CV curves have a pair of distinct
redox peaks, which can be attributed to the pseudocapacitance provided by the
phenoquinone group in SL and the biphenyl and benzoquinone units in PANI. Figure
S5b shows the GCD curves of the samples prepared at different polymerization times
at 1 A g*. It can be seen that all curves exhibit an obvious slow discharge plateau,
which proves the pseudocapacitance storage mechanism, and the pattern of 12h >
9h > 15h > 6h > 3h can be obtained by the discharge duration, which is basically
consistent with the CV curve results. Figure S3c shows the EIS of all electrode
materials, and it can be seen that the EIS plots with polymerization time of 9 h, 12 h
and 15 h all show very small Rs and Rct in the high frequency region, while the
electrode at 12 h polymerization time has the maximum slope in the low frequency
region, which indicates its best ion diffusion ability. Figure S3d shows the specific

capacitance curves of the five composite electrodes in the range of 0.5to 5 A g™. The



specific capacitances are 288, 391, 400, 521 and 401 F g* at 0.5 A g%, and 157, 204,
250, 390 and 273 F gt at 5 A g%, respectively. Their capacitance retention rates are
54.5 %, 52.3 %, 62.5 %, 74.9 %, and 68.1 %. The results show that the electrodes
obtained by 12 h polymerization had the highest specific capacitance and the highest

capacitance retention, which are consistent with the CV and GCD curves, proving that

12 h was the optimum polymerization time.
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Figure S3. The electrochemical performance of the GO-150, LG-150, and LGP-150
electrodes: (a) CV curves at 5 mV s, (b) GCD curves at 1 A g, (c) Nyquist plots
(the inset shows a magnified view of the high-frequency region), and (d) specific

capacitance curves in the range of 0.5to 5 A g*

Table S1. Comparison of specific capacitances in three-electrode systems.
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Reference Cg Electroly
Work Electrode AV Ref
electrodes (Fg?) te
254 1M
TisC2/rGO Ag/AgCl -0.3~0.4V [S1]
2mVs?t  HSO4
TisCoTX/HCNF@LI 272 1M -0.35~0.4
Ag/AgCI [S2]
0(3@1)9713 (0.5Ag? H>SO4 Vv
442 1M
Grafted PANI/GO Hg/HgCl> 0~0.8V [S3]
(1Agh H2SO4
375 2M
GPH7 Ag/AgCl -0.2~0.6V  [S4]
(1Agh H2SO4
385 1M
rGO/PANI film Ag/AgCI 0~1V [S5]
(0.5AgY H>SO4
PANI/graphene 224 H2SO4/H
Ag/AgCl 0~0.8V  [S6]
Hydrogel (0.4AgH Q
rGO/CNT/PANI 257 1M -0.65~0.35
Hg/HgCl» [S7]
paper (0.2Agh  HSO4 \Y
372 1M
Lig/SWCNTHnos Hg/HgCl: -0.3~0.7V  [S8]
(1Ag? Li2SO4
Lignin/TisC2/i-P 240 1M
Ag/AgCl -0.35~0.2V  [S9]
ANI/TisC; (LAg')  H:S0.
201 1M This
LG-150 Ag/AgCl 0~1V
(0.5AgY)  HS04 work
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LGP-150 Ag/AgCl

(05Ag™Y)

1M

H2S04

0~1V
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Table S2. A performance comparison of this work with that of symmetric

ASSSCs reported.

E P
Cycle
Electrode C'g(Fg? (Wh (kW Ref
ability
kg™) kg™)
Modified PANI@OGH 530 80%
8.12 19.71  [S10]
film (0.5AgY  (3k)
203 96.1%
RL-60 10 40 [S11]
(LAgH (3k)
Lig/SWCNT-HNO3 292 78.3%
17.1 0.324  [s8]
hydrogels (0.5 A g (3k)
322 91.9%
PANI/CNT 7.1 2.2 [S512]
(1AgH (1k)
324.4 83.3%
FrGO/PANI 16.3 0.3 [513]
(1AgH (1k)
125 83.9%
rGO@MnO2/PANI 18.3 0.4 [S14]
(1AgH (5k)
408 84%
LS-GHS 13.8 0.5 [S15]

(1Ag™  (10k)



Hydrothermal rGO

Hydrazine rGO

Graphene paper

Nanocellulose/PANI/

rGoO

PANI-LS

Lignin/PAN

nanofiber

PErGO-based

rGO@Fes0s@PANI

LECP/PANI gel

LG-150

LGP-150

186
(1AgH
220
(1AgH
80
(1AgH
79.7
(0.1Ag™
227
(1AgH
129.2
(0.5A g™
81
(0.5A g™
283.4
(LAgH
184
(0.5A g™
123.6
(1AgH
185

(1AgH

92%
(2k)
91.6%
(10K)
100%

(10K)

87%
(15k)
95%
(10K)
94.5%
(5k)
78%
(5k)
74%
(1k)
100%
(10K)
81.4%

(10K)

6.1

7.2

8.8

5.09

14.5

4.49

11.25

47.7

40.92

54.58

0.67

0.5

0.18

0.15

26

2.63

0.5

0.0416

[S16]

[S17]

[S18]

[S19]

[S20]

[S21]

[S22]

[S23]

[S24]

This
work
This

work




Table S3. A performance comparison of this work with that of asymmetric

ASSSCs reported.

Electrode E P
Cycle
C'g(Fg? (Wh (kW Ref
Positive Negative ability
kg™ kg™
GO@zn-Co- 837 97.1%
AC 64.91 0.8 [S25]
Ni (1AgY (5k)
AC/lig-MnO 12 97.5%
AC 14.11 1 [S26]
2 (6 mA g (2k)
MnO./e-C 95%
e-CMG — 44 11.2  [S27]
MG (1k)
98 82%
rGO@Mn:0s rGO@VO: 42.7 0.3  [s2g]
(0.4 Ag (10K)
PANI@Mn3 100.2
AC - 40.2 0.34 [S29]
O4 (0.36 Ag?)
Ni(OH)2/UG 63.2%
a-MEGO 119 (1 Ag) 13.4 85 [S30]
F (10K)
10-graphene 171 93.6%
AC 26.7 6 [S31]
-WOs3 (LAg? (4k)
aGNS/cMW 107 91.4%
aGNS 41.5 0.17 [S37]
CNT/PANI (LAg? (5k)
FesOs/graph  CoFe20a4/gr 91%
114 (1A g 45,5 0.84 [S33]
ene aphene (5k)
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LGP-150 LG-150 83.87 3.4
(LAgY (5k) work
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