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Fig. S1 Synthesis scheme of ionic liquid monomers (a) ES and (b) MT.
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Fig. S2 'H-NMR spectrum of ionic liquid monomers (a) ES and (b) MT.
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Fig. S3 FTIR spectrum of ionic liquid monomers (a) ES and (b) MT.
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Fig. S4 Ionic conductivities of BHPE and HPE as a function of temperature.
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Fig. S5 1-V curves (140 mV s!) of BHPE-based and HPE-based supercapacitors by

using CNTs as electrodes.
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Fig. S7 Electrochemical performance of CNTs//PMT/PES//CNTs supercapacitors. (a)

CV curves at different scan rates. (b) GCD curves at different current densities. (c)

Areal specific capacitance and mass specific capacitance obtained at a constant

current density of 0.5 mA cm as a function of the electrochemical window.
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Fig. S8 Cyclic performance of CNTs//PMT/PES//CNTs supercapacitors.
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Fig. S9 CV curves at different scanning rates, GCD curves at different current
densities and self-discharge curves of supercapacitors based on HPE (a-c) PMT and

(d-f) PES by using CNTs as electrodes.



Fig. S10 (a-c) Top SEM images of AC/CNTs films. Cross-sectional SEM images of

AC with the thickness of (d) 25 pm, (e) 75 pm and (f) 110 um.
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Fig. S11 Electrochemical performance of AC//PMT/PES//AC supercapacitors (The

thickness of AC is 25 um). (a) CV curves at different scanning rates. (b) GCD curves

at different current densities. (c¢) Leakage current curves and (d) self-discharge curves

under forward bias and reverse bias.
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Fig. S12 Electrochemical performance of AC//PMT/PES//AC supercapacitors (The
thickness of AC is 110 pum). (a) CV curves at different scanning rates. (b) GCD
curves at different current densities. (c) Leakage current curves and (d) self-discharge

curves under forward bias and reverse bias.
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Fig. S13 (a) Volume specific capacitance, (b) areal specific capacitance and (c) mass

specific capacitance of BHPE-based supercapacitors by using AC/CNTs as electrodes

with different thickness of AC under a current density of 0.5 mA cm. (d-f) Ragone

plots.
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Fig. S14 Electrochemical performance of BHPE-based supercapacitors by using

AC/CNTs as electrodes with different thickness of AC. (a) Nyquist plots; (b) Leakage

current curves; (c¢) Self-discharge curves.
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of AC//PMT/PES//AC supercapacitors with different

thickness of AC. (a) 25 pm; (b) 75 pm; (¢) 110um.
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Fig. S16 CV curves at different scanning rates, GCD curves at different current

densities and self-discharge curves of supercapacitors based on HPE (a-c) PMT and

(d-f) PES by using AC as electrodes.
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Fig. S17 Simulation by the dual-mechanism model for AC//PMT/PES//AC
supercapacitors under (a) forward bias. Simulation by the dual-mechanism model for

supercapacitors based on HPE (b) PES and (c) PMT by using AC/CNTs as electrodes.
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Fig. S18 Self-discharge curves of a typical BHPE-based supercapacitor under forward

bias measured at different temperatures.

Fig. S19 Digital images of flexible supercapacitors under different bending angles.
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Fig. S20 The peeling force curves of BHPE.

Fig. S21 Digital photographs of a single supercapacitor powering a light-emitting

diode under flat state (a) and being bent to 180° (b).



Table S1 Comparison of electrochemical performance of our BHPE-based

supercapacitors with those of supercapacitors with different ionic liquid as

electrolytes.
) Cycle Life
Capacitance Electro-
Energy Power Current ) (Cycle number
(Fg" ) ) ) chemical
Electrode Electrolyte ) density density density ) and Ref.
(Single Window )
(Whkg™ (Wkg™) (Agh capacitance
electrode) V)
retention)
AC/CNTs BHPE 115 33 240 0.17 3 4000, 80 %  this work
PEGDA/TEGDME/LIT
AC FSI[Emim][TFSI] 105 23 172 0.22 25 10000, 85 % (811
PVA/Agar-

AC [Emim][BF -Li,SO, 28.8 4 150 0.3 1 10000,80% (52
PEDOT/CC PAAM/[VmIm][TFSI] 52.26 14.22 70 - 1.4 3000, 93.4% (53]
hierarchical PVDF-HFP 0 41
porous AC [EmMIm][TFSI] 126-146 21 110 0.5 2 10000, 82 %

AC PVA/NaTf/[Emim][TF] 125.4 12.4 198.4 - 2 1000, 100 % 551

LiMn,O,/
mesoporous  LiTFSI/[Emim][TFSI] 50.7 17.9 217.5 0.2 2 1000, 76 % 561

carbon

Table S2 Comparison of the self-discharge time of our BHPE-based supercapacitors

with those of supercapacitors with different ionic liquid as electrolytes.

Range of Time of Self-
Electrode Electrolyte Ref.

voltage (V) discharge (h)

AC/CNTs BHPE 341 23.2 this work
PVDF-HFP
a-MnO,/N&S-rGO 45-1.55 2 Is7]
[DEME][TFSI]
AC PVA/Na,SO,4/Pyr,4Br 2-0.92 4 (s8]
AC PVDF-HFP/[Bmim]I/CNTs 2.2-0.79 5 [59]
AC [Emim][FcTFSI] 2-07 3.3 1810]
Porous nitrogen-doped

graphgene P [Bmim][PFg] 3-0.8 10 1811
MnO,@CF//[FeOOH/PPy@CF [Emim][TFSI//FS 3.5-1 4 1812]
PProDOT//CMK-3 PMMA/PC/[Emim][TFSI] 1.5-0.05 0.13 1513)
PEDOP@MnO, PMMA/PC/[Bmim][CF;S0O5] 0.72-0.5 0.14 1514)
molten-salt method-derived X 1
graphene [Emim][BF4] 315 43 18151
AC PVA/Li,SO,/BMIMI 1.5-0.64 6 [516)




Supporting Note. The electrochemical model based on Poisson—Boltzmann
equation.

Assuming a Boltzmann distribution of counterions and a uniform distribution of the
fixed ions from polymer backbone, the electrostatic potential ¢(z) along the z-axis of
the BHPE can be described as:

0%p(2)
az2

= 8mlycysinh (@(2)) - 47tlbcf

where ¢, is the local density of positive (or negative) counterions at z = 0. ¢y is the
density of ionic groups of PILs. ly=e*/(4neT) is the Bjerrum length reflecting the
strength of the electrostatic interaction relative to the entropic force present in the
system, where ¢ is the dielectric constant of the medium. T is the absolute temperature
and e is the elementary charge. By introducing ko?>=87l,c and k¢=4nlcy, the Poisson—
Boltzmann equation can be simplified as:

0%p(2)
az2

= ko’sinh (¢(2)) - k*

The number of each of positive and negative counterions is conserved, so ¢, can be

defined as:
L ch
dzcoexp (p(2)) = -
0

where L is the length of the simulation domain.

The system is symmetric with respect to z=0, so only the right half-domain (0 <z <
L/2) is taken into consideration. To solve the Poisson—Boltzmann equation, boundary
conditions are applied to electrostatic potential: (i) ¢(z) is zero at z=0. (ii) ¢(z) is

Eboundary at z=L/2.
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