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Fig. S1 Synthesis scheme of ionic liquid monomers (a) ES and (b) MT.

Fig. S2 1H-NMR spectrum of ionic liquid monomers (a) ES and (b) MT. 



Fig. S3 FTIR spectrum of ionic liquid monomers (a) ES and (b) MT.

Fig. S4 Ionic conductivities of BHPE and HPE as a function of temperature.



Fig. S5 I-V curves (140 mV s-1) of BHPE-based and HPE-based supercapacitors by 

using CNTs as electrodes.

Fig. S6 Top SEM images of CNTs films. 

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-2 as a function of the electrochemical window. 



Fig. S8 Cyclic performance of CNTs//PMT/PES//CNTs supercapacitors.

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 μm, (e) 75 μm and (f) 110 μm.

Fig. S11 Electrochemical performance of AC//PMT/PES//AC supercapacitors (The 

thickness of AC is 25 μm). (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. 



Fig. S12 Electrochemical performance of AC//PMT/PES//AC supercapacitors (The 

thickness of AC is 110 μm). (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. 



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-2. (d-f) Ragone 

plots.

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.



Fig. S15 Cyclic performance of AC//PMT/PES//AC supercapacitors with different 

thickness of AC. (a) 25 μm; (b) 75 μm; (c) 110μm.

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.



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.

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.



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.

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

with those of supercapacitors with different ionic liquid as electrolytes.



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 φ(z) along the z-axis of 

the BHPE can be described as:

∂2𝜑(𝑧)

∂𝑧2
= 8𝜋𝑙𝑏𝑐0sinh (𝜑(𝑧)) ‒ 4𝜋𝑙𝑏𝑐𝑓

where c0 is the local density of positive (or negative) counterions at z = 0. cf is the 

density of ionic groups of PILs. lb=e2/(4πεT) is the Bjerrum length reflecting the 

strength of the electrostatic interaction relative to the entropic force present in the 

system, where ε is the dielectric constant of the medium. T is the absolute temperature 

and e is the elementary charge. By introducing k0
2=8πlbc0 and kf

2=4πlbcf, the Poisson–

Boltzmann equation can be simplified as:

∂2𝜑(𝑧)

∂𝑧2
= 𝑘0

2sinh (𝜑(𝑧)) ‒ 𝑘𝑓
2

The number of each of positive and negative counterions is conserved, so c0 can be 

defined as:
𝐿/2

∫
0

𝑑𝑧𝑐0exp (𝜑(𝑧)) =
𝑐𝑓𝐿

2

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) φ(z) is zero at z=0. (ii) φ(z) is 

Eboundary at z=L/2.
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