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Supplementary Figures and Table
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Fig. S1 Electrochemical response of the aqueous redox electrolyte with 0.01 M HT (without salt). a CV profiles, and b a Nyquist plot from electrochemical impedance spectroscopy.
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Fig. S2 CV profiles of aqueous redox electrolyte with 0.01 M HT and 1 M salts. a H2SO4, b H2SO4 and HT, c KOH, d KOH and HT, e LiClO4, f LiClO4 and HT, g NaCl, and h NaCl and HT.
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Fig. S3 Specific capacitance of aqueous redox electrolyte with 0.01 M of HT and 1 M of salts.
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Fig. S4 Photos of the RPEs utilized in this study.
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Fig. S5 XRD pattern of pristine PVA, T-0, and HT_RPE systems.
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Fig. S6 XRD pattern of pure HT.
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Fig. S7 Differential scanning calorimetry profiles of samples for measurement of glass transition temperature
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Fig. S8 High resolution XPS spectra of pure HT and the RPE series from T-1 to T-20.
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Fig. S9 XRD spectra of pristine PVA, PVA added water and varying concentration of HT_RPEs in quasi solid state.
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Fig. S10 DFT-calculated binding energies (BE) between Li+ and different molecular species.
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[bookmark: _Hlk187846450]Fig. S11 Raman spectra of samples with different HT concentrations.
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[bookmark: _Hlk189471767]Fig. S12 Binding energy (BE) of Li+ bridged between two HT molecules calculated by DFT
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Fig. S13 a N 1s XPS spectra of T-15 showing the deconvolution of chemical states (N-O• and N+=O) in HT. b Relative content of N-O• and N+=O chemical states obtained from XPS spectra. c Raman spectra of T-15 showing characteristic peaks corresponding to N-O• and N+=O vibrations. d XRD patterns of T-10, T-15, and T-20 samples. e Ionic conductivity measurements in solid state and f quasi-solid state (with 5 wt% water content) for samples T-0 through T-20.
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Fig. S14 Temperature-dependent ionic conductivity of a T-0, b T-1, c T-5, d T-10, and e T-20
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Fig. S15 a Time-dependent current profile obtained from DC polarization measurements for determining Li+ transference number. b Nyquist plot exhibiting the impedance response before and after polarization.
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Fig. S16 Ionic conductivity with respect to the temperature, derived from Rs in the Nyquist plots of a T-0 and b T-10
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Fig. S17 a High-magnification SEM image of the liquid crystal spun CNTF. b Electrical conductivity and specific strength of the liquid crystal spun CNTF.
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Fig. S18 CV profiles at scan rates from 10 mV s-1 to 1,000 mV s-1 of a T-0, b T-1, c T-5, d T-10, and e T-20.
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Fig. S19 GCD profiles at current densities from 50 A g-1 to 200 A g-1 of a T-0, b T-1, c T-5, d T-10, and e T-20.
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Fig. S20 Chemical state analysis of HT in the T-10 before and after cycling test. a High resolution XPS N 1s spectra. b Relative contents of N−O• and N+=O species quantified from peak deconvolution.
[bookmark: _Hlk188276056]Table S1 Ionic conductivity of varying previous studies
	Ref.
	Polymers
	Salts
	Additives
	Ionic conductivity
(mS cm-1)
	tLi+

	[S1]
	PEO
	LiTFSI
	CsPbI3 perovskite quantum dots
	0.14
	0.57

	[S2]
	PTFEP
	LiFSI
	N/A
	0.3
	0.64

	[S3]
	PTMG-HDI-BHDS
	LiFSI
	N/A
	0.24
	0.81

	[S4]
	PRX
	LiNO3
	DMSO
Hexamethylene diisocyanate
Methylene diphenyl 4,4'-diisocyanate
	5.93
	0.71

	[S5]
	PEO
	LiTFSI
	GDC
LSGM
	0.19
	0.26

	[S6]
	PBO/PEO
	LiTFSI
	N/A
	0.28
	N/A

	[S7]
	PS-PMA
	LiClO4
	N/A
	1.2
	N/A

	[S8]
	PI-b-PS-b-PEO
	LiTFSI
	THF
	2.2
	0.7

	[S9]
	PGTE
	LiTFSI
	Succinonitrile
	0.416
	N/A

	[S10]
	PVEC
	LiTFSI
	AIBN, Glass fiber
	2.1
	0.4

	[S11]
	MEMA
	LiTFSI
LiDFOB
	SN
FEC
AIBN
LLZT
	1.17
	0.63

	[S12]
	PEO
	LiTFSI
	ADCN
	0.144
	0.38

	[S13]
	PVDF-HFP
	LiPF6
LiNO3
	FEC 
THF
DMC
	0.339
	0.56

	[S14]
	PSi-S-CN
	LiTFSI
	DME
	0.64
	0.53

	[S15]
	PVDF-HFP
	LiTFSI
	[BMIM]BF4
PC
EC
Al2O3
ACN
	5.26
	0.23

	[S16]
	PVDF
ETT
DODT
	LiFSI
LiDFOB
LiPF6
	FEC
FEMC
EC
DMPA
	4.41
	0.51

	[S17]
	DOL
PS
	LiPF6
LiFSI
LiTFSI
	DME
	2.22
	0.88

	This work
	PVA
	LiClO4
	HT
	3.2
	0.47


Table S2 Activation energy of various previous studies
	Ref.
	Polymers
	Salts & additives
	Redox material
	Activation energy (eV)

	[S18]
	PVdF-HFP
	BMPTFSI
SN
HQ
	HQ
	0.181

	[S19]
	PVA
PVP
	TMAI
KI
	I
	0.13

	[S20]
	PVdF-HFP
	EMITf
Al(Tf)3
	Al
	0.18

	[S21]
	DGEBA
PVdF-HFP
	[DMIM]Br
	Br
	0.29

	[S22]
	PVdF-HFP
	EMITFSI
	N/A
	0.21

	
	
	EMIT-Br
	Br
	0.22

	
	
	EMIT-I
	I
	0.2

	This work
	PVA
	LiClO4
HT
	HT
	0.13



[bookmark: _Hlk187674697]Table S3 Comparison of previous studies on similar VG@CNTF and electrolyte system.
	
	Cell Type
	Electrode materials
	Electrolytes
	Energy density
(at power density)
	Bending stability
(%/cycles number)
	Cycle life
(%/cycles number)

	[S23]
	FSS
	3D CNT fiber
	H2SO4/PVA
	4.37 Wh kg-1
(50.38 W kg-1)
	90%
/1,000
	74%
/2,000

	[S24]
	FSS
	MnO2@CNTF
	LiCl/PVA
	4.82 Wh kg-1
(110 W kg-1)
	90%
/500
	86%
/5,000

	[S25]
	FSS
	PANI@3D-CNF
	H3PO4/PVA
	11.6 Wh kg-1
(24.5 W kg-1)
	100%
/20
	74.2%
/3,000

	[S26]
	FSS
	N-doped G/CNT@CF
	H2SO4/PVA
	11.1 Wh kg-1
(110 W kg-1)
	N/A
	91%
/10,000

	[S27]
	FSS
	N-doped G/CNT fiber
	H3PO4/PVA
	10.7 Wh kg-1
(3.1 kW kg-1)
	97%
/1,000
	93%
/10,000

	[S28]
	FSS
	CNT@RF
	H3PO4/PVA
	0.515 Wh kg-1
(421 W kg-1)
	N/A
	90%
/1,000

	[S29]
	FSS
	PANI@CNTF
	H2SO4/PVA
	7.3 Wh kg-1
(390.3 W kg-1)
	80%
/20,000
	81%
/10,000

	[S30]
	FSS
	MoS2/r-GO/CNT fiber
	H2SO4/PVA
	26.4 Wh kg-1
(4 kW kg-1)
	100%
/1,000
	85%
/5,000

	[S31]
	FSS
	GF
	H2SO4/PVA
	5.76 Wh kg-1
(47.3 W kg-1)
	91%
/1,000
	92
/1,000

	[S32]
	FSS
	CNTF
	H2SO4/PVA
	11.22 Wh kg-1
(1.4 kW kg-1)
	N/A
	94.85%
/11,500

	[S33]
	TBS
	G/MoS2@GF
	H2SO4/PVA
	10.42 Wh kg-1 (115.82 W kg-1)
	91%
/1,000
	90%
/1,000

	[S34]
	TBS
	N-doped Carbon@r-GO@CNT
	H2SO4/PVA
	19.4 Wh kg-1
(69.5 W kg-1)
	87%
/3,000
	89%
/3,000

	[S35]
	FTS
	3D Graphene
	KOH
	8.65 Wh kg-1
(125 W kg-1)
	N/A
	80%
/20,000

	[S36]
	FTS
	N-doped CNT/r-GO
	KOH
	10 Wh kg-1
(1.4 kW kg—1)
	N/A
	90.7%
/5,000

	[S37]
	FTS
	r-GO/CNT
	H2SO4
	12.8 Wh kg-1
(142.9 W kg-1)
	N/A
	97.7%
/10,000

	Our work
	FSS
	VG@CNTF
	HT/LiClO4
/PVA
	25.4 Wh kg-1
(25 kW kg-1)
17.1 Wh kg-1
(97 kW kg-1)
	91%
/8,000
	83%
/10,000


*FSS: Fiber-shaped supercapacitor, TBS: Textile-based supercapacitor, FTS: Film-type supercapacitor
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