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Calculations

The linear capacitance (CL) and areal capacitance (CA) of the individual fiber electrode 
PHCFs@PANI were calculated based on the following equations:

                                (1) 
𝐶𝐿=

𝑄
𝐿 × ∆𝑉

                                (2) 
𝐶𝐴=

𝑄
𝐴 × ∆𝑉

where Q (C) is the average electric quantity in the charge and discharge process of CV 
measurement, ΔV (V) is operating voltage window in the CV measurement, L (cm) is the length 
of the tested individual fiber electrode PHCFs@PANI, A (cm2) is the superficial area of the 
tested individual fiber electrode PHCFs@PANI,which is equal to the circumference of cross 
section multiplied by the L. 
The cell (device) capacitance (Ccell), linear capacitance (CL) and areal capacitance (CA) of the S-
FSC devices were calculated from the slope of the discharge curve using the following 
equations: 
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where I (A) is the applied current, L (cm) is the length of overlapped portion of two fiber 
electrodes in the device, A (cm2) is the superficial area of the whole device including the 
separator and encasement, which is equal to the circumference of cross section of the the 
whole device multiplied by the L, Δt (s) is the discharging time, ΔV (V) is the voltage window. 
Areal energy density, and power density of the devices were derived from the following 
equations:

                           (6)
𝐸𝐴=

1
2 × 3600

× 𝐶𝐴 × ∆𝑉
2

                                 (7)
𝑃𝐴=

3600 × 𝐸𝐴
∆𝑡

where EA (mWh cm-2) is the energy density, CA is the areal capacitance obtained from Equation 
(5), ΔV (V) is the voltage window, PA (W cm-2) is the power density, and Δt (s) is the discharging 
time.
Volumtric energy density and power density of the devices could be obtained from the 
following equations:

                         (8)
𝐸𝑉=
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×
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𝑉
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                                 (9)
𝑃𝑉=

3600 × 𝐸𝑉
∆𝑡

where Ev (mWh cm-3) is the energy density, Ccell is the cell capacitance obtained from Equation 
(3), V is the volume of the whole device including the separator and encasement, which is 
equal to the area of cross section multiplied by the L, ΔV (V) is the voltage window, PA (W cm-2) 
is the power density, and Δt (s) is the discharging time.

Figure S1. The mass ratio of c-EVA to EVA and c-EVA of the HCFs CNT/EVA/c-EVA as a function 
of concentration of DCP solution. When the concentration of DCP solution is lower than 0.1 
mol/L, the hollow structrure of the PHF tended to collapse after removal of EVA. And when 
the concentration of DCP solution is higher than 2 mol/L, most EVA were crosslinked into c-
EVA with only a small amount of EVA left, which results in few nanoporous formed in the 
PHCFs after removal of EVA. Thus, the relationship between the mass ratio of c-EVA to EVA and 



c-EVA of the HCFs CNT/EVA/c-EVA and the concentration of DCP solution are available in the 
range of 0.1-2 mol/L. The mass ratio of c-EVA to EVA and c-EVA improved with the concentration 
of DCP solution increased. Apparently, the lowest concentration of DCP solution 0.1 mol/L 
used in the reaction contributed to remain the largest amount of EVA in the resultant HCFs 
CNT/EVA/c-EVA, which would lead to the largest pore volume and highest specific surface 
area for the PHCFs after removal of EVA. The pore volume and specific surface area of the 
HCFs and the PHCFs prepared with the concentration of DCP solution of 0.1, 0.5, 1.0 and 2.0 
mol/L, respectively, are compared in Figure S2 below. Specifically, the PHCFs in this work are 
the ones prepared with the concentration of DCP solution of 0.1 mol/L.

Figure S2. Comparison on the pore volume and specific surface area of the HCFs and the 
PHCFs prepared with the concentration of DCP solution of 0.1, 0.5, 1.0 and 2.0 mol/L.

Figure S3. Linear sweep voltammograms (LSV) curves collected for the PHFs under various 
bending conditions (left) and the corresponding digital photos (right).



Figure S4. (a) Low-resolution and (b) high-resolution SEM image of PHCFs@PANI.

Figure S5. ATR-FTIR spectra of HCFs, PHCFs and PHCFs@PANI. Similar characteristic peaks 
were observed in the spectra of HCFs and PHCFs. The peaks at 2910 cm-1, 2839 cm-1, 1725 
cm-1, 1466 cm-1, 1362 cm-1, 1235 cm-1, 1010 cm-1 were the characteristic absorptions of EVA, 
in which the peaks at 2910 cm-1 and 2839 cm-1 could be assigned to -CH2- or -CH3 asymmetric 
and symmetric stretching vibration, the peaks at 1725 cm-1, 1235 cm-1 and 1010 cm-1 were 
caused by C=O and C-O deformation vibration, the peaks at 1466 cm-1 and 1362 cm-1 could 
originate from asymmetric deformation vibration of -CH2- and -CH3.1 None of the obvious 
peaks could be ascribed to the characteristic absorptions of CNT due to the structural 
symmetry of CNT. The similar characteristic peaks observed for HCFs and PHCFs were 
consistent with the crosslinking mechanism mentioned in the manuscript, and the molecular 
chain structure of HCFs and PHCFs. For the spectra of PHCFs@PANI, the peak at 1584 cm-1 
could be assigned to the stretching vibration of quinoid diimine unit C=C and C=N. While the 
characteristic peak ralated to the aromatic ring stretching of benzenoid unit C=C appeared at 
1496 cm-1. The peaks at 1311 cm-1 and 1156 cm-1 could originate from the secondary aromatic 
amine C-N stretching and the stretching of N=quinoid=N.2 All those characteristic peaks of 
PANI indicated that PANI was grown in the PHCFs. The characteristic absorptions of EVA failed 
to detected in the spectra of PHCFs@PANI, which could be attributed to the use of ATR-FTIR.



Figure S6. XPS survey spectra of (a) PHCFs and (b) PHCFs@PANI. (c) XPS N 1s spectra of 
PHCFs@PANI. Compared with XPS survey spectra of PHCFs, N 1s spectra appeared in the 
survey spectra of PHCFs@PANI, which might originate from PANI. The N 1s spectra could be 
deconvoluted into three peaks at 399.8 eV, 400.5 eV and 401.1 eV, which were assigned to 
the quinoid imine (-N=), the benzenoid amine (-NH-) and the positively charged nitrogen (-
NH+-), respectively.3 It could be concluded that PANI was deposited on the PHCFs in the 
protonated emeraldine salt form. 

Figure S7. CV curves of PHCFs@PANI collected at the scan rate from 2 to 40 mV/s. A couple of 
redox peaks could be observed in the CV curve at the scan rate of 5 mV/s. The redox peaks 
were associated with the redox transition of PANI between leucoemeraldine form and 
polaronic emeraldine form, which contributed to the redox capacitance.4 With the increase in 
scan rate from 10 to 40 mV/s, the redox peaks shifted from the original position to positive or 
negative direction and finally disappeared in the CV curves. This phenomenon might be 
explained by that the polarization effect became obvious with the scan rate increasing.5



Figure S8. GCD curves of PHCFs@PANI collected at the current density from 0.5 to 5 mV/s.

Figure S9. CV curves of PHCFs@PANI collected at the 1st, 20,000th, 40,000th, 60,000th, 
80,000th and 100,000th cycle. 

Figure S10. CV curves of the S-FSC device collected at the scan rate from 2 to 40 mV/s.



Figure S11. Cycle performance of the S-FSC device collected at the scan rate of 40 mV/s. The 
cycle stability of the S-FSC device was below expectation. The slight decrease in capacitance 
of the S-FSC could be ascribed to the sustained water evaporation from the PVA/H2SO4 gel 
electrolyte, resulting in the decrease in ionic conductivity of gel electrolyte and ion transport.



Table S1. Comparison on linear capacitance and areal capacitance between our PHCFs@PANI 
based S-FSC and other FSCs reported recently.

Electrode materials
Linear capacitance
[mF/cm]

Areal capacitance
[mF/cm2]

Ref.

PHCFs@PANI 278 622
This 
work

Chinese ink/stainless steel wire 0.1 3.18 6

Fe3O4 nanosheet array/Fe wire 20.8 / 7

TiN@C nanotubes/Ti wire 2.4 19.4 8

rGO/Au wire 0.102 6.49 9

PEDOT/MWCNT yarn/Pt wire 0.46 73 10

ZnO nanowires/MnO2/Au–PMMA 
wire

0.2 2.4 11

Pen ink/Au-plastic wire 0.504 19.5 12

rGO/SWCNT@CMC 5.3 177 13

Graphene 
hydrogenls/MWCNT/cotton thread

0.098 / 14

MWCNT/carbon fiber 6.3 86.8 15

SWCNT/activated carbon yarn / 37.1 16

PANI nanopillars array/N-doped 
carbon nanofibers

85.1 123.2 17

CNT fiber 0.029 8.66 18

CNT fiber 0.006 / 19

CNT fiber / 4.28 20

MnO2/CNT fiber 0.015 3.01 19

Co3O4/CNT fiber / 52.6 21

PANI/IR-CNT yarn / 43 22

OMC/CNT yarn 1.91 39.7 23

rGO/CNT yarn 0.027 4.97 19



PANI nanowire array/CNT yarn / 38 24

N-doped rGO/SWCNT fiber / 116 25

rGO fiber 0.011 0.726 9

PPy/rGO fiber / 107.2 26

Hollow rGO/PEDOT:PSS fiber 8.1 304.5 27

Graphene fiber@3D graphene 0.02 1.7 28

Graphene fiber / 1.2 29

Graphene fiber / 0.443 30

MnO2/graphene/Graphene fiber / 9.6 31

PEDOT:PSS fiber / 119 32

CNT@MnO2 fiber//CNT@PPy fiber 5.00 60.435 33

CNT@ZnO@MnO2//CNT fiber / 31.15 34

Ni(OH)2 nanowire fiber//ordered 
mesoporous carbon fiber

6.67 35.67 35
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