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1. Supporting Video

The wet-spinning process in preparing the PEDOT:PSS fiber (Movie S1).
PEDOT:PSS precursor with certain concentration and viscosity was injected into a
coagulating bath of calcium chloride and pretreated by solvents to form a

PEDOT:PSS fiber.
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2. Supporting figures

Figure S1. (a) Schematic illustration to the wet-spinning process of the PEDOT:PSS
fiber. (b) Photograph of the wet-spinning process of the PEDOT:PSS fiber.

S3



W
o

—#1
251 —— #2
—~ —#3
<
gZO-—#4
T 15 s
g —— #6
S0l —#7
O ——#8
5

0_

0.0 0.2 | 0.4 | 0.6 | 0.8 1.0
Potential (V)

Figure S2. I-V curves of PEDOT:PSS and PEDOT-S:PSS fibers after different
treating times of sulfuric acid and solvents (Sample PEDOT-S:PSS-#1 to 8).
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Figure S3. Strain-stress curves of PEDOT:PSS and PEDOT-S:PSS fibers after
different treating times of sulfuric acid and solvents (Sample PEDOT-S:PSS-#1 to 8).
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Figure S4. (a-e) The electrical resistance of PEDOT-S:PSS-#6 at different length
obtained from the multimeters and (f) the I-V curves of PEDOT-S:PSS-#6 at different

length obtained from electrochemical workstation.
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Figure SS. Photograph of a continuous PEDOT-S:PSS fiber with length of over 10 m

wrapped on a PTFE rod. Scale bar, 1 cm.
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Figure S6. (a) TEM image of the cross-section part sliced from the PEDOT:PSS fiber
electrode without sulfuric acid treatment. (b) High-magnification TEM image of

PEDOT:PSS (the inset, selected area electron diffraction).
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Figure S7. XRD patterns of PEDOT:PSS and PEDOT-S:PSS.
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Figure S8. XPS spectra of PEDOT:PSS and PEDOT-S:PSS fiber. (a) Total elements,
(b) S 2p, (c) C 1s and (d) C 1s of PEDOT-S:PSS fiber.
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Figure S9. FT-IR spectra of PEDOT:PSS and PEDOT-S:PSS fibers.
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Figure S10. Raman spectra of PEDOT:PSS and PEDOT-S:PSS fibers after different
treating times of sulfuric acid and solvents (Sample PEDOT-S:PSS-#1 to 6).
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Figure S11. CV curves being obtained at potential ranges of 0 to 0.8 Vand 0 to 1.6 V
at a scan rate of 20 mV s’ for PEDOT:PSS and PEDOT-S:PSS fiber, respectively.
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Figure S12. Galvanostatic charge-discharge curves for PEDOT-S:PSS fiber under

different voltages at a current density of 500 pA cm™.
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Figure S13. The galvanostatic charge-discharge curves of PEDOT-S:PSS fiber for (a,
c) the first five and (b, d) the last five cycles.
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Figure S14. SEM images of PEDOT-S:PSS fiber after 5,000 charging-discharging

cycles at 5,000 pA cm™.
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Figure S15. Raman spectra of PEDOT-S:PSS fiber before and after 5,000

charging-discharging cycles at 5,000 pA cm™.
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Figure S16. (a) TEM image and (b) SAED of PEDOT-S:PSS fiber after 5,000

charging-discharging cycles at 5,000 pA cm™.
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Figure S17. Electrochemical impedance spectroscopy of PEDOT-S:PSS and
PEDOT:PSS fiber. The insets are (a) the magnified curves of PEDOT-S:PSS and (b)
PEDOT:PSS.
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Figure S18. (a) Photograph of a SFSS being stretched to 800%. (b) CV curves at
increasing strains from 0% to 800%. (c) Schematic illustration to the fabrication of

PEDOT-S:PSS-based SFSS.
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Figure S19. Current-potential (I-V) curves of PEDOT-S:PSS fiber before and after

charging as the conducting wire and electrode of energy storage device.
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Figure S20. Charge curves of T-SFSSs with the twisted PEDOT-S:PSS electrodes.
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Figure S21. The comparison between (a, b) the T-SFSSs and (c, d) the traditional
stretchable supercapacitor assembles. The T-SFSSs are built by connecting two SFSSs
electrically in series without the use of additional metal wires for connection. Each
SFSS is electrically connected in series by using the all-in-one fibers serve as both
conductive wire for electrical connection and electrode for energy storage. The
traditional stretchable supercapacitor assembles are consisting of two SFSSs in series
connected by spring-like Ti wires. The T-SFSSs can be stretched up to 400%.
However, the traditional stretchable supercapacitors broke at the welding point upon

stretching to 200%.
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3. Supporting tables

Table S1. Summary of diameter, electrical and mechanical properties of PEDOT:PSS

fibers under different treating conditions.

Time /s Diameter o/ P/
Sample Strain /%
EG IPA HSOs /um Sem!  Mpa
PEDOT-S:PSS-#1
10 10 / 71.0 19.8 74.1 6
(PEDOT:PSS)
PEDOT-S:PSS-#2 10 10 30 64.6 248.2 82.8 12
PEDOT-S:PSS-#3 10 10 60 61.9 394.6 85.8 13
PEDOT-S:PSS-#4 10 10 180 57.9 559.9 97.7 21
PEDOT-S:PSS-#5 10 10 300 51.2 1106.5  112.7 23
PEDOT-S:PSS-#6 10 10 600 44.0 1771.8  97.0 13
PEDOT-S:PSS-#7  / 10 600 57.1 582.1 61.1 12
PEDOT-S:PSS-#8 10 / 600 65.2 423.1 53.3 17
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Table S2. The electrical properties of PEDOT-S:PSS#6 at different length

Electrical Average Average
Samples | Diameter/um | Resistance/CQ) | conductivity/ | resistance/Q | conductivity/
S cm’! cm’! S cm’!
Iem-#1
35.8 1839.7
lem-#2
35.0 1881.7
2cm-#1 77.9 1690.9
2cm-#2
75.6 1742.3
Som-#l 110.4 1790.2
e 44.0 37.3 1771.8
118.4 1668.9
4cm-#1
146.2 1801.9
4em-#2
156.6 1682.2
Scm-#1
186.8 1762.9
Scm-#2
177.3 1857.6
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Table S3. Overall specific capacitance of T-SFSSs with 1, 2, 4 and 8 cells in both

theoretical and experimental aspects.

1 cell 2 cells 4 cells 8 cells
Theoretical
specific 56.4mF cm? 282 mF cm™ 14.1 mF cm™ 7.1 mF cm™
capacitance
Experimental
specific 56.4mF cm?  27.5mF cm™ 14.8 mF cm™ 7.2 mF cm™
capacitance
Experimental 2 5 5
ener 5.0 uW h cm 9.8 uW h cm 21.0 uW h em? 41.1 uW h cm
8y 22mWh  /43mWh o L, /183mWh
density 3 3 /9.3 mW h cm 3
cm cm cm
Experimental 440 pW cm? 880 uW cm™ 1760 wW em” 3520 uW cm™
power /195.6 mW /391.1 mW 3 /1564.5 mW
. 3 3 /782.2 mW cm 3
density cm cm cm

The theoretical total specific capacitance of the tandem supercapacitor is

1 1 1
+ +
Ctota] Cce]] CceH
C.
Ctotal = =
n

1
o+ —
Ccel]

The experimental total specific capacitance of the tandem supercapacitor is

Croral = Q tandem /((]tandem XZH)() = [Xt/(UXZn)()

where X is the surface area or volume of the single electrode.

The total energy density of the tandem supercapacitor is

E = O. SXCTgtalX UZ

where t is discharge time from GCD curves.

Power density: Py = E/t
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Table S4. Overall ESR of T-SFSSs with 1, 2, 4 and 8 cells in both theoretical and

experimental aspects.

1 cell 2 cells 4 cells 8 cells
Theoretical

2273 454.6 909.2 1818.4
ESR(Q)
Experimental

2273 435.6 739.7 1757.8
ESR(Q)
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Table SS. Comparison of the stretchable properties of the crystalline PEDOT fiber
electrodes with the previously reported stretchable fiber-shaped supercapacitors.

. Stretchability
Stretchability
£ Ev ¢ 1 of tandem
. of one ce

Electrode material A ] (mWh . multiple cells

(uW h cm?) 3 (potential )
cm™) . (potential
window) .
window)

400% (12.8V,

41.1 18.3 800% tandem SFSS
This work At1mAcm? | (12.8V) | (Lcell, 1.6V) groups

(12.8V) consisting of 8
cells)
PEDOT:PSS hydrogels[1] None None None (0.8V) None
CNT/PEDOT-PSS|2] None None | 350% (0.8V) None
PEDOT:PSS/CNF/CF[3] None None 100% (0.8V) None

MoS;@CNTF//MnO>@PEDOT
-PSS@OCNTF[4] 125.4 None 100% (1.8V) None
PPy@CNT [5] None None 1000% (0.6V) None
MnO.@CNT//CNT@PPy[6] 18.88 None 30% (1.5 V) None
CNT@PANI[7] None None 400% (1.0 V) None
CNT/PANI sheet[§] None None 100% (1.0 V) None
N-CNT/PU[9] 2.16 None | 500% (1V) None
GF@3D-G[10] 0.04-0.17 None | 200% (0.8V) None
CNT/MoS; sheetyi) None 1.05 | 240% (0.8V) None
PPy@CNTs@urethane[12] 6.13 0.4678 | 130% (0.8V) None
CNT/PPy[13] None None 150% (1V, None
substrate-free)

CNT@graphene@MnOaj14) None 337 | 850% (0.8V) None
PANI@AUIS@CNT[IS] None None 400% (08 V) None
PANI@Au@CNT[16] None None 400% (0.75V) None
CNTs/Ag-DCY5s[17] None 4.17 None

150% (2.5V)
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MnO,/CNT hybrid[18] None None | 800% (0.8 V) None
GWF+PANI[19] None None | 30%(0.5V) None
CNT@MnOxp20; None None 150% (0.8 V) None

PANV/graphene[21] None None 30% (0.8 V) None

Ea: Areal energy density

Ev: Volumetric energy density
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5. Supporting Notes

Calculation of electrical conductivity

The electrical conductivity of PEDOT-S: PSS fiber was calculated by ¢ = I/(R XS),
where o, /, R and § are the electrical conductivity, length, electrical resistance and
cross-section area of PEDOT-S:PSS fiber, respectively. The electrical resistance of
PEDOT-S:PSS fiber was calculated by the slope of I-V curves, which was tested by
linear sweep voltammetry (LSV) method in the range of 0-1 V at the a scan rate of 5
mV s using a VSP-300 (Bio-Logic SAS, France) electrochemical workstation. The

length of all samples was 1 cm.

Calculation of specific capacitance
The capacitance (Ccer) of an entire fiber supercapacitor (SC) was calculated by
Ceett = Q/U = Ixt/U

where Q, U, I and t are the storage charge, voltage between two electrodes, discharge
current and discharge time, respectively. For a symmetric supercapacitor, the
capacitance of the single electrode (C) is double of that of the entire fiber SC (Ceen),
the capacitance of single fiber (C) was used and calculated by

C = 2xCen = 2xIxt/U
The specific capacitance (Cx) of single fiber was calculated by

Cx=C/X=2Cca/X

where X could be surface area (4) or volume (V) for area-specific capacitance (Cy)
and volume-specific capacitance (Cy), respectively. The surface area of fiber electrode
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was calculated by 4 = 7 xDxL. The volume of fiber electrode was calculated by V=
w/4xD?xL, where D is the diameter of the fiber electrode, L is the length of the
overlapped portion of the two electrodes wrapped by the electrolyte. The specific
capacitance was calculated on the basis of single fiber electrode except as otherwise
noted.

The practical energy (£) and power (P) of supercapacitor could be obtained from £ =
0.5xCxU?and P = E/t.

For the entire supercapacitor (based on two active fiber electrodes, without including
the gel electrolyte): the areal energy density (E4), volumetric energy density (Ey),
areal power density (P4) and volumetric power density (Py) were calculated by

Eu = E/(2%A4) = 0.5%CoatxU/(2xA) = 0.125x(2xC/A)xUP = 0.125xCyx U?,

Ey=0.125xCyxU?

Py =Et
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