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Figure captions

Figure S1. (a) TEM image of the PEDOT NWs. (b) The size distribution of the 

PEDOT NWs in (a) measured by Nano Measurer. (b) The electrical conductivity of 

the flexible PEDOT film as a function of bending times.

Figure S2. The XPS S2p core-level spectra of (a) the 80-PEDOT and (b) the NM-80-

PEDOT.

Figure S3. (a) XRD patterns and (b) Raman spectra of the NM-PEDOT and M-

PEDOT NW films.

Figure S4. CV curves at different scan rates and GCD curves at different current 

densities for the 60-PEDOT (a, b), 80-PEDOT (c, d), 120-PEDOT (e, f) and 140-

PEDOT (g, h), respectively.

Figure S5. The areal specific capacitance as a function of active mass in 1 M H2SO4 

at 0.5 mA/cm2.

Figure S6. CV curves at different scan rates and GCD curves at different current 

densities for the NM-80-PEDOT. 

Figure S7. (a) CV curves at 100 mV/s, (b) GCD curves at 0.5 mA/cm2 and (c) the 

specific capacitance as a function of current densities for the NM-80-PEDOT and 80-

PEDOT in a 1 M H2SO4 electrolyte, respectively. (d) The electrical conductivity of 
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the NM-80-PEDOT and 80-PEDOT.

Figure S8. (a) FTIR spectra of the PD0.08 and 0.08 M dopamine dissolved in 1 M 

H2SO4, and (b) the enlarged plot of (a) from 1500 to 3000 cm-1.

Figure S9. CV curves at different scan rates and GCD curves at different current 

densities for the 60-PEDOT in PD0.05 (a, b), PD0.08 (c, d) and PD0.10 (e, f), 

respectively.

Equation 1. The redox reaction of phenolic hydroxyl group/quinoid carbonyl group 

in polydopamine.

Figure S10. (a) Electrical conductivity of the PEDOT film as a function of H2SO4 

concentration, and (b) UV-Vis-NIR spectra of the pristine and the 1 M H2SO4 treated 

PEDOT NW films.

Figure S11. The voltage decay curves of the 140-PEDOT electrode in (a) 1 M H2SO4 

electrolyte and (b) PD 0.08 electrolyte.
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Preparation of PEDOT NWs by the method reported in refs.[1, 2]

    The typical synthetic procedure is as follows: 30 mmol SDS was dissolved in 

100 mL deionized (DI) water followed by addition of an aqueous solution of FeCl3 

with stirring at 50 °C. 750 L EDOT monomer was slowly introduced into the 

solution with continuous stirring, and the polymerization reaction proceeded for 6 h 

at 50 °C and then the solution was taken out of the oil bath and cooled to room 

temperature. Finally, the black product was washed with DI water and methanol for 

several times. 
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Figure S1. (a) A typical TEM image of the PEDOT NWs, (b) the size distribution of the 

PEDOT NWs in (a) measured by Nano Measurer, (c) the electrical conductivity of the 

flexible PEDOT film as a function of bending times.
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Figure S2. The XPS S2p core-level spectra of (a) the 80-PEDOT and (b) the NM-80-PEDOT.

Figure S2 describes the XPS S2p core-level spectra of the 80-PEDOT and NM-

80-PEDOT, respectively. As shown in Figure S2, the S2p signals include three 

components, and each one can be fitted with a spin-split doublet, S2p1/2 and S2p3/2, 

with the energy splitting of 1.2 eV, an area ratio of 1:2 and the same full width half 

maximum [2]. For the sulfur atom from PEDOT chains, two doublets respectively at 

163.6 eV (S1_2p3/2) and 164.8 eV (S1_2p1/2), and 164.6 eV (S2_2p3/2) and 165.8 eV 

(S2_2p1/2) are corresponding to the neutral (S0) and partially oxidized state (Sδ+) in the 

polymer chains [3]. The last component located at 167.8 eV (S3_2p3/2) and 169.0 eV 

(S3_2p1/2) are ascribed to the sulfur atom of the dodecyl sulfate anions (DS-) [4], 

indicating the incorporation of DS- anions in the films. The doping levels of the 

samples can be estimated from their corresponding S2p signals. The doping level is 

calculated using the equation: , where AS
0, 

𝐷𝑜𝑝𝑖𝑛𝑔 𝑙𝑒𝑣𝑒𝑙 = 𝐴
𝑆_𝐷𝑆 ‒ /(A

S0 + A
Sδ + )

AS
δ+,  and AS_DS

- stand for the peak area of the neutral PEDOT, oxidized PEDOT, 

sulfur atom from DS-, respectively. The doping level is calculated to be 39.0% and 

28.4% for the 80-PEDOT and NM-80-PEDOT samples, respectively. 
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Figure S3. (a) XRD patterns and (b) Raman spectra of the NM-PEDOT and M-PEDOT NW 

films.

XRD patterns of the NM-PEDOT (prepared by the not modified method) and M-

PEDOT (prepared by our modified method) NW films are shown in Figure S3a. 

Obviously, both the films exhibit two distinct peaks: one very strong at 2θ=6.4° and 

the other weaker at 2θ=12.8°. The sharp and strong peak at 2θ=6.4° corresponds to 

the interchain packing along an orthorhombic a-axis [1] and is the typical 

characteristic peak of PEDOT NWs. The peak at 2θ=12.8° is the (200) plane 

reflections of the (100) plane (2θ=6.4°). The peaks of the M-PEDOT are sharper, 

which means a more ordered structure of the M-PEDOT film [1]. In addition, there is 

a strong and broad peak centered at 2θ=25.6° for the NM-PEDOT NW film, which is 

a characteristic of the disordered structure of PEDOT macromolecular chains [4]. The 

higher degree of ordering of the chain packing leads to higher electrical conductivity 

[5].  

Raman spectroscopy is an effective characterization method to study the doping 

behavior of conducting polymers. Figure S3b shows Raman spectra of the NM-
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PEDOT and M-PEDOT NW films. Raman band between 1400 and 1500 cm-1 

originating from Cα=Cβ stretching vibration of PEDOT [6] shifts to a higher 

wavenumber for the M-PEDOT NW film, suggesting the increasing doping level of 

the film, and hence the higher electrical conductivity of the film [7, 8].
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Figure S4. CV curves at different scan rates and GCD curves at different current densities for 

the 60-PEDOT (a, b), 80-PEDOT (c, d), 120-PEDOT (e, f) and 140-PEDOT (g, h), 

respectively.
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Figure S5. The areal specific capacitance as a function of active mass in 1 M H2SO4 at 0.5 

mA/cm2.

Figure S5 illustrates the areal specific capacitance as a function of active mass in 

1 M H2SO4 at 0.5 mA/cm2. As is shown, the specific capacitance increases with the 

increasing active mass: it increases from 176.0 mF/cm2 to 488.2 mF/cm2 when the 

active mass loading increases from 2.15 to 5.01 mg/cm2, indicating good material 

utilization [9].
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Figure S6. CV curves at different scan rates (a) and (b) GCD curves at different current 

densities for the NM-80-PEDOT.
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Figure S7. (a) CV curves at 100 mV/s, (b) GCD curves at 0.5 mA/cm2 and (c) the specific 

capacitance as a function of current densities for the NM-80-PEDOT and 80-PEDOT in a 1 M 

H2SO4 electrolyte, (d) The electrical conductivity of the NM-80-PEDOT and 80-PEDOT.  
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Figure S8. (a) FTIR spectra of the PD0.08 and 0.08 M dopamine dissolved in 1 M 

H2SO4, and (b) an enlarged plot of (a) from 1500 to 3000 cm-1.

    After cycling for 36 h, the transparent dopamine solutions were transformed into 

claybank solutions, and its composition was investigated by FTTR spectroscopy. The 

FTIR spectra of the PD0.08 and the dopamine solution before cycling are shown in 

Figure S8a-b. In Figure S8a, dopamine shows relatively broad and strong bands in the 

region of 3000-3600 cm-1, which are assigned to the intermolecular hydrogen bonds 

existing in dopamine molecules. The peak at 1190 cm-1 is due to the C-O symmetry 

vibration; the peak at 2433 cm-1 is assigned to the N-H stretching vibration; the peak 

at 1159 cm-1 is due to the NH2 scissoring vibration modes. Besides, the band 

corresponding to C=C stretching vibration of indole is also observed at 1630 cm-1. For 

the PD0.08, the peaks at 1190, 1342 (CH2 bending vibration), 1519 (NH2 scissoring 

vibration), 2433 and 1630 cm-1 weaken or disappear, indicating that intramolecular 

cyclization reaction occurs of the dopamine and forms the indole derivatives 

(polydopamine) [10, 11].



13

Figure S9. CV curves at different scan rates and GCD curves at different current densities for 

the 60-PEDOT in PD0.05 (a, b), PD0.08 (c, d) and PD0.10 (e, f), respectively.
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Equation 1. The redox reaction of phenolic hydroxyl group/quinoid carbonyl group in 

polydopamine
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Figure S10. (a) Electrical conductivity of the PEDOT film as a function of H2SO4 

concentration for treatment, and (b) UV-Vis-NIR spectra of the pristine and the 1 M H2SO4 

treated PEDOT NW films.
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Figure S11. The voltage decay curves of the 140-PEDOT electrode in (a) 1 M H2SO4 
electrolyte and (b) PD 0.08 electrolyte.
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