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Experimental methods
Materials: Graphite flakes, PEDOT:PSS solution (Orgacon™ HIL-1005, 1 wt% in water, 

high conductivity grade), hypophosphorous acid (HPA) and all chemicals for bacterial 

medium are purchased from Sigma-Aldrich. Gluconacetobacter hansenii was purchased 

from ATCC (ATCC® 53582).

Preparation of RGO/PEDOT:PSS/BNC electrodes: Gluconacetobacter hansenii 

(ATCC®53582) was cultured in test tubes containing 16 ml of #1765 medium at 30°C 

under shaking at 250 rpm.  The #1765 medium is composed of 2% (w/v) glucose, 0.5% 

(w/v) yeast extract, 0.5% (w/v) peptone, 0.27% (w/v) disodium phosphate, and 0.5% (w/v) 

citric acid.  Graphene oxide was synthesized using an improved method reported by Tour 

and coworkers.  Graphene oxide solution (28 mL of 0.1wt%) was centrifuged and 

redispersed in #1765 medium and then centrifuged again to leave a wet mixture of GO 

and medium after decanting supernatant.  Bacterial culture solution (incubated 3 days) 

and 2 ml of 1 wt% PEDOT:PSS (Sigma Aldrich) was added to the GO/medium wet mixture 

to make it to a total 8ml (with GO concentration of 0.35 wt%, PEDOT:PSS concentration 

of 0.25 wt%).  The solution was subsequently transferred to petridish (diameter: 6 cm) 

and incubated at room temperature without disturbance for 5 days to obtain a 

GO/PEDOT:PSS/BNC semi-dry film.    For purification, the film was harvested from the 

petri dish and washed in a 500 ml of 0.1 M NaOH aqueous solution under boiling condition 

for 2 h.  The GO/PEDOT:PSS/BNC hydrogel was then dialyzed in nanopure water for 2 

days.  The as cleaned hydrogel was then immersed in 5 wt% HPA and then heated to 60 

°C for 24 hours, dialyzed in nanopure water and dried under ambient conditions.  To show 



the scalability of the fabrication technique, a large electrode was prepared in a Pyrex 

bakeware (18×18 cm) in the same manner mentioned above. 

Preparation of flexible all-solid state supercapacitors: A PVA/H2SO4 gel electrolyte 

was prepared by mixing 3 g of PVA powder, 3 g of H2SO4, and 30 mL nanopure water 

together, and then heated to 85 °C under vigorous stirring until the solution became clear. 

After the solution cooled down to room temperature, two pieces of 

RGO/PEDOT:PSS/BNC electrodes and a BNC paper as separator were immersed into 

the PVA/H2SO4 gel for 10 mins and they were assembled into a flexible all- solid state 

device.  The device was dried overnight in fume hood to remove excess water.

Microstructure characterization and properties measurement: Scanning electron 

microscope (SEM) images were obtained using a FEI Nova 2300 Field Emission SEM at 

accelerating voltage of 10kV.  Atomic force microscopy (AFM) images were obtained 

using Dimension 3000 (Bruker Inc.) in light tapping mode. Raman spectra were obtained 

using a Renisha inVia confocal Raman spectrometer mounted on a Leica microscope 

with 50x objective and 785 nm wavelength diode laser as an illumination source.  XPS 

analysis was performed using Physical Electronics® 5000 VersaProbe II Scanning ESCA 

(XPS) Microprobe. 

Electrochemical characterizations: Cyclic voltammetry (CV) and galvanostatic 

charge/discharge studies analysis were carried out using CHI 760 bipotentiostat (CH 

Instruments, Austin, USA). Chronopotentiometry technique used to run the 

charge/discharge measurements in the potential range from 0 to 0.8 V. Electrochemical 

studies were carried out using three electrode and two electrode configurations (solid-

state device). In three electrode setup, RGO/PEDOT:PSS/BNC composite served as 



working electrode, Ag/AgCl as reference, and platinum wire as counter electrode. The 

electrolyte solution used here is 1 M H2SO4.

Preparation of PEDOT:PSS/BNC, GO/BNC and rGO/BNC films:  PEDOT:PSS/BNC 

film was prepared by adding 2ml of 1 wt% PSS:PEDOT solution to 6ml BNC culture 

solution (overall 8ml, the concentration of PSS:PEDOT in solution is 0.25 wt%. After 5 

days, the hydrogel was harvested and cleaned in the manner discussed above.  GO/BNC 

film was prepared by adding a mixture of BNC culture solution and graphene oxide 

solution (overall 8ml), the concentration of GO in solution is 0.3 wt%. After 5 days, the 

hydrogel was harvested and cleaned in the manner discussed above.  RGO/BNC film 

was prepared by adding a mixture of BNC culture solution and graphene oxide solution 

(overall 8ml, the concentration of GO in solution is 0.3 wt%. After 5 days, the hydrogel 

was harvested, cleaned, dried and reduced in the manner mentioned above. 

Calculation details:  The mass specific capacitances (Cs, CV) of the electrodes and device 

are all calculated from CV profile by the equation below:

𝐶𝑠, 𝐶𝑉 =
𝐼𝑎 ‒ 𝐼𝑐

𝑚 ∗ (𝑑𝑉/𝑑𝑡)

where Ia, Ic, m, and dv/dt are the anodic current, cathodic current, electrode mass, and 

scan rate, respectfully.  

The mass specific capacitances (Cs, C-D) of the electrodes and device are all calculated 

from GCD profiles by the equation below:

𝐶𝑠, 𝐶 ‒ 𝐷 =
𝐼∆𝑡

𝑚∆𝑉

Where I, Δt, m, ΔV are the applied current, the elapsed time, the mass of the electrode, 

and the voltage range, respectfully.



Supporting figures

BA

Figure S1. (A) Picture of a bottle of GO solution. (B) AFM image of 

GO flakes deposited on a silicon substrate. 
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Figure S2. XPS spectra of pristine GO, base-washed RGO and HPA-treated RGO.
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Figure S3. RGO content in dry film can be tuned by varying GO content in broth. Electrical 

conductivity of RGO/BNC films with various RGO contents.
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Figure S4. Effect of solution processes on pristine PEDOT:PSS deposited on a silicon 

substrate.
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Figure S5. Specific energy and power densities of the Flexible device.



0.0 0.4 0.8 1.2 1.6
0

50

100

150

200

250

 Pristine BNC film
 RGO/PEDOT:PSS/BNC film

St
re

ss
 (M

Pa
)

Strain (%)

Figure S6. Strain-stress curve of pristine BNC and RGO/PEDOT:PSS/BNC.



Table S1: The comparison of recent flexible paper- based and some carbon-based 
supercapacitors. (NA: not available)

Material name Electrolyte Electrode Capacitance
Current collector 

for device

PEDOT on RGO1 NA 108 F g-1 at 0.3 A g-1 NA

PEDOT:PSS-RGO film2 1 M H3PO4 52.7 F g-1 at 10 mV s-1 Yes

PANI- BNC paper3 1 M H2SO4 273 F g-1 at 0.2 A g-1 NA

PEDOT-paper4 1 M H2SO4 115 F g-1 at 0.4 A g-1 No

CNT-BNC paper5 1 M H2SO4 50.5 F g-1 at 1 A g-1 No

Graphene-cellulose paper6 1 M H2SO4 120 F g-1 at 1 mV s-1 Yes

PANI-Au paper7  1 M H2SO4 212 F g-1 at 0.2 A g-1 Yes

BNC-MWCNTs-PANI paper8 1 M H2SO4 656 F g-1 at 1 A g-1 No

Graphite/Ni/Co2NiO4- paper9 1 M H2SO4 734 mF cm-2 at 5 mV s-1 Yes

CNTs/MnO2/CNTs paper10 1 M Na2SO4 327 F g-1 at 10 mV s-1 No

PPy@nanocellulose paper11 2 M NaCl 185 F g-1 at 2 mA cm-2 Yes

p-BC@MnO2 paper12 1 M Na2SO4 173.32 F g-1 at 1 A g-1 Yes

This work PVA-H2SO4 373 F g-1 at 1 A g-1 No
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