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1. Characterization

Crystalline size of graphitic carbon in the a axis (La) was calculated from the intensity ratio of 

G peak (IG) to D peak (ID) from Raman spectra following Equation (1): 1 

          (1)La = (2.4 × 10 ―10) × λ4
l × (IG

ID)
where λl is the wavelength of the Raman laser (λl = 633 nm).

Bending radius (r) of the PDMS-LIG-80 was calculated following Equation (2): 2

                                                                           (2)𝑟 =  
ℎ2 +

𝑑2

4

2ℎ    

where h is the height of the bent device, and d is the distance between the two edges of the device. 

Figure S1 shows the supercapacitor device bent using a Vernier caliber, and the parameters used 

to calculate its bend radius.

Figure S1. (a) Optical image of LIG-80/PDMS-SC bent using a Vernier caliber. (b) Schematic 

diagram to display the parameters used to calculate a bend radius of LIG-80/PDMS-SC.

2. Electrochemical analysis

Cyclic voltammetry (CV) and galvanostatic charge-discharge (CD) measurements were 

conducted on CHI 660D electrochemical workstation (CHI Instruments, USA). The CV tests were 

carried out at an operating voltage (0 - 1.0 V) with different scan rates ranging from 10 to 500 mV 

s-1. The CD tests was performed with current densities in a range of 0.01-0.02 mA cm-2. 

The specific areal capacitance (CA, in mF cm-2) based on CV curves was calculated following 
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Equation (3) below: 

             CA =
∫Vf

Vi
I dV

2 ×  S ×  v ×  (Vf ― Vi)                (3)

where S is the surface area (in cm2) of an active LIG electrode, with 1 cm2 for the device 

configuration in this work; v is the voltage scan rate (in V s-1); Vf and Vi are the potential limits 

used for the CV analysis (in V); I is the voltammetry current (in A); and  denotes the ∫Vf

Vi
I dV

integrated area of CV curve. 

The CA (in mF cm-2) based on the CD curves was calculated using Equation (4): 

CA =  
I

S ×  (dV
dt )

               (4)

where I is the discharge current (in A); S is the surface area of the LIG (cm2), with 1 cm2 for the 

device configuration here; and dV/dt is the slope of the galvanostatic discharge curves.

The volumetric capacitance (CV) (in mF cm-3) was calculated by dividing CA by the thickness 

of active material (d, in cm) following Equation (5):

CV =  
CA

d                                       (5)

The specific areal and volumetric energy densities (EA in mWh cm-2 and Ev in mWh cm-3, 

respectively) were calculated following Equations (6) and (7).

EA =  
1
2 ×  CA ×  

(∆V)2

3,600          (6)

EV =  
1
2 ×  CV ×  

(∆V)2

3,600          (7)
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Where  is equivalent to the discharge potential range (Vmax is the voltage of 1 ∆V =  Vmax ― Vdrop

V for H2SO4/PVA gel electrolyte); Vdrop is the voltage drop indicated from the difference of the 

first two points in the data obtained from the discharge curves. 

The specific area and volumetric power densities (PA, in mW cm-2 and PV, in mW cm-3, 

respectively) were calculated following Equations (8) and (9).

PA =  
EA

∆t ×  3,600                    (8)

PV =  
EV

∆t ×  3,600                    (9)

where  is the discharge time (in sec).∆t
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3. Supplementary results

Table S1. Comparison of graphene-based flexible SCs

Carbon 
source

Electrode 
material

Method CA from CV Scan rate Energy 
density

Power 
density

Ref.

Kraft lignin LIG on 
PDMS

Laser writing 880.25 μF cm-2 10 mV/s 31.3 μWh/cm-2 138 mW cm-3 This 
work

Graphene Graphene & gold-
deposited PET 

Spray coating 840 μF cm-2 10 mV/s 12 mWh cm-3 4.39 mW cm-3 3

Polyimide LIG 
N-PEDOT

Laser writing 720 μF cm-2 75 μA cm-2 N/A N/A 4

Polyimide LIG on PDMS Laser writing 650 μF cm-2 50 mV/s N/A N/A 5

Graphene 
oxide (GO)

rGO on PDMS Photolithography 540 μF cm-2 500 mV/s 0.52 mWh cm-2 417 mW cm-2 6

Graphene Graphene woven 
fabric 

CVD 17 μF cm-2 60 mV/s N/A N/A 7
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Figure S2. (a) XPS spectra. (b) Functionality revealed by high resolution C1s XPS. 

Figure S3. SEM images of the remaining LIG-80 structure after peeling off. (a) Scale bar is 100 
µm. (b) Scale bar is 20 µm. 
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Figure S4. Electrochemical analysis of LIG/PDMS-SC. (a) CV curves obtained at the scan rate of 10 mV s-1. (b, c) Specific areal and 
volumetric capacitances as a function of scan rate, respectively. (d) CD curves obtained at the current density of 0.01 mA cm-2. (e, f) 
Specific areal and volumetric capacitances as a function of current density. 



S8

Figure S5. Ragone plots of LIG-80/PDMS-SC. (a) Specific areal energy and current densities. 
(b) Specific volumetric energy and current densities.
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