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Methods

The electrochemical parameters for the prepared electrodes and developed supercapacitor were 

calculated using the following equations:

Specific capacitance from GCD

                                        (1)
𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑎𝑛𝑐𝑒 (𝐹/𝑔) =

𝐼∫𝑉𝑑𝑡

𝑚𝑉2

Specific energy and specific power from GCD 

                                          (2) 
𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 (𝑊ℎ/𝑘𝑔) =

𝐶. ∆𝑉2

2 × 3.6

                                (3) 
𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑝𝑜𝑤𝑒𝑟 (𝑊/𝑘𝑔) =

3600 × 𝑠𝑝𝑒𝑐𝑖𝑓𝑐 𝑒𝑛𝑒𝑟𝑔𝑦
∆𝑡

Energy efficiency form the GCD 

                        (4) 
𝐸𝑛𝑒𝑟𝑔𝑦 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) =

𝑑𝑖𝑐ℎ𝑎𝑟𝑔𝑒 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 × 100
𝑐ℎ𝑎𝑟𝑔𝑒 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 
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Figure S1. Cytotoxicity of dispersions of SWCNTs and Ox-SWCNTs for (a) COS-7 and (b) fibroblast cell 

lines measured using MTT assays. *p < 0.01, **p < 0.001 compared with the negative control. #p 

< 0.01 compared with SWCNTs at the same dose level.
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Figure S2. (a) Cell viability of human fibroblast cells measured using MTT assays after 3 days of 

exposure to SWCNT and Cox-SWCNT buckypaper electrodes. (b) Cell viability of human fibroblast 

cells measured using MTT assays after cyclic voltammetry from 1,000 to 10,000 cycles.
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Figure S3. Representative gross lesions in mice after surgical implantation of Ox-SWCNTs. Ox-SWCNT 

buckypaper was satisfactorily implanted in the subcutaneous area (arrow) and produced no 

inflammatory reaction.
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Figure S4. Representative images of Masson’s trichrome staining at 7 days and 6 months after 

subcutaneous implantation of SWCNTs or Ox-SWCNTs. At 7 days after implantation, the (b) SWCNT 

and (c) Ox-SWCNT groups showed minimal-to-mild increases in collagen deposition (blue staining) 

near the Teflon tape (arrow) wrapping the electrodes, which contrasts the (a) sham control group. 

At 6 months after implantation, collagen deposition in the (e) SWCNT and (f) Ox-SWCNT groups was 

similar to that in the (d) sham control group. Scale bars = 100 µm.
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Figure S5. Three-electrode cell data; (a) cyclic voltammetry curves of SWCNT and Ox-SWCNT 

electrodes at a scan rate = 90 mV·s-1 tested in simulated body fluid. (b) Galvanostatic charge-

discharge profiles and (c) capacitance of SWCNT and Ox-SWCNT at 0.1A/g. (d) Nyquist plot and (e) 

plot of cathodic and anodic current at various scan rates.
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Figure S6. Two-electrodes of Ox-SWCNT cell data; (a) Cyclic voltammetry curves in different voltage 

windows at 100 mV/s can rate, (b) galvanostatic charge-discharge (GCD) curves in different voltage 

windows at 0.19 A/g current density, (c) plot of capacitance and (d) coulombic efficiency at different 

voltage windows derived from the GCD curves. (e) Cyclic voltammetry curves at various scan rates 

over 01.0 V. (f) Percentage capacitive contributions obtained at different scan rates of 550 mV s−1, 

(g) coulombic and energy efficiency at various current density windows derived from the GCD curves, 

(h) Nyquist at identical conditions. Inset shows the magnified view of the Nyquist plot.
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Figure S7. Deconvolution of high-resolution C1s X-ray photoelectron spectroscopy profiles of (a) 

SWCNT and (b) Ox-SWCNT buckypaper.
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Figure S8. N2 adsorption-desorption curves of SWCNT and Ox-SWCNT.
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Figure S9. Cs-corrected transmission electron microscope (Cs-TEM)images of Ox-SWCNT for various 

point.
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Table S1. Relative percentage of components on the sample surface

Elemental composition 

(at. %)

Element 

ratio
Concentration of chemical species (%)

(C1) (C2) (C3) (C4) (C5) (C6)

Samples
C O N Fe O/C 284.8 eV

–C=C

285.7 eV

–C–C

286.6 eV

–C–O

287.6 eV

–C=O

288.5–

289.5 eV

–O–C=O

291 eV

π–π*

SWCNT 96.87 1.63 0.66 0.84 0.02 72.61 11.94 7.03 3.87 2.11 2.44

Ox-SWCNT 93.17 5.96 0.58 0.28 0.06 68.00 12.99 7.61 4.3 4.87 2.23
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Table S2. Hematological values of the mice at one week after implantation of the electrodes

Sham control SWCNT Ox-SWCNT

RBC (× 106 cells/μL) 8.35 ± 0.29a) 8.48 ± 0.10 8.65 ± 0.31

HGB (g/dL) 13.56 ± 0.42 13.90 ± 0.54 13.94 ± 0.70

HCT (%) 47.74 ± 1.36 49.46 ± 1.54 48.00 ± 2.60

MCV (fL) 57.14 ± 1.36 58.32 ± 1.45 55.42 ± 1.81

MCH (pg) 16.22 ± 0.41 16.38 ± 0.53 16.08 ± 0.42

MCHC (g/dL) 28.38 ± 0.36 28.06 ± 0.54 29.02 ± 0.65

RDW (%) 14.22 ± 0.68 14.40 ± 0.60 13.94 ± 0.28

MPV (fL) 7.92 ± 0.44 7.42 ± 0.24 7.66 ± 0.39

PLT (× 103 cells/μL) 1,050 ± 113.3 1,080 ± 112.4 1,077 ± 157.7

WBC (× 103 cells/μL) 4.29 ± 0.41 7.51 ± 3.52 4.19 ± 0.73

Neutrophils (%) 15.86 ± 4.00 25.22 ± 13.91 21.10 ± 5.42

Lymphocytes (%) 72.80 ± 2.60 63.88 ± 14.40 71.90 ± 7.22

Monocytes (%) 1.70 ± 0.32 3.84 ± 1.40* 2.12 ± 0.74

Eosinophils (%) 8.78 ± 3.53 5.78 ± 7.46 4.06 ± 1.69

Basophils (%) 0.30 ± 0.16 0.26 ± 0.09 0.10 ± 0.07

RBC: red blood cell count; HGB: hemoglobin; HCT: hematocrit; MCV: mean corpuscular volume; MCH: 
mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration; RDW: red cell 
distribution width; MPV: mean platelet volume; WBC: white blood cell count.

a) Data are expressed as mean ± SD (*p < 0.01).
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Table S3. Hematological values of the mice at six months after implantation of the electrodes (related 

to Fig. 5)

Sham control SWCNT Ox-SWCNT

RBC (× 106 cells/μL) 9.78 ± 0.04a) 9.32 ± 0.31 9.20 ± 0.52

HGB (g/dL) 15.70 ± 0.54 14.55 ± 0.27* 14.85 ± 0.63

HCT (%) 53.10 ± 2.49 48.43 ± 1.11 49.05 ± 2.50

MCV (fL) 54.30 ± 0.70 52.03 ± 1.93 53.33 ± 0.71

MCH (pg) 16.10 ± 0.34 15.65 ± 0.63 16.18 ± 0.34

MCHC (g/dL) 29.63 ± 0.59 30.05 ± 0.42 30.33 ± 0.53

RDW (%) 14.00 ± 0.41 14.25 ± 0.25 14.45 ± 0.79

MPV (fL) 6.10 ± 0.22 6.30 ± 0.18 6.00 ± 0.33

PLT (× 103 cells/μL) 1087 ± 43 1159 ± 171 1175 ± 110

WBC (× 103 cells/μL) 4.73 ± 2.99 3.57 ± 1.64 3.24 ± 1.20

Neutrophils (%) 21.78 ± 3.98 19.20 ± 5.69 16.15 ± 4.47

Lymphocytes (%) 68.90 ± 5.42 74.30 ± 7.04 77.78 ± 6.53

Monocytes (%) 3.60 ± 0.94 2.00 ± 1.00 2.40 ± 0.62

Eosinophils (%) 5.00 ± 1.33 3.55 ± 1.41 2.88 ± 1.88

Basophils (%) 0.18 ± 0.10 0.20 ± 0.08 0.13 ± 0.10

RBC: red blood cell count; HGB: hemoglobin; HCT: hematocrit; MCV: mean corpuscular volume; MCH: 
mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration; RDW: red cell 
distribution width; MPV: mean platelet volume; WBC: white blood cell count.
a)Data are expressed as mean ± SD (*p < 0.05).
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Table S4. Resistnace of SWCNT and Ox-SWCNT

Electrode Rs (Ω/cm2) Rct (Ω/cm2)

SWCNT 3.72 1.25

Ox-SWCNT 3.47 0.86
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Table S5. Comparative electrochemical parameters for carbon non-bio SCs reported in the literature

Electrode Electrolyte

Voltage 

window 

(V)

Max. energy 

density

Max. power 

density

Cycling 

stability (%)
Ref.

Fe-ZnO
Hydrogel of 

PBS/PVA
0–1 0.153 μWh/cm2 0.526 mW/cm2

70 over

 3000 cycles
[1]

Oxidized Mo 

wire

NaCl/PVA 

gel
0–0.8 0.370 μWh/cm2 0.8 mW/cm2

82 over 

5000 cycles
[2]

Au/MnO2/Au
PVA/LiClO4 

gel
0–0.8 0.376 μWh/cm2

0.099 mW/cm2 81 over 

1000 cycles

[3]

MnO2@SiNWs
LiClO4- 

PMPyrrBTA
0–2.2 9.1 μWh/cm2 0.388 mW/cm2

91 over

 5000 cycles
[4]

CNT/PANI
PMMA-PC-

LiClO4 gel
0–0.8 0.004mWh/cm2 0.07 mW/cm2

87 over 

20,000 cycles
[5]

MnO2-CNT 

buckypaper

PVA/KOH 

gel
0–1.0 4.2 µWh/cm2 4 mW/cm2

98 over 

20,000 cycles
[6]

PEDOT:PSS/

ferritin/MWNT
PBS 0–0.8 0.82 µWh/cm2 150 μW/cm2

98 over

1000 cycles.
[7]

Ox-SWCNT SBF 0–1
7.12 mWh/cm2

(50 mW/cm2)

500 mW/cm2

(6.52 mWh/cm2)

100 over 

50,000 cycles

This 

work
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