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Equations and calculations used for electrode preparation and their performance
evaluation!

1. Calculation:

(A) Loading of V,0s per unit cm? area of functionalized Toray carbon paper (fCP) was calculated from the
Faraday’s Law as given in equation 1.

. mg
Loading (—)
cm?
_ Current density (mA) x deposition time (sec) X molecular weight of V205 (182 g/ma

No. of electrons transferred (n) X 96485 C

(M

(B) Calculation of specific capacitance (C;) for the device from chrono charge-discharge method is given in
equation 2.

I x Ay
STV X 2) (2

where, I is current density used for charging-discharging, Z can be total mass of the active material on both the
electrodes (for gravimetric capacitance), or total area of both the electrodes coated with the active material (for
areal capacitance ), or total volume of the device (for volumetric capacitance)

For the calculation of the capacitance of the single-electrode, the above equation should be multiplied with four.

(C) Calculation of Energy density (ED) and Power density (PD) are given in equation 3 and 4, respectively.

Cs V2
ED (Whkgh)= 2X 36 (3)

PD (Wkg!)=(ED)/t (4)
t is the discharge time calculated in hour.

(D) Calculation for the mass balancing of the two electrodes for the V/fCP-x//AC/fCP-y asymmetric device
(ASC) is given in equation 5.

+

M C xXV_
M_ C

+ X Ve s

where, M is the mass loading, C is the capacitance measured individually in three electrode set-up, V is the
potential of the individual electrode.

Subscripts + and - stand for the positive and negative electrodes, respectively.
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Fig. S1 FESEM images of pCP at different magnifications.
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Fig. S2 Comparison of (a) IR spectra; (b) Raman spectra; (c) N, adsorption/desorption isotherms and (d) pore size distribution
profile recorded before and after the functionalization of the carbon paper.

Presence of the functional groups on fCP is validated by FTIR spectra as given in Fig. S2a. The peaks located at
3426 and 1710 cm! in fCP correspond to the presence of oxygen functionalities (—OH stretching and C=0 in —

COOH, respectively). Besides, the characteristic twin peak appeared at 2919 and 2852 ¢cm! indicate successful
functionalization of the carbon paper.

In the Raman spectra, (Fig. S2b) the D band appeared at a wave number of 1339 cm™! is resolved with a higher
intensity after the functionalisation and Ip/I ratio is increased by two times. During the anodic functionalization,
nucleophilic attack of OH- induces some defect on the graphitic structure of the carbon fiber. A substantialy
decreased intensity of the 2D band at 2663 cm’! strongly indicates the defect rich carbon nanofibe in fCP.23
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Fig. S3 Images corresponding to the contact angle measurement of (a) pCP and (b) fCP
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Fig. S4 TGA profiles of the V,05 coated carbon paper before and after the heat treatment

Fig. S5 SEM images of the V/pCP-177 recorded at different magnifications.



Fig. S6 FESEM images of V/fCP-88 (a and b), V/fCP-442 (c and d) and V/fCP-707 (e and f) recorded at lower and higher

magnifications, respectively.
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Fig. S7 (a) EDAX spectrum; (b) TEM image and (c) SAED pattern of the V,0s5 nanoflakes corresponding to the V/fCP-177

sample.
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Fig. S8 (a) XPS survey spectrum of V/fCP-177 specimen; (b) deconvoluted XPS spectra of carbon (C); (¢) oxygen (O) and

(d) lithium (L1i) in the V/fCP-177 specimen.
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Fig. S9 (a) The CV profiles recorded at a scan rate of 10 mV s'! for V/fCP-177 sample in the three-electrode configuration in
the potential windows of -1.0 to +1.0 V and (b) -1.5 to +0.50 V, respectively; (c) the CV and (d) CD profiles of V/fCP-177
recorded in the potential window of -1.5 to +0.5 V; (e) error bar diagram of the specific capacitance vs. current density of the
V/{CP-177, fCP-350 and V/pCP-177 specimens.
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Fig. S10 (a) Nyquist plot of the V/fCP-177 based SSC; (b) and (c) are the FESEM images of the PMMA/LiClO;, electrolyte
coated electrode at lower and higher magnifications, respectively.
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Fig. S11 Electrochemical study of the V/fCP-x based SSC (a) the CV profiles recorded at a scan rate of 20 mV s! and (b) the
CD profiles recorded at a current density of 1 mA cm measured under the same experimental conditions.
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Fig. S12 (a) The CV profiles recorded at a scan rate of 10 mV s’!; (b) the CD plots recorded at a current density of 1 A g ;
(c) plots representing the relationship between the specific capacitance and scan rate and (d) the Nyquist plots (inset showing
the high frequency region) of the V/fCP-177 and V/pCP-177 SSC devices.
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Fig. S13 Nyquist plots of the V/fCP-177 based SSC device before and after the stability test.
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Fig. S14 (a) The CV profiles recorded at different scan rates in the case of the AC/fCP-1 electrode in the three-electrode cell
assembly and (b) the CV profiles of V/fCP-177 and AC/fCP-8 recorded at a scan rate of 10 mV s’! in the respective potential

windows

after adjusting the mass loading.
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Fig. S15 (a) CV profiles recorded at different scan rates; (b) stability test and (c) Nyquist plots recorded before and after the
durability test of the V/fCP-x//AC/fCP-y based ASC device.

Capacitance

SSC device

ASC device

Voltage window

20V

28V

Gravimetric 101.5Fglat0.5A g! | 9429Fglatl A g!
capacitance

Volumetric 2.72 F cm™ 3.176 F cm?
capacitance

Areal capacitance

101.5 mF cm?2at 0.5
mA cm?

117.8 mF cm? at 1
mA cm?

Table S1: Gravimetric, volumetric, areal capacitance of both SSC and ASC devices
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No. | Electrode Electrolyte Resistance Capacitance Voltage Reference

Q) window in the main
text
1 VO,//VO, LiClO4/PC in -—-- 36 F g! 14V Ref. 33
fumed silica
2 V,05-CNT/ITO// V,0s- | PVA/LICI ESR =29 42Fglatl1 A | 0.8V Ref. 34
CNT-ITO Rer~7.5 g'!

3 V,05/SS// V,05/SS PVA/LiClO, ESR ~ 10 5252 F g'! 1.8V Ref. 55

4 LiMnO,// LiMnO2 PMMA/PC -—-- 56 F g! 1.2V Ref. 9

5 V/IACP-177// VECP-177 | PMMA/LICIO, | 6.3 101.5F g! 20V This work

6 V,05-CNT//AC LiClO4/PC -—-- 426 F g! 26V Ref.32

7 rGO/ V,05//rtGO IM LiCIO4/PC 3.36, Rer= 52.5 mF cm™ at 26V Ref.31
>30 0.1Ag!

8 V,05/CNT//AC IM NaCIO4/PC | ESR~7,Rcr | 35F g 28V Ref.56
=10

9 V,05/Gr//AC IM LiClO4/PC -—-- 372F glat0.5 27V Ref.29

Agl
10 | Li3VO4-CNF//GNS PVDF- Rer~ 125 45Fglat02A |38V Ref.57
HFP/LiClO,4 g!
11 | V/fCP-44//AC/fCP-2.1 | PMMA/LiClO, | 9.9 9429 F glat1 2.8V This work
A gl

Table S2: The cell resistance, capacitance and voltage window of both the SSC and ASC devices are compared with some
of the high performance supercapacitor devices where aqueous and non-aqueous electrolytes are used with vanadium (V)
and other pseudocapacitive electrode materials.
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