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Charge Balancing between (AC) positive and (CMGP) negative electrodes:

The charge balancing between the electrodes are important for hybrid supercapacitor. It can
be expressed as 12

" =g¢q (1)

Further, the charge stored in the positive and negative electrodes can be expressed as

q+=C+xAV+><m+ (2)
q_:C_ XAV X m_ (3)

For Positive electrode
q* =2365x04 x1x107° (4)
gt =151 x1073¢C (5)

For negative electrode
q” =188 x0.8 x1 x10~3 (6)
q~ = 1504 x107°C (7)

It reveals that the charge stored in the positive electrode is almost same as negative electrode (
+ —
q"=q).

In addition, the mass balancing between positive and negative electrodes can be expressed as

m, C_ xAV_
mo O xAr, (8)
my = 21386{.33 ><><0(')£.34 x1 %107 9)
m, =20 1 %1073 10)
m, = 158 x 103 (11

Hence, the optimized mass ratio between AC and CMGP is approximately 1.6.



Equations
(1). The specific capacitance of the electrode is calculated using the following equation as

) j iv)dv

P mx AV xs

Where, C, is specific capacitance F g1, i(V) is CV current (mA), m is mass of active material,
AV is potential window (V), and s is scan rate.

(ii). Area occupied hydrated (S) ions in the electrode can be calculated using

B CpXNXAVXO'
F

Where, N is Avogadro’s number, o is cross-sectional area of hydrated ions, and F is Faraday
constant.

(ii1). The specific capacitance is calculated from charge-discharge analysis is

_IXAt
Y omxAV

Where, C; is specific capacitance (F g'), i is current density (mA cm2), Az is the discharge
time (sec), m is mass of active material (mg), and AV is potential window (V).

(iv). The active site in the electrode material can be calculated using the following equation as

_Coxnx AV xM
F

z

Where, C; is specific capacitance F g'!, n is number of transfer of electrons, AV is potential
window (V), M is molecular weight, and F is Faraday constant.

(v). The energy density and power density of the hybrid supercapacitor is calculated using the
following equation

1
Ecell = 5 chellA V2

_ cell
pcell - Al

Where, E. is energy density of the cell (Wh kg!), C.. is specific capacitance (F g), P is
power density (W kg').



Calculation of theoretical specific capacitance
MnFe,0,:

Let’s consider a single electron is transfer in the MnFe,O, during electrochemical reaction
means the theoretical specific capacitance can be found using following manner

_ nx F
AV xm

= (1%96487)/(0.8*230.6262)
—522F g!

Hence, the theoretical specific capacitance for MnFe,0, is 522 F g'!. The reported graphene
theoretical specific capacitance is 550 F g-! [1]. Hence, the theoretical specific capacitance for MG-20

as
For MnFe,0, (80%)
100 % of Mn = 522
80% of Mn = (522*80)/100 =418 F/g
For graphene (20%)

100 % of graphene = 550
20% of graphene = (550%20)/100 = 110 F/g

Hence, MG-20 has theoretical specific capacitance is 528 F/g

Further, the theoretical specific capacitance for PANI is 2000 F/g [2].
Hence, the theoretical specific capacitance for MGP-5 as
For MG-20 (95%)

100 % of MG-20 = 528

95% of MG-20 = (528%95)/100 =418 F/g

For PANI (5%)

100 % of PANI = 2000

5% of PANI = (2000*5)/100 = 100 F/g

Hence, MGP-5 has theoretical specific capacitance is 601 F/g
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Fig. S1 Schematic representation for the (a, b) preparation of MGP (Negative) and activated
carbon (Positive) electrodes, (c) is the fabricated hybrid supercapacitor and (d) the charge

storage mechanism in hybrid supercapacitor.
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Fig. S2 FT-IR spectra of (a) graphene oxide and (b) graphene.

The FT-IR (Figure S2(a)) spectrum of graphene oxide reveals that the presence of
functional groups like carbonyl group (1058 cm™!), epoxyl (1203 cm!), hydroxyl (1358 cm™!),
and carboxyl (1722 cm'). Subsequently, the C-C band of graphitic carbon and adsorbed
water peaks are observed at 1622 and 3346 cm™!. On the other hand, the disappearance and
reduction of intensity of the peaks of above mentioned wave number is represents (Figure
S2(b)) the deoxygenation or reduction of graphene oxide to graphene. Hence, the NaOH is

playing as a reducing agent for producing graphene via green route method.
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Fig. S3 CV curves of M-3, MG-5, MG-10, MG-20, and MG-30 at different scan rates such as 5-100

mV s
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Fig. S4 Equivalent circuit for fitting impedance plot.

In this equivalent circuit, Rgsg, Re, Ca, Wy and C, are represents the equivalent serious
resistance, charge transfer resistance, double layer capacitance, Warburg factor and
pseudocapacitance.



20 P ” 154
—Zgzx:‘ _;3::\\,,:1 a) | — 5mvs’ —10mvs’
. —40mVs' —50mVs’ 10- —20mVs' —30mvs"
104 ——100mvs" —40nVs' —50mVs’
E y//A E 5.
= vay//BY
4 VIITE d
© o 3
S g7 a—4 5 0-
o Wz 3
-10- -5
-10-
-20 d T d T d T d T T T T T T T T T
04 -0.2 0.0 0.2 0.4 -0.2 0.0 0.2
Potential (V) vs Ag/AgCI Potential (V) vs Ag/AGCI
by ©
1 — 5mvs" —10mvs’
8 —20mVs' ——30mVs"
£
‘E" o
g o
8 J
4]
-8-

04 02 00 02
Potential (V) vs Ag/AgCI

Fig. S5 CV curves of (a) MGP-5, (b) MGP-10 and (c) MGP-15 at different scan rates.



300
x M3 (a)
e MG-5
2504 A MG10 v MG=20
1 <« MG30 » MGP5
200/ ¢ MGP-10 e MGP-15 <
— Linear fit > o
. L.
150- g
1 (&)
100-
50-
0 T T v T v T M )
0.0 0.1 0.2 0.3 04 0.5

1 /(0)1/2’ s1/2 mv-1/2

MG-5
MG-30

® ADpeoen

—— Linear fit

(b)

MG10 v MG-20

» MGP-5

MGP-10 ¢ MGP-15

12 _-1/2
0’2 mv*2s™

Fig. S6 Trasatti plot of (a) Coy versus 1/(u)"? and (b) Cioa versus (u)"? for M-3, MG-5, MG-10, MG-

20, MG-30, MGP-5, MGP-10 and MGP-15.
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Fig. S7 Comparison of the total specific capacitance exhibited by inner and outer surface of the
electrodes of M-3, MG-5, MG-10, MG-20, MG-30, MGP-5, MGP-10 and MGP-15.
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Fig. S8 CV curve of positive and negative electrodes at 20 mV s in IM NaCl electrolyte.
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Fig. S9 GCDs curves of hybrid supercapacitor at different current densities.
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Fig. S10 (a) Nyquist plot, (b, ¢) bode plot and (d) admittance plot of hybrid supercapacitor before and

after cycling.
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Table 1. Electrochemical impedance spectra fitted parameters

Sample Cal (F) Wy C, (F) Error (x/VN)
x 106 (Ohm S172)
M-3 23.84 36.91 0.022 87 0.05260
MG-5 27.17 15.10 0.056 12 0.05912
MG-10 12.83 10.63 0.041 84 0.05942
MG-20 15.42 7.108 0.028 07 0.06139
MG-30 36.41 16.84 0.107 30 0.05302
MGP-5 28.00 5.063 0.180 50 0.06552
MGP-10 26.20 25.78 0.086 59 0.08763
MGP-15 25.20 27.82 0.086 59 0.07356
Cell before cycling 11.08 11.64 0.05011 0.07615
Cell after cycling 9.236 14.80 0.044 92 0.09200
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