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Section-I
Characterizations

X-ray diffraction (XRD) patterns for iron phosphate and copper substrate were
investigated by Bruker D2-Phaser diffractometer facilities with CuK, radiation (A=1.5406 A),
10 mA applied current, and 30 kV accelerating voltage. The morphological properties of the
thin films were captured using a field emission scanning electron microscopy (FESEM,
SUPRA —40 VP, Zeiss Marlin, Germany) and an energy dispersive X-ray spectrometer (EDX).
X-ray photoelectron spectroscopy (XPS) was investigated using a Matlab 2000 photoelectron
spectrophotometer and consistent AIK X-ray radiations (600 W; hv = 1486.6 eV). HR-TEM
analysis was performed by FEI Tecnai G2F30 (FEI, Netherland).

Electrochemical Study

A potentiostat (Princeton Applied Research, PARSTAT-4000, USA) with a three-
electrode configuration, electrochemical capabilities including cyclic voltammetry (CV),
galvanostatic charge-discharge (GCD), and electrochemical impedance spectroscopy (EIS)
were studied. To investigate all electrochemical characteristics, a working electrode with active
area of 1x1 cm? was used. A liquid state device was fabricated and electrochemical
investigations were carried out through two electrodes configuration.

Section II

Specific capacitance values were calculated by using CV from the following equation'

I

Sp mv(Vf—Vi) (S1)

Specific capacitance values were calculated by using GCD from the following equation?.
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Where Cg, is specific capacitance, 1 is current density, m is active mass, V¢ - V; potential

window or working potential.

Specific Capacity
4
f[ ("Hdv
4
C,= — (S3)
um

where, Cs is specific capacity (C/g), I (A) is the cathodic or anodic current, dV (V) is the
operated potential window, UV (V/s) is the applied scan rate, m (g) is the deposited mass on Cu

substrate.
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Triclinic crystal system
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Figure S1: Comparative XRD of SS, MWCNTs, CozFey(POy)s,
and MWCNTs/CozFeq(POy)s.
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Figure S2 EDX analysis of MWCNTs/CosFe4(POy)g thin film
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In our preceding article, we presented an analysis of the electrochemical performance
of Fe;(PO4)s and MWCNTs/Co,P,07* in a KOH electrolyte. Figure S3 illustrates the
comparative cyclic voltammetry (CV) of MWCNTs, Fe;(PO,)s, Co,P,0;, and MWCNTs/
CO;Fey(PO,)s. Notably, the potential window of MWCNTs/CosFes(PO4)s (0.9 V) surpasses that
of the previously reported Fe;(POy,)s (0.71 V) and Co,P,07 (0.5 V), indicating a marked
enhancement in the electrochemical performance of the bimetallic phosphate. Co™*! reduction
potential -0.28 V and for Fe™/*2is 0.77 V, but we didn’t observe any sharp reduction peak at -
0.28 V and 0.77 V fall out of scanning voltage range. This show the fabricated material is

pseudocapacitive material dominated with surface redox activity contributing in the charge
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Figure S3 Comparative CV at 100 mV/s of MWCNTs,
FC7(PO4)6, COQP2077 MWCNTS/CO3F€4(PO4)6.

storage’~’.

Furthermore, there is a significant improvement in specific capacitances, with

MWCNTs/CosFes(POy)6 exhibiting a specific capacitance of 859 C/g, compared to 450 C/g



1 for Co,P,O; and 104 C/g (147 F/g) for Fe;(PO4)s. This improvement underscores the
2 enhanced efficacy of the bimetallic phosphate in energy storage due to synergetic effect
3  between COs;Fey(PO,;)s and MWCNTs. In Figure S3, the area under the curve for
4  MWCNT/Co,P,0; is indeed large, mainly due to its higher mass loading of 1.7 mg compared
5 to MWCNT/Co3Fe4(PO4)6 with only 0.2 mg. This higher mass loading contributes to its
6 lower specific capacitance. Additionally, the potential window of the electrode is also higher
7 by 04 V for MWCNT/CosFes(POy)s compared to MWCNT/Co,P,07, indicating the

8  superiority of MWCNT/Cos3Fes(POy)s.
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Figure S4 (a) CV analysis in potential range 0 to -1.1 V (b) CV analysis in
potential range -0.1 to -1 V
12



20 1000
(a) (b)
o104 8004 W Specific Capacity (C/g)
5 B Specific Capacitance (F/g)
2.
£ 600
£
Z104
=
3 400 -
=] ——SS/MWCNTSs
Z10. ——SS/CO,Fe (PO,),
E ———SS/MWCNTSs/Co,Fe (PO,), 200 4
Q
30
T T T T T 0 f
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 MWCNTs Co,Fe(PO,),  MWCNTSs/Co,Fe,(PO,),
Potential(V) Vs Ag/AgCl

Figure S5 (a) CV of CosFes(PO4)s, MWCNTs, and MWCNTs/CozFey(POy)gin 0.5
M KOH (b) corresponding Specific capacity and specific capacitance with different

electrode



30 I FIp— — 1000
eposition time variation
(a) (b) I
20 o
o 800 4
5 10 4 Eﬁ - 0’/””,”—0\0
< 1<)
E 04 2600
z
Z107 —1h 3
a ——2h 2400 1
] —3h g
2 &
530 200 4
= en
& ED ) £
40 4 1w, 8 3
T T r T r 0 Y r v
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 1 2 3

Potential (V) Vs Ag/AgCl

Figure S6 (a) CV of CosFes(POy4)s, MWCNTs,

Deposition time (h)

and MWCNTS/CO3FC4(PO4)6 in 0.5

M KOH (b) specific capacity and capacitance of deposition time varied electrode

@ Co,;Fe (PO,

AJ/2 (mA/cm?)
=

w0

@ MWCNTs/CosFe,(PO,),

Scan Rate (mV/s)

Figure S7 Aj/2 vs. scan rate

= 600

= 400

800

[

Sp—cciﬁc Capacitance (F/g)






Intensity (a.u)

(@)

0.0

(b)

——2 mA/cm?

Current Density (mA/cm?)
N~
= =}
Potential (V) Vs Ag/AgCl

4

-0.2 4
0.4 4

-0.6 4

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0 100 200 300 400 500 600

-1.0

Potential(V) Vs Ag/AgCl Time (s)

Figure S8 (a) CV at 100 mV/s scan rate (b) GCD at 2 mA/cm?

— Before stability
— After stability

r.————/\‘A‘ e
10 20 30 40 50 6

i

0 70
26 ()

Figure S9 XRD investigation before and after complete electrochemical

investigation
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Table No S1 XPS peak assignment

Sr. No Binding energy (eV) Assigned peak
1 29.1 P3s
2 58.2 Fe3p
3 135 P2p
4 194.1 P2s
5 285.1 Cls
6 533.1 Ols
7 712 to 735 Fe2p
8 779 to 800 Co2p
9 979 OKL1
10 999 OKL2

Table No S2 EIS Fittings

valves

Component | Value

R, (Qem?) | 3.852

Can (Flem?) | 0.000309

R (Qem?) | 0.9664

Can (F/em?) | 0.001625

Ry (Q/em?) | 0.5411

W

0.1484
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