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S1. Materials characterization

The synthesized materials were analyzed by using X-ray diffraction (PXRD, Bruker-D8 advance)
with Cu Ka radiation (1.5406 A) at 40 kV/25 mA at a scan rate 0.06°s™ with a 20 angle from 5 to
60. The samples' morphologies were obtained from SEM (SEM, Hitachi SU8010) and TEM (HR-
TEM, Tecnai G2). The XPS spectra were obtained by using a PHI spectrometer (Perkin-Elmer,
America) with monochromatic Mg radiation (hv=1253.6 eV). The surface area of the catalyst was
determined by performing a Brunauer-Emmet-Teller (BET) analysis. This analysis was conducted

using an Autosorb 1Q Quantachrome instrument.
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Figure S1. XPS survey spectra of CCP-5-NPC
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Figure S2. XPS survey of ZIF-67 (b) Co, (¢) N, (d) C
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Figure S3. FESEM image of CCP-3-NPC
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Figure S4. FESEM image of SEM CCP-7-NPC
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Figure S5. BET data of CCP-5-NPC
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Figure S6. ZIF-67 electrochemical data (a) CV at various scan rates (b) GCD at various current

densities
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Figure S7. Cobalt Oxide electrochemical data (a) CV at various scan rates (b) GCD at various

current densities
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Figure S8. CoP-NC Electrochemical data (a) CV at various scan rates (b) GCD at various current
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Figure S9. CCP-3-NPC Electrochemical data (a) CV at various scan rates (b) GCD at various

current density
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Figure S10. CCP-5-NPC Electrochemical data (a) CV at various scan rates (b) GCD at various

current density
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Figure S11. CCP-7-NPC Electrochemical data (a) CV at various scan rates (b) GCD at various

current density
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Figure S12. EIS comparison of CCP-5-NPC (x = 3,5,7)
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Figure S13. Electrochemical performance of r-GO a) CV plot, b) GCD plot

In Figure S13 a, a CV measurement was done to check the electrochemical performance of the r-
GO at different scan rates from the potential window of 0 to -1 V. Similarly, a GCD was performed
to evaluate the charge-discharge time at different current densities from a potential window of 0
to -1 V. The capacitance value was calculated using the GCD, and it was noticed that it exhibited
a capacitance of 0.278 F/cm” at 3 mA/cm”.
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N
Z . 2
2 § Capacitance (F/cm”)
S. IS <
no. || E
£
=}
O
Materials ZIF-67 | CosP, | CoP- [CCP- |CCP- |CCP-5-|CCP-7-
—_— NC I-NPC | 3-NPC | NPC | NPC
1 0.83 141 [219  [229 [3.99 |5.99 2.63
2 0.71 119 [193 [207 [279 |53 2.20
3 10 0.47 091 |[1.62 [139 [1.89 [4.61 1.56
4 20 0.34 062 [122 [093 [139 [3.98 1.48
5 30 0.30 047 [1.02 [068 [098 [3.584 [1.19
6 40 0.28 045 088 [053 (097 318 1.02
8 50 0.28 035 079 [039 [085 [2.92 0.92
9 60 0.26 034 072 [025 0768 [2.73 0.77

Table S1. Specific Capacitance of all electrodes in three-electrode system calculated arealy.
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Electrode Material Capacitance Electrolyte | Potential | Stability | Retention
Window

CCP-5-NPC 5.99 F/cm” at 3 IMKOH |0t0o0.5 |10,000 |87%

(This Work) mA/cm’ \Y%

CoMNS@CoP/NF ' | 886.8 pAh/em®at5 | IMKOH |-0.1to | 10,000 |87.4%

2

mA/cm 05V

CoPN/NF * 1.57 mAh/cm®at2 [6MKOH | 0to00.5 | 5000 71%
mA/cm’ v

: 3 281.7F cm at 96.8 0t0 0.5

NiC0;04 3 3M KOH
mA cm Vv

MNPC-0.5/NF * 4461 mC/ cm” at IMKOH |0t00.5 | 5000 83%
2 mA/ cm? v

CoP nanowire ° 513 mF/ cm” at 1 1 M LiCl 0to-0.8 | 5000 87.05%
mA/ cm’ aqueous v

solution
_CH® 1.324 F/ cm” at 3 0t0 0.5 | 5000 72.1%

CO304@C0 CH , oM KOH
mA/ cm Vv

Co-MOE/NCS ’ 1.59 F/cm”at 1 mA/ [ 2MKOH | 0t0 0.5 | 10,000 | 89.58%
sz Vv

Ni—CoP3/NF® 5.1 F/ cm”at2.5 6MKOH |0to0.5 |10,000 [90.2%
mA/ cm? v

Mn—CoP/NF’ 6.84 F/cm” at 5mA/ |6MKOH | 0t00.5 | 2000 82.1%
sz Vv

Co-MOF/NF(1200)"° | 1.53 F/cm”at I mA/ | I MLiOH |[0t00.5 |10,000 |71%
sz aqueous vV

Table S2. Areal capacitance comparison table of different electrode related to CCP-5-NPC
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Potential

FElectrode Energy Power Stability
' Capacitance | Electrolyte ' ' Window Retention
Material Density Density (Cycles)
V)
CCP-5-NPC 5
1 r-GO 1.8 F/ cm M KOH 0.56 4.89 0to 1.5 10.000 877 v,
r- at 3 mA/ 2 2 ’ <170
(This work) om? mWh/cm mW/cm AV
CoM 1.554 F/ 0.44 3.48 0to 1.5
NS@CoP-6 |~ 5 '« | 1MKOH ) , 10,000 | 85.2%
h/NF//AC/NF mA/em? mWh/cm mW/cm Vv
1
CoPN/NF//P 3.81 F/cm? 0.75 77.53 0to 1.5
CP/NF* | at5mA/em’ | 6M KOH ) , 5000 80%
mWh/cm mW/cm Vv
CNT@NiCo, | 233Fcm™ PVA+ 18.5 mW
O4// * at 80.6 mA 32mWh | em”® | 0to1V | 5000 | 95.6%
81\13T@N1C02 em™ KOH cm
MNPC- PVA + 1.8mWh | 750mW | 9015 5000 -
cm
O.S/II:IIIIZ/QGH/ KOH . v 0
1.94 1 M LiCl
CoP//Mn0O,” | F/cm’ at 1 aqueous | 0-69 mWh 10 15,‘? Wlowle
5 . cm 5000 82%
mA/cm solution cm™ \V4
Co3;04@Co— | 87 mF/cm? 0.025 3.371 0to 1.5
PVA/KOH 10,000 97.3%
CH//KOH//A At 3 2 2
C/NFS mA /e’ mWh/cm mW/cm A\
Cor 060 FI 0215 1778 | 0to 1.6
2 . . to 1.
MOF/N7CS//A cm” at 32 M KOH , , 10,000 8%
C mA/ cm mW/cm mW/cm \Y%
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Co- 2.84 F/ cm? M KOH 0.89 7.5 0to 1.5 10,000 97 6
1 - , 070
1\/]{%1;%1:15? at lc(inrglA/ mWh/cm? mW/cm? Vv
Co- 671 mF/
5 PVA/LiO 210 3761.2 0to 1.5
MOF/NF//AC cm” at5s 5 5 10,000 74%
ASC10 A/ e H uWh/cm uW/cm Vv

Table S3. Areal capacitance comparison table of different electrode related to CCP-5-NPC || 1-

GO device

Current Density Capacitance F/cm’ Energy Density Power Density
Wh/cm® W/em?

3 9.000806 5.625504 48.96

5 7.221419 4.513387 81.6

10 4.251904 2.65744 163.2

20 1.821167 1.138229 326.4

30 0.887589 0.554743 489

40 0.623206 0.389504 652.8

50 0.487279 0.304549 816

Table S4. Electrochemical evaluation of the device done volumetrically.

The device shows the volumetric capacitance, energy density, and power density of 9.0 F/cm’,
5.62 mWh/cm® and 48.96 mW/cm® at 3mA/cm”.

S2: electrochemical mechanism:

In a KOH electrolyte, a Cu-doped CoP electrode undergoes complex electrochemical reactions
where both Cu and Co participate in redox processes. The adsorption and desorption of ions during
electrochemical occurs with the reversible interconversion of Cu”/Cu*" and Co®"/Co’". The
following chemical equations may be used to explain the reversible oxidation-reduction reaction
mechanism of Cu-CoP/NPC."

Cu—CoP+ OH™ & CuOH + CoPOH + e~
CuOH + OH™ & Cu0O + H,0 + e~
CoPOH + OH™ & Co0 + H,0 +e™
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Cu doping improves electrochemical reversibility, decreases CoP polarization, and raises total electrical
conductivity. Additionally, as can be seen in supporting data figure S12, 5% Cu doping results in the lowest
Rct, which facilitates quicker ion and electron movement in the interface during an electrochemical
reaction.
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