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Preparation of MO-1, MO-2 and MO-3 working electrodes
Initially, the preparation of nickel foam (NF) with a thickness of 1.6 mm involved ultrasonic cleaning. This cleansing process utilized ethanol, hydrochloric acid at a concentration of 4 M, and double-distilled water, each for a duration of 30 min. The purpose was to effectively eliminate the oxide layer along with any residual impurities, as indicated in reference [1]. In the construction of the working electrodes, a composite was prepared comprising 80% active electrode materials, including MO-1, MO-2, and MO-2 NSs. This was complemented by 10% activated carbon and a 10% PVDF inclusion as a binder, mixed in NMP. Prior to electrochemical assessments, this blend was homogenised into a uniform slurry by sonication for 30 minutes. Following sonication, this slurry was uniformly spread over a 1 cm2 area of the NF, which had been previously cleaned and dried. The drying process entailed heating at 80 °C for 3 h, resulting in a thin coating of approximately 3 mg of the active material on the NF. Electrochemical evaluations were conducted on electrodes fabricated from MO-1, MO-2 and MO-3 NPs. An SCE served as the reference in a three-electrode system to examine the electrochemical performance of the MO-1/NF, MO-2/NF, and MO-3/NF electrodes. The configuration was completed with MO-1/NF, MO-2/NF and MO-3/NF as the working electrodes, platinum as the counter electrode, and a 1 M KOH solution as the electrolyte.
Electrochemical Measurement
The MO-1/NF, MO-2/NF, and MO-3/NF electrodes are tailored and applied as working electrodes (1 cm × 1 cm), with an effective working area of 1 cm × 1 cm. A platinum foil (10 mm × 10 mm) is employed as the counter electrode and SCE (saturated calomel electrode) as reference electrode, which apply to a three-electrode system in 1 M KOH solution. The ZIVE electrochemistry workstation is used for the electrochemical measurements. CV tests are conducted in a potential range of 0−0.5 V (versus SCE) at scan rates of 10-100 mV/s. The cycling behaviour is particularly up to 5000 cycles, and GCD tests are carried out at various current densities with a potential range of 0−0.5 V (versus SCE). EIS is used to test the capacitive property at OCV (open circuit voltage) over a frequency range of 1 to 105 Hz.
The ASSCs are assembled with MO-1/NF as the positive electrode and AC/NF as the negative electrode. To prepare the negative electrode, 80 wt% AC, 10 wt% carbon black, and 10 wt% PVDF in NMP solvent. The homogeneous slurry was coated onto an NF via drop casting and then dried for 4 h. The two electrodes of the ASSCs are separated by a separator (NKK, MPF30AC-100), and 1 M KOH is used as the electrolyte. 
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Fig. S1: 3-D crystal structure of MnO2 polyhedral shape
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Fig. S2: Comparative plot of IR drop versus current of MO-1, MO-2 and MO-3 electrodes.
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Fig. S3: Separate CV curves of the Mo-1 and AC electrode at a scan rate of 5 mV/s.
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Fig. S4: The plot of log (current) Verses log (scan rate) of the ASSCs device.
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Table S1: Summarized parameters such as electrode material, morphology, electrolyte used, specific capacitance, and cyclic stability of the MnO2-based materials.
	Electrode Composition
	Morphology
	Electrolyte Used
	Specific Capacitance (F/g)
	Capacitance retention (%)/over the cycle number
	Reference

	MnO2
	Nanospheres
	1 M Na2SO4
	206.2 @ 1.25 A/g
	72.3% /1,000 
	[1]

	MnO2/rGO
	Microspheres
	1 M Na2SO4
	462 F/g @1 A/g
	-
	[2]

	α-MnO₂ 
	Nanowires
	1 M Na2SO4
	180 @1 A/g
	78% /2,000 
	[3]

	α-MnO₂

	Hollow spheres
	1 M Na2SO4
	167 @2.5 mA
	89% /350 
	[4]

	Defective MnO₂
	Porous structure
	1 M Na2SO4
	202 @1 A/g
	89.4% / 4,000 cycles
	[5]

	α-MnO₂ 
	Nanorods
	1 M Na2SO4
	152 @2.5 mA
	87% / 1000 
	[6]

	MnO₂/C 
	Composite
	1 M Na2SO4
	152 @ 1 A/g
	83.9% /10,000 
	[3]

	δ-MnO₂ 
	Nanosheets
	1 M Na2SO4
	306 @0.2 A/g
	83% /1,000 
	[7]

	MnOx@rGO
	Microspheres
	6 M KOH
	402 
	90%/10,000
	[8]

	Ni–MnO₂ 
	Composite
	1 M Na2SO4
	379 @1 A/g
	85%/10,000 
	[9]

	B-doped MnO₂ 
	NSs
	0.5 M Na2SO4
	269 @50 mV/s
	-
	[9]

	Au–MnO₂ nanowires
	Nanowires
	1 M Na2SO4
	249@1 mV/s
	97% /1,000 
	[9]

	β-MnO₂ 
	Nanorods
	1 M Na2SO4
	125
	-
	[10]

	Mn2O3@MnO2 
	Core–shell nanofibers
	1 M Na2SO4
	225 @ 0.2 A/g
	86.5% /5,000 
	[11]

	Β-MnO₂ 
	Nanorods array
	1 M Na2SO4
	237.3 @10 A/g
	79.8% /2,000 cycles
	[12]

	CQD-MnO2
	Marshmallow-like
	1 M Na2SO4
	189 @ 0.14 A/g
	100 % / 1200 cycle
	[13]

	MnO2/CNS
	Nanosheet arrays
	1 M Na2SO4
	339 @ 0.5 A/g
	96.1% /5000 cycles
	[14]

	MnOx/PPy 
	nanowires core/sheath structure
	1 M Na2SO4
	1091.4 @ 1 A/g
	97.4% /10,000 
	[15]

	Cu(OH)2@MnO2/CF 
	nanorods array
	6 M KOH
	708.6 mF cm−2 @2 mA cm−2
	85.17%/5000 
	[16]

	MnO2
	polyhedral
	2 M KOH
	280 F/g @10 mA/g
	98.3%/5000
	This Work
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