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Supplementary Figures
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[bookmark: _Hlk202810497]Fig. S1. Cycling stability of MoS2/m-C hybrid nanosheet superstructures at a current density of 800 mA g-1 under low (3 °C) and high (50 °C) temperature conditions. Reproduced with permission [1]. Copyright 2015, WILEY.
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[bookmark: _Hlk202810508]Fig. S2. Raman spectra of the synthesized samples: 1 LNiO, 1 LMnO2, 2 L, 3 L, and 4 L. Reproduced with permission [2]. Copyright 2023, Elsevier.
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[bookmark: _Hlk202810522]Fig. S3. Schematic depiction of the band structure of the CoP-C/CN composite. Reproduced with permission [3]. Copyright 2023, Elsevier.
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[bookmark: _Hlk202810539]Fig. S4. Digital image of rGO samples woven into knitted gloves. Reproduced with permission [4]. Copyright 2019, Elsevier.
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[bookmark: _Hlk202810551]Fig. S5. Digital image of rGO/Ti3C2Tx heterojunction (95% rGO, 5% Ti3C2Tx). Reproduced with permission [4]. Copyright 2019, Elsevier.
















Table S1. Comparison of different preparation methods.
	
	Advantages
	
	Disadvantages

	Direct stacking
	(1) Simple operation.
(2) No complex equipment required.
(3) Suitable for preliminary studies.
	(1) Prone to interface contamination.
(2) Low precision in layer alignment.
(3) Limited to exfoliable 2D materials.

	CVD
	(1) High crystallinity and uniformity.
(2) Controllable layer thickness.
(3) Suitable for large-area synthesis.
	(1) Requires high-temperature equipment.
(2) Complex process.
(3) Potential substrate compatibility issues.

	In situ growth
	(1) Atomically clean interfaces.
(2) Precise control over heterostructure design.
(3) Strong interlayer bonding.
	(1) Expensive equipment (e.g., MBE chamber).
(2) Low throughput for large areas.
(3) Strict process optimization needed.

	Solution-based methods
	(1) Low-cost and scalable for large-area production.
(2) Compatible with low-temperature processes.
(3) Suitable for organic/inorganic hybrid systems.
	(1) Lower crystallinity and purity.
(2) Difficulty in controlling layer thickness and uniformity.
(3) Solvent residue risks.

















[bookmark: _Hlk202787017]Table S2. Performance Comparison of Representative 2D vdWHs.
	[bookmark: OLE_LINK77]Electrode material
	Methods
	Performance
	Ref.

	MoS2/m-C
	Direct stacking
	higher specific capacity of 1113 mAh g−1 at 400 mA g−1
excellent rate capability (943 mAh g−1 at 6400 mA g−1)
	[1]

	NiO/MnO2
	Direct stacking
	specific capacitance: 2L: 3.6 × 103 F g−1; 4L: 5.8 × 103 F g−1
capacitance retention: 2L: 14.8%; 4L: 12.9%.
	[2]

	NiFe-LDH/MXene
	Direct stacking
	highest microwave absorption of −58.2 dB at a thickness of only 2 mm
	[5]

	CoP-C/g-C3N4
	Direct stacking
	H2 production rate :1503 μmol∙g−1∙h−1 (AQY: 3.03 % at 400 nm)
	[3]

	FTO-WO3/Fe2O3
	CVD
	photocurrent density: 1.25 times compared with FTO-WO3
	[6]

	g-C3N4/WS2
	CVD
	[bookmark: OLE_LINK100]degradation of TC (84%) and SMX (96%), under visible light
	[7]

	Co9S8/MoS2
	CVD
	reversibility: 424.5 mAh g–1 at 2 A g–1 at the 1600th cycle, 401.1 mAh g–1 at 5 A g–1 at the 800th cycle
rate capacity: 210.1 mAh g–1 at 20 A g–1
	[8]

	CoS/MoS2
	CVD
	cycling stability: 510.9 mAh g−1 at 1 A g−1 at the 1000th cycle
rate performance: 341 mAh g−1 at 10 A g−1
	[9]

	α-MnO2/MXene
	[bookmark: OLE_LINK13]In situ growth
	specific capacitance: 334.3 F g−1 at 0.5 A g−1
capacitance: 90.9% retained after 5000 cycles
	[10]

	Co(OH)2/MXene
	In situ growth
	total pseudo-capacitance: 153.0 F g−1 with a Ti3C2Tx loading of 25 wt%, twice of that of the bare Co(OH)2
	[11]

	Bi2S3/Ti3C2Tx
	In situ growth
	capacity: 615 C g−1 at 3 A g−1
capacitance retention: 91%
	[12]

	[bookmark: OLE_LINK12]ZnIn2S4/nitrogen-doped graphene
	In situ growth
	detection limit: 0.33 pmol L−1 within the linear scope of 1 pmol L−1 to 5 μmol L−1
	[13]

	rGO/MnO
	In situ growth
	[bookmark: OLE_LINK98]capacity: 860 mAh g−1 at 0.1 A g−1
[bookmark: OLE_LINK97]rate capability: 211 mAh g−1 at 10 A g−1
	[14]

	Ni3S2/d-Ti3C2
	In situ growth
	specific capacity of 2204 F g−1 at 1 A g−1
	[15]

	g-C3N4/SnS2
	Solution-based methods
	[bookmark: OLE_LINK101]degradation of Cr(VI): 85%
degradation of 2,4-DCP: 94%
	[16]

	CCN/BOI
	Solution-based methods
	photo-degradation of tetracycline (TC, 20 mg/L) after 120 min visible light irradiation: 80%
	[17]

	1T-MoS2/Ti3C2Tz
	Solution-based methods
	[bookmark: OLE_LINK102]specific capacitance: 250 F g−1 at 1 A g−1
capacitance retention: 82.3% (at 10 A g−1) after 5000 cycles
	[18]

	NiCoAl-LDH/V4C3Tx
	Solution-based methods
	specific capacity: 627 C g−1 at 1 A g−1\
	[19]
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