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S1 Calculation Methods 
S1.1 Electrochemical Calculation Methods
The gravimetric capacitance and area ratio capacitance of single electrodes was calculated from the discharge portion of galvanostatic charge-discharge (GCD) according to the equations (S1) and (S2), respectively.


where  is the gravimetric capacitance (F g-1), I is the current density (mA cm-2), t is the discharge time (s), m is the mass of the active substance (mg), V is the voltage window (V),  is area ratio capacitance (mF cm-2), and S is the geometric area of the electrode (cm-2), respectively.
The energy density (E) and power density (P) of asymmetric device were calculated 
according to the equations (S3) and (S4), respectively.


S1.2 DFT Calculation Parameters and Optimized Models
Density functional theory (DFT) calculations were performed using the Vienna Ab initio Simulation Package (VASP). The exchange–correlation interactions were described using the generalized gradient approximation (GGA) in the form of the Perdew–Burke–Ernzerhof (PBE) functional. A plane-wave cutoff energy of 500 eV was employed. Brillouin zone sampling was carried out using a Monkhorst–Pack k-point mesh. The Gaussian smearing method was applied for electronic state occupation with ISMEAR = 0 and SIGMA = 0.05, which is appropriate for non-metallic systems. Electronic self-consistent calculations were performed using the Fast algorithm (ALGO = Fast), with a convergence criterion of 1 × 10-5 eV. For ionic relaxation, a force convergence threshold of 0.02 eV/Å was used (EDIFFG = –0.02), and a maximum of 300 ionic steps (NSW = 300) was allowed. The conjugate gradient algorithm was used for ion relaxation (IBRION = 2), and atomic positions were optimized (ISIF = 2). Spin polarization was considered (ISPIN = 2), and van der Waals interactions were corrected using the DFT-D3 method (IVDW = 12). Symmetry constraints were turned off during the relaxation process (ISYM = 0) to avoid interference with the relaxation path. Real-space projection was set to automatic (LREAL = Auto) to enhance computational efficiency. The structural optimization was performed until full convergence of the energy and geometry was achieved. Wavefunction and electrostatic potential outputs were disabled (LWAVE = .FALSE., LVHAR = .FALSE.) to reduce storage requirements.
S2 Supplementary Figures and Tables
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[bookmark: _Hlk207974972]Fig. S1 Nitrogen adsorption–desorption isotherms a GO; b EG; c OEG; d Comparison of specific surface areas of different samples; Cross-sectional morphology and chemical characterization of EGB and OEGB nanopapers with different oxidation durations. Cross-sectional SEM image of e EGB nanopaper, f OEGB-4h nanopaper, g OEGB-6h nanopaper, h OEGB-8h nanopaper; The EG and OEG at different oxidation times of i FTIR spectra, j XPS survey spectra; k High-resolution C1s XPS spectrum of OEG-4h; l High-resolution C1s XPS spectrum of OEG-8h
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Fig. S2 a Raman spectra of OEG powders with different oxidation durations; Peak fitting of Raman spectra for GO, EG, and OEG powders at various oxidation times: b GO powder, c EG powder, d OEG-4h powder, e OEG-6h powder, f OEG-8h powder
	
	Integral areas of D peak (ID)
	Integral areas of G peak (IG)
	Id/Ig

	GO
	35295.83
	19092.34
	1.848691

	EG
	32464.03
	22424.02
	1.447735

	OEG-4h
	25797.13
	14076.06
	1.832696

	OEG-6h
	19119.1
	10209.02
	1.872766

	OEG-8h
	9223.203
	4839.371
	1.905868


Table S1 Peak fitting results of Raman spectra for GO, EG, and OEG powders with different oxidation durations
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[bookmark: _Hlk207972010][bookmark: OLE_LINK36][bookmark: OLE_LINK37]Fig. S3 a CV curves of the EGB nanopaper at different scan rates; b GCD curves of the EGB nanopaper at various current densities; Theoretical analysis of the electrochemical behavior of the electrodes: c Nyquist impedance plots of the EGB and OEGB-6h nanopapers; d Linear fitting of Z′ versus ω−1/2, where a steeper slope indicates a lower ion diffusion coefficient; e electrical conductivity comparison of the samples EGB and OEGB; f Bode phase angle plots; g Frequency dependence of the imaginary capacitance; h Cycling stability and corresponding coulombic efficiency of the EGB nanopaper at 20 mA cm–2
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[bookmark: OLE_LINK32][bookmark: OLE_LINK33]Fig. S4 CV curves at different scan rates: a OEGB-4h nanopaper, b OEGB-8h nanopaper; GCD curves at various current densities: c OEGB-4h nanopaper, d OEGB-8h nanopaper; e GCD curves of EGB and OEGB nanopapers with different oxidation durations at a current density of 5 mA cm-2; f CV curves of OEGB nanopapers with different oxidation durations at a scan rate of 5 mV s-1; g Comparison of specific capacitance by mass for EGB and OEGB nanopapers; h Corresponding comparison of areal capacitance
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Fig. S5 Cross-sectional SEM of OEGB under different mass loading: a 1 mg cm-2 and e 5 mg cm-2; Electrochemical performance of OEGB under a mass loading of 1 mg cm-2 and 5 mg cm-2: b, f CV curves at different scan rates; c, g GCD curves at various current densities; d, h Specific capacitance at current densities ranging from 1 to 50 mA cm-2; i Side views of differential charge density for -COOH:-OH=1:1; j Electron localization function (ELF) plots for -COOH:-OH=1:1; k Total density of states (DOS) at the Fermi level for -COOH:-OH=1:1; l Optimized structures of H+ adsorption on -COOH:-OH=1:1, with adsorption energies
Table S2 Partial atomic charges in G-COOH calculated by Bader charge analysis (expressed in number of electrons; O (C-O) and O (C=O) represent the two oxygen atoms in the –COOH group)
	
	C
	O (C-O)
	O (C=O)
	H

	G-COOH
	-1.552
	1.099
	1.107
	-0.625
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[bookmark: _Hlk207975167][bookmark: OLE_LINK2]Fig. S6 Morphology and chemical characterization of OMB and NOMB nanopapers. Surface SEM image of a1 OMB0 nanopaper, b1 OMB1 nanopaper, c1 OMB2 nanopaper, d1 NOMB0 nanopaper, e1 NOMB1 nanopaper, f1 NOMB2 nanopaper; Cross-sectional SEM image of a2 OMB0 nanopaper, b2 OMB2 nanopaper, c2 OMB2 nanopaper, d2 NOMB0 nanopaper, e2 NOMB1 nanopaper, f2 NOMB2 nanopaper; Nitrogen adsorption–desorption isotherms g OMB; h NOMB; i Comparison of specific surface areas of different samples; j OMB nanopaper of FTIR spectra; k OMB nanopaper of XRD spectra; l NOMB nanopaper of FTIR spectra, m NOMB nanopaper of XRD spectra
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Fig. S7 a CV curves of the OMB1 nanopaper at different scan rates; b GCD curves of the OMB1 nanopaper at various current densities; Theoretical analysis of the electrochemical behavior of the electrodes: c Cycling stability and corresponding coulombic efficiency of the OMB1 nanopaper at 20 mA cm–2; d Nyquist impedance plots of the OMB1 and NOMB1 nanopapers; e Linear fitting of Z′ versus ω−1/2, where a steeper slope indicates a lower ion diffusion coefficient; f Bode phase angle plots; g Electrical conductivity comparison of the samples before and after -NH2 functionalization
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[bookmark: OLE_LINK34][bookmark: OLE_LINK35]Fig. S8 Electrochemical performance of OMB1 and OM-NH2/BC nanopaper. a CV curves of the OM-NH2/BC nanopaper at different scan rates; b GCD curves of the OM-NH2/BC nanopaper at various current densities; c CV curves of OM-NH2/BC nanopaper and OMB nanopaper at a current density of 5 mA cm-2
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Fig. S9 CV curves at different scan rates: a OMB0 nanopaper, b OMB2 nanopaper, c NOMB0 nanopaper, d NOMB2 nanopaper; GCD curves at a current density of 5 mA cm-2: e OMB0 nanopaper, f OMB2 nanopaper, g NOMB0 nanopaper, h NOMB2 nanopaper; i Comparison of specific capacitance by mass for OMB nanopapers; j Corresponding comparison of areal capacitance; k Comparison of specific capacitance by mass for NOMB nanopapers; l Corresponding comparison of areal capacitance
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[bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK44]Fig. S10 Comparison of the FTIR spectra of NOMB before and after electrochemical testing
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[bookmark: _Hlk208137548][bookmark: _Hlk208138084][bookmark: OLE_LINK45][bookmark: OLE_LINK46]Fig. S11 OEGB-6h before and after 30,000 charge-discharge cycles surface SEM images: a Before cycling; b After cycling; NOMB1 before and after 10,000 charge-discharge cycles surface SEM images: c Before cycling; d After cycling; e After undergoing bending at different angles and 1000 charge-discharge cycles, the ACS device still maintains 87% of its capacity
	Graphene -based 
electrode
	Electrolyte
	Mass loading
	Test condition
	Cg
(F g-1)
	Ca
(mF cm-2)
	Refs.

	MXene derived TiO2@rGO
	1M H2SO4
	
	5 mA cm-2
	
	662.9
	[S1]

	RGO
	1M H2SO4
	2.2 mg cm-2
	0.1 A g-1
	314
	609
	[S2]

	MXene/GO
	1M H2SO4
	1.15 mg cm-2
	1 mV s-1
	228.4
	198.8
	[S3]

	rGO/WO3
	[bookmark: OLE_LINK11]1M H2SO4
	
	0.3 A g-1
	287
	
	[S4]

	FL-MoS2@rGO-2
	1M H2SO4
	1.5 mg cm-2
	[bookmark: OLE_LINK1]1 A g-1
	346.1
	519.6
	[S5]

	DNQ/rGO/PVA-2
	PVA/H2SO4
	
	1 mA cm-2
	
	618.2
	[S6]

	VC/GO
	1M H2SO4
	
	1 A g-1
	174
	
	[S7]

	GO/EG
	EMIMBF4
	1 mg cm-2
	1 A g-1
	236
	215
	[S8]

	MnO-Mn3O4/MnS/LIG
	1M LiCl
	
	1 mA cm-2
	
	741.6
	[S9]

	Mo3C2/LIG
	1M H2SO4
	5 mg cm-2
	0.5 A g-1
	62
	11.9
	[S10]

	OEG-6h
	1M H2SO4
	1 mg cm-2
	1 mA cm-2
	430.5
	430
	This work

	OEG-6h
	[bookmark: OLE_LINK4]1M H2SO4
	3 mg cm-2
	1 mA cm-2
	369.1
	1107.3
	This work

	OEG-6h
	1M H2SO4
	5 mg cm-2
	1 mA cm-2
	333.6
	1668
	This work


Table S3 Comparison of electrochemical performance of OEGB-6h electrode with other advanced graphene-based electrodes


[bookmark: OLE_LINK8][bookmark: _GoBack]Table S4 Comparison of electrochemical performance of NOMB1 electrode with other advanced MXene-based electrodes

	MXene-based 
electrode
	Electrolyte
	Mass loading
	Test condition
	Cg
(F g-1)
	Ca
(mF cm-2)
	Refs.

	MXene/AC3
	PVA/H2
SO4
	
	[bookmark: OLE_LINK7]5 mV s-1
	407
	
	[S11]

	[bookmark: _Hlk162856875]MXene/BC
	3M H2SO4
	8 mg cm-2
	3 mV s-1
	416
	2084
	[S12]

	MXene/HLNPs
	1M H2SO4
	5 mg cm-2
	1 A g-1
	241
	1273
	[S13]

	Ti3C2Tx@MPS                                                                                                                                               
	3M H2SO4
	4 mg cm-2
	5 mV s-1
	469
	2620
	[S14]

	PLA/PANI/MXene
	1M H2SO4
	3 mg cm-2
	1 A g-1
	290.8
	872.4
	[S15]

	[bookmark: _Hlk195625210]MXene derived TiO2@rGO
	1M H2SO4
	
	[bookmark: OLE_LINK6]5 mA cm-2
	
	662.9
	[S1]

	DAAQ-COFs/ Ti3C2Tx
	1M H2SO4
	
	1 A g-1
	361
	
	[S16]

	MXene/rGO/CNT
	PVA/H2SO4
	5 mg cm-2
	[bookmark: OLE_LINK10]1 A g-1
	463.5
	2317.5
	[S17]

	CMC/Ti3C2Tx/ZIF-67-2:3
	3M KOH
	
	1 A g-1
	481.7
	
	[S18]

	Ti3C2Tx/GDY-NTs
	1M H2SO4
	
	2 A g-1
	337.4
	
	[S19]

	NOMB1
	1M H2SO4
	5 mg cm-2
	5 mA cm-2
	500.5
	2502.5
	This work



Table S5 Comparison of the electrochemical performance with other graphene or MXene-based assembled supercapacitors
	[bookmark: OLE_LINK9]
	Electrolyte
	Cg
(F g-1)
	[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Ca
(mF cm-2)
	Energy density (Wh kg -1)
	Power density (W kg-1)
	Cycle stability
	Refs.

	rGO//Ti3C2Tx
	1M 
H2SO4
	48
	
	8
	50
	For 1000 cycles, 76%
	[S20]

	MCN/CESe5:1//Ti3C2Tx
	PVA/KOH
	60
	
	10.1
	2203.6
	[bookmark: OLE_LINK5]For 10000 cycles, 100%
	[S21]

	MXene/rGO//MXene/rGO
	[bookmark: OLE_LINK3]PVA/H2SO4
	6
	
	3.81
	163
	For 10000 cycles, 94.5%
	[S22]

	[bookmark: _Hlk195109736]MXene/BC//MXene/BC
	3M 
H2SO4
	
	
	9.63
	250
	-
	[S23]

	MXene-MnO2//MnO2/CF
	PVA/H2SO4
	20.5
	81.0
	6.4
	2300
	For 3000 cycles, 84%
	[S24]

	Ti3C2Tx// CFP
	1M KOH
	20.1
	
	4.5
	1300
	For 15000 cycles, 94.4%
	[S25]

	MXene/HLNPs//MXene/HLNPs
	PVA/H2SO4
	95
	514
	
	
	For 5000 cycles, 82.0%
	[S13]

	PLA/PANI/MXene//PLA/PANI/MXene
	PVA/H2SO4
	
	
	9.3
	291.3
	For 5000 cycles, 80.3%
	[S15]

	WO3/rGO //activated carbon
	PVA/H2SO4
	139
	
	19.1
	432
	For 5000 cycles, 81.3%
	[S26]

	MnO-Mn3O4/MnS/LIG//MnO-Mn3O4/MnS/LIG
	LiCl
	
	170.4
	
	
	For 6000 cycles, 87.6%
	[S9]

	MXene/rGO
	H2SO4
	335.3
	1039.7
	10.5
	80.3
	For 20000 cycles, 60.9%
	[bookmark: OLE_LINK16][S27]

	NOMB//OEGB
	H2SO4/AM
	188.4
	1570
	58.9
	3802
	For 30000 cycles, 89.7%
	This work
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[bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK76][bookmark: OLE_LINK83][bookmark: OLE_LINK84]Table S6 Comparison of the electrochemical performance, especially the volumetric electrochemical performance, with other graphene or MXene-based assembled supercapacitors
	[bookmark: _Hlk207610404]
	Electrolyte
	Ca
(F cm-3)
	Energy density (mWh cm -3)
	Power density (mW cm-3)
	Method
	Refs.
(DOI)

	[bookmark: OLE_LINK52][bookmark: OLE_LINK53]HNHG–PANI// HNHG–PANI
	H2SO4
	1058
	
	
	Hydrothermal followed by polymerization
	[S28]

	[bookmark: OLE_LINK54][bookmark: OLE_LINK55]NS-GF// NS-GF
	[bookmark: OLE_LINK62]PVA/H2SO4
	59.9
	8.3
	1048.4
	Template 
	[S29]

	[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: _Hlk207637829]RGO/CNT@CMC//RGO/CNT@CMC
	PVA/H3PO4
	39.5
	3.5
	18
	Coaxial spinning
	[S30]

	[bookmark: OLE_LINK60][bookmark: OLE_LINK61]RGO/CNT//RGO/CNT
	PVA/H3PO4
	38.8
	3.4
	700
	[bookmark: OLE_LINK85][bookmark: OLE_LINK86]Mix
	[S31]

	Ti3C2Tx
Mn//Ti3C2
[bookmark: OLE_LINK74][bookmark: OLE_LINK75]Tx-Mn
	[bookmark: OLE_LINK65][bookmark: OLE_LINK66]PVA/H2SO4
	
	52.4
	[bookmark: OLE_LINK63][bookmark: OLE_LINK64]1300
	Metal ion-induced
	[S32]

	[bookmark: OLE_LINK70][bookmark: OLE_LINK71][bookmark: OLE_LINK69]Ti3C2Tx//T i3C2Tx
	[bookmark: OLE_LINK77][bookmark: OLE_LINK78][bookmark: OLE_LINK67][bookmark: OLE_LINK68]PVA/H2SO4
	439
	23.3
	300
	In-situ intercalation
	[S33]

	[bookmark: OLE_LINK79][bookmark: OLE_LINK80]NiCo2S4-13@W-MX/CF-4//NiCo2S4-13@W-MX/CF-4
	KOH
	275.9
	40
	301.5
	electro-deposition
	[S34]

	[bookmark: OLE_LINK81][bookmark: OLE_LINK82][bookmark: OLE_LINK87][bookmark: OLE_LINK88]MXene/rGO//MXene/rGO
	H2SO4
	341
	5.1
	1700
	Mix
	[S35]

	MXene/rGO//MXene/rGO
	Na2SO4
	
	135
	400
	laser-induce
	[S36]

	NOMB//OEGB
	[bookmark: OLE_LINK48][bookmark: OLE_LINK49]H2SO4/AM
	1207.7
	452.8
	29252.4
	Gas expansion
	This work
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