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[bookmark: OLE_LINK16]Fig. S1 Elemental mapping results of V, O, Mg, and C in MVOH/rGO
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Fig. S2 The Electron Localization Function simulations results of (a) and Charge Density Difference of (b)
Electron Localization Function (ELF) results in Fig. S2a demonstrate strong localization of electrons around Mg, suggesting an increased tendency for these electrons to transfer from O, and the large ELF on MgO bond confirms the presence of strong interactions between Mg and O. Subsequently, the calculated Charge Density Difference (CDD) in Fig. S2b reveals charge accumulation around Mg (represented by the blue electron cloud) and corresponding electron loss around O (depicted by the yellow electron cloud), this suggests that O in VO layers can donate its lone pair electrons to the vacant orbitals of P-Mgd, indicating a strong tendency to generate coordination bonds between Mg and O from VO layers. Therefore, it is demonstrated that the bonding occurs between P-Mgd and O in the VO layers, leading to the generation of MgO5 polyhedra.
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Fig. S3 Total Density of States (TDOS) of (a, b) MVOH and (c, d) VOH
The TDOS of MVOH (Fig. S3a and S3b) demonstrates a higher density of electronic states near the Fermi level compared to VOH (Fig. S3c and S3d), verifying the enhancement of conductivity attributed to the P-Mgd in V2O5·nH2O.
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Fig. S4 Lamellar crystal structure of VOH
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Fig. S5 TG profiles of (a) VOH, (b) MVOH, and (c) MVOH/rGO 
Results show that pristine VOH contains 1.5 crystal water molecules per unit. The crystal water content of MVOH decreases to 1.0 because the interaction force between the pre-interalated Mg2+ and V–O layers shrinks the interlayer spacing. However, Od can greatly alleviate the interaction caused by P-Mgd, and the crystal water content of MVOH/rGO thus recovers to 1.4 per unit. Furthermore, the 3.1% weight loss observed in Fig. S5c between 270°C and 400°C can primarily be attributed to the thermal degradation of rGO in MVOH/rGO composite. The rGO content is thus deduced to be 11.4% in MVOH/rGO composite, with Mg0.07V2O5·1.4H2O content of 88.6%.
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Fig. S6 XRD patterns of VOH, MVOH, and MVOH/rGO
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Fig. S7 Raman spectra of (a) MVOH/rGO and (b) GO
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Fig. S8 (ac) The pair distribution function results of MVOH/rGO at different midden range
The PDF analysis results at 5-10 Å in Fig. S8a reveal the typical characterization of V2O5 [S1], in which the peaks at 7.2 Å, 8.0 Å, and 11.0 Å in Fig. S8b represent the interatomic distance of VV along the b direction and the a direction, respectively.
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Fig. S9 XPS survey spectra of MVOH/rGO at the Ar ion etching depth of 0, 10, 20 nm
In agreement with the ICP–OES and EDX analysis results, the XPS survey spectra in Fig. S9 shows the signals of V, Mg, O, and C. The signal intensity of C element decreases as the etching depth increasing from 0 to 20 nm, while the signals of V, Mg, and O elements increase, which verifies the surface contact between MVOH and rGO.
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Fig. S10 (a) V 2p and (b) O 1s high-resolution XPS spectra of MVOH
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Fig. S11 Initial GCD curves at 0.02 A g1 of (a) MVOH and (b) MVOH/rGO cathodes
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Fig. S12 CV curves of MVOH/rGO at 0.1 mV s1 for the initial three cycles
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Fig. S13 EPR spectrum of VOH-Od
As shown in Fig. S13, the characteristic peaks of Od were clearly observed, implying the existence of Od in VOH-Od.
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Fig. S14 Long-term cycling performance at 0.5 A g1 of (a) MVOH/rGO, (b) VOH-Od, and (c) MVOH cathodes
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Fig. S15 (a, b) Time-potential curves of MVOH/rGO cahode during long-term cycling at 1 A g1
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Fig. S16 Fitting curves for Peaks AB in CV curves of MVOH/rGO at 0.10.8 mV s1
[image: ]
Fig. S17 Current contribution ratios of capacitive processes for VOH, MVOH, and MVOH/rGO cathodes at 0.10.8 mV s1
The contribution ratios of capacitive and diffusion processes in VOH, MVOH, and MVOH/rGO cathodes are calculated from the following equation [S2, S3]:
                                          (S1)
Where ‘i’ represents the peak current, and k1 and k2 represent the capacitive and diffusion contribution coefficients, respectively.
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Fig. S18 EIS spectra of VOH, MVOH, and MVOH/rGO cathodes
Mg2+ Diffusion coefficient () in the low-frequency region is calculated by the following equation [S4S7]:
()                     (S2)
Where R represents the gas constant, T is the absolute temperature, A denotes the electrode area, n stands for the amount of charge transferred per unit of molecule, F is the Faraday constant, C signifies the ion concentration in the electrolyte, and σω represents the Warburg coefficient. The low-frequency region σω and the real part of impedance (Z') are related by the following equation:
                                    (S3)
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Fig. S19 (ae) Interlayer spacing results of ex-situ TEM characterization
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Fig. S20 Elemental mapping results of V, O, Mg, and C elements in MVOH/rGO at (a) fully charged, (b) charge states of D, (c) fully discharged, (d) discharg state of B, and (e) pristine states
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Fig. S21 Cycling performance of Mg foil//MVOH/rGO full cell at 0.05 A g1
Table S1 ICP–OES results of Mg and V elements in MVOH/rGO and MVOH
	Samples
	Elements
	C1(mg/L)
	RSD
	Mg:V
(atomic ratio)
	Formula

	MVOH/rGO-1
	Mg/V
	0.963/58.27
	0.04%/1.14%
	0.07: 2
	Mg0.07V2O5

	MVOH/rGO-2
	Mg/V
	0.959/58.06
	0.04%/1.14%
	0.07: 2
	Mg0.07V2O5

	MVOH-1
	Mg/V
	0.322/28.37
	0.013%/0.56%
	0.05: 2
	Mg0.05V2O5

	MVOH-2
	Mg/V
	0.320/27.87
	0.013%/0.55%
	0.05: 2
	Mg0.05V2O5


Table S2 XRD Rietveld refinement results of MVOH/rGO
	Samples
	Rwp
	Rp
	GOF
	χ²

	MVOH/rGO
	3.49%
	2.77%
	1.37
	GOF^2


Where, Rwp represents the Weighted Profile R-factor, Rp is the Profile R-factor, GOF denotes the Goodness of Fit, χ² stands for the Chi-squared, respectively.
Table S3 Comparison of cycling performance between MVOH/rGO and previously reported cathodes
	Cathode
	Anode
	Electrolyte
	Cycling performance
	Refs.

	V2O5-x
	AC
	0.5 M Mg(ClO4)2
	~78.2% after 400 cycles at 0.
1 A g−1
	[S7]

	Mn0.04V2O5·1.17H2O
	AC
	0.3 M Mg(TFSI)2
	82% after 10,000 cycles at 2 A g−1
	[S8]

	Mg0.3V2O5·1.1H2O
	AC
	0.3 M Mg(TFSI)2
	80% after 10,000 cycles at 2 A g−1
	[S9]

	[bookmark: OLE_LINK40][bookmark: OLE_LINK41]PANI-V2O5
	AC
	[bookmark: OLE_LINK34][bookmark: OLE_LINK35]0.3 M Mg(TFSI)2
	~80% after 500 cycles at 4 A g−1
	[S10]

	SNVOX-CNT
	AC
	0.5 M Mg(ClO4)2
	~82% after 400 cycles at 0.1 A g−1
	[S11]

	V2O5-PEDOT
	AC
	0.3 M Mg(TFSI)2
	67.3% after 500 cycles at 0.5 A g−1 
	[S6]

	NaV2O2(PO4)2F/rGO
	AC
	0.3 M Mg(TFSI)2
	76% after 9,500 cycles at 0.5 A g−1
	[S12]

	[bookmark: OLE_LINK39](NH4)2V6O16·1.5H2O
	AC
	[bookmark: OLE_LINK36]0.5 M Mg(ClO4)2
	~63% after 50 cycles at 0.1 A g−1
	[S13]

	NaV8O20·nH2O
	-
	TEGDME/H2O
	~52.5% after 1,000 cycles at 1.5 A g−1
	[S14]

	PANI/CC
	AC
	[bookmark: OLE_LINK37][bookmark: OLE_LINK38]0.3 M Mg(TFSI)2
	97.3% after 1500 cycles at 1 A g−1
	[S15]

	Mg(Mg0.5V1.5)O4
	AC
	0.3 M Mg(TFSI)2
	71.4% after 500 cycles at 1 A g−1
	[S16]

	MVOH/rGO
	AC
	0.5 M Mg(TFSI)2 
	95% after 7,000 cycles at 1 A g−1
	[bookmark: OLE_LINK43][bookmark: OLE_LINK44]This work


Table S4 Comparison of cycling performance between Mg foil//MVOH/rGO full cell and previously reported RMMBs
	Cathode
	Anode
	Electrolyte
	Cycling performance
	Refs.

	Na2Ti6O13
	Mg foil
	0.4 M APC
	58.8% after 300 cycles at 0.1 A g−1
	[S17]

	NiS@C-C
	Mg foil
	APC-LiCl
	65% after 45 cycles at 0.05 A g−1
	[S18]

	Te@CSs
	Mg foil
	0.4 M APC
	77.1% after 500 cycles at 0.5 A g−1
	[S19]

	RFC/V2O5
	Mg foil
	0.2 M [Mg2(μ-Cl)2(DME)4][AlCl4]2 in DME
	67% after 100 cycles at 0.32 A g−1
	[S20]

	PA-VOPO4
	Mg foil
	0.25 M APC
	70% after 500 cycles at 0.1 A g−1
	[S21]

	PVO
	Mg foil
	0.2 M Mg(CF3SO3)2-
MgCl2-AlCl3
	69.6% after 50 cycles at 0.1 A g−1
	[S10]

	Ag2Se@C
	Mg foil
	0.2 M APC
	65% after 500 cycles at 0.2 A g−1
	[S22]

	Ti3C2Tx@C
	Mg AZ31
	0.4 M Mg2Cl3+
·AlPh2Cl2-/THF
	85% after 400 cycles at 0.05 A g−1
	[S23]

	Mo6S8
	Mg foil
	PDEGVE@GF GPE
	80.3% after 500 cycles at 0.13 A g−1
	[S24]

	MoS2/graphene
	Mg foil
	0.25 M APC
	83% after 500 cycles at 0.5 A g−1
	[S25]

	CuSe
	Mg foil
	0.3 M Mg[B(hfip)4]2/DME-NaOTf
	84.0% after 100 cycles at 0.1 A g−1
	[S26]

	V2O5-PEDOT
	Mg foil
	0.4 M APC-CTAB
	~49.7% after 150 cycles at 
0.1 A g−1
~62.3% after 500 cycles at 
0.5 A g−1
	[S27]

	NaV3O8·1.69H2O
	Mg foil
	0.4 M APC
	80% after 100 cycles at 0.05 A g−1
	[S28]

	MVOH/rGO
	Mg foil
	0.4 M APC-CTAB
	84% after 850 cycles at 0.1 A g−1
	This work
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