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Supplementary Figures and Tables
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Fig. S1 Synthesis scheme of sGDY@MXene 2D heterostructured materials
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Fig. S2 (a) SEM image and (b) HRTEM cross-sectional view of the pristine MXene
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Fig. S3 Raman spectrum of bare GDY
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Fig. S4 XPS analysis of (a-c) sGDY@MXene and (d-f) MXene
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Fig. S5 Supercells of (a) sGDY@MXene, (b) MXene, and (c) GDY
Table S1 Lattice parameters of sGDY@MXene, MXene, and GDY, and the bond lengths of Ti−O and O−H
	Sample
	a (Å)
	b (Å)
	c (Å)
	Ti−O (Å)
	O−H (Å)

	sGDY@MXene
	9.293
	9.292
	27.637
	2.159
	0.988

	MXene
	9.198
	9.198
	27.637
	2.183
	0.973

	GDY
	9.452
	9.452
	27.637
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Fig. S6 TDOS of sGDY@MXene, MXene, and GDY
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Fig. S7 Top view image of the electron localization function (ELF) of sGDY@MXene
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[bookmark: OLE_LINK3]Fig. S8 SEM images showing the surface of (a) sGDY@MXene and (b) MXene on PP separators
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[bookmark: OLE_LINK6]Fig. S9 Cross-sectional SEM images determining the thickness of (a) sGDY@MXene and (b) MXene functional layers on PP separators
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Fig. S10 Nanoindentation curves of sGDY@MXene-PP (a) and pristine PP separator (b)
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Fig. S11 Selected plating-stripping curves of Li-Cu cells at the range of 30−50 cycles under 1 mA cm−2 for 3 mAh cm−2
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[bookmark: OLE_LINK4]Fig. S12. Cryo-HRTEM images of the (a) Li2O and (b) Li regions in the LiF-rich SEI induced by sGDY@MXene
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Fig. S13 Atomic content for non-Li elements of S, F, O, N and C in the SEI of the (a) sGDY@MXene cell and (b) MXene cell at various sputter times derived from XPS measurements
[image: ]
Fig. S14 High resolution C 1s XPS spectra of the SEI on the deposited Li after 50 cycles in Li-Cu cells for the (a) sGDY@MXene and (b) MXene cells without Ar-ion sputtering
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Fig. S15 XRD pattern of the sGDY@MXene-PP separator after cycling compared with bare PP separator
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[bookmark: OLE_LINK49]Fig. S16 SEM images and photographs (insets) of Li deposits on Cu electrodes with the capacity of 2 mAh cm−2, using (a) sGDY@MXene and (b) pristine MXene functionalized PP separators in the Li-Cu cells
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Fig. S17 Cross-sectional SEM images showing 3 mAh cm−2 of Li deposits on Cu, using (a) sGDY@MXene and (b) pristine MXene functionalized PP separators in the Li-Cu cells
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Fig. S18 Snapshots of AIMD simulations taken without the adsorbed Li ions on sGDY@MXene, and no TFSI− anion decomposition occurs for 10 ps
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Fig. S19 Snapshots of AIMD simulations taken with the Li ions adsorbed on pristine MXene, and the TFSI− anion moves away from the MXene surface
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Fig. S20 Tafel plots showing exchange current densities of Li||Li symmetric cells of sGDY@MXene and MXene
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Fig. S21 (a) Arrhenius fitting of activation energy derived from (b-c) EIS spectra at various temperature of sGDY@MXene (b) and MXene (c)
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Fig. S22 F 1s XPS depth profiles of the SEI on Li anode extracted from the full cells of sGDY@MXene (a) and MXene (b) using LiPF6 as the salt in the electrolyte
[image: ]
Fig. S23 Long-term plating/stripping cycling of Li-Li symmetric cells with sGDY@MXene and MXene at 1 mA cm−2 with the areal capacity of 1 mAh cm−2
Table S2 Fitting results of EIS before and after cycling
	Samples
	Rs (W)
	Rct (W)

	sGDY@MXene before cycling
	1.8
	12.2

	sGDY@MXene after 50 cycles
	2.3
	2.8

	MXene before cycling
	2.1
	22.5

	MXene after 50 cycles
	2.2
	6.6
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Fig. S24 Charge-discharge profiles of Li-LFP full cells equipped with (a) sGDY@MXene and (b) MXene at various C-rates ranging from 0.2 C to 3 C
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Fig. S25 Charge-discharge curves of different cycle numbers for the MXene full cell at 1 C
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Fig. S26 Comparison of full cell performance in N/P ratio, cycle rate, cycle number and capacity retention [S1-S6]
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Fig. S27 Coulombic efficiency of Li-Cu cell equipped with PP separator at various current densities and areal capacities
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Fig. S28 Rate (a) and cycle (b) performances of Li-Li symmetric cells with PP separator
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Fig. S29 Cycle (a) and rate (b) performances of Li-LFP cells with PP separator

[image: ]
Fig. S30 Coulombic efficiency of Li-Cu cell equipped with GDY decorated separator at various current densities and areal capacities

[image: ]
Fig. S31 Cycle (a) and rate (b) performances of Li-LFP full cells with GDY decorated separator
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Fig. S32 Rate (a) and cycle (b) performances of Li-Li symmetric cells with GDY decorated separator
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