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Fig. S1 XRD pattern of SnCo(OH)6
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Fig. S2 a SEM image and b XRD pattern of SCP-gp

[image: ]Fig. S3 EDS spectra of a SCP-gp and b SCP-ss
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Fig. S4 Low-magnified SEM image of SCP-ss
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Fig. S5 a BET surface area and b BJH pore size distribution of SnCo(OH)6, SCP-gp, and SCP-ss

Fig. S6 ICP-OES measurements of the contents Sn, Co, and P in the SCP[image: ]
[image: ]

Fig. S7 High-magnified TEM image corresponding to Fig. 1d. 



[image: ]Fig. S8 TEM images of a SnCo(OH)6 and b SCP-gp
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Fig. S9 FFT pattern corresponding to Fig. 1g

[image: ]Fig. S10 High resolution XPS spectra of SCP-gp. a Co 2p, b Sn 3d, and c P 2p 
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Fig. S11 SEM images of a CoP and b SnP0.94 and corresponding to XRD patterns of c CoP and d SnP0.94
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[bookmark: _Hlk197370487]Fig. S12 UPS spectra of a CoP and b SnP0.94. XPS valence band spectra of c CoP and d SnP0.94. e UV-vis absorption spectra of CoP and SnP0.94 and f corresponding to Tauc plot 
<Note>
The work function (ϕWf) is defined as the minimum energy required to remove an electron from the solid surface to a vacuum level (Evac–EF). Thus, the ϕWf of materials can determine EF. By integrating the difference between EVBM and EF with the Eg (conduction band minimum energy level (Ec) – valence band maximum energy level (Ev)) and ϕWf, we can determine the position of EF within the band gap for each material.
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Fig. S13 Voltage-time profiles of BLi, SnP0.94@Li, CoP@Li, and SCP@Li at a current density of 0.5 mA cm–2
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[bookmark: _Hlk197101534]Fig. S14 SEM and digital images of SCP@Li after drop casting using a 50 uL volume and b 60 uL volume. c high magnified SEM images corresponding to Fig. 14b. d Cross-sectional SEM image of optimized SCP@Li.
[bookmark: _Hlk197101542]<Note>
Due to the complex interactions between the solvent, particles, and substrate that influence layer quality, exposure of Li metal in localized areas was unavoidable during drop casting at a 50 µL volume. Therefore, to ensure a stable and uniform coating on the entire Li surface, we optimized drop casting for those conditions (SCP: 20 mg, solvent (toluene): 1 mL, drop volume: 60 μL, Li foil: 15 Pi).
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Fig. S15 SEM images of a BLi and b SCP@Li after Li deposition of 0.05 mAh cm–2
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Fig. S16 The enlarged ex-situ SEM images of a BLi and b SCP@Li corresponding to Fig. 3a, b
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Fig. S17 Ex-situ SEM images of BLi and SCP@Li after Li deposition. (a) A current density of 3 mA cm–2 under an areal capacity of 1 mAh cm–2. (b) A current density of 5 mA cm–2 under an areal capacity of 1 mAh cm–2

Fig. S18 Galvanostatic profiles of BLi and SCP@Li at a current density of 3 mA cm–2[image: ]
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Fig. S19 BSE and EDS elemental mapping images of SCP modulation layer after Li deposition of 5 mAh cm–2
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Fig. S20 Constant current polarization test for BLi and SCP@Li at a current density of 5 mA cm–2
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Fig. S21 Current-time transients obtained at a potential of –100 mV
<Note>
B.R. Scharifker’s theory follows the Equation S1 below.
                                                          (S1-1)
                                                                                                                    (S1-2)
where  is the current density, , , and  denote the molar charge of the electro-plating species, diffusion coefficient, and bulk concentration of the electrolyte, respectively.  and  are the molecular mass and the density of deposit, respectively.  and  represent the nucleation rate constant and quantity of active sites on the electrode, respectively. The large number of active sites and low nucleation barrier in SCP@Li compared with BLi results in an increased overall current density, as depicted in Fig. S21.
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Fig. S22 The current density vectors on a BLi and b SCP@Li at initial step (0 s) obtained by numerical simulation
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Fig. S23 The stepwise growth of Li nuclei on a BLi and b SCP@Li
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Fig. S24 CV curves of a BLi and b SCP@Li symmetric cells at the 1st, 5th, and 10th cycle
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Fig. S25 CV curve of SCP@Li symmetric cell in the two potential windows (a –0.5 to +0.5 V and b –0.2 to +0.2 V) at a scan rate of 0.2 mV s–1
[bookmark: _Hlk197555679]<Note>
As shown in Fig. S25a, after the first cycle (SCP conversion reaction), Li-Sn alloy/dealloy peaks in SCP@Li is clearly reversible around ~0.15 V. However, when the SCP did not undergo electrochemical lithiation reaction in the first cycle (Fig. 25b), Li-Sn alloy/dealloy peaks are not clearly observed. Based on the results of CV tests, if most of the SCP initially undergoes electrochemical lithiation, leading to sufficient Li-Sn alloy formation, the Li-Sn alloy/dealloy reaction would occur prominently and reversibly during subsequent Li plating/stripping. However, when the potential for SCP electrochemical lithiation is not reached during continuous Li plating/stripping, the Li-Sn alloy/dealloy reaction does not appear prominently. 
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Fig. S26 CV curves of a BLi and b SCP@Li asymmetric cells
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[bookmark: _Hlk197049883]Fig. S27 Nyquist plots of a blank cell and b cell with SCP layer at different temperatures. c The activation energies for Li+ conduction
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Fig. S28 a Nyquist plots of BLi and SCP@Li symmetric cell at different temperatures.
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Fig. S29 Voltage-time profiles of SnP0.94@Li symmetric cell
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Fig. S30 The equivalent circuit model for Nyquist plots of BLi and SCP@Li symmetric cells corresponding to Fig. 4e
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Fig. S31 Low magnification SEM images of a Li-deposited BLi and b Li-deposited SCP@Li after 50 cycles at a current density of 1 mA cm–2 with an areal capacity of 1 mAh cm–2
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Fig. S32 Low magnification SEM images of a Li-stripped BLi and b Li-stripped SCP@Li after 50 cycles at a current density of 1 mA cm–2 with an areal capacity of 1 mAh cm–2
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Fig. S33 XRD patterns of SCP and SCP@Li before and after cycling
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[bookmark: _Hlk197102451]Fig. S34 High resolution XPS spectra of pristine SCP@Li before Ar+ etching. a Co 2p, b Sn 3d, and c P 2p. P 2p XPS spectra of d SCP@Li and e SCP@Li with thinner layer after Ar+ etching. f Li 1s XPS spectra of SCP@Li and SCP@Li with thinner layer after Ar+ etching
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Fig. S35 Depth-profiled XPS spectra of SEI layer on BLi after cycling
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Fig. S36 C 1s XPS spectra of a cycled BLi and b SCP@Li at different Ar+ sputtering times
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Fig. S37 Atomic proportions of SEIs on SCP@Li and BLi calculated from depth-profiled XPS spectra (5 min)
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Fig. S38 Galvanostatic profiles of NCM811//SCP@Li and NCM811//BLi cells at various C-rates. a 0.2 C, b 0.5 C, c 1.0 C, d 2.0 C, e 3.0 C, and f 5.0 C



 Table S1 Energy positions of , EVBM, and Eg of CoP and SnP0.94
	                     Energy
                        levels
Samples
	
	EVBM
	Eg

	CoP
	4.2 eV
	0.25 eV
	1.25 eV

	SnP0.94
	3.17 eV
	1.16 eV
	1.45 eV


Table S2 Comparison of electrochemical resistances in BLi and SCP symmetric cells before/after cycling (Rint = RSEI + Rct)
	                     Resistances
Samples
	RSEI
	Rct
	Rint

	BLi before cycling
	12.3 Ω
	295.1 Ω
	307.4 Ω

	BLi after cycling
	5.1 Ω
	48.6 Ω
	53.7 Ω

	SCP@Li before cycling
	1.1 Ω
	1.9 Ω
	3.0 Ω

	SCP@Li after cycling
	0.54 Ω
	1.0 Ω
	1.54 Ω


Table S3 Comparison of the performance of symmetric cells using previously reported surface-modified Li metal anodes and SCP@Li
	Composition
	Current density (mA cm–2)
	Areal capacity (mAh cm–2)
	Over
potential
(mV)
	Cycle
(No.)
	References

	SnP0.94/CoP
	1
	1
	14.5
	600
	This work

	
	5
	
	68
	750
	

	BF3-doped MXene
	1
	1
	33.3
	500
	[S1]

	Ag@C3N4
	1
	1
	28
	700
	[S2]

	Ag@C
	1
	1
	13
	500
	[S3]

	Zn3Si4O10(OH)2
	1
	1
	30
	425
	[S4]

	
	2
	
	50
	750
	

	MoS2@C
	0.5
	1
	15
	250
	[S5]

	
	1
	
	22
	375
	

	Montmorillonite
	0.5
	0.5
	10
	500
	[S6]

	
	3
	3
	80
	35
	

	Ag@CuO
	1
	1
	25
	525
	[S7]

	SbCl3
	1
	1
	20
	200
	[S8]

	LiF-Li3N
	0.5
	0.5
	50
	500
	[S9]

	Cetyltrimethylammonium bromide
	0.5
	1
	50
	325
	[S10]



Table S4 Comparison of specific capacities of LFP//BLi and LFP//SCP@Li cells at different C-rates
	             C-rate
Cells
	0.2 C
	0.5 C
	1.0 C
	2.0 C
	3.0 C
	5.0 C
	10 C
	0.5 C
(recover)

	LFP//BLi
	151.0
	140.8
	127.2
	105.2
	88.3
	65.9
	36.9
	136.7

	LFP//SCP@Li
	157.2
	150.5
	140.9
	125.9
	113.6
	95.6
	68.5
	148.6
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