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Figure S1. SEM images of (a) the Li2S nanoparticles and (b) Li3PS4 nanoparticles. (c) 

photograph of the as-prepared Li3PS4 sol. 

 
Figure S2. EDS spectrum of the Li3PS4-protected lithium electrode. 

 
Table S1. Elemental analysis of the Li3PS4-protected lithium electrode.  

elements atomic % 

C 34.18 

O 34.15 

P 7.26 

S 24.41 

Total 100.00 
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Figure S3. Characterization of the Li/LPS-0.1M electrodes before and after 500 h 
cycling at a current density of 1 mA cm−2 and with a capacity density of 1 mA h cm−2. 
(a, b) Top-view and (c) cross-sectional SEM images of the pristine Li/LPS-0.1M 
electrode. (d, e) Top-view and (f) cross-sectional SEM images of the Li/LPS-0.1M 
electrode after cycling. 

 

Figure S4. Long-term cycling performance of the Li/LPS-0.1M symmetrical cell at a 
current density of 1 mA cm−2 with a capacity density of 1 mA h cm−2. 
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Figure S5. Characterization of the Li/LPS-0.08M electrodes before and after 500 h 
cycling at a current density of 1 mA cm−2 and with a capacity density of 1 mA h cm−2. 
(a, b) Top-view and (c) cross-sectional SEM images of the pristine Li/LPS-0.08M 
electrode. (d, e) Top-view and (f) cross-sectional SEM images of the Li/LPS-0.08M 
electrode after cycling. 

 

Figure S6. Long-term cycling performance of the Li/LPS-0.08M symmetrical cells at 
the current density of 1 mA cm−2 with a capacity density of 1 mA h cm−2.  
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Figure S7. Characterization of the Li/LPS-0.04M electrodes before and after 500 h 
cycling at a current density of 1 mA cm−2 and with a capacity density of 1 mA h cm−2. 
(a, b) Top-view and (c) cross-sectional SEM images of the pristine Li/LPS-0.04M 
electrode. (d, e) Top-view and (f) cross-sectional SEM images of the Li/LPS-0.04M 
electrode after cycling. 

 

Figure S8. Long-term cycling performance of the Li/LPS-0.04M symmetrical cells at 
the current density of 1 mA cm−2 with a capacity density of 1 mA h cm−2. 
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Figure S9. Characterization of the Li/LPS-0.02M electrodes before and after 500 h 
cycling at a current density of 1 mA cm−2 and with a capacity density of 1 mA h cm−2. 
(a, b) Top-view and (c) cross-sectional SEM images of the pristine Li/LPS-0.02M. (d, 
e) Top-view and (f) cross-sectional SEM images of the Li/LPS-0.02M electrode after 
cycling. 

 

Figure S10. Long-term cycling performance of the Li/LPS-0.02M symmetrical cells at 
the current density of 1 mA cm−2 with a capacity density of 1 mA h cm−2. 
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Figure S11. Long-term cycling performance of the bare Li and Li/LPS-0.06M 
symmetrical cells at a current density of 3 mA cm−2 with a capacity density of 1 mA h 
cm−2. 

 

Figure S12. Electrochemical impedance spectroscopy of (a) the Li symmetrical cell and 
(b) the Li/LPS-0.06M symmetrical cell after 10 cycles. The inset shows the 
corresponding equivalent circuit model, where Rs, RSEI and Rct, represent the resistance 
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of the solution, SEI film, and charge transfer process. The parallel RD is used to fit the 
low-frequency tail caused by the lithium-ion diffusion. This treatment is for simplifying 
the fitting. 

Table S2. Fitted Rs, RSEI, and Rct of the symmetrical cells with the bare Li and 
Li/LPS-0.06M electrodes after 10 cycles. 

Material Rs (Ω) RSEI (Ω) Rct (Ω) 
Li 3.3 2.9 2.3 

Li/LPS-0.06M 4.6 0.8 0.9 

 

 

Table S3. Comparison of the Li symmetrical batteries with Li3PS4-based artificial SEI 
and other SEI strategies. 

SEI strategy current density 

 (mA cm−2) 

capacity  

(mA h cm−2) 

cycle Life 

(h) 

overpotential 

(mV) 

ref. 

Li3PS4 1.0 

3.0 

1.0 

1.0 

800 

350 

25 

100 

this 

work 

P2S5/S 1.0 1.0 100 25 1 

P4S10 1.0 

2.0 

1.0 

2.0 

270 

100 

25 

50 
2 

P4S16 0.5 

1.0 

1.0 

1.0 

2000 

not given 

25 

100 
3 

Sn-coating 1.0 

3.0 

1.0 

1.0 

900 

100 

25 

80 
4 

3D electrode 1.0 1.0 350 50 5 
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Figure S13. Electrochemical performance of the Li-S batteries with the Li/LPS-0.06M 
and bare Li anodes. (a) Discharge capacity and coulombic efficiency at 0.2 C; (b, c) 
Galvanostatic charge/discharge curves of the Li/LPS-0.06M/S and Li/S batteries at 0.2 
C. (1 C = 1675 mA g−1) 
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Figure S14. Characterization of the bare Li and Li/LPS-0.06M electrodes after 145 
cycles in the Li-LFP battery at 1C. (a, b) SEM images of the bare Li electrode after 
cycling. (c, d) SEM images of the Li/LPS-0.06M electrode after cycling. 
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