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Figure S1. TGA plot of the GS composite.
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Figure S2. SEM image (a) and EDS elemental mappings (b; c; d) of the GS composite.
Sulfur and carbon signals are indicated, respectively, in red and green.
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Figure S3. CV profile of the GS-DOL/DME-Li cell.
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Figure S4. (a) EIS data of the Li-DOL/DME-Li symmetric cell and Li-DOL/TTE-Li1
symmetric cell after the fresh assembly, after the first cycle, and after the first cycle and the
following 24h-storage. The major semicircle shown in (a) represents the charge-transfer
resistance. (b) Magnified EIS plot of (a), showing the intersection between the initial part of
the high frequency semicircle and the real axis. The intersection represents the electrolyte
resistance. It can be seen that DOL/TTE electrolyte has higher resistance than DOL/DME
electrolyte after the fresh assembly.
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Figure S5. Discharge voltage profiles of the GS-DOL/TTE-Li cell at C/10, C/5, and C/3 rates.
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Figure S6. EIS data of the pure sulfur cathode-DOL/DME-Li cell and pure sulfur cathode-
DOL/TTE-Li cell after the fresh assembly and after the 5™ cycle. Conventional sulfur
cathodes with 70 wt. % sulfur, 20 wt. % super P conductive carbon, and 10 wt. %
polyvinylidene fluoride (PVDF) binder are used.



_ 1600 T . - . : . : . 100
o | °
< i -
< 9% 3
€ 1200 1 e
= 490 @
= O
® 800 185
(U 1 - —
O QO
8-, —a— DOL/TTE_capacity 80 g
a 400 - —e— DOL/DME_capacity | =]
< —=— DOL/TTE_Coulombic efficiency {75 3
8 —o— DOL/DME_Coulombic efficiency |
(|

0 T T T T T T T T 70

1 2 3 4 5
Cycle number

Figure S7. Discharge capacity and Coulombic efficiencies of the pure sulfur cathode-
DOL/DME-Li cell and pure sulfur cathode-DOL/TTE-Li cell. Conventional sulfur cathodes
with 70 wt. % sulfur, 20 wt. % Super P conductive carbon, and 10 wt. % polyvinylidene
fluoride (PVDF) binder are used. The cells were cycled at C/5.
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Figure S8. (a) Coulombic efficiencies and (b) cycling performances of the GS-DOL/DME-
modified Li, GS-DOL/DME-Li, and GS-DOL/TTE-Li cells.



Figure S9. Cross-sectional SEM images showing the lithium-metal anode cycled in (a)
DOL/TTE electrolyte after the first charge, (b) DOL/TTE electrolyte after the 50 charge,
and (c) DOL/DME electrolyte after the 50t charge at C/5. (d) Front-view SEM image of the
lithium-metal anode cycled in DOL/DME electrolyte after 50 cycles.
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Figure S10. (a) XPS S 2p region of the lithium-metal anode cycled in DOL/TTE electrolyte
before sputtering. (b) XPS N 1s region of the lithium-metal anode cycled in DOL/TTE
electrolyte before sputtering. XPS peak area fitting using the CasaXPS software indicates the
molar ratio between S from sulfate and N is 43/29 instead of 2:1 as in LiTFSI.
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Figure S11. (a) XPS survey of the lithium-metal anode cycled in DOL/TTE electrolyte and
DOL/DME electrolyte for 50 cycles; (b) magnified image showing the sulfur region in (a).
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Figure S12. XPS S 2p region spectra of the lithium-metal anode rinsed with DOL/TTE
electrolyte with 1 M LiTFSI.
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Figure S13. (a) SEM images of the lithium-metal surface morphology after 50 cycles in the
DOL/TTE electrolyte before sputtering. EDS elemental mappings showing (b) F, (¢) S, and
(d) N signals on the lithtum-metal surface.
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Figure S14. EDS analysis of the lithium-metal anode (a) before sputtering and (b) after
sputtering for 300 s.
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