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Table S1 List of the electrolytes used in this study.

Salt Concentration Solvent Additive
Li[PF¢] 1M SL
Li[PFe] 1M T™P
Li[PFe] 1M TEP
Li[PFg] 1M DMC
Li[PF¢] 1M PC
Li[PF¢] Y EC:DMC
Li[PFq] 1M EC:DMC 3 wt% FEC
Li[PF¢] 1M AN
Li[PFs] 1M DMSO
Li[PF¢] Y G2
Li[PF¢] 1M DME
Li[FSA] 1M SL
Li[FSA] Y TMP
Li[FSA] 1M TEP
Li[FSA] 1M DMC
Li[FSA] Y PC
Li[FSA] 1M PC 3 wt% FEC
Li[FSA] a4M PC
Li[FSA] 4M PC 3 wt% FEC
Li[FSA] Y EC:DMC
Li[FSA] 1M EC:DMC 3 wt% FEC
Li[FSA] a4M EC:DMC
Li[FSA] 4M EC:DMC 3 wt% FEC
Li[FSA] Y AN
Li[FSA] 1M DMSO
Li[FSA] 1M G2
Li[FSA] 1M DME
Li[FSA] 1M DME 3 wt% LiNO;
Li[FSA] 4M DME
Li[FSA] 20 mol% [C5Cypyrr][FSA]
Li[FSA] 40 mol% [C3Cypyrr][FSA]
Li[FSA] 20 mol% [C,C1im][FSA]
Li[FSA] 40 mol% [C,C1im][FSA]
Li[TFSA] 1M SL
Li[TFSA] 1M TMP
Li[TFSA] 1M TEP
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(a) 1 M Li[PFe]-SL
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(b) 1 M Li[PFe]-TMP

1.0 T T T T T 100 T T T T T
L —cycet]
0.8 ‘—cmyd:z —
g oot g
06| E ';
S 2
~ 04} 4 Qe0} <
2 2
g oaf I%
> D 40k 4
00F i g
=
02} { & 2t ]
il //N,\’\N ] . "
i A L L 0 ) L L N L

0.0 0.2 0.4 0.6 0.8 1.0 0 2 4 6 8 10

Capacity (mAh cm) Cycle number
(c) 1 M Li[PFe]-PC
1.0 . . ; ; ; 100 . . r : T
e Cycle 1
= Cycle 2
08 —nynga 1 e .
:gﬁzg X 8or . g e o . b
06 —Cycle6 =
— —nyz\:'r 5-
> j=—Cycle 8 c L .
S p—Cycle 9
o 04 e o] % 0k b
3 =
£ o2} ] ©
G o
> S 40F y
L 4 E
0.0 £
3
L]
02} { 8 =} .
04} .
p ; " ; . . 5 . , . . :
0.0 02 0.4 0.6 08 10 0 2 4 6 ) 10
Capacity (mAh cm™) Cycle number

Fig. S1 Summary of the Li metal deposition/dissolution tests in the Li[PFg]-based electrolytes.

(left) voltage profiles and (right) CE.
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(d) 1 M Li[PFs]-EC:DMC
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Fig. S1 (cont.)
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(a) 1 M Li[FSAJ-SL
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(b) 1 M Li[FSA]-DMC
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Fig. S2 Summary of the Li metal deposition/dissolution tests in the Li[FSA]-based electrolytes.
(left) voltage profiles and (right) CE.
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(d) 1 M Li[FSAJ-PC 3 wt% FEC
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Fig. S2 (cont.)
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(9) 1 M Li[FSAJ-EC:DMC
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Fig. S2 (cont.)
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(j) 4 M Li[FSA]-EC:DMC 3 wt% FEC
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(m) 1 M Li[FSA]-DME 3 wt% LiNOs
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(p) 40 mol% Li[FSAJ-[CsCpyrr][FSA]
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Fig. S2 (cont.)
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(a) 1 M Li[TFSAJ-SL
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Fig. S3 Summary of the Li metal deposition/dissolution tests in the Li[TFSA]-based electrolytes.
(left) voltage profiles and (right) CE.
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(d) 1 M Li[TFSAJ-PC
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Fig.S3 (cont.)
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(g) 1 M Li[TFSAJ-G2
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(j) Saturated Li[TFSA]-DME
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Fig. S4 CE of lithium deposition/dissolution test for 1 M electrolytes without additives in the
separator-free cell (Li/Cu). (a) the first and (b) the second cycles. The colored areas indicate CE
less than 20%. Square, circle, and triangle symbols indicate Li[PF¢]-, Li[FSA]- based electrolytes,
triangle symbols indicate Li[TFSA] based electrolyte, Blue color indicates the concentration of 1
M electrolytes and red color does the high concentrations of 4 M, 40 mol%, or saturated
electrolytes. Filled and unfilled symbols denote the absence and presence of additives,

respectively.
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Fig. S4 Correlation plots of overpotential at 0.2 mAh cm~2 and CE in the second cycle.
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Fig. S5 Heatmaps of the CE for electrolytes using Li[PFg], Li[FSA], Li[TFSA] as salts and SL, PC,
EC:DMC as solvents in the first (a) and second (b) cycle.
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