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Figure S1. "TH-NMR spectrum of zwitterionic ionic liquid TLTFSL.
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Figure S2. The FTIR spectra of (a) TDA and (b) TLTFSI.

The characteristic absorption peaks in Figure S2a represent for: ven of CH3&CHa: 2922 em, 2874
ecm ™ ven: 1199 em™; ve.oc: 1117 em™.

The characteristic absorption peaks in Figure S2b represent for: vcy of CH3&CHa: 2929 cm, 2895
cm’; vs—o of the SOz in TFSI: 1353 c¢m™'; vcr, of the SOz in TFSI: 1228 ¢m™'; vs—o of the SOs:

1196 cm™, 1058 cm™; vs.0 of the SO37: 617 cm™, 514 em™; ven: 1136 em™; ve-oc: 1107 cm’™.
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Figure S3. The mass spectra of TLTFSI, (a) positive mode and (b) negative mode.
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Figure S4. The UV-vis spectrum of TLTFSI.
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Figure S5. (a) DSC and (b) TGA curves of zwitterionic ionic liquid TLTFSI
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Figure S6. The cycle performances of LSBs with TyDm as the

current density at 25 °C.
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Figure S7. (a) The photo of ToDioo and TLTFSI. The labels 1 and 2 represent for ToDioo and
TLTFSI, respectively. (b) the photo of ToDioo and TLTFSI with Li;S and sulfur powder mixtures.

The labels 1 and 2 represent for ToDioo and TLTFSI with LS and sulfur powder mixtures,

respectively. (¢) the UV-vis spectra of ToD1oo and TLTFSI electrolytes with dissolved Li>Sx.
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Figure S8. (a) LSV curve of T70D30 from 2.75 V to 0.75 V. (b) LSV curve of T70D3o from 2.60 V to
5.25 V. (¢) The CV curve of LSB with T70Ds0 as electrolyte. (d) the CV curve of TLTFSI from -0.3
to 1.5 V. (e) the charge-discharge curves of LSBs with T70D30 and ToDioo as electrolyte, respectively.

The scanning speed for CV is 0.1 mV s™! and the current density for charge-discharge test is 0.2 C.
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Figure S9. The rate performances of LSBs with T70D3o and ToDioo electrolyte, respectively,

measured under various current densities at (a) 25 °C, (b) 60 °C.

I/pA

I/pA

O

100}

90t

I/pA

-Im (Z) / ohm

o Initial
o Final

(R

20 40 60

Re (Z) / ohm

80

20 300
o Initial
e Final
18 £ m
16} Q
_g 100 ROLEER .
14} : 3
VA
12} 0 100 200 300 400 500
Re(Z) / ohm
10F
8F
0 5000 10000 15000 20000 25000 30000
Time /s
o Initial
e Final
s
/ 33
W
0 20 40 60 80 100 120 140 160
Re (Z) / ohm
404 1 1
0 10000 20000 30000
Time/s

704 L .
0 10000 20000 30000
Time/s
100
d 50 o
90 £
< % et
80t T & A
< - 10 3 ..° .=
2 gl 17 L b
) 0 20 40 60 80 100 120
60 F Re (Z) / ohm
50
TsoDso
40 L L
0 10000 20000 30000
Time/s



e 100 — —
o + Final P
80F § eor o« e |l ALl 0 B} aeee,
S W .
< LT g "
Z 60} L b 7 s %
- 50 100 150 200 20 40 60 80 100 120 140
Re(Z)/ ohm Re (Z) / ohm
40}
20 T7oDsp 20+ TeoD1o
0 5000 10000 15000 20000 0 5000 10000 15000 20000
Time/s Time/s
9 220f “
210} g’
2 A =10 S0 .
< 200 Bl L
=190t TS / 1t
[ \»
180} 0510715 20 25 30 35 40 45
170 1 Re(Z) / ohm
160 -W
150 F ToDigo
0 5000 10000 15000 20000

Time /s

Figure S10. The current of a [Li metal anode | TLTFSI-based electrolyte | Li metal cathode] cell
under a polarization voltage of 10 mV at 25 °C as a function of time. The inset shows the AC
impedance spectra of the symmetrical cell before and after polarization. (a) TLTFSI, (b) T10Doo, (c)

T30D70, (d) TsoDso, (€) T70D30, (f) TooD1o and (g) ToD1oo.

The lithium-ion transference number (#.i") can be calculated by the following equation:

i = IsReS(AV - I0Ro) / IoR(AV - IsRp)
where Io, R, and Ry are the initial current, electrolyte resistance and lithium interfacial resistance,
respectively. I, Re*, and Ry are the steady current, electrolyte resistance and lithium interfacial

resistance, respectively. AV is the polarization voltage.



Video S1. The degreased cotton after dipping into the T70D30 electrolyte can hardly be lighted by a

lighter.

Video S2. The degreased cotton after dipping into the ToD1oo electrolyte can be easily lighted by a

lighter and burned to ashes.



