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Figure S1. Optical electrochemical cell for in situ optical characterization.
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Figure S2. SEM images of Li deposition on a Cu foil without (e) and with 3.0 wt%
SA (f) after Li plating for 300 s at a current density of 0.5 mA cm™.
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Figure S3. Li plating/stripping CE in Li||Cu cells in electrolytes with and without SA
at a current density of 0.5 mA c¢cm? and a capacity of 1 mAh cm™.
To simulate the Li plating/stripping cycles of a Li anode and minimize the impact of
the Cu substrate, a more accurate coulombic efficiency measurement method was
applied here, which is similar to the earlier work.! First, a capacity of 3 mAh/cm? of Li

was deposited on Cu substrate as reversible Li (Qr) at a current of 0.5 mA/cm?. Then,
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one-third of plating Li (1 mAh/cm?, Q.) was stripped/plated at same current density
each time. Finally, the remaining Li (Qg) after 10 Li plating/stripping cycles was
completely stripped to 1.0 V to calculate the Coulombic efficiency. CE (Coulombic

efficiency) can be calculated by the following equation:
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Figure S4. EIS spectra of Li|L1 cells after 50 cycles with and without SA as an
additive.



(a) 350 (b) 50 |

After 100 cycles © 3%SA After 100 cycles °© 3%SA
300 | o Blank o Blank
404
o 250 o
= £
<2 2001 £ 307
= = °
S G
S 150+ S %] Lo
~ 100- ™ °
10
_ (o]
>0 0000092290 00,, 000 © 4 Woooo
0 -‘:& T T T 1 wo. T 0 T T T T T T T
0 50 100 150 200 250 300 350 0 10 20 30 40

VA (ohm/cmz) VA (ohm/cmz)

Figure S5. EIS spectra of Li|Li cells after 100 cycles with and without SA as an
additive(a), and (b) an enlarged view of the high-frequency region marked by the red
rectangle in (a).

Table S1. The comparisons of cycle stability between our work and previous reports

t Areal
Electrolyte Cu.r ren reat Cycle  Year
additives Density (mA capacity number S Ref.
cm™?) (mAh cm™)
3wt%
hexafluoroacetylacet 1.0 0.5 200 2019 2
one (HFAA)

3 wt% 15-Crown-5 1.0 0.5 170 2020 3
0.I5M1,3,5- 0.5 0.5 200 2021 4
benzenetrith

1.0 M (Pyr1(12) FSI 0.5 2 ~110 2018 5

i +
0.05 M LiPF6 1.0 0.5 210 2017 6
dual-salt
8 wt% AICl; 0.5 1.0 ~235 2017 7
5% LiNO;3 0.5 0.5 150 2019 8

20 mM Boric acid 0.25 0.5 215 2018 9

2 wt% VC + 2 wt%

LiDFP 0.5 1.0 200 2020 10
3 wt% SA 1.0 0.5 300 s This

work work
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Figure S6. Voltage—time profiles of symmetric cells cycling in 1.0, 3.0, and 5.0 wt%

SA-containing electrolytes.
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Figure S7. Side-view SEM images of Li deposited (0.5 mA ¢cm 2 with a fixed
capacity of 8 mAh cm™2) on Cu foil in electrolytes with (a, ¢) and without (b, d) SA.
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Figure S8. Photographs of Cu substrates after plating at 8 mAh g™! in electrolytes (a)

without and (b) with SA.
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Figure S9. XPS profile of Li|Li cells after 50 cycles with and without SA as an
additive.
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XPS elemental composition (at%)

—_
oo
R

Intensity (a.u.)

(b)

Intensity (a.u.)

.1 Blank

Intensity (a.u.)

Blank

Intensity (a.u.)

e

Fls Blank

LiF 1

Intensity (a.u.)

Lils Blank

l_\:c-lo_K Lio
LiF | 1
1
1
1

A

202 288 284

536 532 528

685

rd
1
[
58 56 54 52

280 540 690 680 60
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)
Cls 3% SA Ols o, 754 Fls 3%SA Lils 3% SA
. LiF 1
M
- - | - LiCO: 10
= = \ = ey Do
c C . S|
> > 1 > [
& = ! = o
W 1721 vl 1
5 S : 5 AN
k= | = = I
A ' by
| PN
[}
2 hm : —“J.\?\\“
2‘I3‘2 ZéS 2é4 280 540 53I6 5:;2 558 690 6é5 680 60 5I8 5i6 5l4 52
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)

Figure S10. Cls, Ols, Fls, and Lils XPS profiles of Li|Li cells after 50 cycles with
and without SA as an additive.
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Figure S11. XPS elemental composition of Li|Li cells after 50 cycles in electrolytes
with and without SA.
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Table S2. XPS elemental compositions of Li|Li cells after 50 cycles without SA as an

additive.

XPS elemental composition (at%)

Etch depth (nm) Lils Fls Cls Ols
0 25.9815 1.0609 42.181 30.7766
10 36.2092 2.28529 24.8257 36.6798
25 39.4103 2.43315 20.7525 37.4041

Table S3. XPS elemental compositions of Li|Li cells after 50 cycles with SA as an

additive.

XPS elemental composition (at%)

Etch depth (nm) Lils Fls Cls Ols
0 25.3255 1.56043 42.75 30.364
10 35.6371 3.5914 24.7417 36.0298
25 40.1213 3.95489 20.2659 35.6579
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Figure S12. The temperature-dependence of EIS for Li anode formed in electrolyte

with 3.0% SA.
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Figure S13. The temperature-dependence of EIS for Li anode formed in electrolyte
without SA.
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Figure S14. LSV curves of electrolytes with and without SA as an additive.
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Figure S15. Radial distribution function (g(»)) of Li* in (a) blank and (b) SA-
containing electrolytes.
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