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Supplementary methods
Optimization of reaction conditions
To establish the optimal reaction conditions, we investigated the various reaction parameters for
the preparation of DMVC-OCF3 and DMVC-OTMS (see also Supplementary Table 1).

DMVC-OCF3: Under standard conditions, DMVC-OCF3 was isolated in 45% yield (entry
A1). No product formation was observed in the absence of TMSCF; or AgOTT (entries A2-4). The
use of CsF instead of KF was less effective (entry A5). Reduced temperature and decreased
reaction time yielded the product in lower yields (entries A6, A7).

DMVC-OTMS: The standard conditions provided DMVC-OTMS in 87% isolated yield
(entry B1). In the absence of TMSCI or imidazole, no product formation was observed (entries B2,
B3). TMSBr was not as efficient as TMSCI (entry B4). TEA as a base instead of imidazole gave a
lower isolated yield (entry BS). The reaction yield was not significantly different at 50 °C (entry
B6). A reduction in the reaction time (6 h) led to diminished yield (79%) (entry B7).

[Condition A]: To a mixture of AgOTf (1.03 g, 4.0 mmol, 2.0 equiv), Selectfluor (1.06 g,
3.0 mmol, 1.5 equiv), KF (350 mg, 6.0 mmol, 3.0 equiv), and DMVC-OH (260 mg, 2 mmol, 1.0
equiv) in ethyl acetate (10 mL) were added 2-fluoropyridine (388 mg, 4.0 mmol, 2.0 equiv) and
TMSCEF3 (569 mg, 4.0 mmol, 2.0 equiv) under an argon atmosphere. Stirring was continued for 12
h at 50 °C.

[Condition B]: TMSCI (261 mg, 2.4 mmol, 1.2 equiv) was added to a mixture of imidazole
(340 mg, 5 mmol, 2.5 equiv) and DMVC-OH (260 mg, 2.0 mmol, 1.0 equiv) in argon-purged
dichloromethane (10 mL) at 0 °C. Stirring was continued for 12 h at room temperature (25 °C).

Synthesis of DMVC-OH by direct hydrolysis of DMVC-Br: the allyl bromide (DMVC-Br)

obtained from DMVC through radical bromination is reactive toward nucleophilic substitution



reactions. Direct hydrolysis conditions were attempted; however, HoO under neutral conditions
revealed low conversion (Supplementary Table 2, entries 1,3; see also Supplementary Fig. 2 for
TLC). Increasing the reaction temperature (60 °C) caused the decomposition of DMV C-Br, which
is associated with the competitive electrophilicity of carbonate carbon of DMVC-Br (entries 2,4).
The addition of NaOH did not facilitate DMVC-OH formation (entries 5,6). Thus, the
hydroxymethyl (carbinol) moiety of DMVC-OH was introduced through a two-step sequence
(Supplementary Fig. 3) using the readily hydrolysable formate ester intermediate with enhanced
reaction yields'. The formate ester intermediate (DMVC-OCOH) was prepared from ally bromide
(DMVC-Br) by using formic acid and triethylamine (TEA) in acetonitrile. Then, DMVC-OCOH
was readily hydrolyzed to DMVC-OH (Supplementary Fig. 1).

Synthetic details of DMVC-Br': DMVC (5.0 g, 1.0 equiv) was treated with N-
bromosuccinimide (NBS, 8.2 g, 1.1 equiv) and azobisisobutyronitrile (AIBN, 98 uL) in 1,2-DCE
(30 mL). The resulting mixture was stirred at 100 °C for 4 h. The title compound was yielded
through flash chromatography (ethyl acetate/n-hexane, 7:1) and afforded the title product as a
yellow oil (8.3 g, 98%); 'H NMR (400 MHz, CDC13) & 4.18 (s, 2H), 2.13 (s, 3H).

Synthetic details of DMVC-OH': Triethylamine (18.1 mL, 3.0 equiv) was dropped into a
solution of DMVC-Br (8.3 g, 1.0 equiv) and formic acid (4.9 mL, 3.0 equiv) in acetonitrile (80
mL) while keeping the temperature under 0 °C. The resulting mixture was stirred at room
temperature for 2 h. After concentration of the reaction mixture, the residue was diluted with
EtOAc. The organic phase was washed with water and brine and concentrated to produce DMV C-
OCOH (5.0 g). This intermediate was then dissolved in methanol (75 mL), and 37% HCI (0.25
mL) was added. After stirring for 5 h at room temperature, the reaction mixture was concentrated.

The title compound was yielded through flash chromatography (ethyl acetate/n-hexane, 1:1) as a



yellow oil (4.1 g, 73%); "H NMR (400 MHz, CDC13) & 4.42 (s, 2H), 2.14 (s, 3H).

DFT calculations

DFT calculations were performed to investigate the LUMO energy levels and reaction mechanisms.
Beck's three-parameter hybrid functional combined with the Lee-Yang-Parr correlation (B3LYP)
functional was used for the exchange-correlation energy>>. Spin-polarized calculations were
employed, and a van der Waals correction was adopted by using the Tkatchenko-Scheffler method®.
All relativistic core treatments and the double numerical plus polarization (DNP) version 4.4 basis
set were used to describe the core electrons and the atomic orbital basis set, respectively. The
convergence criteria for geometry optimization were 1.0x10~ Ha for energy, 0.002 Ha/A for force
and 0.005 A for displacement. The self-consistent field converged until the energy was less than
1.0x10°° Ha. For the atomic charges on molecules, the Mulliken®>® charge analysis method was
employed. The relative Gibbs free energy (AG) was calculated to investigate the reaction
mechanism. The AG value was computed according to the equation S1:

AG = AH — TAS (S1)
where AH and AS are the changes in enthalpy and entropy from the reference state, respectively.
AG can also be described as

AG =H — Hyop —T(S = Syep) = (U4 PV) = (Ures + PrefVier) — T(S — Srep) (S2)
where U, P, V, and S are the molar internal energy, pressure, molar volume, and molar entropy,
respectively. The subscript ‘ref” indicates the reference state of each system. Equation S2 can be
expressed with the vibrational, rotational, and translational motions, and AE (change in the
electronic energy of the ground state) is calculated using the following equation:

AG = AE + (U' + PV) — (U'yep + ProfVies) = T(S = Syes) (83)



where U’ = Eyip + Etrans + Eror and U'ver = Erepvin + Ever trans + Eref rot-

For the calculation of the transition state in the reaction mechanism, complete single linear
synchronous transit (LST) and quadratic synchronous transit (QST) methods were used”®. The
root mean square (RMS) convergence force of the atoms was set to 0.01 Ha/A. For the initial
configurations of the polymerization reaction by the DMVC radical in Fig. 3d, Supplementary
Figs. 11 and 16, Monte Carlo simulations were performed by using the Sorption program’ The
rate of production steps was 1 x 10%. The COMPASS 1I forcefield'” was used to estimate the
nonbonding interaction (i.e., electrostatic and van der Waals interactions). For the atomic charges
on molecules, Mulliken charges were adopted from the DFT calculations.

For the calculations of the adsorption energies of additives (DMVC-OCF3;, DMVC-OTMS,
FEC, VC) on the Li (001) surface, the generalized gradient approximation (GGA) with the Perdew-
Burke-Ernzerhof (PBE) functional'! was used for the exchange-correlation energy. The orbital
cutoff and smearing value were set to 5.1 A and 0.005 Ha, respectively. The 4x5x1 k-point was

used with Monkhorst-Pack grid'?.

Electrochemical evaluation

Two thousand thirty-two coin-type full cells (NCMS811/Si-C, NCM622/Si-C, and
NCM622/graphite) were cycled at a current density of C/5 (formation), C/2 (stabilization), and 1C
(cyclability test, 1C = 2.7 mA cm™) between 4.3 V and 2.5 V using a computer-controlled battery
measurement system (WonATech WBCS3000) in a constant-temperature chamber at 25 and 45 °C.
To examine the effect of additives on the impedance of the full cells, AC impedance analysis was
performed using an electrochemical workstation (Biologic, SP-300) in the frequency range of 10

mHz to 1 MHz at 25 °C. To examine the charge rate capability, full cells were cycled with different



charge current densities from 1 to 5C (1C, 2C, 3C, and 5C) with a fixed discharge current density
of 1C between 4.3 V and 2.5 V. To evaluate the long-lasting, fast-charging capabilities, full cells
were cycled at a charge/discharge current density of 1C/1C for 20 cycles and then cycled at a

charge/discharge current density of 3C/1C for 100 cycles.

Characterization

The chemical structure of the SEI on the Si-C anode was identified with attenuated total reflection
Fourier transform infrared spectroscopy (ATR-FTIR, 670-IR, Varian) and X-ray photoelectron
spectroscopy (XPS, Scientific K-Alpha system, Thermo Scientific) with Al Ka radiation (hv =
1486.6 eV) under ultrahigh vacuum. All XPS spectra were energy calibrated using the hydrocarbon
peak at a binding energy of 284.8 eV. To investigate the transition metal content on the Si-C anode
after cycling, the Si-C anodes were analyzed by inductively coupled plasma-optical emission
spectrometry (ICP-OES, 700-ES, Varian). The Si-C anode particles (5 mg) retrieved from
NCMS811/Si-C after 400 cycles were treated with 16 ml of aqua regia in a PTFE container and
heated at a constant temperature of 200 °C to reduce the volume of the mixture by 1 ml. A 1 wt%
HNO3 solution (49 ml) was then added to make up the mass. Finally, 50 ml of the solution was

transferred to a conical tube for analysis.

Derivation of the Young’s modulus of the Si nanolayer
The mechanical properties of battery electrodes have rarely been investigated. The surface contact
stiffness of the SEI on a surface-modified Si nanowire was measured by Xu et al.', and the

1.14

inhomogeneous SEI on a MnO anode was analyzed by Zhang et al.'* using an atomic force

microscopy (AFM) nanoindentation technique. To analyze the mechanical properties of the Si



nanolayer, NCM811/Si-C full cells were cycled and disassembled to retrieve the Si-C anode. Full
cells were disassembled, and the retrieved Si-C anode was rinsed with dimethyl carbonate (DMC)
in an argon-filled glove box. To locate the Si-C anode particles for conducting the AFM study,
optical microscopy (LU Plan Fluor 50x BD, Nikon) was used. Si-C anode particles with a flat
surface were chosen for analysis by the AFM nanoindentation method using the Sneddon cone-

on-flat model'®

. Consequently, topographic images of the Si-C anode particles were obtained in
tapping mode, and force-depth (FD) curves of 16 spots on the topographic image of the Si-C anode
were obtained by the contact mode method using AFM (MultiMode V, Veeco) with a proper probe
(PR-C13, Probes Inc., Korea). From the FD curves (Supplementary Fig. 40) of the Si nanolayer,
the force applied to the probe (Fsneaqon) and the depth (S — S) were obtained according to equation
4, and the Young’s modulus of the Si nanolayer (Esuuce) Was calculated. The tip half cone opening

angle (a, Supplementary Fig. S39b) was 15°. The Poisson ratio (Vsufuce) Was assumed to be 0.5,

which is the conventional value for a rubber-like sample'®.



Supplementary Table 1. Optimization studies for the synthesis of DMVC derivatives

Condition A:

TMSCF;, AgOTf,
2-fluoropyridine,
selectfluor, KF

A
o~ To
Me>_<—OCF3

o EtOAc
50°C,12h
o)l\o DMVC-OCF,
Mé — Condition B: o
DMVC-OH i,;':;%:e _ o)]\o
DCM —
0°Ctort,12h Me>_<;0TMS
DMVC-OTMS
Isolated .
Entry Changes from yield (%): Entry Changes from ISOlaE(?/Ci) .yleld
oge oge 0).
Condition A DMVC- Condition B DMVC-OTMS
OCF;
Al none 45 Bl none 87
A2 without TMSCF3 0 B2 without TMSCI 0
A3 without AgOTf 0 B3 without imidazole
A4 AgF instead of 0 B4 TMSBEr instead of 77
AgOTf TMSCI

A5 CsF instead of KF 10 B5 TEA instead of 78

imidazole
Ab room temperature 38 B6 50 °C 85
A7 6h 25 B7 6h 79




Supplementary Table 2. Attempted direct hydrolysis conditions of DMVC-Br

X X
0o (0] hydrolysis Q O
— —_— >=<;
Me>_<—Br Mé OH
DMVC-Br DMVC-OH

entry attempted hydrolysis conditions isog;e/[dvygeilccigﬁ):
1 H>O as a solvent at rt <1%
2 H>O as a solvent at 60 °C 2%
3 H>0:MeCN = 1:1 as solvent at rt <1%
4 H20:MeCN = 1:1 as solvent at 60 °C <1%
5 NaOH (1 equiv) in H2O: MeCN = 1:1 at rt <1%
6 NaOH (1 equiv) in H2O: MeCN = 1:1 at 60 °C <1%




Supplementary Table 3. Cycling performance of full cells with Ni-rich cathodes and Si-

containing anodes

Mass _
1(1)\;[355 loading Si Cycling performance
Cathode of 8 Anode of composition  Operating Ref
cathode anode in anode voltage '
mg/cm % a
(mg/cm?) ( %) (o) Ref. Exp.
51.0% 81.5% Thi
; 25-43 @ 1C, @ 1C, 18
13.5 Si-C 7.5 3 v 400 400 Wl?r
cycles cycles
55% 80%
Si- 27-44 @0.5C, @D0.5C,
10 graphite 22 12.5 AV 50 50 17
cycles cycles
85%
i- - @
) gra?olhite > 3 28 V4'25 - 0.7C/1C, 18
50
cycles
83%
NCMS11 . B @
) raSIhite ) 5 2 V4'2 - 0.5C/0.2C, 19
= 250
cycles
80%
; 25-42 @ 0.5C,
21 SiO-C 11.7 - v } e 20
cycles
84%
- Si/C _ 16 2.5 \—/4.2 i @1063(;, 51
cycles
25% 67.5%
i 30-42 @0.5C, @0.5C,
4-5 SiOx 1 - v 00 “ 2
cycles cycles
42.0% 58.3%
{ alloy- . @ @
NEMO2 gy STy : 204 icnse 1onse, 23
P , 417 417
cycles cycles
i 32% 82%
NC13\/[52 1026 raSI}_lite 264 15 3.0\;4.6 @0.1C.  @0.1C, "
o 100 100

10



cycles cycles
44% 71%
Si- 30-455 @C/3, @ C/3,
34 graphie  12° 22:5 Y% 100 o 2
cycles cycles

# Ref. represents the additive-free electrolytes.
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Supplementary Table 4. Normalized proportion of chemical bonds of XPS C 1s spectra of Si-C
anodes precycled with VC and VC + DMVC-OCF3; + DMVC-OTMS

Lo 284.8 2860  287.0 2885  290.3 291.3 292
C-C C-0 C=0 0-C=0 Li,CO; poly(VC)  CF,
\e 23.7 44.1 20.5 5.6 2.7 3.5 0
VC + DMVC-OCF; +
DMVC.OTMS 21.8 425 24.4 5.0 3.0 22 1.1
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Supplementary Table 5. Normalized proportion of chemical bonds of XPS O 1s spectra of Si-C

anodes precycled with VC and VC + DMVC-OCF3; + DMVC-OTMS
529.5 531.6 533
Ols
Metal-O C=0 C-0-C
VC 36.8 49.0 14.2
VC + DMVC-0OCF; +
DMVC-OTMS 18.0 45.4 36.6

13



Supplementary Table 6. Normalized proportion of chemical bonds of F 1s XPS spectra of Si-C
anodes precycled with VC and VC + DMVC-OCF3; + DMVC-OTMS

F e 684.7 686.8
LiF P-F
Ve 61.9 38.1
VC + DMVC-OCF; +
DMVC-OTMS 697 303
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Supplementary Table 7. Normalized proportion of chemical bonds of O 1s XPS spectra of
NCMB8L11 cathodes precycled with VC and VC + DMVC-0OCF3; + DMVC-OTMS

O Ls 529.5 531.6 533
Metal-O C=0 C-0-C
vC 12.3 41.3 46.4
VC + DMVC-OCF; +
DMVC-OTMS 243 47.4 28.3
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Supplementary Table 8. Normalized proportion of chemical bonds of XPS F 1s spectra of
NCMB8L11 cathodes precycled with VC and VC + DMVC-0OCF3; + DMVC-OTMS

F e 684.7 686.8 687.6
LiF P-F C-F
Ve 38.8 26.3 34.9
VC + DMVC-OCF; +
DMVC.OTMS 17.0 5.7 713

16



Supplementary Table 9. Normalized proportion of chemical bonds of XPS P 2p spectra of
NCMB8L11 cathodes precycled with VC and VC + DMVC-0OCF3; + DMVC-OTMS

o) 134.7 136.9
P Li,POF, Li,PF,
VC 20.5 79.5
VC + DMVC-OCF; +
DMVC-OTMS 593 407

17



Supplementary Table 10. ICP-OES analysis of Si-C anodes retrieved from NCM811/Si-C full
cells with VC, FEC, VC + DMVC-OCF3, and VC + DMVC-OCF3; + DMVC-OTMS after 400
cycles

Ni Co Mn
VC 225.0 ppm 53.5 ppm 35.6 ppm
FEC 96.6 ppm 21.7 ppm 14.9 ppm
VC + DMVC-
OCF; 55.2 ppm 19.8 ppm 13.9 ppm
VC +DMVC-
OCF; + 37.7 ppm 19.7 ppm 13.3 ppm
DMVC-OTMS

18



)]\ NBS, AIBN o)]\o Formic acid o)]\o HCI )j\

_— e ——» O ]
>=< 1,2-DCE >=<; TEA, MeCN >=<; MeOH, rt >=&
Me Me 100 °C Me Br 0°Ctort Me O\fo Me OH
DMVC DMVC-Br DMVC.0COH | DMVC-OH
98% 73% (from DMVC-Br)

72% (3 steps, from DMVC)

Supplementary Fig. 1. Synthesis of DMVC-OH through a formate ester intermediate.
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=== Starting material
DMVC-Br

m=w==  Product
(Reference)
DMVC-OH

Entry Entry Entry Entry Entry Entry Starting Reference
1 2 3 4 5 6 material

Supplementary Fig. 2. Attempted hydrolysis of DMVC-Br and TLC analysis.
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Supplementary Fig. 3. 'H (400 MHz, CDCI3) and '*C NMR (101 MHz, CDCl;) spectra of
synthesized DMVC derivatives.
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o] o] 0]

)Lll\l NU:_ )k L )k

F” 7°F — F Nu Nu' Nu

fluorophosgene organic carbonate derivatives
(and rearranged products)

a highly electrophilic compound
bearing electronegative fluoride (e.9.) COF, +H,0  — CO, + 2HF

Supplementary Fig. 4. Conversion of COF> to secondary products.
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b )
EC FEC vC DMVC-0C DMVC-OTMS

Q@CcCOH@O OFQSi

b
0-6 &
J
. 0.4 0.45
S
9
< 02 ﬁ ;
o &
% 0.0 0.089 Lm
o -0.025 i
= 02
2 -0.181
04 ¢
-0.6 EC FEC Ve )MVC-OCF, DMVC-OTMS

Supplementary Fig. 5. a, Molecular structures of EC and electrolyte additives (i.e., FEC, VC,
DMVC-OCF3s, and DMVC-OTMS). b, LUMO energy levels of EC, FEC, VC, DMVC-OCF3, and
DMVC-OTMS. The isovalue of the orbital is 0.02 e/A 3.
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3 ~ DMVC-OCF,
< -0.0004 | / reduction
g 00006 —— DMVC-OTMS reduction )
S A . ——— No additive
VC reduction Ve
-0.0008 ™ EC reduction —— DMVC-OCF,
DMVC-OTMS
-0.0010 ¢ " ‘ ‘ ‘
0.0 0.3 0.6 0.9 12 15
Voltage (V)
b r Decrease of VC reduction peak
0.0000 { due to co-decomposition of
DMVC-OCF; and DMVC-OTMS
~— -0.0002 -
g —
z -0.0004 1 DMVC-OCF;,
% ' reduction
3 - | DMVC-OTMS
% 0.0006 <— V/C reduction reduction
] — Ve
-0.0008 DMVC-OTMS
—— VC + DMVC-OCF, + DMVC-OTMS
-0.0010 T r . :
0.0 0.3 0.6 0.9 12 1.5
Voltage (V)

Supplementary Fig. 6. dQ/dV plots for the formation cycle of Si-C anode half cells with each
synthesized additive (a) and a combination of additives (b). The disappearance of the EC reduction
peak upon using DMVC-OCF; and DMVC-OTMS indicated that DMVC-OCF3 and DMVC-
OTMS modulated the interface structure of the Si-C anode (Supplementary Fig. 6b).
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LUMO energy (eV)
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radical

OCF,
radical
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C=Cbond
cleavage

Molecular structure
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DMVC  OCF,
radical radical o O

(&
L #]

© C
C=Cbond
cleavage

Q@cUH@OUF

Supplementary Fig. 7. LUMO energy levels of the neutrally charged DMVC radical, OCFs

radical, and C=C bond cleavage structures, which are possible products from the decomposition

of DMV C-OCFs. The isovalue of the orbital is 0.02 e/A 8.
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Supplementary Fig. 8. dQ/dV plot of the Li/Si-C half-cell with DMVC-OCF3 (a), XPS F s

spectra of Si-C anodes at different voltages during first lithiation (b), and reductive decomposition

mechanisms of DMVC-CF; during charging of precycling at 25 °C (¢).
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Supplementary Fig. 9. a, Reaction paths for decomposition of DMVC-OTMS by one-electron
reduction. b, LUMO energy levels of neutrally charged DMVC radical, OTMS radical, and C=C
bond cleavage structures, which are possible products from the decomposition of DMVC-OTMS.
The isovalue of the orbital is 0.02 e/A 3.
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LUMO energy (eV)
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Supplementary Fig. 10. LUMO energy levels of DMVC-OCFs, OCF3 anion (OCFs™), and OCF-.

The isovalue of the orbital is 0.02 e/A 3.

28



a —pathl —path I

0.15
0.10- é
= T8 ’%b
) T :
0.05- T
3 ~N——
DMVC radical " radical - @CcUH@®OOUF
0.00 +DMVC-OCF; cﬁmm: bg_
ﬁ/ Y pathl EK
L4 dimerization
e th (¥ b ) (C-C bond)
-0.05
Reaction coordinate
b ——path | ——path |l
0.15 P P
__ 010, ;TS 5
3 0.05 i : -
. Sy B
DMVC radical |/ ;o Yoo
0.00 | *OMVC-0TMS ?:;2:’, Q'Q' &t Gocneo (JiS
- - / Rpath I s, - e
o T @
{ ! A~ - on
o & B x
-0.05 -

Reaction coordinate

Supplementary Fig. 11. Reaction paths for the dimerization of DMVC radicals with DMVC-
OCFs3 (a) or DMVC-OTMS (b). Relative Gibbs free energies (AG) are calculated at 1 atm and 298
K. The reactions occur by the radical C atom of the DMVC radical with the C atom of the vinyl
group (path I and 1) of DMVC-OCF3 or DMVC-OTMS.
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Supplementary Fig. 12. LUMO energy levels of EC, FEC, VC, DMVC-OCFs, DMVC radical,
and DMVC anion (DMVC™; one-electron reduction of DMVC radical). The orbital isovalue is
0.02 e/A ®. Because DMVC radicals had a lower LUMO energy level than those of EC and the
other electrolyte additives (FEC, VC, and DMVC-OCF3), the decomposition reactions of DMVC
radicals under the neutral conditions and in one-electron reduced states were investigated
(Supplementary Figs. 13 and 14). Note that the condition of two-electron reduction was not
considered because the DMVC anion can barely be reduced prior to the EC and the other
electrolyte additive due to its high LUMO energy level.
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Supplementary Fig. 13. Reaction paths for the decomposition of DMVC radicals in the neutral

charge state. Relative Gibbs free energies (AG) were calculated at 1 atm and 298 K.
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Supplementary Fig. 14. Reaction paths for the decomposition of DMVC radicals in the neutral
charge state and successive one-electron (1 ) reduction (a) and 1 e reduction (b). Relative Gibbs
free energies (AG) are calculated at 1 atm and 298 K. In each figure, LUMO energy levels are
presented to investigate the possibility of an additional reduction of decomposed species. In the
red dashed box of Fig. S14a, because all decomposed species from path I to IV had lower LUMO
energy levels than DMV C radicals, 1 e reduction reactions of decomposed species were considered.
In the red dashed box of Fig. S14b, because all decomposed species from path I to IV had higher
LUMO energy levels than the DMVC radical (-2.498 eV Lumo), even though the DMVC anion had
a much higher LUMO energy level (1.505 eViumo), an additional reduction (i.e., 2 e reduction)

was not considered.
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Supplementary Fig. 15. Reaction paths for dimerization by the DMVC radical with VC (Fig. 3d)
and CO> generation from the decomposition of the DMVC radical (Supplementary Figs. 13 and
14) to compare these two types of reactions. Relative Gibbs free energies (AG) were calculated at

1 atm and 298 K. Gray, white, and red spheres denote C, H, and O atoms, respectively.
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Supplementary Fig. 16. Reaction paths for the tetramerization of DMVC radical + VC + VC (a),
DMVC radical + VC + DMVC-OCFs3 (b), and DMVC radical + VC + DMVC-OTMS (omission
of H atoms) (c) with VC, DMVC-OCF3, and DMVC-OTMS. For the cases of DMVC radical +
VC + DMVC-OCF; and DMVC radical + VC + DMVC-OTMS, the molecular configurations of
path 1 in Fig. 3d were considered due to their lower energy barrier for an exothermic reaction
compared to the results of path Il. Relative Gibbs free energies (AG) were calculated at 1 atm and
298 K. AAGmn indicates the difference in AGs between the product and reactant, which represents
the heat of reaction. For the molecular structures in colored boxes, the hydrogen atoms are omitted

for clarity.

35



0.015

— Ve C-H
0012 { — VC + DMVC-OCF, + DMVC-OTMS
—~ .
=) c=C CH,
© 0.009 o
C=0 C=0
conjugated conjugated &g i

Intensity
© ©
o o
o o
w D

v

2000 1800 1600 1400 1200 1000 800
Wave number (cm')

0.000

Supplementary Fig. 17. FT-IR spectra of the Si-C anode after precycling of NCM811/Si-C full

cells.
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Supplementary Fig. 18. Voltage profiles of NCM811/Si-C full cells with commercial and
synthesized additives during precycling at C/5.
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Supplementary Fig. 19. Nyquist plots of NCM811/Si-C full cells after 400 cycles and the
calculated Rser (SEI resistance), Rer (charge transfer resistance), and R; (interfacial resistance)
values using an equivalent circuit model.
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Supplementary Fig. 20. Cycle performance of NCM811/Si-C full cells at a 1C rate and 45 °C.
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Supplementary Fig. 21. Cyclability test for the Coulombic efficiency of NCM811/Si-C full cells
at a 1C rate and 25 °C (a) and 45 °C (b).
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Supplementary Fig. 22. Voltage profiles of NCM811/Si-C full cells at a 1C rate and 25 °C with

the no additive electrolyte (a), FEC containing electrolyte (b), VC containing electrolyte (c), VC
+ DMV C-OCFs; containing electrolyte (d), and VC + DMVC-OCF3z + DMVC-OTMS containing
electrolyte (e) at the 1%, 300", 350", and 400" cycles. Cyclability test for the Coulombic efficiency
of NCMS811/Si-C full cells at a 1C rate and 25 °C (f).
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Supplementary Fig. 23. Leakage current density of Li/NCMS811 half-cells with different
electrolytes at a constant voltage of 4.35 V vs. Li/Li".
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Supplementary Fig. 24. Cycle performance (a) and Coulombic efficiency (b) of Si-C anodes
based on SNG with 7 wt% Si (520 mAh g') coupled with NCM811 cathodes at a 1C rate and
25 °C. Voltage profiles of Si-C anodes based on SNG with 7 wt% Si (520 mAh g™!) coupled with
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43



a 180
o
<
P 150
‘E’ 120
=
& 90
o
8
o 60 1
= —v— FEC
g 301 —o—\vcC
& —6— VC + DMVC-OCF3 + DMVC-OTMS
0 . . . . . . . . .
0 100 200 300 400 500 600 700 800 900 1000
b Cycle number
S
>
(&)
c
(]
S
=
©
Q
o]
e
o
8 —0— VC
O —6— VC + DMVC-OCF3 + DMVC-OTMS
97 4 T T T T

0 100 200 300 400 500 600 700 800 900 1000
Cycle number

Supplementary Fig. 25. Long-term cycle performance (a) and Coulombic efficiency (b) of
NCM&811/Si-C full cells at a 1C rate and 25 °C with a depth of discharge (DOD) of 80%.
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Supplementary Fig. 26. Cycle performance of the NCMS811/Si-C full cells with different
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Supplementary Fig. 28. C 1s (a), O ls (b), and F 1s XPS spectra (¢) of Li metal electrodes
retrieved from Si-C anode half-cells aged in different electrolytes for 20 h.
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Supplementary Fig. 29. Composition of SEI on Li metal electrodes retrieved from Si-C anode

half-cells aged in different electrolytes at 25 °C for 20 h.
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Supplementary Fig. 30. ’F NMR spectra of a VC + DMVC-OCF; + DMVC-OTMS electrolyte
stored in a Li/Si-C half-cell and NCM811/Si-C full cell for 20 h. Peak areas corresponding to —
OCF3 of DMVC-OCF; were calculated relative to the peak area of an internal standard (CeF).
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Supplementary Fig. 32. Adsorption energies of various configurations of DMVC-OCF3, DMVC-
OTMS, FEC or VC on the Li (001) surface. The number labels below the bars indicate each

adsorption configuration presented in Supplementary Fig. 31.
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Supplementary Fig. 34. Cycle performance (a) and Coulombic efficiency (b) of Li/Si-C half-

cells at 1C and 25 °C after five formation cycles at a C/5 rate.
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Supplementary Fig. 36. Li metal electrodes stored with FEC (a), VC (b), and DMVC-OCFj3 (c¢)
after 1 day at 25 °C.
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Supplementary Fig. 37. Reduction reaction of VC, DMVC-OCF3, and DMVC-OTMS at the Li
metal electrode in the Si-C anode half-cell (a) and at the Si-C anode in the NCM811/Si-C full cell

(b).
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Supplementary Fig. 38. OCV drop (a) and capacity retention (b) of NCM811/Si-C full cells when
stored for 30 days at 60 °C in a fully charged state (SOC 100). NCM811/Si-C full cells with
different electrolytes after precycling and standard cycles were charged up to 4.3V at a C/5 rate
followed by CV with a C/20 current cutoff at 25 °C and then stored at 60 °C. After 30 days at 60 °C,

the capacity retention of full cells was measured at a C/5 rate at 25 °C.
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Supplementary Fig. 39. Schematic illustration of the nanoindentation method by AFM (a) and
the Sneddon cone-on-flat model. (b). AFM topology images and nanoindentation measurement
points of SEI on Si-C anodes after the first cycle with VVC-containing electrolyte (c¢) and VC +
DMVC-OCFz + DMVC-OTMS electrolyte (d). Sixteen points on the surface of Si-C anodes
cycled with VC, and VC+DMVC-OCF;3;+DMVC-OTMS were tipped to measure the mechanical
properties of the SEI on the anode.

2
E _Tr aneddon(l_vsurface) (S4)
surface 2 (So—-S)2tana

Equation S4. Young’s modulus derivation from FD curves.
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Supplementary Fig. 40. FD curves of Si-C anodes cycled with VC (a) and VC + DMVC-OCF3 +
DMVC-OTMS (b). Black lines represent FD curves of the pristine Si-C anode.
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Supplementary Fig. 41. TEM image (a) and silicon (b), carbon (c), and oxygen (d) EDS mapping
images of the Si-C anode precycled with VC. TEM image (e) and silicon (f), carbon (g), and
oxygen (h) EDS mapping image of the Si-C anode precycled with VC + DMVC-OCF3z + DMVC-
OTMS.
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Supplementary Fig. 42. Cross-sectional SEM image of pristine Si-C anode (a) and Si-C anodes
cycled with VC (b) and VC + DMVC-OCFz + DMVC-OTMS (c). TEM image of pristine Si-C
anode (d) and Si-C anodes cycled with VVC (e) and VC + DMVC-OCF3; + DMVC-OTMS (f).
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Supplementary Fig. 43. '°F NMR spectra of electrolyte without (a) and with 1% DMVC-OTMS
(b). *'P NMR spectra of electrolyte without (¢) and with 1% DMVC-OTMS (d) after 1 day after
adding 1% H>O. Schematic mechanism of HF scavenging and the PFs stabilization effect of
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