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Figure S1. Initial configurations of 1M solutions for AIMD simulations under electron-rich environments. (a-b) MM-relaxed and

(c-d) AIMD-relaxed initial configurations. Color code as in Figure 1.


mailto:balbuena@tamu.edu

Q
—
B o c
o o o

Bond distances (A)

M
=}

0.0

(g)
—

1.0

0.0

Charge |e|

'
|y
o

-2.0

b) 20

10

0.0

Charge |e|

-1.0

-2.0 1
18 20 22 24 26 28 30 32 34 36 0 4 8 12 16 20 24 28 32 36
time (ps) time (ps)
d, 2.0
—e—C2H4 —e—C2H4
DME-5 DME-6
—8—CH30 ——CH30
1 —e—CH30 10 —e—(H30
o
] %00
x
©
=
(=)
4 1 -1.0
20 +—/———7———v—V—7———7——7T—71T—71T"77
Q 4 8 12 16 20 24 28 32 36 0 4 8 12 16 20 24 28 32 36
time (ps) time (ps)

Figure S2. DME reaction mechanism from AIMD simulations of pure DME with sequential addition of electrons. (a) C-O bond
distances for reacting DME molecules. (b-d) Charges evolution of fragments from reacting DME molecules. Color code as in

Figure 1.
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Figure S3. Bond distance evolution for DME molecules from AIMD simulations of pure solvent with constant number of excess
electrons starting with the MM-relaxed initial configuration. (a) ne,=11 and (b) n,,=13 — also includes the C-C bond distance for
the oligomer (C,Hy),>".
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Figure S4. Charge evolution of (a) reacting DME molecules and (b) (C;H,),? from AIMD simulations of pure solvent with constant
number of excess electrons starting with the MM-relaxed initial configuration.
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Figure SS. LiFSI reduction mechanism from AIMD simulations of 1M LiFSI solutions with various number of excess electrons
(ngo) starting with the MM-relaxed initial configuration. Color code as in Figure 1.
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Figure S6. LiTFSI reduction mechanism from AIMD simulations of 1M LiFSI solutions with various number of excess electrons
(ng,) starting with the MM-relaxed initial configuration. LiTFSI reduction involving DME redox reactions (ne,= 11 and 13) are
shown in Figure 7. Color code as in Figure 1.
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Figure S7. Bond distance evolution for DME molecules from AIMD simulations of pure solvent with constant number of excess
electrons starting with the AIMD-relaxed initial configuration. (a) n,,=11 and (b) n,,=13 — also includes the C-C bond distance for

the oligomer (C,Hy),%.
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Figure S8. Charge evolution of (a) reacting DME molecules and (b) (C;H,),? from AIMD simulations of pure solvent with constant
number of excess electrons starting with the AIMD-relaxed initial configuration.
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Figure S9. LiFSI reduction mechanism from AIMD simulations of 1M LiFSI solutions with various number of excess electrons
(ne,) starting with the AIMD-relaxed initial configuration. LiFSI reduction involving DME redox reactions (ne,= 9) are shown in
Figure 9a. Color code as in Figure 1.
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Figure S10. LiTFSI reduction mechanism from AIMD simulations of 1M LiTFSI solutions with various number of excess electrons
(ne,) starting with the AIMD-relaxed initial configuration. LiTFSI reduction involving DME redox reactions (n.,= 13) are shown
in Figure 9b. Color code as in Figure 1.
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Figure S13. Intermediates and transition states structures calculated from B3PW91/6-311++G(p,d). Color code as in Figure 1.
Refer to Figure 10 for reactions numbering.

Table S1. Calculated electron affinity (EA) for electrolyte components from B3PW91/6-311++G(p,d) in solvent (DME).

Molecule | E(0) (eV) | E(-1) (eV) | EA (eV)

DME (TTT) | -308.70 -308.71 -0.25

DME (TGT) | -308.70 -308.71 -0.27

LiFSI -1359.08 | -1359.13 -1.44

LiTFSI -1834.59 | -1834.64 -1.35
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Table S2. Summary of bond cleavage and fragments remaining after 10 ps of AIMD simulation in 1M solutions with AIMD-relaxed
initial configurations. Structures in red are species neutrally charged. “Fragments w/ DME” makes allusion only to DME molecules
decomposed due to a salt fragment.

LiFSI LiTFSI
nusnberof Initial Bond P ts w/ P ts w/
nitial Bon ragments w . ragments w
electrons
e Salt fragments DME Initial Bond Cleavages Salt fragments DME
1 S-N FSO,, NSO,F - cs CF,—SO,NSO,CF, -
2 S-N,S-F FSO,, NSO,, LiF - cs CF3, SO,NSO,CF, -
3 SN, S-F, S-F 50,, NSO, LiF, F- - CsS, CF CF3, SO,NSO,CF, F -
4 SN, S-F, S-F 50,, NSO, LiF, F- - SN, C-F CF,S0,, NSO,CF; F -
5 SN, S-F, S-F 50,, NSO, LiF, F- - S-N,C-F, C-F CFSO,, NSO,CF,, LiF, -
7 S-N, S-F, 5-F 50,, NSO, LiF, F- - S-N, C-F CF,50,, NSO,CF, F -
. HNSO:2 . .
9 S-N, S-F, S-F 502, NSOg, 2F ! S-N, C-F, C-F S02, NC, CSOg, LiF, 4F -
T R CH20(CH2)20CHz e & R L
11 S-N, S-F, S-F S0,, NSO, LiF, - S-N, C-F, C-F CF,S0,, NSO,CF,, 2F -
. . HCSO:zN, CHs0O',
13 SN, S-F, S-F S02, NSO3, 2F - S-N,C-F, C-F CF2502, CSO2N, 4F CHROCHCHS

Table S3. Calculated bond dissociation energies for DME from B3PW91/6-311++G(p,d) in solvent (DME).

Bond | AE,(eV) | G, (eV)
C-H_ 4.36 4.25
C-H, 4.85 4.76
c -0 4.56 4.41
0-C, 5.08 4.89

Table S4. Calculated reaction energies and activation barriers for DME under one-lithium radical attack from B3PW91/6-
311++G(p,d) in solvent (DME).

- Reaction Energy (eV)

caction AE AEOK AE298K AI-I298K AGZSSK
1 -0.70 -0.63 -0.63 -0.65 -0.36
2 -1.90 -1.92 -1.92 -1.92 -1.94
o -0.12 -0.38 -0.33 -0.33 -0.56
o, -2.67 -2.69 -2.69 -2.69 -2.68
., -1.94 -1.87 -1.87 -1.89 -1.58
a, -1.21 -1.23 -1.23 -1.23 -1.25
a, -0.74 -0.68 -0.71 -0.71 -0.45
(9 -0.63 -0.82 -0.78 -0.78 -0.98
AP -1.06 -1.12 -1.12 -1.12 -1.10
* T -2.35 -2.27 -2.28 -2.30 -1.96
[ 0.57 0.30 0.36 0.36 0.12
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a, -2.67 -2.69 -2.69 -2.69 -2.68
a,, -2.31 -2.22 -2.23 -2.25 -1.92
Q. -0.52 -0.64 -0.62 -0.60 -1.09
o -0.69 -0.85 -0.84 -0.84 -0.89
Qa2 -5.41 -5.26 -5.28 -5.33 -4.68
Lo 2.68 2.53 2.55 2.06
Q. 4.25 3.89 3.89 3.85
o -2.15 -2.16 -2.18 -2.18 -2.09
Qi -2.11 -2.06 -2.05 -2.08 -1.81
B -0.12 -0.40 -0.34 -0.34 -0.56
Bl -1.24 -1.25 -1.25 -1.25 -1.28
Bz -0.49 -0.44 -0.47 -0.47 -0.24
BZa 0.03 -0.21 -0.13 -0.13 -0.53
BZa.l -2.15 -2.16 -2.18 -2.18 -2.09
BZa.Z -2.11 -2.06 -2.05 -2.08 -1.81
BZb 0.10 -0.16 -0.11 -0.11 -0.30
w, -2.68 -2.69 -2.70 -2.70 -2.67
w, -2.06 -1.97 -1.99 -2.01 -1.72
Ts, . 1.05 - - 0.86
Tsa1.3-a1.3a 0.04 -0.01 - - -0.02

SuZ.l-uZ.la 0.10 " " 0.04
TSZ_B 0.97 - - 0.75
TSaz-BZa 1.04 - - 0.92
Tspz-BZb 1.09 - - 0.94

Table S5. Calculated reaction energies and activation barriers for DME decomposition via dehydrogenation due to anion attack
from B3PW91/6-311++G(p,d) in solvent (DME).

H +O--LiF H +O--LiF
m t
Step
AEOK AGZSB.ISK AEOK AGZSB.ISK
T51 -0.22 0.24 -0.13 0.31
1 -1.47 -1.48 -1.30 -1.31
T51_2 0.08 0.08
2 -0.86 -1.34
TSI_3 0.19 0.67
3 -1.50 -1.52
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