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Table S1. Reaction Products of EC+DMC+LiPF; electrolytes after S ps of molecular dynamics run.

Electrolyte Composition Gas molecules PF¢ Inorganic Salt Organic Salt
EC DMC LiPF, EXI;SS cO €O, GCH, PF; PF; (LF‘F) COy A“i(‘f}‘] E;d)ical ?glfrxg;g
4 1 1 1 (-2x1)
8 2 1 3 1 3(-2x1, -1x2)
25 25 4 12 1 1 1 3 1 3 (-2x2, -1x1) 1(-3x1)
16 1 3 2 1 10 3 1 (-2x1)
20 3 1 3 9 1 8 (-1x6, -2x2) 1(-2x1)
4 2 2
8 2 2 1(-2x1) 1 (-2x1)
40 10 4 12 4 1 3 4 1(-2x1)
16 6 1 3 6 1(-2x1)
20 1 5 5 4(-2x3,-1x1)  2(-2x1,-1x1)




Table S2. Reaction Products of FEC+DMC+LiPF; electrolytes after 5 ps of molecular dynamics run.

Electrolyte Composition Gas molecules PF¢ Inorganic Salt Organic Salt

FEC  DMC LiPF, ExcessLi | cO co, Q'™ P, (LF]F) cog A“(ic";‘ XR;‘)ﬁcal (lc\ffig;f
4 2 2 1 (-1x1) 1 (-1x1)
8 4 3 5 (-1x5)

25 25 4 12 6 6 6 (-1x6)
16 6 1 7 1 7 (-1x7)
20 4 1 1 12 1 6 (-1x6) 1 (-1x1)
4 2 1 3 (-1x3)
8 1 1 3 1 2 (-1x2) 1 (-1x1)

40 10 4 12 3 1 1 6 1 4 (-1x4) 1 (0x1)
16 2 2 12 5 (-1x5) 1 (-1x1)
20 4 1 1 2 13 1 7 (-1x7) 1 (0x1)




Table S3. Reaction Products of EC+DMC+LIiPF electrolytes after 5 ps of molecular dynamics run. Reactions with Li*
excess are compared with excess electron only case.

Electrolyte Composition Gas molecules PF¢ Inorganic Salt Organic Salt
EC DMC  LiPF, EXI;SS cO CO, CGH, PF, PFy (LF‘F) COos> (gﬁif; iﬁi:;i) (Chllx\i‘:’r%ifx i)
4 2 2
8 2 2 1(-2x1) 1(-2x1)
40 10 4 12 4 1 3 4 1(-2x1)
16 6 1 3 6 1(-2x1)
20 1 5 5 4 (-2x3, -1x1) 2 (-2x1, -1x1)
de 1 1 1(-2x1)
8e 2 2 1(-2x1) 1(-2x1)
40 10 4 12¢ 2 2 2 4 (-2x4)
16e 6 6 2 (-2x2)
20e 1 5 4 2 (-2x1, -1x1) 5(-2x4, -1x1)

Electrolyte Composition Gas molecules PFs Inorganic Salt Organic Salt

EC DMC  LiPF, EXI;SS cO €O, GCH, PF  PFr (LF‘F) co (‘g‘lﬁif;l i‘;‘if;i) (Chlefgci‘jx )
4 1 1 1(-2x1)
8 2 1 3 1 3 (-2x1, -1x2)

25 25 4 12 1 1 1 3 1 3 (-2x2, -1x1) 1(-3x1)
16 1 3 2 1 10 3 1(-2x1)
20 3 1 3 9 1 8 (-2x2, -1x6) 1 (-2x1)
de 1 2(-2x2)
8¢ 2 1 1 3(-2x3)

25 2 4 12¢ 2 3 3 2 (-2x2) 1 (-2x1)
16e 5 1 3 5 2 (-2x2)

20e 1 7 1 3 7 3 (-1x2, -2x1)




Table S4. Reaction Products of FEC+DMC+LiPF; electrolytes after 5 ps of molecular dynamics run.

Reactions with Li* excess are compared with excess electron only case.

Electrolyte Composition Gas molecules PFq Inorganic Salt Organic Salt
FEC ~ DMC  LiPFs  ExcessLi [ CO Co, CFZH‘ PF; (LFIF) COs> Anion Radical Merged
4 2 1 3(-1x3)
8 1 1 3 1 2 (-1x2) 1(-1x1)
40 10 4 12 3 1 1 6 1 4 (-1x4) 1 (0x1)
16 2 2 12 5(-1%5) 1 (-1x1)
20 4 1 1 2 13 1 7 (-1x7) 1 (0x1)
e 1 1 1 1 (-1x1)
8e 4 3 3 (-1x3) 1 (-1x1)
40 10 4 12e 5 6 6 (-1x6)
16e 7 7 9 (-1x9)
20e 7 10 10 (-1x10) 1 (0x1)
Electrolyte Composition Gas molecules PFs Inorganic Salt Organic Salt
FEC DMC LiPF, Excess Li Cco CO, C;H3 PF; E‘FIF) CO;> Anion Radical Merged
4 2 2 1(-1x1) 1(-1x1)
8 4 3 5 (-1x5)
25 25 4 12 6 6 6 (-1x6)
16 6 1 7 1 7 (-1x7)
20 4 1 1 12 1 6 (-1x6) 1 (-1x1)
4e 1 1 1 1(-1x1)
8¢ 3 1 3 1 3 (-1x3)
25 25 4 12e 3 1 5 7(-1x7)
16e 5 1 6 1 8(-1x8)
20e 4 1 8 1 9(-1x9) 1 (-1x1)




Table S5. Reaction Products of EC+DMC+LIPF; electrolytes after 5 ps of molecular dynamics run. Instead of dumping 12
electrons, various electron transfer rate is examined. Boldfaced cases indicate solvated electrons that do not participate
bond breaking reaction yet.

Electrolyte Composition Gas molecules PFq Inorganic Salt Organic Salt
. An <N B LiF 5 Anion Radical Merged
EC DMC LiPFs CcO CO, C,H, PF; PF, (F) CO; (chyx#y, chyxy)  (chyx, chyxthy)
+2ex6 4 4 3 (-1x3) 1 (-1x1)
+4ex3 1 2 2 1(-2x1) 1(-2x1)
25 25 4
+6ex2 2 2 2 (-1x2) 2(-2x2)
+12ex1 1 1 1 2 1 3(-2x2, -1x1) 1(-3x1)
+2ex6 3 2 1(-2x1) 1(-2x1)
+4ex3 5 5 1 (-2x1)
40 10 4
+6ex2 3 1 3 3 2 (-2x2)
+12ex1 4 1 2 4 1(-2x1)

Table S6. Reaction Products of FEC+DMC+LIPF, electrolytes after 5 ps of molecular dynamics run. Instead of dumping 12
electrons, various electron transfer rate is examined. Boldfaced cases indicate that there exist solvated electrons that do not
participate bond breaking reaction yet.

Electrolyte Composition Gas molecules PF¢ Inorganic Salt Organic Salt
. An XN B LiF . Anion Radical Merged

FEC DMC  LiPF CO CO, C,H;F  PF; PF, (F) CO; (chyx#y, chyxtly)  (chyxHy, chyxihy)
+2ex6 2 5 4 (-1x4) 1 (-1x1)
+4ex3 1 6 6 (-1x6)

25 25 4
+6ex2 2 6 5 (-1x5) 1 (-1x1)
+12ex1 6 6 6 (-1x6)
+2ex6 3 4 4 (-1x4) 2 (-2x2)
+4ex3 1 1 7 5 (-1x4, -2x1)

40 10 4
+6ex2 3 5 7(-1x7)
+12ex1 2 1 5 1 4 (-1x4) 1 (-1x1)




Table S7. Reaction products when mass of hydrogen is used instead of tritium. FEC/DMC(25/25)+ Li*(20) case.

Electrolyte Composition Gas molecules PFs Inorganic Salt Organic Salt
. . C,H; LiF 2 Anion Radical Merged
FEC DMC LiPF, Excess Li CO CO, F PF; ) CO;, (ch x #) (ch x #)
Tritium mass 4 1 1 12 1 6 (-1x6) 1 (-1x1)

Hydrogen mass 6 1 1 11 1 6 (-1x8)




Figure S1. newly generated organic species out of FEC+DMC electrolyte.

-0 o

\f o o HaC o) o

0 ’ \( o ) o \[O]/
)«r N

(o] 0

o) 0 @) o]
\ / \\C—/ \/\ O—

Q)
0 0 0 "
H,e” He” B g
0 0 0
H,e” cH,
0 CH,
o 07 NN o7
&
0 0 0 ol O
o _o/\/ \n/ \/\O s
0
\/\o 0
0 0

Figure S2. Newly generated organic species from EC+DMC electrolyte
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