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Figure S1. Thermodynamic cycle employed in the calculations of deprotonation energies (b) in dimethyl
sulfoxide (DMSO).
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Scheme S1. A graphical comparison between the adiabatic and vertical oxidation energy. Adiabatic
oxidation energy calculations allow for geometry optimization of the charged species.



Table S1. Calculated BDEs, deprotonation free energies, vertical and adiabatic redox energies of the
compounds in Fig. 1. BDEs and deprotonation energies were obtained at the B3LYP/6-31G(d,p) level of
theory. Redox energies were calculated at B3LYP/6-311++G(d,p) with geometries fully optimized at B3LYP/6-

31G(d,p). O stands for oxidation; R stands for reduction.
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Table S2. The NPA atomic partial charges of all inequivalent carbon, nitrogen, and sulfur of the
compounds shown in Figure 1 performed at B3LYP/6-311++G(d,p) with geometries fully optimized at
B3LYP/6-31G(d,p). The highest occupied molecular orbitals (HOMOs) are shown in the last column.
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Table S3. The NPA partial charges of the select carbon attack sites in the absence of nucleophile, Z,
the optimized geometries of the reactants and products of the nucleophilic substitution of various
solvents by superoxide radical, the NPA partial charges of the attacked carbon before and after the
attack, Z; and Z, and the NPA partial charges of the attacking oxygen before and after the attack, Z;
and Z.
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Figure S2. The optimized structures of the reactants and products of superoxide substitution reaction
with EC at the carbonyl carbon (top) and the ethereal carbon (bottom), and the corresponding AGc.
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Figure S3. Nucleophilic substitution free energies AG,,. at select carbon sites plotted against the (a)
increase in the partial charge of the attacking oxygen in superoxide (the partial charge of the oxygen
after the attack minus the partial charge before the attack) and the (b) increase in the partial charge of
the attacked carbon (the partial charge of the carbon after the attack minus the partial charge before the
attack) obtained at B3LYP/6-311++G(d,p)//B3LYP/6-31G(d,p) level of theory (Table S3).
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Figure S4. Optimized structures of the reactants and products of the nucleophilic substitution of (a)
DMSO and (b) MPhS by superoxide radical. The computed AG,, is shown above the arrow. Atom color
code: red — oxygen, grey — carbon, white — hydrogen, and yellow — sulfur. The optimized geometries of
all reactions in Table 1 are summarized in Table S3.
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Figure S5. Redox energies of the compounds shown in Figure 1 computed using B3LYP/6-311++G(d,p)
with geometries fully optimized at B3LYP/6-31G(d,p). Triangles indicate the vertical redox energies while
spheres adiabatic energies. The redox energy in eV is converted to the experimentally measured scale
versus Li/Li* by the subtraction of 1.4 V.2 The converted potential vs Li/Li* is plotted against the right
axis. Carbonates show the widest electrochemical stability windows among the compounds considered
in this study.

Table S4. Adiabatic oxidative potentials computed at B3LYP/6-311++G(d,p)//B3LYP/6-
31G(d,p) of selected compounds compared to literature theoretical and experimental values.
Values in V vs. Li*/Li.

# | Compound | This work | Published theoretical value | Experimental literature value
(e =46.8)

1 | DMC 7.1 6.92,7.0¢ 6.7¢, 5.3

2 |EC 7.0 7.13,7.0¢ 6.79, 6.2¢, 5.5

3 | PC 7.0 7.08,7.1°,7.0° 6.8", 6.6°, 6.09,

7 | DPhE 4.8 7.5¢ 4.5

8 | THF 5.5 5.8¢° 4.2, 4.0%

9 |DME 5.8 5.723, 5.5¢ 5.1, 4.6

12 | EMS 6.4 6.92 5.9

31 | DPh 4.8 7.7¢ 4.5

ag = 20, G4AMP2, from ref 3. ° ¢ = 20.5, B3LYP/6-311++G(d), from ref 4. e = 78, B3LYP/6-
31+G(d), from ref 5, values are converted to the Li*/Li scale. ¢ PM3, from ref 6. ¢ Glassy
carbon (GC) and 0.65 M BusNBF, from ref 7. f Pt and 1 M LiPFg, from ref 6. 9 GC and 1 M
EtMe;NPFg, from ref 8. " GC and 0.65 M Et;NPFg, from ref 7. ' Pt and 1 M LiPF6, 2% in PC,
from ref 6.1 GC and LiClO4, from ref 9. kK Pt microelectrode and neat THF, from ref 10.' Pt and
1 M LiTFSI, from ref 3.
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General Procedure for Chemical Stability Test

For liquid samples: A 10 mL microwave vial was charged with 5 mmol liquid sample and a stir bar. The
liquid was deoxygenated with three freeze, pump, thaw cycles under N, atmosphere and transferred into a
glove box. 2.0 mmol LiO, and 2.0 mmol KO, were added into the vial after opening the vial cap. After the
vial was sealed, it was moved into a 60 °C oil bath outside of the glove box, and stirred for three days.
Then, the reaction mixture was cooled down and treated with dg-DMSO or d,-DMF. The mixture was
centrifuged. The liquid layer was analyzed with NMR spectroscopy.

For solid samples: A 10 mL microwave vial was charged with 0.2 mmol solid sample and a stir bar, and
transferred into the glove box. 0.5 mL DMF, 2.0 mmol Li,O, and 2.0 mmol KO, were added into the vial.
After the vial was sealed, it was moved out of the glove box and heated in an oil bath at 60 °C for 3 days.
Then, the reaction mixture was cooled down and treated with dg-DMSO. The mixture was further centrifuged

and analyzed with NMR spectroscopy.
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Figure S7. Chemical stability test results of DMC determined by 'H NMR analysis. Black and blue spectra
were collected before and after the chemical stability test, respectively.
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Figure S8. Chemical stability test results of EC determined by 'H NMR analysis.
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Figure S9. Chemical stability test results of MtBE determined by 'H NMR analysis.
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Figure S11. Chemical stability test results of nBPhE determined by '"H NMR analysis.
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Figure S12. Chemical stability test results of THF determined by 'H NMR analysis.
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Figure S14. Chemical stability test results of EMS determined by 'H NMR analysis.
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Figure S15. Chemical stability test results of MPhS determined by 'H NMR analysis.
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Figure S16. Chemical stability test results of DMF determined by 'H NMR analysis.
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Figure S18. Chemical stability test results of DMPhA determined by 'H NMR analysis.
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Figure S19. Chemical stability test results of TEA determined by 'H NMR analysis.
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Figure S20. Chemical stability test results of DnBPhA determined by 'H NMR analysis.
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Figure S21. Chemical stability test results of Pyr determined by '"H NMR analysis.
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Figure S22. Chemical stability test results of MP determined by 'H NMR analysis.
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Figure S23. Chemical stability test results of decane determined by 'H NMR analysis.
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Figure S24. Chemical stability test results of McHex determined by 'H NMR analysis.
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Figure S25. Chemical stability test results of DMHEP determined by 'H NMR analysis.

N
CHCl,4
Before /
J

10 8 6 4 2 0

After DMSO

MNew peaks
__,.,-li'

r”?d_____::)‘ﬁ@# : H«j

10 | 8 | 2 | 4 | 2 | 0
Figure S26. Chemical stability test results of DOCTE determined by 'H NMR analysis.
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Figure S27. Chemical stability test results of Benzene determined by 'H NMR analysis.
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Figure S28. Chemical stability test results of Toluene determined by 'H NMR analysis.
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Figure S29. Chemical stability test results of nBBen determined by 'H NMR analysis.
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Figure S30. Chemical stability test results of cHexBen determined by 'H NMR analysis.
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Figure S31. Chemical stability test results of DPh determined by 'H NMR analysis.
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Figure S32. Chemical stability test results of nBDPh determined by 'H NMR analysis.



Procedure for Chemical Stability Test of Carbonates against KO,

A 10 mL microwave vial was charged with 0.300 g tested carbonate (DMC, EC or PC), 0.0432 g (0.235
mmol) 4-Methoxybiphenyl and a stir bar in the glove box. 4-Methoxybiphenyl has been proved to be stable
under test condition and is chosen as the inner standard for quantitative calculation of remaining carbonate
compounds via 'H-NMR integration. Then 0.5 equivalent KO, and 0.5 mL DMF were added into the vial.
After the vial was sealed, it was moved out of the glove box and stirred under nitrogen for 16 hours. The
reaction mixture was treated with 0.5 mL d®-DMSO and further centrifuged. The liquid layer was analyzed
with TH-NMR.

The remaining fractions of DMC, EC, and PC are 0.51, 0.33, and 0.35, respectively.
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Figure S33. Chemical stability test results of DMC determined by 'H NMR analysis.
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Figure S34. Chemical stability test results of EC determined by 'H NMR analysis.
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Figure S35. Chemical stability test results of PC determined by 'H NMR analysis.
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