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I. Half-wave potential of the Li'/Li redox couple in various solvents.
Table S lists the Li'/Li redox couple half-wave potential in various nonaqueous solvents,

measured with respect to the Bis(biphenyl)chromium(I)/(0) redox couple [1]. The Gutmann
Donor numbers (DN) have also been taken from the same sources [1,5].

SN CAS Solvent Lgé&;ri?:lf-g%ve (kcelljl/ljlol)
1 123397 N-methylformamide (C,HsNO) -1.66 27.0
2 68122 N,N-dimethylformamide (C3H;NO) -1.62 26.6
3 617845 N,N-diethylformamide (CsH;1NO) -1.61 30.9
4 127195 N,N-dimethylacetamide (C4HoNO) -1.69 27.8
5 685916 N,N-diethylacetamide (C¢H3NO) -1.76 32.2
6 872504 I-methyl-2-pyrrolidinone (CsHyNO) -1.72 273
7 67685 Dimethylsulfoxide (C,HsSO) -1.86 29.8
8 208252544 | Tetramethylenesulfone (C4HgO,S) -1.26 14.8
9 67561 Methanol (CH40) -1.49 19.0




10 67641 Acetone (C3H¢O) -1.40 17.0
11 108327 Propylene carbonate (C4HsO3) -1.25 15.1
12 512561 Trimethyl phosphate (C3H9O4P) -1.72 23.0
13 75058 Acetonitrile (C;H3N) -1.20 14.1
14 632224 N,N,N,N-tetramethylurea (CsH;2N>O) -1.76 31.0
15 100470 Benzonitrile (C7HsN) -1.11 11.9

Table S1. Shift in the half-wave potentials for the Li'/Li redox couple in different
nonaqueous solvents with respect to the Bis(biphenyl)chromium(I)/(0) couple and solvents’
Gutmann Donor numbers.

I1. Half-wave potential of the O,/O; redox couple in various solvents.

Table S2 lists the O,/O;" redox couple half-wave potential in various nonaqueous solvents,
measured with respect to the Standard Calomel Electrode [2]. The half-wave potential values
for solvents DMA (SN.6) and DEF (SN.7) were originally measured with respect to the
Fc'/Fc electrode in ref. [3]. We calibrated those values with respect the Standard Calomel
Electrode using the data for the potential of the Fc'/Fc redox couple with respect to the
Standard Calomel Electrode from ref.[4]. E™" scg= 0.467for DMA (SN.6) and
EF¢"F¢s.g=0.474 for DEF (SN.7). The Gutmann Acceptor numbers (AN) values were taken
from ref.[5] and were calculated for the case of solvent DEF (SN.7) using the correlation
AN= -30.0+15.3xa+1.01xEr®” from the same work, where o = 0.0 is the hydrogen bond
donor ability and Er®” = 41.8 is the Dimroth and Reichardt’s polarity of DEF (SN.7).

SN CAS Solvent Li;)I;;rllltEilg-(\Z?)VQ (kceﬁ/ljlol)
1 7732185 Water (H,O) -0.410 54.8
2 67685 Dimethylsulfoxide (C2;HSO) -0.780 19.3
3 68122 N,N-dimethylformamide (C;H7NO) -0.860 16.0
4 110861 Pyridine (CsHsN) -0.880 14.2
5 75058 Acetonitrile (C;H3N) -0.870 18.9
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Table S2. Shift in the half-wave potentials for the O,/O; redox couple in different
nonaqueous solvents with respect to the Standard Calomel Electrode and solvents’ Gutmann
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Acceptor numbers.

Data for pK, values in DMSO, AN and DN for solvents in the Fig. 3 and

Table S3 lists the data for the experimentally determined or calculated pK, values in DMSO
as well as the solvents’ Gutmann Acceptor (AN) and Donor (DN) numbers. Also mentioned
in the table are the free energy of dissolution, AGSOI(HA), and the rate of nucleophilic attack
normalized with respect to the value for MeCN. For several solvents where the pK, values
were not available in DMSO, the linear correlation from our previous work [6] was used to
predict the pK, value in DMSO using the pK, value in water by using the equation: pK,(in
DMSO) = (pK,(in Water) + 6.3644)/1.0069. The reference for each pK, value is mentioned in
the last column. The Gutmann Acceptor and Donor numbers were taken from ref.[5,7,8].
Figure S1 shows all the points on the quadrant plot just like Fig. 4.

. AN DN sol
pKa in i i AG™ Ha) pka
SN | CAS | Solvent DMSO (kca_l (kca_l V) Rate ref
mol’) | mol)
I-methyl-2-
1 872504 | pyrrolidinone 352 13.3 | 27.3 | -3.67E-01 | 1.61E+04 | [9]
(CsHgNO)
Trichloromethane
2 67663 (CHCL,) 20.2 23.1 4.0 7.26E-01 | 2.27E-07 | [10]
3 | 141786 | Ethylacetate 295 | 93 | 17.1 | 4.53E-02 | 1.38E+00 | [11]
(C4H505) ) ) . . )
4 71363 | 1-butanol (C4H;00) 23.2 36.8 | 19.5 | -5.56E-01 | 2.49E+13 | [12]
1,1-dimethyl-
5 75650 ethanol (C4H,40) 294 27.1 | 21.9 | -5.12E-01 | 3.36E+09 | [13]
1,2-dimethoxy-
6 110714 ethane (CsH105) 51.8 10.2 | 20.0 | -1.06E-01 | 3.38E-09 | [9]
Formamide
7 75127 (CH;NO) 23.5 39.8 | 24.0 | -7.36E-01 | 1.76E+16 | [11]




Dimethylformamide

8 | 68122 | N 429 | 16.0 | 26.6 | -4.17E-01 | 1.53E+01 | [9]
Dimethylacetamide

9 | 127195 | BN 344 | 13.6 | 27.8 | -3.80E-01 | 6.55E+04 | [9]

10 | 75058 | Acentonitrile 313 | 18.9 | 14.1 | 0.00E+00 | 1.00E+00 | [11]
(GHN) . : : . .
Dimethylsulfoxide

11| 67685 | (s 35.1 | 19.3 | 29.8 | -5.13E-01 | 5.06E+06 | [11]

12 | 67641 | Acetone (C3HsO) 265 | 12.5 | 17.0 | -2.52E-02 | 6.64E+02 | [11]

13 | 7732185 | Water (H,0) 32.0 | 54.8 | 18.0 | -6.19E-01 | 1.07E+10 | [13]

14 | 64197 |Accticacid 123 | 52.9 | 20.0 | -6.99E-01 | 1.65E+21 | [13]
(GELO) . : : . .

15 | 67561 | Methanol (CH,4O) 27.9 | 41.5 | 19.0 | -5.83E-01 | 3.03E+11 | [13]

16 | 67630 |1sopropylalcohol 293 | 33.8 | 21.1 | -5.81E-01 |5.50E+10 | [13]
(C3H:0)
Trimethyl

17 | 512561 | phosphate 93 | 163 | 23.0 | -3.45E-01 | 6.06E+16 | [14]
(C3Hs0,4P)
Benzonitrile

18 | 100470 219 | 155 | 11.9 | 2.14E-01 | 1.31E+01 | [11
(C7HsN) [
Formic acid

. . . -5. - . +

19 | 64186 | oy 10.0 | 83.6 | 19.0 | -5.53E-01 | 8.05E+19 | [15]

20 | 71432 | Benzene (CgHg) 490 | 82 | 0.1 | 1.46E+00 | 5.18E-34 | [16]
Benzyl alcohol

21 | 100516 212 | 36.8 | 23.0 | -6.78E-01 | 2.48E+16 | [17
(C/H50) 171

22 | 64175 | Ethanol (C,HsO) 298 | 37.9 | 19.2 | -5.56E-01 | 1.17E+10 | [11]
Nitrobenzene

23 | 98953 103 | 148 | 44 | 852E-01 | 1.70E-04 | [18]

(CcHsNO»)




Nitromethane
24 | 75525 (CH;NO,) 16.3 20.5 2.7 9.06E-01 | 2.19E-08 | [19]
25 | 67630 | i-propanol (C3HsO) 30.3 33.5 | 36.0 | -6.94E-01 | 1.36E+12 | [11]
26 | 75650 | t-butanol (C4H;0O) 32.2 27.1 | 38.0 | -5.55E-01 | 7.06E+08 | [11]

Table S3. List of solvents with experimentally measured or calculated or estimated pK,

values in DMSO, Gutmann Acceptor and Donor Numbers, free energy of dissolution,

AGSOI(HA), and the rate of nucleophilic attack normalized with respect to the value for MeCN
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Figure S1. Solvent with free energy of dissolution, AGSOI(HA), and the rate of nucleophilic
attack normalized with respect to the value for MeCN like in Fig.4.

Iv.
attack by O, anion.

H-abstraction pathway for degradation of solvents during nucleophilic

Similar to the proton abstraction, another likely mechanism for solvent degradation can be

described as given in Eq. (7) in the main text
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The rate of hydrogen abstraction for this reaction can be evaluated by considering the H-A
bond dissociation reaction

AGgct
HA— H + 4 ...(Q2)
The net rate of nucleophilic attack can be expressed proportional to the rate determining step,
which is the radical formation step, and is given by

AHigml -
(03] ()

For several classes of organic solvents, a clear correlation between the activation energy for
C-H bond activation, AG,., and the solvents’ pK, in DMSO has been demonstrated in the
work of Lu ef al.[20], as can been seen in Fig. S2.

r=A4,

42
[ |
ao} n® 7
L7
_. 38 - PR
(o] | |
E 36 "’ Fa
= R
g u //
3 7.
N R u
< 32 /, ]
30 y [ ]
| |
| | -
o8 — -AG__ = (0.59)pk_+14
30 35 40 45

pka in DMSO

Figure S2. Linear correlation between the activation energy of the dissociation of the C-H
bond in several organic solvents, AG,., and their pK, in DMSO

Using an Arrhenius type description the bond dissociation reaction given by Eq. (2), the rate
of the rate determining step can be given as:

d[H(HA)]

A= k,e(“AGact/kT) o exp (—(0.59)pK,) ...(4)

Which ultimately yields a rate law from Eq. (3) that is very similar to that for proton
abstraction as described in the main text.
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