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Atomic site charges of TEMPO:

(e.as8)

(b) TEMPO Cation

Figure S1: Atomic site charges of (a) TEMPO radical and (b) TEMPO cation from the
electrostatic potential (ESP) fit.



Comparison of Vertical Energies (in eV) for Different Functionals

in VASP
Structure GGA: PBE GGA+ Disper- | MetaGGA:
sion correction: | SCAN
PBE+D3
I 3.93 3.94 3.78
11 3.89 3.89 3.83
111 4.04 4.04 4.07

Table S1: Comparison of vertical energies (in eV) for the functionals:
(a) PBE, (b) PBE+D3, and (c) SCAN in VASP for three randomly
chosen structures from the oxidation of TEMPO radical.



Quantum vertical energy distributions of TEMPO in EC/EMC and

EC/EMC/LiPFg mixture:
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(a) Oxidation of TEMPO - in EC/EMC mixture. (b) reduction of TEMPO™ in EC/EMC mixture.
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(¢) Oxidation of TEMPO - in EC/EMC/LiPF. (d) reduction of TEMPO™ in EC/EMC/LiPF.

Figure S2: Vertical energy distribution for (a) oxidation of TEMPO - and (b) reduction of
TEMPO™ in EC/EMC mixture.

Vertical energy distribution for (c) oxidation of TEMPO - and (d) reduction of TEMPO™ in
EC/EMC/LiPFg mixture.



Diabatic state analysis for the oxidation of TEMPO - in water:

Slope: 1.35 and intercept: -1079.22
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(a) Scatter plot between quantum and classical energies in initial charge state
(Diab1).

Slope: 1.19 and intercept: -1085.20
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(b) Scatter plot between quantum and classical energies for the structures
taken from Diabl but in final charge state (Diab2*).

Slope: 0.93 and Intercept: -74.08
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(c) Scatter plot for oxidation of TEMPO - in water.

Figure S3: Scatter plots between classical and quantum results for a) Diabl state and
b) Diab2* state for the oxidation of TEMPO - in water. c) Scatter plots between differ-

ence of quantum and classically calculated Diabl and Diab2*, respectively for oxidation of
TEMPO -.



Diabatic state analysis for the reduction of TEMPO™ in water:

Slope: 1.41 and intercept: -1077.93

~1117 1 Correlation coefficient = 0.90
—-1118
-1119 4
—1120 A

-1121 4

diabl S.P. Energy from QM (eV)

—-1122

T T T T T T T
-31.0 -30.5 -30.0 —29.5 —29.0 —28.5 -28.0
diabl Potential Energy from classical MD (eV)

(a) Scatter plot between quantum and classical energies in initial charge state
(Diabl).
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(b) Scatter plot between quantum and classical energies for the structures
taken from Diabl but in final charge state (Diab2*).
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(c) Scatter plot for reduction of TEMPO™ in water.

Figure S4: Scatter plots between classical and quantum results for a) Diabl state and
b) Diab2* state for the reduction of TEMPO™ in water. c¢) Scatter plots between differ-

ence of quantum and classically calculated Diabl and Diab2*, respectively for reduction of
TEMPO™.



Statistical Insights into the Efficacy of Linear Regression:

In the following section, we examine the correlation coefficient between classical and quantum
vertical energies (pag) from the relationships between individual diabatic energies
and . We denote the quantum energies of the diabatic states 1 and 2 as EIQ and
E2Q , respectively. The corresponding classical energies are denoted as EY and EY .

Based on the high Pearson correlation observed between individual diabatic energies

(Figure S3| and [Figure S4), we assume a linear relationship between individual diabatic

energies, EIQ/2 and Ef/Z:

ElQ = CllElc + bl + € (Sla)

ES = a,ES + by + (S1b)

Here, ay/2, bi/2, and €2 represent the slope, intercept, and errors, respectively, in the
linear regression model for diabatic states 1/2. We assume (¢;) = (€2) = 0 by construction
of the regression model.

Our goal is to calculate the correlation between quantum and classical vertical energies

(AE? and AEC, respectively). These quantities are defined as follows:

AE? = E? — EP (S2a)

AEC = EY — E¢ (S2b)
Expanding the covariance (AEYAEC®), we obtain:
(AECAEC) = (EYEY) — (EVEY) — (EFEY) + (ES EY) (S3)

Using Equation and Equation [S1b| we can express the covariance of AE? and AEC

as follows:



Cov(AE?, AEY) = a;Var(EY) + ayVar(ES) — (a1 + ag)Cov(EC, EY)

(S4)
+{aEY) — (@E]) — (e EY) + (e2B5)
Similarly, we can calculate the variance of AE? as:
o9 = a?Var(EY) + a2Var(ES) — 2a1a,Cov(EY, ES)
+ Var(e,) + Var(ey) — 2pe/Var(e;) Var(ey) (S5)
-+ 2&1<€1Elc> — 2&1 <62Elc> — 2a2<€1E2C> + 2a2<62E20>
Here, p. is the correlation between €; and es.
Similarly, the variance of AE® can be calculated as:
0¢% = Var(EC) + Var(ES) — 2Cov(EC, ES) (S6)

Finally, from Equations [SB], [S6 and [S4, we can calculate the correlation coefficient be-

tween AE? and AE® (pag) using the following expression:

Cov(AE?, AEC)
PAE = c -0
oo

(S7)

For a qualitative understanding, if one considers al = a2 = al,,,, Var(e;) = Var(ez) = A,
and assumes that variables €;/, are independent of variables Elc/Q, a relation emerges as

follows:

P Adiah X 002
AE —
(62 (020 x 0 +2A(1 = po))]*

1

9A 1/2°
[1 + (1 - Pe)]

!
@ diab

For perfectly correlated error in Equation 11 (p. = 1), the correlation between AE®? and

AEC is perfect by construction. If p, < 1 (or even p, < 0), the correlation is weakened, and



this depends on the ratio ,22—@02. Therefore, if the variance in the diabatic energy error

A diab

term (i.e., A) is sufficiently small or the product of slope (a),,,) and variance in the AE®

(i.e., 002) is sufficiently large, or p. — 1, AE? can be reasonably estimated from AEC.

Error distribution from linear regression for TEMPO in water:
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(a) Error distribution for TEMPO - in water.
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(b) Error distribution for TEMPO™ in water.

Figure S5: Distribution of the variation between the observed quantum vertical energies and
their predicted values obtained from the linear fits for (a) oxidation of TEMPO - and (b)
reduction of TEMPO™.



Scatter plots for vertical energies of TEMPO in EC/EMC and

EC/EMC/LiPFg mixture:
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Figure S6: Scatter plots between classical and quantum vertical energies for (a) oxidation of
TEMPO - and (b) reduction of TEMPO™ in EC/EMC mixture.

Scatter plots between classical and quantum vertical energies for (c) oxidation of TEMPO -
and (d) reduction of TEMPO™ in EC/EMC/LiPFg mixture.
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Error distribution from linear regression for TEMPO in EC/EMC

mixture:

Gaussian Fit Values: Mean: 0.00 and Std.dev.: 0.12
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(a) Error distribution for TEMPO - in EC/EMC mixture.
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(b) Error distribution for TEMPOT in EC /EMC mixture.

Figure S7: Distribution of the variation between the observed quantum vertical energies and
their predicted values obtained from the linear fits for (a) oxidation of TEMPO - and (b)
reduction of TEMPO™.
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Error distribution from linear regression for TEMPO in EC/EMC/LiPF

mixture:
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(a) Error distribution for TEMPO - in EC/EMC/LiPFg mixture.
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(b) Error distribution for TEMPO™ in EC/EMC/LiPFs mixture.
Figure S8: Distribution of the variation between the observed quantum vertical energies and

their predicted values obtained from the linear fits for (a) oxidation of TEMPO - and (b)
reduction of TEMPO™.
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Quantum and Classical vertical energy distributions of TEMPO in

water:
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Figure S9: Vertical energy distribution a) for the oxidation of TEMPO - in water and b) for
the reduction of TEMPO™ in water.

13



Quantum and Classical vertical energy distributions of TEMPO in
EC/EMC and EC/EMC/LiPFg mixture:
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Figure S10: Vertical energy distribution for (a) oxidation of TEMPO - and (b) reduction of
TEMPO" in EC/EMC mixture.

Vertical energy distribution for (¢) oxidation of TEMPO - and (d) reduction of TEMPO™ in
EC/EMC/LiPFg¢ mixture.
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RDF plots for EC and EMC w.r.t. Li* for TEMPO™"
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Figure S11: RDF plots for EC (depicted in blue) and EMC (depicted in red) w.r.t. Lit for
TEMPO™
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RDF plots for EC and EMC w.r.t. Lit for TEMPO -
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Figure S12: RDF plots for EC (depicted in blue) and EMC (depicted in red) w.r.t. Lit for
TEMPO -
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RDF plots for Li*
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Figure S13: RDF plots for Li* w.r.t. TEMPO - (depicted in blue) and TEMPO™ (depicted
in red).
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RDF plots for EC and PFg~
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Figure S14: RDF plots for EC w.r.t. TEMPO™ for both in the presence (depicted in red)
and absence (depicted in blue) of LiPFg. Along with this rdf plot for PFg~ w.r.t. TEMPO™
(depicted in black) is added.
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