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Table S1: Comparison of the total interaction energies and ALMO-EDA results (in kcal/mol) for
the sandwiched benzene dimer radical cation and its neutral counterpart at varying intermolecular
distances evaluated at the ωB97M-V/def2-QZVPPD level of theory.

Radical Cation
d(Å) ELEC PAULI DISP POL CT INT

2.7 -35.29 87.59 -20.95 -8.30 -26.49 -3.44
2.9 -21.16 49.04 -16.20 -6.09 -20.24 -14.66
3.1 -13.26 27.36 -12.42 -4.79 -15.50 -18.61
3.3 -8.82 15.21 -9.43 -3.92 -11.84 -18.79
3.5 -6.27 8.42 -7.13 -3.27 -8.96 -17.22
3.7 -4.77 4.64 -5.38 -2.76 -6.71 -14.98
3.9 -3.86 2.54 -4.03 -2.33 -4.96 -12.64
4.1 -3.27 1.38 -3.06 -1.97 -3.58 -10.51
4.5 -2.57 0.40 -1.84 -1.43 -1.74 -7.18
5.0 -2.06 0.08 -1.02 -1.00 -0.54 -4.54

Neutral
d(Å) ELEC PAULI DISP POL CT INT

2.7 -36.78 65.88 -23.11 -2.45 -3.53 36.80
2.9 -19.67 38.42 -18.06 -1.19 -1.93 17.23
3.1 -10.17 22.58 -14.01 -0.61 -1.10 6.85
3.3 -4.96 13.43 -10.78 -0.35 -0.65 1.65
3.5 -2.15 8.13 -8.25 -0.23 -0.39 -0.73
3.7 -0.68 5.05 -6.28 -0.16 -0.24 -1.63
3.9 0.07 3.24 -4.75 -0.12 -0.16 -1.78
4.1 0.42 2.17 -3.61 -0.09 -0.11 -1.64
4.5 0.60 1.12 -2.16 -0.05 -0.06 -1.15
5.0 0.51 0.62 -1.20 -0.03 -0.04 -0.64
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Table S2: Comparison of the total interaction energies and ALMO-EDA results (in kcal/mol) for
the T-shaped benzene dimer radical cation and its neutral counterpart at varying intermolecular
distances evaluated at the ωB97M-V/def2-QZVPPD level of theory.

Radical Cation
d(Å) ELEC PAULI DISP POL CT INT

1.52 -21.30 54.19 -12.50 -8.10 -15.04 -2.76
1.72 -14.33 31.56 -9.77 -6.17 -10.43 -9.13
1.92 -10.04 18.06 -7.56 -4.84 -7.25 -11.63
2.12 -7.39 10.18 -5.80 -3.90 -5.07 -11.97
2.32 -5.72 5.67 -4.42 -3.19 -3.57 -11.24
2.52 -4.64 3.12 -3.34 -2.64 -2.56 -10.07
2.72 -3.91 1.70 -2.51 -2.20 -1.88 -8.81
2.92 -3.39 0.91 -1.90 -1.84 -1.42 -7.63
3.32 -2.67 0.26 -1.11 -1.29 -0.89 -5.71
3.82 -2.08 0.05 -0.61 -0.87 -0.58 -4.10

Neutral
d(Å) ELEC PAULI DISP POL CT INT

1.52 -20.99 59.43 -13.57 -3.27 -5.45 16.14
1.72 -12.68 34.93 -10.69 -1.92 -3.34 6.30
1.92 -7.62 20.19 -8.35 -1.13 -2.06 1.03
2.12 -4.59 11.49 -6.47 -0.69 -1.26 -1.52
2.32 -2.80 6.46 -4.97 -0.43 -0.78 -2.51
2.52 -1.75 3.59 -3.79 -0.28 -0.47 -2.71
2.72 -1.14 1.98 -2.88 -0.19 -0.29 -2.52
2.92 -0.77 1.08 -2.18 -0.13 -0.18 -2.19
3.32 -0.42 0.31 -1.29 -0.06 -0.08 -1.53
3.82 -0.24 0.06 -0.69 -0.03 -0.04 -0.94
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−20

−15

−10

−5

0

5
In

te
ra

ct
io

n
E

n
er

gy
(k

ca
l/

m
ol

)
Sandwich

1.5 2.0 2.5 3.0 3.5 4.0

distance (Å)
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Figure S1: Total interaction energies (in kcal/mol) of the sandwich (left panel) and T-shaped
(right panel) benzene dimer radical cation at varying intermolecular distances calculated using
ωB97M-VS1 and M06-2XS2 with the def2-QZVPPDS3,S4 basis set. The SAPT0(UHF) results and
the reference values are taken from ref. S5.

Table S3: Vertical ALMO-EDA results (in kcal/mol) for the sandwiched and T-shaped benzene
dimer radical cations at minimum-energy distance and long range with different density functional
approximations. Note that Grimme’s -D3 correction with Becke-Johnson dampingS6 was applied
to the calculations with BLYPS7,S8 and B3LYPS9 functionals.

Sandwiched (3.3 Å) Sandwiched (5.0 Å)
ωB97M-V M06-2X BLYP B3LYP ωB97M-V M06-2X BLYP B3LYP

ELEC -8.82 -8.32 -8.22 -8.40 -2.06 -2.08 -1.84 -1.96
PAULI 15.21 13.85 14.16 14.25 0.08 0.06 0.07 0.08
DISP -9.43 -8.28 -9.97 -9.79 -1.02 -0.44 -1.07 -1.06
POL -3.92 -4.14 -3.40 -3.38 -1.00 -0.97 -0.95 -0.94
CT -11.84 -12.36 -22.44 -18.84 -0.54 -4.66 -19.46 -13.79
INT -18.79 -19.26 -29.88 -26.15 -4.54 -8.09 -23.26 -17.69

T-shaped (2.12 Å) T-shaped (3.82 Å)
ωB97M-V M06-2X BLYP B3LYP ωB97M-V M06-2X BLYP B3LYP

ELEC -7.39 -7.83 -6.93 -6.87 -2.08 -2.37 -1.95 -1.95
PAULI 10.18 8.96 9.51 9.73 0.05 0.04 0.04 0.04
DISP -5.80 -4.73 -5.93 -6.01 -0.61 -0.31 -0.70 -0.69
POL -3.90 -4.75 -4.12 -3.53 -0.87 -0.98 -0.92 -0.82
CT -5.07 -4.52 -17.10 -13.47 -0.58 -3.28 -19.74 -13.69
INT -11.97 -12.88 -24.57 -20.15 -4.10 -6.91 -23.26 -17.11
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Table S4: Adiabatic ALMO-EDA results for the Bz+•−Py and Naph+•−Py complexes. ∆Ebind

describes the energy lowering relative to the individually relaxed fragments at each intermediate
state, r(C−N) stands for the distance between the N atom of pyridine and the C atom on the
aromatic ring attacked by it, and the bending of the C−H bond is described by the C1−C2−C3−H1

dihedral, where C1 is the attacked C atom, C2 and C3 are the two adjacent C atoms on the aromatic
ring, and H1 is the hydrogen atom attached to C1. A negative dihedral angle corresponds to bending
away from the attacking direction.

Bz+•−Py Naph+•−Py
FRZ POL FULL FRZ POL FULL

∆Ebind (kcal/mol) -8.11 -11.95 -40.48 -7.91 -10.91 -24.78
r(C−N) (Å) 3.10 2.84 1.53 3.66 3.48 1.53
C−H bending angle (◦) 0.0 -0.1 -28.8 0.0 0.0 -28.6

(a) (b)

Figure S2: Spin density plots (isovalue = 0.002 a.u.) for the full SCF solutions of the T-shaped
benzene dimer radical cation: (a) the unstable solution, which is obtained when one uses concate-
nated isolated fragment orbitals as the initial guess; (b) the stable SCF solution.

Table S5: Vertical ALMO-EDA results (in kcal/mol) for the •OH(H2O) complex in the 2A′ and
2A′′ both at the global equilibrium geometry (optimized in 2A′).

ELEC PAULI DISP POL CT INT

2A′ -9.39 8.78 -1.80 -1.50 -2.00 -5.91
2A′′ -9.14 8.84 -1.80 -1.49 -1.98 -5.56
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Figure S3: Spin density plot (isovalue = 0.005 a.u.) for the stable structure of •OH(H2O)2
calculated at the ωB97M-V/def2-TZVPD level of theory.

Table S6: Frozen energy decomposition results (in kcal/mol) for the MBE of the •OH(H2O)2
complex and the H2O trimer.

•OH(H2O)2
∆E12 ∆E13 ∆E23 ∆E3b ∆E123

ELEC -9.43 -11.17 -6.87 0.00 -27.48
PAULI 9.96 12.46 7.23 -0.18 29.47
DISP -2.14 -2.21 -1.75 0.15 -5.95

H2O trimer
∆E12 ∆E13 ∆E23 ∆E3b ∆E123

ELEC -9.75 -8.80 -9.71 0.00 -28.25
PAULI 10.43 9.52 10.38 -0.23 30.10
DISP -2.17 -2.09 -2.17 0.15 -6.28

Table S7: Energies of the A′ and A′′ states for the pre-reactive complexes for by •OH with
HCHO/CH3CHO (in Hartree) and the differences (in kcal/mol) between them (∆E = E(A′′) −
E(A′)). The ωB97M-V and M06-2X results are calculated using re-optimized geometries within
each individual electronic state (A′ or A′′), while the MP2 results are calculated using geometries
directly taken from ref. S10.

E(A′) E(A′′) ∆E

HCHO
ωB97M-V -190.259278 -190.259914 -0.40
M06-2X -190.242283 -190.242821 -0.34
MP2 -189.829188 -189.829790 -0.38

CH3CHO
ωB97M-V -229.579334 -229.579937 -0.38
M06-2X -229.564966 -229.565466 -0.31
MP2 -229.038415 -229.039009 -0.37
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Figure S4: Spin density plots (isovalue = 0.005 a.u.) for the stationary structures along the •OH
+ HCHO reaction path at the full SCF solution: (a) the A′′ state for the •OH· · ·OCH2 pre-reactive
complex (PRC(F)); (b) the A′ state for PRC(F), whose energy is 0.4 kcal/mol higher than that
of A′′; (c) the transition state for H-abstraction (TS1(F)); (d) the transition state for nucleophilic
addition to the carbonyl group (TS2(F)).

Table S8: Full ALMO-EDA results (in kcal/mol) for the characterized PRC and TS structures
in the •OH + HCHO and •OH + CH3CHO reactions. The calculations are performed at the
ωB97M-V/def2-TZVPD level of theory.

ELEC PAULI DISP POL CT INT

PRC(F) -9.01 9.22 -2.21 -1.57 -2.03 -5.59
TS1(F) -9.06 23.72 -3.23 -2.01 -11.26 -1.85
TS2(F) -26.65 63.02 -6.65 -5.55 -25.76 -1.60
PRC(A) -10.39 10.55 -2.35 -1.89 -2.42 -6.50
TS1(A) -9.60 23.52 -3.54 -2.01 -10.97 -2.59
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Figure S5: Illustration of the Löwdin orbital pairingS11 scheme employed in the calculation of the
rehybridization (REHYB) energy. From top to bottom are the 2nd to 5th orbitals of α or β spin
on the F• fragment. The left panels show the original, unpaired orbitals that are directly obtained
from a fragment USCF calculation, among which the α orbitals (from top to bottom) are of 2s,
2px, 2py, and 2pz characters and the β orbitals 2s, 2pz, 2py, and 3s. The right panels show the
transformed orbitals according to Löwdin’s orbital pairing scheme, and each corresponding pair of
α and β orbitals is of the same character (2pz, 2py, 2s, and 2px from top to bottom). The orbitals
are generated from M06-2XS2/def2-TZVPDS3,S4 calculations and are visualized with an isovalue of
0.02 a.u. except for the substantially more diffuse 3s-like orbital, for which a higher isovalue 0.04
a.u. is used.
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