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S1 Dimer Models in Solid Phase

Fig. S1 Dimer Model (a) 1, (b) 2, and (c) 3 for the CNPPE solid. In Dimer Model 2, a dimer aligned in the ca-plane
was selected as the QM region and the surrounding 38 molecules were selected as the MM region. In Dimer Model
3, a dimer aligned in the b-direction was selected as the QM region and the surrounding 29 molecules were selected
as the MM region. The QM region was computed at the M06-2X/6-31G(d,p) levels of theory and the MM region was

computed using the UFF.
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Fig. S2 Total energy of the excited states of Dimer Model 1, 2, and 3 in the QM region. The energy reference is the

total energy of So@Sg of Dimer Model 1, -2253.41783105 a.u.

1-16 |3



S2 Irreducible Representations of Excimers

S2.1 C; symmetry

Table S1 presents the character table of C; point group!. In C; point group, there are cases where an atom
does not exist at the inversion center and where an atom exists at the inversion center. When an atom does

not exist at the inversion center, the reducible representation of vibrational modes is decomposed as

3AN—-6 3N—-6
—Ag+T

3 Au, (1

Lyip =

where N denotes the number of atoms. Half of the vibrational modes belongs to A, and the other half to A,,.

On the other hand, when an atom exists at the inversion center, the number of vibrational modes is

3IN—-9  3N-3
T A+ A 2)

o =
vib > D)

The numbers of vibrational modes belonging to A, and A, are different.

Table S1 Character table of C; point group.
C; E i h=2

Ag 1 1 RxaRyaRZ xzayzazzaxyayzazx

Au 1 '1 X, ¥,Z
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S2.2 (C, symmetry

Table S2 presents the character table of C, point group!. In C; point group, there are cases where no atoms
exist on a rotational axis and where atoms exist on a rotational axis. When atoms do not exist on a rotational

axis, the reducible representation of vibrational modes is decomposed as

3N—-4 3N-8
Tyip = 5 A+ 5 B. (3)

The numbers of vibrational modes belonging to A and B are not the same. When N, atoms exist on a

rotational axis, the number of vibrational modes is

~N.—4 _
3N i\la A+3N+;Va SB.

4)

I_1vib -

The number of vibrational modes belonging to B increases with NV,.

Table S2 Character table of C, point group.
Cy E G h=2

A 1 1 zR Y2

B 1 _1 xJ;nyRy yz,2x

1-16 |5



S2.3 C; symmetry

Table S3 presents the character table of C, point group!. In C; point group, there are cases where no atoms
exist on a mirror plane and where atoms exist on a mirror plane. When atoms do not exist on a mirror plane,

the reducible representation of vibrational modes is decomposed as

3N—-6
Ivip = A+

5 5 A", (5)

Half of the vibrational modes belongs to A’ and the other half to A”. When N, atoms exist on a mirror plane,

the number of vibrational modes is

3N+Np =6, N-N,~6 ,

Tyip =
vib D) D)

(6)

The number of vibrational modes belonging to A increases with N,,.

Table S3 Character table of C; point group.

Cs E o, h=2

A1 1 xyR Xy

A” 1 -1 ZvR)ﬁRy yz,zx
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S3 Rate Constant of Internal Conversion for Monomer Model and Dimer Model

1

Table S4 Dependence of k¢ , (T) within a single mode approximation on the linewidth of the Gaussian function o.
Vima =5 x 107* au., @y = 1700 cm™!, E,, — E, = 3.0 €V, Epin = —11500 cm ™!, and Eax = 11500 cm™!. V,, ¢ at
maximum coupling mode of Monomer model is 8.42 x 10~* a.u. and of Dimer Model 1 is 5.27 x 10~* a.u. Ratios of

K¢ (T) of Monomer Model to Dimer Model 1 are also given.

knem (571

o (cm™ ") Monomer Model Dimer Model 1 Ratio

300 1.195 x 10'0 2,998 x 107 388
400 1.335 x 1010 3.985x 10" 335
500 1.569 x 1010 5.651 x107 277
600 1.832 x 1010 7.552 x 107 242
700 2.092 x 1010 9.525x 107 219
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S4 Electron Density Differences of Dimer Model 2 and 3

Table S5 Excited states of Dimer Model 2 at the Sp and S; optimized structures.

State  Excitation Energy f Major Configuration

eV nm (CI Coefficient)

@Sy S;1(A) 3.8692 32044 3.2829 HO-1 — LU (0.398), HO — LU+1 (0.565)
Sy (A) 39294 31553 0.0977 HO-1 — LU (0.565), HO — LU+1 (-0.399)
@S; S;(A) 3.1122 39839 1.8360 HO — LU (0.700)
S»(A) 39107 317.04 1.5560 HO-1 — LU+1 (0.791)

J—»X(a)

Fig. S3 Electron density differences of (a) S; @S;-So@S; and (b) S, @S-So @S, for Dimer Model 2. Isosurface

(b)

values are 1.0 x 1073 a.u.

Table S6 Excited states of Dimer Model 3 at the Sy and S, optimized structures.

State  Excitation Energy f Major Configuration

eV nm (CI Coefficient)

@Sy S (A) 3.7862 32746 0.1146 HO-1— LU (0.57769), HO — LU+I (-0.37639)
Sy (A) 39346 31512 2.6588 HO-1— LU (0.38099), HO — LU+1 ( 0.57373)
@S, S;(A) 33696 367.95 0.0005 HO-1— LU (0.49586), HO — LU+I (-0.48388)
Sy (A) 35310 351.13 28119 HO-1— LU (0.48848), HO — LU+1 ( 0.49548)

SIS AR

Fig. S4 Electron density differences of (a) S;@S,-So @S, and (b) S, @S,-Sp @S, for Dimer Model 3. Isosurface

values are 1.0 x 1073 a.u.
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S5 Potential Derivatives of Monomer Model and Dimer Model 1
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Fig. S5 Potential derivatives of (a) mode 49 for Monomer Model and (b) mode 111 for Dimer Model 1 of which the
off-diagonal VCC is reduced by the packing effect. Potential derivatives of (¢c) mode 51 for Monomer Model and (d)
mode 113 for Dimer Model 1 of which the off-diagonal VCC is not reduced by the packing effect. Isosurface value

for Monomer Model is 1 x 10~2 a.u. and for Dimer Model 1 is 1/\/5 x 1072 a.u.
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S6 Potential Energy Surface of Monomer Model
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Fig. S6 Potential energy surfaces of Sy and S; of Monomer Model along with (a) mode 1 and (b) mode 3. ¢4
denotes the Cartesian displacement from the Sy optimized structure. The potential energy surfaces along with these
modes were not approximated to harmonic potentials. The reorganization energies of modes 1 and 3 including the

anharmonicity effect were calculated to be 0.028 and 0.067 eV, respectively.
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S7 Decamer Model in Solid Phase

Fig. S7 Decamer Model for the CNPPE solid. Centered decamer is selected as the QM region (M06-2X/3-21G) and

the surrounding 60 molecules are selected as the MM region (UFF).

Fig. S8 Electron density difference of Sg@Sy-So @S for Decamer Model. Isosurface value is 3.0 x 10~ a.u.

1-16 |11



Table S7 Excited states of Decamer Model at the Sy optimized structure.

State  Excitation Energy f Major Configuration
eV nm (CI Coefficient)
S1(A,) 3.7447 331.09 0.0052 HO-4 — LU (0.2715), HO-4 — LU+5 (-0.2389)
HO-3 — LU+1 (-0.2715), HO-3 — LU+4 (-0.2389)
Sy (Ag)  3.7447 331.09 0.0000 HO-4 — LU+1 (0.2717), HO-4 — LU+4 (0.2392)
HO-3 — LU (-0.2717), HO-3 — LU+5 (0.2392)
S3(Ag) 3.7775 32821 0.0000 HO-4 — LU+1 (0.2197), HO-3 — LU (-0.2199)
HO-2 — LU+3 (0.2583), HO-1 — LU+2 (0.2583)
S4(Ay) 3.7775 32821 0.0618 HO-4 — LU (-0.2204), HO-3 — LU+1 (0.2204)
HO-2 — LU+2 (0.2580), HO-1 — LU+3 (0.2580)
Ss (A,) 3.8860 319.06 0.7377 HO-4 — LU+2 (-0.2070), HO-4 — LU+5 (0.2771)
HO-3 — LU+3 (-0.2070), HO-3 — LU+4 (0.2771)
HO-2 — LU+6 (-0.2052), HO-1 — LU+7 (0.2052)
Se (Ag) 3.8871 318.96 0.0000 HO-4 — LU+3 (-0.2030), HO-4 — LU+4 (0.2690)
HO-3 — LU+2 (-0.2030), HO-3 — LU+5 (0.2690)
HO-2 — LU+7 (0.2208), HO-1 — LU+6 (-0.2208)
S7(Ag) 3.9259 315.81 0.0000 HO-5— LU+9 (-0.2354), HO — LU+8 (0.6484)
Sg (Ay) 3.9942 31041 9.0385 HO-2 — LU+6 (-0.3474), HO-1 — LU+7 (0.3474)
HO — LU+9 (-0.2498)
So (Ag) 4.0290 307.73 0.0000 HO-2 — LU+7 (-0.3649), HO-1 — LU+6 ( 0.3649)
Si0 (A,) 4.1224  300.76  1.1521 HO — LU+9 (-0.5282)
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S8 Dimer Model 1 Calculated by ®B97X-D Functional

Table S8 Excited states of Dimer Model 1 at the So and S, optimized structures calculated by ®B97X-D/6-31G(d,p)

level of theory. f denotes the oscillator strength.

Excitation Energy Major Configuration

State eV nm f (CI coefficient)

@Sy Si(A,) 3.8193 32463 0.0000 HO-1— LU+l (-0.379)
HO — LU (0.564)

SH(A,) 3.9453 31426 23698 HO-1 — LU (-0.406)
HO — LU+1 (0.542)

@S, Si(Ag) 33319 37212 0.0000 HO-1— LU+1 (0.347)
HO — LU (0.592)

Sy(A,) 34697 35733 23091  HO-1— LU (0.379)
HO — LU+1 (0.570)

N X N
ix YA X YA 0 _NLU (Ag)
L et etots 1L etetss Sl LU (Ay)
P Neeeen Seedeetig §
X >
S 4t ]
NHOMO i Qtﬁ?{?@ X2 Lomo Q’M 2
= Bl i
ALy oA ¢ HO ()
-8+ -
(IS S L ocesmgtg ™ NHO (Ag)
SHeAGdsRr Ao 10 =

(a) LuMO {}f’;’/’(j‘r@ NLUMO Q{)"‘,ch (b)

Fig. S9 (a) Frontier orbitals and (b) orbital levels of Dimer Model 1 at the S, optimized structure calculated by
wB97X-D/6-31G(d,p) level of theory. X; and X, are the constituent molecules of Dimer Model 1. Isosurface values

of the frontier orbitals are 3.0 x 102 a.u.
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S9 Hubbard Model of a Pseudo-Degenerate Electronic System
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Fig. S10 Energy difference between first and second excited states, Ej — E{, calculated by numerically diagonalizing

the Hubbard Hamiltonian. €, Uy, and U, were set to 3.0, 1.0, and 1.0, respectively.
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In this section, we describe the electron density differences and overlap densities in the pseudo-degenerate
electronic system using the Hubbard model. The electron density in the ground state is defined by py. The

orbital overlap densities are defined by

pr=100(X1)*, p2=I0n0(X2)*, a1 =¢LuX1)*, q2=|dLu(X2)], (7
1= ¢o(X1)dLu(X1), 2 = ¢no(X2)dLu(X2), 3)
= ono(X1)0no(X2), 2= ¢Lu(X1)oLu(X2), s3 = Pno(X1)PLu(X2) = oLu(X1)Puo(X2),  (9)

where ¢yo/Lu (X1/X>) represent the HOMO/LUMO of X;/X;. The overlaps between X; and X, separated
from each other, namely s, s> and s3, are supposed to be 0. Table S9 and S10 respectively present the

electron density differences and overlap densities in the pseudo-degenerate electronic system.
Table S9 Electron density differences in the pseudo-degenerate system. & = 3((po — p1 +q1) + (Po — p2 +¢2)). For
Dimer Model 1 of the CNPPE solid, S; corresponds to [¥}), and S, |¥{). Therefore, the electron density difference

between S; and S; is given by 0.

Y Wow we g

Yo 0 po—a po—a po—a po—o

P 0 0 0 0
W 0 0 0
P 0 0
Wy 0

Table S10 Overlap densities in the pseudo-degenerate system. & = £((po — p1+q1) + (o — p2+42)), i = 3(q1 —
P1—q+p2) =0, B = %(qz —pi—q1+p2), Nn= %(rl +r), p= f(rl — r). For Dimer Model 1 of the CNPPE

solid, Sy corresponds to W), and S, |¥{). Therefore, the overlap density between S; and S, is given by f3; ~ 0.

Y, W P pa pg
Yo po N TPN - epan @ o) S — o B
S a 0 Bi(=0) 2B =B
5 Q 1+ -H‘z B l2 1 BZ
k41 o 0
Vg o
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