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1. Excited State Energies and Frontier Molecular Orbital Energies of the PDI Monomer

Table S1. Excited state energies and frontier molecular orbital Energies of the optimized ground

state structure of the PDI monomer (static and gaseous).

HOMO LUMO H-L GAP
S1(eV) T1 (eV) AEsr (eV)
energy (eV) | energy (eV) (eV)
B3LYP 2.370 1.220 0.070 -6.455 -3.971 2.484
PBE0 2.460 1.241 0.022 -6.628 -3.862 2.766
M062X 2.834 1.638 0.442 -7.433 -3.081 4.352

Note: AEsr = 2xE(T1) - E(S1) and all were calculated at the 6-31+G (d, p) level.

2. Dynamic Simulation Data of PDI Crystal Extracted PDI Fission Cluster

Scheme S1. Local excitation for each monomer PDI(A), PDI(B), PDI(C) or PDI(D) in crystal

found at different times, respectively.
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Table S2. The example of electron transitions of excited states and their corresponding frontier

molecular orbitals for PDI fission cluster when PDI (A) is excited.

Excited Energy Transition

Time/fs
Herts states (eV) Configuration

Orbital transition AEgr
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Excited Energy Transition

LG states (eV) Configuration

Orbital transition AEgr

3975401  0.58624
Sia 2.308 AHOMO —» ALUMO
(68.7%)

397 401  0.69416
Tia 1.234 AHOMO — ALUMO

(96.4%) 0.008

PDI(A)-PDI(B)

398 — 402 0.70389
320 fs TIB 1.082 BHOMO — ELUMO
(99.0%)
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400 — 404 0.69025 PDI(A)-PDI(D)
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T 1.425 (95.3%)
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T 1.060 AHOMO — ALUMO
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Table S3. The example of electron transitions of excited states and their corresponding frontier

molecular orbitals for PDI fission cluster when PDI (B) is excited.
Timesgs  Lxcited  Energy Iransition Orbital transition AEqr
states (eV) Configuration
il ey
3985402 0.65810  «, i iy, T
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Table S4. The example of electron transitions of excited states and their corresponding frontier

molecular orbitals for PDI fission cluster when PDI (C) is excited.

Time/ts ~ Licited  Energy Transition Orbital transition AEg;
states (eV) Configuration
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Table S5. The example of electron transitions of excited states and their corresponding frontier

molecular orbitals for PDI fission cluster when PDI (D) is excited.

Time/fs Excied  (EMErgy Transmofl Orbital transition AEge
states V) Configuration
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Table S6 (a). The example of singlet excitation energy E(S1) and oscillator strength f when PDI
(A) is excited at 380 fs.

380 fs excited Energy Oscillator strength
Sia 2277 1.4904
SiB 1.976 0.015
Sic 2.201 0.5740
Sip 2.181 0.0174

Table S6 (b). The example of singlet excitation energy E(S1) and oscillator strength fwhen PDI
(B) is excited at 150 fs.

150 fs excited Energy Oscillator strength
Sia 2.303 0.3857
Sis 2.446 0.9722
Sic 2.408 0.2655
Sip 2.258 0.5911

Table S6 (c). The example of singlet excitation energy E(S1) and oscillator strength f when PDI

(C) is excited at 400 fs.
400 fs Excited Energy Oscillator Strength
Sia 2.068 0.1921
Sis 1.958 0.0053
Sic 2.214 1.0244
Sip 2.352 0.0459

Table S6 (d). The example of singlet excitation energy E(S1) and oscillator strength f'when PDI

(D) 1s excited at 40 fs.
40 fs Excited Energy Oscillator Strength
Sia 2433 0.7953
Sis 2.156 0.3132
Sic 2.356 0.2771

Sip 2.231 1.056




Table S7. The example of singlet excitation energy E(S1) and triplet excitation energy E(T1)

when ¢ has different values.

€ Tia /eV Sia /eV TiB/ eV SiB/ eV
5.00 1.2118 2.2187 1.2390 2.2761
6.30 1.2130 2.2184 1.2395 2.2753
7.50 1.2132 2.2183 1.2396 2.2752

Table S8. The HOMO and LUMO Distributions of PDI cluster.
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We recheck the layout of exciton wave functions of the transient configurations, and it is
found that the exciton wavefunctions of the majority of transient configurations are localized
to individual PDI units, and a few configurations are not localized on individual units, as shown

in Table S8.
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Figure S1. (a) The probabilities of excitation energy intervals of the singlet state (E(S:)) for
200 transient configurations of PDI (A), PDI (B), PDI (C) and PDI (D) in a 1 ps AIMD trajectory.
The red, blue, black and green fitting curves are associated with the light pink, orange, light-
green, violet columns, respectively. (b) The probabilities of excitation energy intervals of the
corresponding triplet states (E(T1)) for these 200 transient configurations of PDI (A), PDI (B),
PDI (C) and PDI (D). The red, blue, black and green fitting curves are associated with the light

pink, orange, light-green, violet columns, respectively.

To research the SF between the central-excited monomer and the adjacent monomers of
PDI during the distortion of dynamic geometric, AIMD simulation was performed on the PDI
crystal (Scheme Ic) for 5 ps, and we extract the 200 transient geometries from a 1 ps window
in the 5 ps trajectory of PDI (A) centered fission clusters (Scheme 1d) in the cell. First of all,
the excitation energy distribution of all chromophores is determined according to the calculated
E(S1) and E(T1), and the localization cases of excited states of all the transient geometries for
every PDI SF cluster. E(S1) and E(T1) for every monomer change with time during the distortion
of dynamic geometric. The configuration of each monomer PDI (A), PDI (B), PDI (C) or PDI
(D) of the PDI SF cluster changes constantly with time, which leads to the periodic change of
singlet and triplet excitation energies of each PDI monomer with the change of transient
configuration. For the PDI monomers, E(S14a), E(Sis), E(Sic) and E(Sip) change in a range of
1.84-2.60 eV, 1.81-2.46 eV, 1.89-2.55 eV, 2.00-2.48 eV with a large fluctuation and the
maximum distribution for E(S1a), E(Sis), E(Sic) and E(Sip) are at 2.00-2.40 eV, 2.20-2.40 eV,

2.00-2.40 eV and 2.20-2.40 eV (Figure Sla). B(T1a), E(Tis), E(Tic) and E(Tip) change in the
10



between of 0.70-1.60 eV, 0.86-1.38 eV, 0.72-1.49 eV, and 0.73-1.39 eV with also large
fluctuations, and the maximum distributions for E(Tia), E(Ti8), E(Tic) and E(Tip) are all at
0.90-1.30 eV (Figure S1b). The dynamic structure disturbance causes a certain difference
between every monomer in the crystal of the excited energies (E(S1), E(T1)), but the difference
is slight. Due to the influence of intermolecular arrangement and intermolecular vibration, the
excited energy of each monomer oscillates with time, making the singlet and triplet excited
energy oscillate about 1.81-2.60 eV and 0.70-1.60 eV, respectively, which inevitably affect the
excited-transformation of exciton between the PDI excited monomer and its adjacent PDI

monomers.
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Figure S2 (A). The correlation between AEsr and E(S1) of the PDI fission cluster for some
transient configurations extracted from a 1 ps time window in the AIMD simulation trajectory

when PDI(A) is excited, respectively. The yellow areas denote AEsr < 0, SF undergoing.
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Figure S2 (B). The correlation between E(T1) and E(S1) of PDI(A), PDI(B), PDI(C) and PDI(D)

for 200 transient geometries.

We also investigate the correlation between E (S1) and E (T1) of PDI monomers, and Figure
S2 (B) displays the correlations of E(S1) with E(T1) of PDI(A), PDI(B), PDI(C) and PDI(D) for
200 transient geometries. As shown in Figure S2 (B), there is a nicely linear correlation between

the S1 and T exciton energies for individual PDI monomer.

3. Dynamic Simulation Data of Electronic Couplings for PDI Dimer

0.4

——PDI(A)-PDI(B)
0.3} — PDI(A)-PDI(C)
—— PDI(A)-PDI(D)

“0 20 40 e 80 100

Transient Configuration
Figure S3. Electronic coupling (Vi, eV) for electron transfer of the PDI(A)-PDI(B), PDI(A)-
PDI(C) and PDI(A)-PDI(D) quasi-dimers for 100 transient geometries extracted in which PDI

(A) is excited. VL denotes their LUMO coupling.
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The electronic coupling matrix elements for electron transport Vi of the PDI(A)-PDI(B),
PDI(A)-PDI(C), PDI(A)-PDI(D) quasi-dimers for 100 transient configurations in which PDI
(A)-centered is excited are calculated, respectively. As illustrated in Figure S1, the electron
transport Vi for the PDI(A)-PDI(B), PDI(A)-PDI(C) and PDI(A)-PDI(D) quasi-dimers change

with time, but they are not significantly different.
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Figure S4. The HOMO-LUMO overlap integrals of the PDI(A)-PDI(B), PDI(A)-PDI(C) and
PDI(A)-PDI(D) quasi-dimers in 10 transient configurations of the PDI cluster extracted from

the AIMD simulation trajectory in which PDI (A) is excited.

According to the Michl work (Smith, M. B.; Michl, J. Recent Advances in Singlet Fission.
Annu. Rev. Phys. Chem. 2013, 64, 361-386 and Havlas, Z.; Michl, J. Guidance for Mutual
Disposition of Chromophores for Singlet Fission. Isr. J. Chem. 2016, 56, 96-106, DOI:
10.1002/ijch.201500054), the SF rate can be simplified as a relation with the overlap integral
between two associated monomers (i.e. the electronic coupling is determined by the simple
structure-dependent factor, the overlap integral). Thus, to verify the electronic coupling
between different dimers, we calculate the HOMO(A)-LUMO(X) (X=B, C, D) overlap integral
of PDI dimers, which can reflect the actual status of the HOMO(A)—>LUMO(X) electron
transfer transition in SF. The calculated results are shown in Figure S4, indicating that the
overlap integral of PDI(A)-PDI(B) is the largest, followed by the PDI(A)-PDI(C) pair, and the

PDI(A)-PDI(D) pair is the smallest. This indirectly indicates the existence of electronic
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coupling between two proximate PDI, and the PID(A)-PDI(B) pair has the strongest electronic

coupling and can undergo SF.

4. Dynamic Simulation Data of the Structure for PDIs

A
(o)

Scheme S2. A schematic structure of a PDI monomer in the static geometry.
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Figure S5. Correlation between the angle /N1-C2-C3 and E(T:) of PDI(B) and PDI(D).
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Figure S6. The calculated UV—vis absorption spectra of the PDI clusters extracted from the

AIMD simulation trajectory.
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Figure S7. The calculated UV—vis absorption spectrum and transition modes with oscillator
strengths greater than 0.1 of the PDI clusters extracted from the AIMD simulation trajectory at
300 fs.
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We calculated UV-vis absorption spectrum (Figure S6), but the spectrum in Figure S6
actually is the sum of 20 excited states not only for the S; state. To clarify the components of
this UV-vis absorption spectrum, Figure S7 shows the total UV-vis spectrum and transition
modes with oscillator strengths greater than 0.1 (i.e., decomposition of the total spectrum) at
300 fs. The peak of the overall absorption curve often corresponds to a transition with greater
intensity. However, due to all transitions contributing to the absorption curve of the nearby
range, the position of the peak does not always correspond to the energy of the transition with
higher intensity, whether it is the actual spectrum or the theoretically simulated spectrum. For
example, in the above figure, the oscillator strength of So—S3 is 1.1001, and that of So—So is
0.7754. 1In addition, there are the transitions So—Se (oscillator strength of 0.2991) and So—Si
(oscillator strength of 0.2706), and their contributions to the spectrum (shown by the red and
magenta curves) are much smaller than that of So—S3 (shown by the blue curve, the main
transition). In short, they all contribute to the overall spectrum, resulting in the breadth of the
spectrum as shown in Figure S6.

Currently, many approximations are used in all theoretical methods, and the calculated
vertical excitation energy and the maximum peak of the absorption spectrum do not strictly
correspond to each other. Therefore, there inevitably are differences between the experimental
and theoretical results. As long as the calculated and experimental results are within a specific
error range, and the approximate range of the principal peak is consistent, the theoretically
calculated results could be considered to be reasonable and reliable and can be used for analyses

on this basis.
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