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Computational details

The Generalized Mulliken-Hush model is used to calculate the charge-transfer

integral (VDA): !
K trAE
Vp,= _ _#(S1)
J@Ow? +4Gu,)

where AE is the energy difference between the initial state and the final state; Her is the

transition dipole moment; A denotes the change of dipole moment, which is calculated

by using the Hellmann-Feynman theorem.?

The total charge reorganization energy (4) is composed of the internal reorganization

energy (Ain) and the external reorganization energy (Aext):

A=Ay + Ay #(S2)

ext

Ain refers to the energy change caused by the structural relaxation when an electron is

added to or removed from the molecule; Aext accounts for the energy change induced

by the structural relaxation in the surrounding media due to polarization effects. The

Ain is calculated using the following equations:?

Aip = A (A) + 2,,(D)#(S3)



A, (A) = E(A7) - E(A)#(54)

(D) =EMD)-E(D™) (S5)y

here Ain(A) and Ain(D) denote the internal reorganization energies for the acceptor and

the donor, respectively; E (A _) and E(A) represent the neutral-state energies of the

acceptor at the optimized anionic structure and the optimized neutral structure,
. + .. .
respectively; £ (D) and E(D ) represent the cationic-state energies of the donor at the

optimized neutral structure and the optimized cationic structure, respectively. It is

worthy to note that using quantum mechanical method to compute Aext is still

challenging and Aext can be best estimated only when the material solid-state structure

is available. Therefore, in line with the study carried out by Kuss-Petermann et al. on

D-A systems,* we treat Aext as a constant (Aext = 1.1 eV) in this work.

The change of the Gibbs free energy in the charge recombination process (AGCR) can
be estimated by the following formula:>

AGyp=E;p(D) - E,(A)#(56)
where Eip(D) is the ionization potential of the donor, and Epa(4) represents the

electron affinity of the acceptor. The change of the Gibbs free energy in the charge

separation process (AGCS) can be calculated by the Rehm-Weller equation:®

DA

where Esy is the first excited state energy of the free donor-based polymer; The exciton

DA
binding energy (E b) at the lowest ICT of acceptor is calculated by the following

formula:”

DA
E% = Ep — Egy - Eopt#(58)

where Epp is the 1onization potential, Egy is the electron affinity, and Eope is the optical

energy gap of a D-A pair.
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original dataset.

The range (average) of PCE, Jsc, Voc and FF are 6.46% ~ 19.31% (12.47%), 12.20

mA.cm?~27.88 mA.cm? (20.40 mA.cm2), 0.74 V ~ 1.07 V (0.88 V) and 43% ~ 80%



(68.87%), respectively.

Diagram. S1 Labelled fragments of acceptors in sorted Unit 1/2/3/4 according to the dividing scheme
in Fig. 2.
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Table. S2 RR model underestimates the top 20% experimental PCE (in parenthesis)
in the original dataset. Note that the donor paired with the acceptor is PM6.
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