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COMPUTATIONAL METHODS
Optimization of Crystal Structures

Both IDIC-4F and INIC-4F crystals were optimized by VASP while the cell
parameters were kept at the experimental values. The electronic structure and ion-
electron interactions were calculated using the Perdew-Burke—Ernzerhof (PBE)
functional and projector augmented wave (PAW) pseudopotentials. All geometry
optimizations were performed in a plane-wave basis set with an energy cut-off of 450

eV and a Gaussian smearing of 0 eV. The Brillouin zones were sampled with 3 x 2 x 1

and 2X2x1 Monkhorst-Pack mesh k-point grids' for IDIC-4F and INIC-4F,

respectively. The geometries were optimized using a conjugated gradient algorithm and
all the atoms were fully relaxed. In the density functional theory (DFT) calculations,
the total energy in the self-consistent field method and the force converged up to 10>
eV and 0.02 eV/A, respectively. Besides, the optimized Y6 crystal was obtained from
the crystal structure published by Zhu et al.?

Calculations of Energy Levels in the Gas and the Solid Phase.

In addition to ionization potential (IP) and electron affinity (EA), the fundamental

t
transport gap (E 9) was also calculated, which is the difference between IP (IP = £, —

t
Ep)and EA (EA=Ey—E.), E g9=1P — EA; here E, E, and E_ denote the total potential

energies of the ground state (Sy) and the cationic and anionic states, respectively. The
DFT was used to calculate the Sy and 1onic states of molecules at the ®¥B97X-D/def2-
SVP level. To obtain a more reliable description of the electronic properties, the range
separation parameter ® was optimized by the gap tuning procedure with minimizing

the value of J2,
1

J2 = Z [e,(N +0) + IP(N + )]

i=0 (1)
where ey denotes the highest occupied molecular orbital (HOMO) energy of the
molecule; N is the number of electrons.

In the calculations of crystals, isolated molecules were extracted directly from the
optimized crystals and calculated for the gas phase data. In solid, self-consistent
quantum mechanics/embedded charge (sc-QM/EC) calculations were performed for
clusters extracted from optimized crystals to obtain the solid data. In the first QM/EC
calculation, the central molecule is addressed at the DFT level and the atomic charges
of the cluster are initialized according to the DFT calculations on isolated molecules.
Merz-Singh-Kollman? scheme is used to replicate the electrostatic potential derived
from QM/EC for the atomic charge of the central molecule. Afterward, each molecule

in the polarizable region is treated as a QM component with the atomic point charges
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of other molecules, which are updated from previous QM/EC operation results, and the
process is iterative. Through the QM/EC single-point iterative computations, the atomic
charges of the center and ambient molecules are redistributed and thus can explicitly
account for the effects of charge polarization. The workflow is finished until the total
energy difference between the two adjacent QM/EC calculations of the central molecule
is less than 107> Hartree.

In the sc-QM/EC calculation, different cluster models were used to matching
different solid environments of the central molecule (Figure S1). The spherical cluster
model serves for obtaining the bulk phase molecule data; The hemispherical cluster
model serves for obtaining the surface molecule data. The model of gradually piled
layers on the surface of the central molecule in units of crystal cells illustrates the
movement of the central molecule (or carrier) from the surface to the bulk phase. All
cluster radii were set to 100 A, and according to the related reference* and our test, the
polarization radius of 50 A (Figure S2), i.e., only molecules within 50 A of the central
molecule participate in the self-consistent process, was chosen in all systems to reduce
computational cost. In addition, in order to investigate the structure-property
relationship, the geometries of the three molecules were optimized at the B3LYP/def2-
SVP level (all alkyl side chains were replaced by methyl groups to simplify the
calculation). Then, the molecular polarity properties, including dipole moment p, end-
group fragment dipole moment pigg, half molecular dipole moment v (all in Debye),
their traceless quadrupole moment |®| in Debye*A-!, and electrostatic potential, are
calculated and analyzed at the tuned ®B97X-D/def2-SVP level. Further, to test the
influence of different basis sets, taking Y6 as an example, we have calculated the
molecular IP and EA by using the def2-SVP, def2-TZVP, and def2-TZVPP basis sets
and the tuned-oB97X-D functional in combination with the polarizable continuum
model (the dielectric constant is set to 5.0). As shown in Figure S3, the def2-SVP basis
set can achieve sufficient accuracy for evaluating the IP and EA (the difference is within
0.1 eV compared with the converged results). All these calculations were performed by
Gaussian 16 package.’ The molecular polarity properties are analyzed by the Multiwfn

program.®
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Figure S1. (a) The spherical cluster model and the hemispherical cluster model
correspond to the bulk molecule and the surface molecule respectively for sc-QM/EC
calculation. Two-level scheme for the cutoff of molecular clusters is also presented. (b)
Evolution of cluster model which represents the process of carrier moving from surface
to bulk phase.

S5



6
e IP
—u— EA
t
s " =
>
>
5 4-
IT] /./l/./d/.
-
3.

| ' | ' | ' | ' | ' |
10 20 30 40 50 60
Pol Radius (A)
Figure S2. Dependence of the IP, EA, and E,' on the radius of the polarizable region
(calculated at the tuned-wB97X-D/def2-SVP level), taking the 10-1 surface of Y6

crystal as an example.
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Figure S3. IP, EA, and Eg calculated by using the def2-SVP, def2-TZVP, and def2-
TZVPP basis sets and the tuned-®B97X-D functional in combination with the

polarizable continuum model for the Y6 molecule.
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IDIC-4F INIC-4F

Figure S4. Optimized crystal structures of the studied nonfullerene small-molecule
acceptors without changing the lattice parameters. The lattice parameters are listed as
follows, IDIC-4F: a =7.97 A, b =18.14 A, c =2543 A, a = 97.75°, f = 91.74°, y =
99.42°; INIC-4F: a = 1991 A, b =22.27 A, ¢ =26.75 A, a = 82.01°, B = 83.38°, y =
89.82°,Y6:a=14.53A,h=19.80 A, c=28.53 A, a=95.14°, =101.46°, y = 107.36°.
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M =0.0, g =9.3 M =0.0, ugg = 13.3 H=1.0, Hgc = 11.3
Hhaim = 5.3, 10| =148.3  Pyam =7.0, [0] =242.2 0y = 7.9, |O] = 160.7

(b)
IDIC-4F:

INIC-4F:

Y6:

cation

Figure SS. (a) Molecular geometries of IDIC-4F, INIC-4F, and Y6 optimized at the
B3LYP/def2-SVP level, and their molecular p (green arrows), pgg (red arrows), HUyaimm
(blue arrows) (all in Debye), and |®| in Debye+A-! calculated at the tuned wB97X-
D/def2SVP level. All of the alkyl groups are replaced by methyl groups. (b)
Electrostatic potentials of Sy and the cationic and anionic states of the optimized
molecules in the gas phase.
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