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Fig.1 Schematic diagram of molecular generation and screening process
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Fig.2 Molecular structures selected according to the first set of target values
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Tab.1 The calculated and predicted values of the front molecular orbital energies for the first group of molecules

HOMO /eV LUMO /eV
BT

B HEg B B g B
al -5.77 -5.77 0.00 -3.68 -3.60 -0.08
a2 -5.60 -5.60 0.00 -3.59 -3.53 -0.06
a3 -5.44 -5.46 0.02 -3.66 -3.53 -0.13
ad -5.54 -5.55 0.01 -3.57 -3.42 -0.15
as -5.57 -5.60 0.03 -3.67 -3.58 -0.09
a6 -5.59 -5.63 0.04 -3.70 -3.64 -0.06
ar -5.64 -5.61 -0.03 -3.61 -3.53 -0.08
a8 -5.53 -5.54 0.01 -3.57 -3.54 -0.03
a9 -5.58 -5.58 0.00 -3.60 -3.46 -0.14

alo -5.65 -5.63 -0.02 -3.45 -3.53 0.08
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al a2 a3 a4 a5 a6 a7 a8 a9 all
al | 1 0.430.290.260.16 0.4 0.360.540.280.36

a2 1 0.270.240.130.330.370.280.230.35
a3 1 0.27 0.2 0.250.260.280.290.42
ad 1 0.320.230.350.240.290.38
ad 1 0.280.280.370.290.22
a6 1 0.350.310.290.31
a7 1 0.580.32 0.4
a8 1 0.270.36
a9 1 0.27
alo 1
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Fig.3 Intermolecular similarity matrix of the first group of molecules
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Tab.2 The fragments and corresponding proportions of the first group of molecules that contribute the most to the HOMO
and LUMO energy obtained by using the prediction model and the Multiwfn program

HOMO LUMO

i TR A Multiwfn TR A Multiwfn
iy L 43 ey Lt 451 it L 43 it Lt 451
al AN 0.74 AN 0.44 AN 0.47 AN 0.41
a2 AN 0.79 AN 0.35 AN 0.43 AN 0.44

a3 T 0.70 ® 0.47 T 0.72 7 0.58



a4 i3 0.45 lisH 0.56 s 0.99 sy 0.87
a5 W 0.90 [ 0.39 [ 0.96 W 0.75
a6 i 0.85 3 0.36 g 0.80 AN 0.35
a7 7 0.97 7 0.63 sy 0.98 is3 0.77
a8 AN 0.26 AN 0.26 [ 0.94 W 0.78
a9 i 0.94 2y 0.59 s 0.85 i 0.36
al0 o 0.58 o 0.96 4 0.55 AN 0.71
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Fonr THASNMOUE, B8 1, wUER, AAMAIT al-a8 M a7-a8 FIMIMLLERECK, v 0.54
A1°0.58, HAth sy [a FARILEE /N 0.6 HUKEIZME 0.2~0.3, AL, $hidk i i 7> T RA BRI % 57
Yo XA 0T, FRATHTUELZA Multiwfn F2 773X 5 677723845 7% FMO 45 57k
BRI BOAR B oLk, W38 2 fom. R, S BISEIE. SoNFI5S 55 )\ B 172 H
T VESRAT IR 5T Tk K v B it e 12— B0, 1t WD TOUIAE 7R f56 0 o Al TN 1 e B 22
W B =355 T8 S-E51 55U I BUE R 7R 12 P AR 5 VR A5 A AR LR e ) o kAL
EAZ A B RN 2 5 . T B U2, Multiwfn 72573 BIHRE B I FMO 4347 I LB A 2 5%
i, TREINASE R A5 380 (0 J A R 0 T 3 R 8 ) B R RE , I s A B A R L A 1 5505 AN ]
U EUE B R BA9KE, RAMIE HOMO. LUMO BEER7 7 AT LEA AR, HH
HR P S SRR IR B DAL, 22D U T A7 A 2 R ) (R 52 AART LA 45 AR RERUL -

N TP RARIX ARy T RO RS, THRHIRTORE, Wik 3 Fios.

K3 F—HSTME—. ZBIRSRENX N IR B
Tab.3 The first and second excited state energies and the corresponding oscillator intensities of the first group of molecules

R 1 RS 2
s
fi eV B T fi eV B T
al 2.03 0.87 221 0.00
a2 2.00 0.66 2.81 0.00
a3 2.06 2.21 2.71 0.00
ad 1.57 0.04 2.36 0.01
ab 1.73 0.21 2.03 0.01
a6 1.78 0.44 2.14 0.00
ar 177 0.27 2.59 0.04

a8 1.54 0.18 1.62 0.00




a9 1.76 0.16 1.93 0.03

alo 2.65 0.57 3.00 0.00
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10 ™Mrv, —J5ii, X TR LMENSH%, 5T, WADEfa R atEg. EHr 7
ZifnE 4 (1) b1~b10 frx, o, bl~b8 AHTARNISN T, b9 ~b10 AR EA I T [FIFE
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Fig.4 Molecular structures selected according to the second set of target values
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Tab.4 The calculated and predicted values of the front molecular orbital energies for the second group of molecules

HOMO /eV LUMO /eVv
o
B HE L R B HE L B
bl -5.22 -5.31 0.09 -3.22 -3.06 -0.16
b2 -5.20 -5.08 -0.12 -3.19 -3.22 0.03

b3 -5.24 -5.24 0.00 -3.16 -3.08 -0.08




b4 -5.25 -5.30 0.05 -3.07 -2.99 -0.08

b5 -5.13 -5.06 -0.07 -3.04 -3.11 0.07
b6 -5.13 -5.13 0.00 -3.04 -3.11 0.07
b7 -5.09 -5.13 0.04 -3.02 -2.93 -0.09
b8 -5.32 -5.27 -0.05 -3.19 -3.15 -0.04
b9 -5.20 -5.16 -0.04 -2.92 -2.87 -0.05
b10 -5.24 -5.22 -0.02 -2.98 -2.85 -0.13

4 AR ER, A b2 411 HOMO Al bl. bl10 41 LUMO fg & i1 58 -5 FE i iR =
Hf 0.1 eVe R, 2 A TR S HARMEME RO 2T A —412, W bl. b4 ] HOMO
REEAI b9, b10 ) LUMO fe, 5 B Sl ja S iB ikt — DR RESL, s inss DI i1 45
ML RIILHEEE A% . [RIRE, W HOGMERERITIOUE, Wk 5 s, ATLLEH, b2, b4, b5, b7, b9
FIb10 43 F BABKMIRT 3RS, 8BRS EE 5 12 Akt

5 FHATFE— ZHURESHREANN BLR T 585
Tab.5 The first and second excited state energies and the corresponding oscillator intensities of the second group of

molecules
BkE1 Bk 2
i
FeileV PR TR Fei/eV PRTFImE
bl 1.93 0.01 1.93 0.01
b2 2.01 1.63 212 0.44
b3 1.77 0.07 2.98 0.08
b4 2.02 0.43 2.46 0.26
b5 1.58 0.00 2.15 0.42
b6 1.78 0.07 242 0.18
b7 2.13 0.93 2.85 0.14
b8 1.74 0.25 241 0.02
b9 1.97 0.00 3.00 131
b10 2.10 0.68 2.27 0.01
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Application of a convolutional neural network model in
the generation and property prediction of novel

non-fullerene acceptor molecules
YANG Xinyu, PENG Shiping, ZHAO Yi*

(State Key Laboratory of Physical Chemistry of Solid Surfaces, Fujian Provincial Key Laboratory of
Theoretical and Computational Chemistry, College of Chemistry and Chemical Engineering, Xiamen
University, Xiamen 361005, China)

Abstract: In recent years, the efficiency of non-fullerene small molecule acceptors in organic solar cells is
getting closer and closer to the goal of industrialization because of its expanded absorption spectrum, the
ability to adjust the dissociation energy of the exciton, and the flexible donor-acceptor morphology. In this
paper, we used a convolution neural network model proposed by our group recently for molecular generation
and property prediction to generate and screen new non-fullerene small molecular acceptors with given
frontier orbital energies (Y6 molecule, the highest occupied molecular orbital (HOMO) target energy of -
5.73 eV and the lowest unoccupied molecular orbital (LUMO) target energy of -3.69 eV) for efficient exciton
dissociation. After the generation model was fully trained in the database and fine-tuned with a small data
set, more than two hundred molecules close to the target orbital energy were generated, and then the

prediction model was used to further screen and predict the contribution of molecular fragments to the orbital



energy. After that, these molecules and molecules with similar frontal orbital energies in the database were
clustered together and ten new acceptor molecules with different chemical spaces were selected. Finally, the
accuracy of the prediction of the contribution of orbital energy and molecular fragments to the orbits was
verified by ab initio calculations, and the oscillator intensity of the molecular light absorption was given. We
also further used the generation and prediction model to provide ten non-fullerene small molecules with
another set of orbital energies (HOMO energy of -5.10 eV and LUMO energy of -3.10 eV). The predicted
properties were consistent with the ab initio results, which proves the robustness of the generation and
prediction model and the reliability of the results. The molecules predicted in this paper also provide the
design scheme of potential molecular frameworks with high-performance non-fullerene acceptors.

Keywords: convolutional neural network; non-fullerene acceptor; frontier molecular orbital energy



