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A S G R A AE 22 5, (EIX 2R AR B 3 201 (3L R RPALE /E T A B AT b 5 745
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B, Hop, 86, BEMEGXIE R R D] (central groups, C) JL4E n
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VIEE#E T () ITICH (b) Y6 & (o) FEE /N T2
T4k, 25 K A2
Fig. 1 Chemical structures of the non-fullerene molecules (a) ITIC and (b) Y6; (c) The
simplified structural model of a non-fullerene small molecule acceptor.
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3 . .
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a=4.1 eV/A URRIRAS BT BT FEABIRI T, £ = 2.5eV, K =21 eV/A?,
N=36,U=15eV, V=U/l+x(r/n) NEESEH, b &BRHT,
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Hh R [ 25 L 1 BB D IR T 2l H B 5 4 4 1 3 Chighest occupied molecular
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BRI R T A% i g 18/ 32 AR S AL BT e, IXARER — Rl Y
BT I AL . SIS HE FE—PESE, BEAE JE s i 71 i R I 45 B
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BEAR 1 ELAT DA 8] 35 [T i i B R A 1) 35 22, A RG] 1 il IO & et 1
RBAT B . PRI, SR 7T (R 2 i T SR AN BE R F AT FE A% (N FELAS 38
REIE AR AIRE, (207N CT S HGE A i 7 IRELPY, Ioyik— PR %)
B AR & i 2 A RO C BRI O 1 AT R

2AEE A TN R E () B () REERSG TR (A, )
(b) A THES) (AL D 1AL
Fig. 2 The non-fullerene intramolecular charge transfer amount (Q) as a function of
(a) the electron-donating ability of the central group (A, ) and (b) the electron-
withdrawing ability of the terminal group (A. ).
3.2 7R BRI AR 4 o HL A e 7 B B
AT T REA TR 2 T8 7R HAT R R R R L], s e RE A LG R
FHO BT SR BRI , A ST T T A [ JE (R BRI AR 43 % =l & 4 71 N i
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eV A 0.5 eV I, O HIIE N [ 3 T2 R 1 51 N BRI PE R A0 R

580 BRIEAR 73 I KA A3 4% R T8 CAn IR 7~ b P e ) A v 1) 56 [ P9 7 i
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woRRE ST, ERATHE LR AR 22, IR 0] 1 e e s il
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Iy 2% B 1 5 Jo TRl 2R 1) XA EL AR PG TV, 1 o Fr) LT o 5 i o 3 3L
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FEMG B KB AN, IR BT, (G5 e il T 1 .

K3 dEE & TIWHEMEEE (Q) BE (a) HiRIEFIA R T RIEIE A
') F (o) HhE R B R 7RI AR 7 (a2 4L
Fig. 3 The non-fullerene intramolecular charge transfer amount (Q) as a function
of (a) the transitions integral (¢') between heteroatoms of the central group and (b) the
transition integral (1) between carbon atoms of the central group.
BA T — BT T 36 B0 40 1 v T8) 2= (B A Q% SR 1 [R) BRAT AR 7356 F iy %
BERFW, WK 3 (b) Frs, MR EETGER S (1) KK FEEFE 0
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Fig. 4 The non-fullerene intramolecular charge transfer amount (Q) as a function of
the transition integral between carbon atoms of the terminal group ().
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Fig. 5 The non-fullerene intramolecular charge transfer amount (Q) as a function of
the electron-lattice coupling strength (at).
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Investigation of intramolecular charge transfer
in non—ful lerene acceptors based on quantum

models”

QIE Yagin ZHAO Geng MENG Xinyu XU Lingxiaf
(College of Physics and Electronic Science, Shanxi Province key Laboratory of Microstructure

Electromagnetic Functional Materials, Shanxi Datong University, Datong 037009, China)

Abstract
In this paper, the regulation mechanism of intramolecular charge transfer in non-fullerene
acceptors was investigated through a tight-binding quantum model. The key factors influencing
intramolecular charge transfer were elucidated from three aspects: push-pull electronic
structure, interatomic coupling, and electron-lattice interaction. The study has demonstrated
that improving the electron-donating ability of the central group or the electron-withdrawing
ability of terminal group can significantly increase the charge transfer amount and reduce the

binding energy of the charge transfer state through the synergistic effect of narrowing energy
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level gaps and strengthening the intramolecular local electric field, thereby facilitating self-
dissociation of the excited state. The increase in the interatomic transition integral of the central
group (including heteroatoms and carbon atoms) leads to a non-monotonic response of the
charge transfer amount, firstly decreasing and then stabilizing. This behavior arises from either
orbital localization or system rigidification. However, the increase in the interatomic transition
integral of carbon atoms in the terminal group can optimize the interaction between the donor
and acceptor units, resulting in monotonically increasing charge transfer amount. In addition,
the increase in the electron-lattice coupling strength will intensify polaron localization and non-
radiative energy loss, thereby significantly suppressing charge transfer process. The results
indicate that the design of high-performance non-fullerene molecules requires coordinated
optimization of the push-pull electronic structure to minimize the binding energy of the charge
transfer state. By finely tuning the moderate delocalization of central group and the strong
coupling of terminal group, along with employing molecular modification strategies to mitigate
excessively strong electron-lattice interaction, efficient intramolecular charge transfer and
separation can be accomplished.

Keywords: organic photovoltaics, non-fullerene acceptors, charge transfer
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