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Abstract The reasonable design of materials plays a crucial role in improving the power conversion efficiency (PCE) of
organic solar cells (OSCs). In recent years, OSCs have achieved great success in the research of donor and acceptor materials,
making a significant contribution to the rapid growth of efficiency. Currently, their maximum efficiency is over 19%, demon-
strating their great potential in practical applications. Chlorine-mediated strategy is proved to be an effective method to regu-
late the properties of the donor and acceptor materials and has important application significance. Through efforts, our re-
search group has gradually formed a “Chlorine-Mediated Organic Photovoltaic Materials System” based on the continuous
progress and accumulated achievements. In this perspective, the development of a series of representative chlorine-mediated
polymer donor and non-fullerene acceptor materials using chlorine-mediated strategies in recent years are briefly introduced.
The ability of chlorine atoms to regulate material energy levels, intermolecular stacking, active layer film morphology, and
their important effects on the photovoltaic performance of devices were emphasized, and their intrinsic mechanisms were
explored. In addition, some key issues such as efficiency, cost, and stability that should be considered when developing next
generation chlorine-mediated organic photovoltaic materials in the future are also discussed.
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EH = 2-ethylhexyl

PTB7-Th
C4Hy C,H,

Bl 1 PTB7-Th #l PBCIT £i#x0 X H AL G R AL, ITIC fE A 521k
Figure 1 Structural formula of PTB7-Th and PBCIT, and voltage change after chlorination, ITIC as the acceptor

PBBD-CI-8 CoHs PBDP-CI, X4 = Cl, X = H or X; = H, X5 = Cl

C4Hg PBDP-2CI, X1 =X;=Cl

ITIC-2CI-8, X1 = Cl, X, = H

ITIC-2Cl-y, X4 = H, X, = Cl R10-4Cl

Bl 2-1 0 &0 SREEWE AR E W5 Z AR bS5 30

Figure 2-1 Partial chlorine-mediated polymer donor and non-fullerene acceptor materials and their chemical structural formulas
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C4Hg C4Hg

C4Hg C4Hg PBTCIx

CeH17 CgH17
C10H21 C10H21
PCBT4T-20D, X4 = Cl, X = H or X; = H, X, = Cl
PCCBT4T-20D, X; =X, =Cl

CgH17

CeHia PBDTHD-CIBTDD
CgHq7

Bl 2-2 W0 &N RREEVE AR E G Z AR S S5 30

R = 2-Ethylhexyl

R = 2-Ethylhexyl R = 2-Ethylhexy

CaHo  pgerT C4Hy PBTC

PBT1CI-Bz, X4 = Cl, Xo = X3 = X4 = H
PBT2CI#-Bz, X; =X, =Cl, X3=X,=H

PBT2CI-Bz, X;=X4=Cl, Xp=Xz=H
C4Hg

PBTACI-Bz, X; =Xy =X3=X4=Cl

Hs
CuHo PTBT-CI

Figure 2-2  Partial chlorine-mediated polymer donor and non-fullerene acceptor materials and their chemical structural formulas
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(b) Side view Top view (C) 2 (d) 2.0
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~CC Y —=—PBBD:BTP-¢C9 Il s=RiEEE
.,2/\?77‘ ,lg- R R‘H}\( —&—PBBD-Cl-a:BTP-¢C9 T~
o S B B —e— PBBD-CI-/3:BTP-¢C9 g : Y
paty: s A Cl-f:BTP-¢C 715, WE: 16.20%
¢=1.72 A1 g
d,=3.65A o
LS f 1.0 13.35%
T | 1006%
%
S 051
deys
i ' )J\/\ T T T T 0.0-
HoaH 0.5 1.0 2.0 25 PBBD PBBD-CLa  PBBD-CLS

1.5
q, A"
B3 (a)F &% PBBD, PBBD-Cl-a fil PBBD-CI-8 45 #J3; (b)¥.4A TTO, TTO-Cl-afll TTO-CI-8 1 545 H); (o)if I 2 MK GIWAXS [&; (d)#sfF4
TOL R 3 R FR )

Figure 3 (a) Polymer PBBD, PBBD-Cl-a and PBBD-CI-f structural formula; (b) the single crystal structure of monomers TTO, TTO-Cl-a and
TTO-CI-B; (c) GIWAXS curves of active layer films; (d) devices hole mobility and efficiency!>

(a)

(C) PBDP-H. PBDP-Cl PBDP-2CI BTIC-BO-4CI

X4=H, X,=H; PBDP-H HO
In X4=Cl, X,=Cl; PBDP-2CI m m m m

y=26.61 y=2431 y=22.49 7=20.97
(b) rw ) /B2 RS BT
oD% op00m 0oty =
% ; E KSR E SRR AE A
b3 "«zﬁt“odg,,-» m&,,v;
$ ";é‘?ﬁ‘» 3 oe30 200 385,
‘1, - chud 2 PBDP-H:BTIC-BO-4CI PBDP-CI:BTIC-BO-4C1 PBDP-2CL:BTIC-BO-4CI1

Bl 4 (a2 &% PBDP-H. PBDP-CI il PBDP-2CI £5#J3X; (b) 7 TH R B 15, (o) iy AE L2 TE 35 I i
Figure 4 (a) Structural formulas of polymers PBDP-H, PBDP-CI, and PBDP-2CI; (b) theoretical calculation of molecular conformation; (c) contact angle
tests and active layer morphology. Reproduced with permission.?”! Copyright 2022, Elsevier Inc.
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R FF R HRRE
=V c : 3 73
S ,3.44 3431 V344
R = L
£ =20.8°

IDIC-4CI

Bl 5 (a) IDIC-4H, (b) IDIC-4F (c) IDIC-4CI [ #4) 2X 55k o F B & B0 0 1 HERR 1
Figure 5 Structural formula of (a) IDIC-4H, (b) IDIC-4F and (c) IDIC-4Cl, and corresponding single crystal data and molecular stacking diagram. Re-

produced with permission.?®) Copyright 2018, American Chemical Society
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B TR 7R 4, E)Mﬁ/l\ AR 2 A4 S A AR PR o %
etk (A 6)[291 5 ITIC-2Cl-6 ALk, ITIC-2Cl-y BFH

Bl 6 (a) ITIC-2CI-6 & 7 B Fnd o7 Y B B A0 23 7 HERR L (b) TITIC-2C -y FRY45 A8 3R X o7 Py 58 s 0080 -7 HEAR I
Figure 6 (a) Structural formula of ITIC-2Cl-0 and corresponding single crystal data and molecular stacking diagram. (b) Structural formula of
ITIC-2Cl-y and corresponding single crystal data and molecular stacking diagram. Reproduced with permission.*”! Copyright 2019, Elsevier Inc.
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Figure 7 (a) Structural formula of BTIC-BO-4Cl; (b) corresponding single crystal data and its three-dimensional network stacking framework; (c) BHJ
device sectional view; (d) schematic diagram of BHJ device mechanism; (e) Q-PHJ device sectional view; (f) schematic diagram of Q-PHJ device mecha-

nism. Reproduced with permission.** Copyright 2021, Wiley-VCH
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