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Abstract: The photoactive layer materials in organic solar cells are the most critical factor determining the efficiency of
the cells. However, as the efficiency of current photoactive materials approaches theoretical limits, novel molecular
designs are increasingly necessary. Typically, photoactive materials are composed of donor and acceptor components,
synthesized as small molecules or polymers. Traditionally, these donors and acceptors have been designed with sym-
metric structures due to their simple synthesis and analysis. However, such uncomplicated structures have clear limita-
tions in further enhancing efficiency. To overcome these challenges, asymmetric structures have been proposed as a new
type of photoactive material, with significant research focused on inducing strong interactions between these asymmet-
rically structured molecules. This review aims to introduce the latest domestic and international trends in the development
of asymmetric molecules, which are currently gaining significant attention.

Keywords: organic solar cells, photoactive layer materials, asymmetric structure, small molecule, polymer.
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Figure 1. Asymmetry small molecule photoactive layer materials:
(a) molecular formula of F5IC, AOIC, IUIC2 and PTB7-Th; (b)
UV-Vis spectroscopy of F5IC, AOIC and IUIC2; (c) power con-
version efficiency of FSIC, AOIC and IUIC2. Reproduced with per-
mission from Ref. 32, Jia, B. ef al., J. Am. Chem. Soc., 2019, 141,
19023-19031. © 2019, American Chemical Society.
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Figure 2. IDT6CN-Th-IDT6CN-M based asymmetry small molecule photoactive layer materials. Reproduced with permission from Ref. 37, Hu,
H. et al., Adv. Energy Mater., 2024. 14, 2304242, © 2024, Wiley; Ref. 39, Gao, W. et al., Adv. Mater., 2018, 30, 1800052. © 2018, Wiley.
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Table 1. V¢, Jsc, FF and PCE of PBDB-T:IDT Based Asymmetry Small Molecule Photoactive Layer Materials®

Active layers

Voc (V)

Jsc (MA cm?)

FF (%)

PCE;

PBDB-T:IDTCN
PBDB-T:ITCPTC
PBDB-T:IDT6CN

PBDB- T:IDT6CN-*Th
PBDB- T:IDT6CN-M

0.85 (0.842 + 0.005)
0.84 (0.843 + 0.005)
0.83 (0.834 + 0.009)
0.81 (0.815 + 0.009)
0.91(0.921 + 0.009)

12.06 (12.01 + 0.14)
17.53 (17.13 £ 0.21)
15.14 (15.22 + 0.18)
16.75 (16.70 + 0.13)
16.02 (15.92 + 0.13)

62.48 (62.47 + 1.06)
72.77 (7241 + 0.36)
73.77 (42.49 + 0.81)
76.72 (75.81 + 0.43)
76.83 (76.01 + 0.39)

6.40 (6.33 + 0.06)
10.74 (10.52 = 0.14)
9.27 (9.21 + 0.06)
10.41 (1032 = 0.07)
11.20 (11.11 + 0.06)

Reproduced with permission from Ref. 37, Hu, H. ef al., Adv. Energy Mater., 2024. 14, 2304242. © 2024, Wiley; Ref. 39, Gao, W. et al., Adv.

Mater., 2018, 30, 1800052. © 2018, Wiley.

ZaH, A|484 A6, 20243



Rl FAA e BT 22 T EAe] voiRAgE A 597

Vacuum level (0 eV)

-
-3.54 -3.54 -3.54
= W ~ -3.56
-3.82
s e
S PBDB-TT0 m:n=100:0) % - a3
PBDB-TT5 m:n=95:5) — =] = o .
PBDB-TT10 m:n=90:10) o t t —
PBDB-TT20 m:n=80:20) 3 ' - -
Q (=) a -] =
Ellell2|[28] 2 (2] &
g a || & || = &
(8}
\ J N J - 4 (-9
e
5.47 5.45 -5.44 -5.43
-5.52
| S
-6.0

PTPTI-Tx R1 = 2-hexyldecy
R PTP‘|T-|-r1unRr11:n31'|11%.5 e
N__O  PTPTITT0 mn=70:30)
PTPTI-T50 m:n=50:50)
PTPTI-T30 m:n=30:70)

-3.92

=
w
[
L
-
Q
’—
o

Energy level (eV)

543 -5.42 -5.36 -5.50

Figure 3. Asymmetry polymer photoactive layer materials: (a) PBDB-TT# copolymer structure and energy bandgap diagram. Reproduced
with permission from Ref. 40, Jeong, M. et al., Adv. Energy Mater., 2017, 8, 1702166. © 2017, Wiley; (b) PTPTI-Tx copolymer structure
and energy bandgap diagram Reproduced with permission from Ref. 41, Chen, S. et al., Adv. Energy Mater.,2017, 7, 1701125. © 2017, Wiley.
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Table 2. Asymmetry Polymer Photoactive Layer Materials of PBDB-TTx:m-ITIC Based Materials’’ and PTPTI-Tx:m-ITIC Based

Materials.
Blending system Voc (V) Jsc (mA cm™) FF (%) PCE (%) Calculated Jsc (mA cm™)
Acceptor Donor
m-ITIC PBDBTTO 00" 0006 16174 030 0.0 s 107 595 © 0.09 1545
PBDBTTS 007 0003 1734 5 021 6355 4 133 1110+ 0.08 16.69
PBDBTTIO 00000003 17.10 5029 S50 5 040 8572 0.12 16.21
PBDB-TT20 000 105 1623 2045 4312073 790 % 017 1598
Devices Voe (V) Jie(mA em?)  FF (%) PCE (%) Ce(‘:fl‘;}agg;“ (0% ey is) (10 cooys Th(ifll;“)ess
PIPTETIOONITIC (o000 1360013 67.072106  8.97:0.09 1321 379 233 %8
PIPTITI0mTIC o 02" 00 1690021 68932108 10.86:0.12 16.34 715 302 102
PIPTITSOR-TIC (0" 0000 14750003 65.00010 8700013 14.23 4.39 117 o1
PTPTI-T30:m-ITIC 0.9(()1%%005 14.1345‘;1‘(()).30 63.?)%)1?.14 7.9%413.15 13.76 4.02 1.06 8

Reproduced with permission from Ref. 40, Jeong, M. et al., Adv. Energy Mater., 2017, 8, 1702166. © 2017, Wiley; Ref. 41, Chen, S. et al., Adv.

Energy Mater., 2017, 7, 1701125. © 2017, Wiley.
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Figure 4. Asymmetric polymer molecular weight active layer: (a) UV-Vis absorption spectra of PTPD3T and N2200 with different molecular
weights dissolved in chloroform; (b) 2D representation of the photo-efficiency of PTPD3T. Reproduced with permission from Ref. 52, Zhou,
N. et al., J. Am. Chem. Soc., 2016, 138, 1240-1251. © 2016, American Chemical Society; (c) efficiency of PBDTT-ETTE and P(NDI20OD-
T2) with different molecular weights; (d) 2D representation of the photo-efficiency of PBDTT FTTE. Reproduced with permission from Ref.
53, Wang, G. et al., Adv. Energy Mater., 2018, 8, 1702173. © 2018, Wiley.
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