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Fig. 1 Structures of polymer donors
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Fig.2 Structures of FREA molecules with different cores
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Table 1 Absorption, energy level and mobility of FREA molecules

s, max Af, max Eo HOMO LUMO Emax X 1073 He?
Compound L el Ref.
(nm) (nm) (eV) (eV) (eV) Mem™) (cm?*V-isT)
IDTIC 656 688 1.70 -5.91 -3.83 1.4 45x10™ [35]
ITIC 664 702 1.59 —5.48 -3.83 1.3 3.0x 1074 [33]
INIC 692 706 1.57 —5.45 —3.88 2.1 6.1 x107° [38]
THIC 748 796 1.38 —5.45 -3.93 1.6 2.4 %1073 [39]
IDIC 664 716 1.62 -5.69 -3.91 24 1.1 %1073 [40]
ITIC-Th 668 706 1.60 —5.66 -3.93 1.5 6.1 x107* [42]
ITICI 702 734 1.55 —5.48 -3.84 1.5 9.6 x 107 [43]
ITIC2 714 738 1.53 —5.43 -3.80 2.7 1.3 x 1073 [43]
IDT-2DPP 640 620 1.74 —5.11 -3.32 1.3 8.2 x 10732 [44]
IDT-2BR 636 658 1.68 —5.52 -3.69 1.3 2.6 x 10742 [45]
IDT-2BM 660 688 1.60 -5.60 -3.80 1.2 3.7x 107 [46]
IDT-2PDI 532 650 1.54 -5.53 -3.83 0.5 3.9 x 10748 [24]
INICI 710 720 1.56 —5.54 -3.97 22 1.0 x 10 [38]
INIC2 704 728 1.52 -5.52 -3.98 2.1 1.2 %10 [38]
INIC3 710 744 1.48 -5.52 —4.02 2.5 1.7 x107* [38]
ITIC-Th1 677 728 1.55 —5.74 —4.01 1.5 7.6 x 10738 [50]
IEIC 672 722 1.57 —5.42 -3.82 1.1 2.1x 107 [51]
2 Blended film
Table 2 Performances of FREA molecules used as acceptor in organic solar cells
Donor/Acceptor Voe (V) Jse (MA cm™2) FF (%) PCE (%) Ref.
PDBT-TI/IDTIC 0.920 13.39 60.0 7.39 [35]
PTB7-TWITIC 0.810 14.21 59.1 6.80 [33]
FTAZ/INIC 0.965 13.39 59.5 7.70 [38]
PTB7-Th/IHIC 0.754 19.01 68.1 9.77 [39]
PDBT-T1/IDIC 0.850 15.85 68.0 9.20 [35]
PDBT-T1/ITIC-Th 0.880 16.24 67.1 9.60 [42]
FTAZ/TIC1 0.921 16.45 56.4 8.54 [43]
FTAZ/ITIC2 0.925 18.88 63.0 11.0 [43]
P3HT/IDT-2DPP 1.17 1.430 49.5 0.830 [44]
P3HT/IDT-2BR 0.840 8.910 68.1 5.12 [45]
PBDTTT-C-T/IDT-2BM 0.766 10.10 55.1 4.26 [46]
P3HT/IDT-2PDI 0.700 5.580 66.8 2.61 [24]
FTAZ/INIC1 0.933 16.70 64.8 10.1 [38]
FTAZ/INIC2 0.902 17.66 67.8 10.8 [38]
FTAZ/INIC3 0.852 19.68 68.5 11.5 [38]
FTAZ/ITIC-Thl 0.850 19.33 73.7 12.1 [50]
PTB7-THIEIC 0.970 13.55 48.0 6.31 [51]
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Fig. 3 Structures of FREA molecules with different side chains
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Fig. 4 Structures of FREA molecules with different end groups
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Fused-ring Electron Acceptors for Organic Solar Cells

Shui-xing Dai, Xiao-wei Zhan"
(College of Engineering, Peking University, Beijing 100871)

Abstract Nonfullerene organic solar cell (OPV) is one of the hottest frontiers in chemistry and materials science.
China has been leading this hot frontier, and Chinese researchers have made great contribution to this research
field. We proposed a novel concept — fused-ring electron acceptor (FREA), established a brand-new,
high-performance nonfullerene acceptor system, and invented star molecule ITIC. These FREAs show some
advantages: (1) they have high electron mobility similar to those of fullerenes; (2) they exhibit strong and broad
absorption, especially in the 700 — 1000 nm range, and can match with wide-bandgap donor materials to achieve
complementary absorption; (3) their energy level can be tuned and thus they match with various high-performance
electron donors; (4) their crystallinity and film morphology can be tuned; (5) their synthesis is easy to scale up.
Our original and pioneering work has received extensive attention. FREAs are now commercial available. Many
well-known research groups across the world have already utilized these FREAs to fabricate high-efficiency OPV.
FREA-based OPV now has achieved a power conversation efficiency of 13% — 14%, surpassing the fullerene
counterpart. Moreover, the FREA-based OPV exhibits better device stability than the fullerene-based counterpart.
The emergence of ITIC-like FREAs has overturned predominant position of fullerene acceptor in OPV and is
inaugurating the nonfullerene OPV era. In this review, we summarize our progress of FREA design and
application in OPV, and give an outlook of the FREAs. We first introduce the background information, concept
and working mechanism of OPV; then the advantages and disadvantages of fullerene acceptors are compared with
nonfullerene acceptors; and the concept and merits of FREAs are finally discussed. The main text focuses on
fused-ring core engineering, electron-withdrawing group engineering and side chain engineering, and we
emphasize effects of electron-donating fused-ring cores, electron-withdrawing end groups and side chains on
solubility, crystallinity, energy levels, absorption spectra, electron mobilities and photovoltaic properties of
FREAs.
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