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Figure 1 Chemical structures of polymer donor materials P3SHT (M) and PBDTTT-C-T (N)
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Table 1 Photovoltaic properties of rylene diimide-based acceptors

ZAk R (D HOMO/LUMO(eV)  J./(mA+cm™?) Voe/V FF/ % PCE/ % %% SCHk
Al M:AL (1:4) —5.82/—3.69 0.21 0.25 22 0.01 [23]
A2 M:A2 (1:4) —5.8/—3.8 1. 49 0.48 35 0. 25 [23]
A3 M:A3 (1:1) n. a. 1.74 0.75 38 0. 50 [23]
Ad M: A4 (1:2) —5.79/—3.73 2.95 0. 60 52 0.91 [26]
A5 M:A5 (1:1) —5.55/—3.63 2.86 0. 67 50 0. 96 [26]
A6 M:A6 (1:1) —5.62—3.9 7.40 0.78 55 3.17 [27]
A7 N:A7 (1:1) —5.9/—4.1 9.0 0. 77 46 3.20 [28]
A8 M:A8 (1:1) —5.83/—3.95 2.01 0.43 47 0. 41 [32]
A9 N:A9 (1:1) —5.65/—3.84 8. 86 0. 85 54 4.03 [30]
Al0 M:A10 (1:1) —5.57/—3.84 3.83 0. 67 60 1.54 [32]
All M: A1l (2.5:1D) —5.48/—3. 84 5. 69 0. 68 50 1.93 [31]
Al2 M:Al12 (1:1) —5.71/—3.71 5.92 0. 61 65 2.35 [33]
Al13 M:A13 (1:1) —5.71/—3.71 6.27 0.61 60 2.28 [33]
Al4 N:Al4 (1: D) —5.94/—3. 84 10. 58 0.73 46. 8 3.63 [34]
Al5 N:Al15 (1:1) —5.40/—3.70 11.27 0. 87 32.8 3.22 [35]
Al6 M:A16 (1:1) —5.53/—3.83 5.58 0.70 66. 8 2.61 [36]
A17 M:A17 (1:1) —5.64/—3.99 3.10 0.63 42.0 0. 82 [37]
Al8 M:A18 (1:1 —5.53/—4.05 3.43 0. 82 53 1.5 [38]
A19 M:A19 (1:1) —5.81/—3.61 4.87 0.58 57 1.6 [39]
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Figure 2 Chemical structures of rylene diimide-based acceptors
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Table 2 Photovoltaic properties of DPP-based acceptors

Z ik TR (R HOMO/LUMO(eV)  J./(mAscm™2) Voe/V FF/ % PCE/% EE BN
Bl M:B1 (1:1.5) —5.55/—3.59 0.79 0. 85 25 0.17 [40]
B2 M:B2 (1:1) —5.90/—4.09 1.93 0.52 31 0. 31 [40]
B3 M:B3 (1:2) —5.39/—3.68 0. 87 0. 85 32 0. 24 [40]
B4 M:B4 (1:2) —5.54/—3.94 0. 86 0. 60 29 0. 15 [40]
B5 M:B5 (1:2) —5.26/—3.52 2. 36 0. 81 52 1. 00 [41]
B6 M:B6 (1:2) —5.28/—3.57 0. 85 0.71 23 0.14 [41]
B7 M:B7 (1:2) —5.31/—3.68 2.70 0.71 32 0. 56 [41]
B8 M:B8 (1:2) —5.18/—3.55 1. 70 0. 64 53 0.58 [41]
B9 M:B9 (1:1) —5.26/—3.26 2. 68 1.18 38 1. 20 [42]
B10 M:B10 (1:1) —6.23/—3.48 4. 83 0. 88 53 2. 25 [43]
Bl11 M:B11 (1:1) —5.24/—3.43 5. 60 0. 96 49 2.61 [43]
B12 M:B12 (1:1) —6.27/—3. 44 6. 35 0. 95 48 2. 89 [43]
B13 M:B13 (1:1) —6.04/—3.40 1. 63 0. 96 48 2.12 [43]
Bl4 N:Bl14 (1: 1) —6.15/—3.43 5. 85 0. 94 47 2.58 [43]
B15 N:B15 (1:1) —6.12/—3.43 4.59 0.93 49 2.11 [43]
Bl6 M:B16 (1:1) n.a./—3.30 5.14 1.03 45 2. 40 [44]
B17 M:B17 (1.2:1) —5.30/—3.28 4.91 0.97 43 2.05 [45]
B18 M:B18 (1.2:1) —5.11/—3.32 1.43 1.17 49.5 0. 83 [46]
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Figure 3 Chemical structures of DPP-based small molecules
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Figure 4 Chemical structures of pentacene-based small molecules
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Table 3 Photovoltaic properties of pentacene-based acceptors

Z R (EE HOMO/LUMO(eV)  J./(mAscm™?) Voe/V FF/ % PCE/% 2% ik
C1 M:C1 (1:1) —5.29/—3.50 3.72 0. 84 41 1. 29 [48]
C2 M:C2 (1:1) n. a. 2.44 0.95 43 1. 00 [48]
C3 M:C3 (1:1) —5.79/—3.73 0. 54 1.93 41 0.43 [49]
C4 M:C4 (1:1) n. a. 3.17 0. 80 50 1. 26 [48]
C5 M:C5 (5:3) —5.34/—3.21 n. a. n. a. n. a. 0.09 [48]
C6 M:C6 (1:1) —5.75/—4.00 1.45 0. 40 48 3. 20 [52]
C7 M:C7 (1:1) —5.80/—4.00 1.53 0.42 49 0.41 [52]
c8 M:C8 (1:1) —5.90/—4.10 5.72 0.48 57 1.57 [52]
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Figure 5 Chemical structures of small molecular acceptors consisting of electron-deficient fused aromatic rings
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Table 4 Photovoltaic properties of small molecular acceptors consisting of electron-deficient fused aromatic rings

Z R R (EE HOMO/LUMO(eV)  J./(mAscm ?) Voe/V FE/% PCE/% BN
D1 M:D1 (1:2) —6.2/—3.6 5.7 0. 62 50 1.4 [53]
D2 M:D2 (1:1.5) —5.40/—3.70 4. 85 0.54 54.7 1.43 [54]
D3 M:D3 (1:1.4) —6.00/—3.40 1.9 0.77 11 0.73 [55]
D4 M:D4 (1:1.4) —5.80/—3.30 4.7 0. 96 41 0.12 [56]
D5 M:D5 (1:2) —5.66/—3.35 4.70 0.96 56 2.54 [57]
D6 M:D6 (1:1) —5.48/—3.10 1. 81 0.99 45.2 0. 81 [60]
D7 M:D7 (1.2:1) —5.95/—3.95 3.82 0.95 67 2.43 [63]
D8 M:D8 (1:1) —5.47/—3.42 0. 66 0.78 27 0.14 [64]
D9 M:D9 (1:1) —6.27/—3.92 0. 24 0.93 21 0.06 [67]
D10 M:D10 (1:1) —6.32/—3.72 0.48 1. 04 32 0.3~0.4 [68]
D11 M:D11 (1.5:1) —5.17/—3.24 3.90 1. 10 40 1. 70 [69]

5 #ERER

E3E 5 JUAF BL AT HLOGAR A5 PR 2803 T T AT 1 DRk A A Ji% 5 3 28U PR 0 8 7 245 4 S TR A 9 2
figp AR LR 25 32 (R RERE R A W 3T . AR AR & 106 28 /N 0 7 32 AR R b T8 JE LR JLAE: (D %
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Progress of Organic Photovoltaics Based on Polymer Donors and

Non-Fullerene Organic Small Molecular Acceptors

LIU Xin. SU Shijian" . CAO Yong
(State Key Laboratory of Luminescent Materials and Devices s Institute of Polymer Optoelectronic Materials &

Dewvicess South China University of Technology s Guangzhou 510640, China)

Abstract: In the field of bulk-heterojunction organic photovoltaics (BHJ OPVs), fullerenes and their derivatives are an
important class of n-type electron acceptor materials. Nevertheless, they suffer from some disadvantages, such as weak
absorption in the visible spectral region, limited spectral breadth, difficulty in variably tuning the band gap, and poor
solubility, which severely limit the fullerene-based materials as an acceptor material more widely used in organic solar cells.
Compared to the fullerene derivatives, non-fullerene organic small molecular acceptors (OSMAs) are much easier to be
synthesized and purified with lower processing costs and more excellent solubility, and their band gaps could be finely
adjusted by proper molecular design. Recent reports on OSMAs show great improvement and the power conversion
efficiency has exceeded 4%. This article reviews recent developments in several classes of solution-processable non-fullerene
acceptors for BH] OPVs. Finally, critical challenges that determine photovoltaic performance and prospects for future
directions are discussed.

Key words: n-Type non-fullerene small-molecular acceptor; Solution processing; Bulk-heterojunction; Organic photovoltaics
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