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Research Progress of Benzo[1,2-b:4,5-b’]difuran Organic
Photovoltaic Materials
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(School of Chemistry and Environment, Heeger Beijing Research and Development Center,
Beihang University, Beijing 100191)

Pan, Xuexue

Abstract In recent years, benzo[1,2-b:4,5-b"|difuran (BDF) building block has got increasing attention due to its planar mo-
lecular structure, high mobilities, good solubility, rich sources, and no harm to the environment after degradation. Based on
these advantages, benzodifuran unit has been widely used in organic photovoltaic materials. A highest power conversion effi-
ciency (PCE) of 9.43% has already been achieved based on BDF unit, revealing its great potentials in organic photovoltaic
materials (OPVs). In this paper, the preparation routes of BDF and the latest research progress of photovoltaic materials based
on BDF unit are reviewed, and the relationships between based BDF molecular structure and its photovoltaic performances

will be mainly addressed.

Keywords benzo[1,2-b:4,5-b"]difuran; research progress; conjugated polymer; polymer solar cell
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Figure 1 The structures of P1~P6
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Figure 3 The structures of P12~P17
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Figure 4 The structures of P18~P23
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Figure 9 The structures of P45~P47
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Tablel The photovoltaic performance of polymers based on BDF unit

Polymer HOMO/eV LUMO/eV Eg®™/eV Voc/V JSC/(mA-cmfz) FF/% PCE/% Ref.
Pl —5.10 —3.24 1.60 0.78 11.77 54.6 5.01 [7]
P2 —5.11 —3.88 1.73 0.69 9.87 65.3 4.45 [17]
P3 —4.99 —3.06 1.93 0.44 4.92 57.5 1.24 [17]
P4 —5.19 —3.49 1.70 0.82 5.04 70.0 2.88 [17]
P5 —5.33 —3.40 1.65 0.87 9.14 59.2 4.71 [18]
P7 — — — 0.94 10.8 65 6.6 [19]
P8 —5.41 —3.44 1.97 0.97 11.2 63 7.4 [19]
P9 — — — 0.93 11.3 69 7.3 [19]
P10 — — — 0.94 9.1 67 5.8 [19]
P12 —5.27 —3.69 1.48 0.66 10.45 63.8 4.4 [23]
P13 —5.03 —3.63 1.53 0.54 13.13 60.03 4.26 [24]
P14 —5.11 —3.60 1.52 0.63 13.88 59.81 5.23 [24]
P15 —5.07 —3.61 1.53 0.61 15.75 53.82 5.17 [24]
P16 —5.44 —3.70 1.60 0.82 4.78 47.26 1.85 [24]
P17 —5.25 —3.61 1.61 0.59 14.21 60.70 5.08 [24]
P18 —4.98 —3.18 1.51 0.63 13.87 59.70 5.22 [30]
P19 —5.21 —3.20 1.49 0.78 13.04 61.55 6.26 [30]
P22 —5.08 —3.39 1.68 0.79 8.82 57.4 4.00 [31]
P23 —5.11 —3.60 1.61 0.80 5.84 55.6 2.60 [31]
P24 —5.21 —3.11 1.70 0.76 12.04 65.0 6.0 [32]
P25a —5.11 —3.84 1.27 — — — — [5]
P25b —5.09 —3.87 1.22 — — — — [5]
P25c —5.18 —3.86 1.32 — — — — [5]
P25d —5.15 —3.87 1.28 — — — — [5]
P26a —4.87 — — — — — — [5]
P26b —5.00 — — — — — — [5]
P26¢c —5.16 — — — — — — [5]
P26d —5.02 — — — — — — [5]
P27 —5.31 —3.61 1.70 0.80 9.81 58.7 4.61 [5]
P30 —5.18 —3.53 1.51 0.69 7.13 54 3.34 [33]
P31 —5.12 —3.56 1.50 0.66 11.11 60 5.23 [33]
P32 —5.43 —3.54 1.83 0.92 13.28 77.4 9.43 [6]
P34 —5.39 —3.32 2.07 0.83 3.71 39 1.19 [11]
P35 —5.30 —3.26 2.04 0.81 2.13 37 0.64 [11]
P37 —5.38 —3.21 1.91 0.50 3.45 33 0.57 [38]
P38a —5.06 —3.20 1.98 0.53 3.10 35 0.59 [40]
P38b —5.25 —3.61 1.64 0.45 3.74 31 0.53 [40]
P38c —5.18 —3.36 1.82 0.29 2.19 27 0.17 [40]
P39 —5.7 —3.8 1.6 0.74 1.66 48.6 0.59 [41]
P40 —5.7 —3.8 1.7 0.641 1.306 36 0.301 [41]
P41 —5.5 —3.7 1.4 0.7 5.1 63 2.28 [42]
P42 —5.5 —3.8 1.4 0.66 7.0 60 2.77 [42]
P43 —5.6 —3.8 1.3 0.67 6.7 47 2.10 [42]
P44 —5.6 —3.7 1.4 0.59 42 39 0.97 [42]
P45 —5.27 —3.50 1.74 0.73 9.96 62 4.5 [47]
P46 —5.40 —3.56 1.66 0.83 4.82 457 1.83 [48]
P47 —5.40 —3.63 1.72 0.78 2.50 42.8 0.83 [48]
P48 — — — — — — — [53]
P49 —5.20 —3.57 1.63 0.78 13.51 61.0 6.42 [54]
P51 —5.47 —3.55 1.65 0.69 12.63 69 6.02 [56]
P52 —5.61 —3.65 1.68 0.84 8.29 63 435 [56]
P53 —5.63 —3.90 1.73 0.85 2.89 59 1.44 [57]
P54 —5.49 —3.85 1.64 0.75 1.74 48 0.65 [57]
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Figure 11 The structures of S1~S5
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Table 2 The photovoltaic performance of small molecules based on BDF unit

Small molecular HOMO/eV ~ LUMO/eV E g"pt/eV Voc/V JSC/(mA-cmfz) FF/% PCE/% Ref.
Sla —6.63 —3.35 3.28 — — — - [61]
S1b —6.03 —2.89 3.14 — — — - [61]
Slc —6.23 —3.50 2.73 — — — - [61]
S2a —6.18 —3.05 3.13 — — — - [61]
S2b —5.52 —2.55 2.97 — — — - [61]
S2¢ —6.05 —3.52 2.53 — — — - [61]
S3 — — 1.87 0.97 0.99 25 0.25 [62]
S4 — — 1.86 0.71 0.68 27 0.13 [62]
S5 —5.87 —3.79 2.10 0.66 4.01 40 1.18 [64]
Chin. J. Org. Chem. 2016, 36, 687~699 © 2016 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 697
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