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Fig. 1 (a) Examples of traditional polymer electron acceptors based on imide structure; (b) Examples of our polymer

electron acceptors containing B«—N unit
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Fig. 2 (a) Schematic illustration of boron-nitrogen
coordination bond; (b) Schematic illustration of
increased static potential of z-conjugated system with
B«N unit (Reprinted with permission from Ref.[23];
Copyright  (2017) China Press and
Springer-Verlag Berlin Heidelberg)
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Fig. 3 Calculated LUMO energy levels of the four
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Fig. 4 (a) Chemical structures, (b) cyclic voltammograms and (¢) LUMO/HOMO energy levels
of the two polymers with C—C unit or with B«—N unit (Reprinted with permission from Ref.[19];
Copyright (2015) WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim)
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Fig. 5 (a) Chemical structures of the model compound of BNBP and the corresponding compound
without BN unit; (b) LUMO/HOMO energy levels and (c) UV-Vis absorption spectra of the two
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Fig. 6 Chemical structures of the three A-A type polymer electron acceptors containing B«—N unit
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Fig. 9 Chemical structures of the D-A type polymer electron acceptors containing B«—N unit
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Table 1 Photophysical properties and LUMO/HOMO energy levels of the polymer electron acceptors containing B<—N unit

Polymer Jmax™! (nm) Jmax™ (nm) emax M~ cm™) E (V)  Enomo (eV) Evrumo (eV)

P-BN-TPD 588 609 64000 1.88 -3.76 -5.90
P-BN-1ID 690 695 64000 1.63 -3.80 -5.84
P-BNBP-BN 597 613 59400 1.91 -3.63 -5.82
P-BNBP-T 593 622 145000 1.92 -3.50 =5.77
P-BNBPP-T 581 603 94300 1.97 -3.72 =5.74
P-BNBP-Se 600 635 149000 1.87 -3.66 -5.84
P-BNBPP-Se 587 632 96100 1.87 -3.73 =5.75
P-BNBP-fBT 622 630 125000 1.86 -3.62 -5.87
P-BNBP-CDT 628 648 108000 1.85 -3.45 —5.64
P-BNBP-fCDT 645 645 105000 1.82 -3.60 -5.89
P-BNBP-DPP 760 761 106000 1.56 -3.87 -5.45

/
Cillss F T
P-BNBP-T

Calculated LUMOs

Fig. 11 Chemical structures of N2200 and P-BNBP-T as well as the Kohn-Sham LUMOs of their model
compounds based on calculations at the B3LYP/6-31G* level (Reproduced from Ref.[33]; Copyright (2016) with

permission from The Royal Society of Chemistry)
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Fig. 12 (a) Chemical structures and (b) LUMO/HOMO energy levels of P-BNBP-T and P-BNBP-Se; (c) Current
density-voltage curves of the all-PSCs based on PTB7-Th:P-BNBP-T blend or PTB7-Th:P-BNBP-Se blend
(Reproduced from Ref.[33]; Copyright (2016) with permission from The Royal Society of Chemistry)
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Table 2 All-PSCs device performance of the polymer electron acceptors containing B<—N unit

Polymer donor Polymer acceptor Voc (V) Jsc (mA cm™?) FF (%) PCE (%) Eloss (V)
PTB7-Th P-BN-TPD 1.08 0.51 22 0.15 0.50
PTB7-Th P-BN-IID 0.92 11.37 48 5.04 0.66

PTB7 P-BNBP-BN 1.04 6.21 38 2.47 0.63
PTB7-Th P-BNBP-T 1.12 5.24 39 2.27 0.46
PTB7 P-BNBP-T 1.09 7.09 44 3.38 0.58
PCDTBT P-BNBP-T 1.30 5.41 45 3.20 0.60
p-DTS(FBTThz)2 P-BNBP-T 1.08 7.21 45 3.50 0.64
PTB7-Th P-BNBPP-T 1.11 7.58 45 3.77 0.47
PTB7-Th P-BNBP-Se 1.03 10.02 42 4.26 0.55
PTB7-Th P-BNBPP-Se 1.07 9.21 45 4.46 0.51
PTB7-Th P-BNBP-fBT 1.07 12.69 47 6.26 0.51
P3HT P-BNBP-CDT 1.01 4.98 35 1.76 0.84
PTB7-Th P-BNBP-fCDT 0.99 8.78 44 3.83 0.59
PTB7 P-BNBP-DPP 0.88 7.54 41 2.69 0.68
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Fig. 13 Chemical structures and UV-Vis absorption
spectra in thin film of P-BNBP-T and P-BNBP-DPP
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Fig. 14 Chemical structures and optimized molecular configurations of the repeating units of (a) P-BN-TPD and (b)
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Fig. 15 Chemical structures and optimized molecular configurations of the model compounds of (a) P-BNBP-T and (b)
P-BNBP-fBT (Reproduced from Ref.[22]; Copyright (2016) WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim)
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Polymer Electron Acceptors Containing Boron-Nitrogen Coordination Bond
(B<N) for All-Polymer Solar Cells

Jun Liu®, Li-xiang Wang
(State Key Laboratory of Polymer Physics and Chemistry, Changchun Institute of Applied Chemistry,
Chinese Academy of Sciences, Changchun 130022)

Abstract All-polymer solar cells (all-PSCs) use blend of polymer electron donor and polymer electron acceptor
as active layer. There are much less polymer electron acceptors than polymer electron donors. In contrast to the
molecular design of typical polymer acceptors using imide structure, we proposed in 2015 to design polymer
acceptors using boron-nitrogen coordination bond (B«—N). This paper summarizes our recent progress on polymer
acceptors containing B«—N unit. At first, we elucidate the principle of B«—N unit to downshift LUMO/HOMO
energy levels of conjugated polymers. Then we disclose the three effects of B«—N unit on the opto-electronic
properties of the repeating units of conjugated polymers, i.e. downshifting the LUMO/HOMO energy levels,
redshifting the absorption spectra and fixing the planar configuration. We discuss the two molecular design
approaches to develop polymer electron acceptors containing B«—N unit. One is to copolymerize a building block
containing one B«N unit with another electron-deficient building block to develop A-A type conjugated
polymers. The other is to copolymerize a building block containing two B«N units with another electron-rich
building block to develop D-A type conjugated polymers. The feature of the polymer acceptors containing B«—N
unit is their delocalized LUMO and tunable LUMO energy levels, which lead to all-PSC devices with high
open-circuit voltage. We also show how to use molecular design to tune the key opto-electronic properties of the
polymer acceptors containing B«—N unit. The UV-Vis absorption spectra can be tuned by copolymerizing with
some narrow bandgap units. The LUMO/HOMO energy levels can be tuned by changing the electron-
donating/withdrawing substitutes on the copolymerization unit. The electron mobilities can be enhanced by
decreasing the z-z stacking distance or using pseudo-straight configuration of the polymer backbone. These
molecular designs lead to an improvement of all-PSC power conversion efficiency from 0.15% in 2015 to > 6% in
2017. Finally, we outlook the future of high efficiency all-PSC devices based on polymer acceptors containing
B«N unit.

Keywords  All-polymer solar cells, Electron acceptor, Boron-nitrogen coordination bond, Energy levels,
Electron mobility
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