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Abstract: Semiconducting polymers, especially m-conjugated donor-acceptor (D-A) copolymers with
defect-free alternating structures, are essential materials for plastic electronics and optoelectronics owing
to their tunable chemical structures, tunable bandgaps and optical absorptions, excellent charge transport
mobility, mechanical flexibility, and solution processability for printing. However, traditional synthesis
methods may cause homocoupling structural defects, resulting in large batch variations, thus hindering
the large-scale commercial application of polymer semiconductors. This study reviews the effect of
homocoupling structural defects of conjugated polymers on their photoelectric properties, aiming to reveal
the importance of precise synthesis on the performance of conjugated polymers. We believe this review
will guide the precise and large-scale production of high-performance polymers, potentially catalyzing
advancements in their industrial applications.
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Figure 1 The chemical structures for conjugated polymers with alternating pattern and the potential structural defects
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Table 1 The structure characterization and the resulting device performance for the polymers

My ba he Detection Aol PCE " Ref.
(kDa) (molar ratio) (nm) (%) (cm2-V-1.g71)

Pla 30.0 240 - NMR - - 0.60 4 [19]
P1b 22.0 2.50 6.0% NMR 1K - 0.554 [19]
P2b 12.2 2.07 0.6% NMR 642 - 0.0174 [20]
P2c 13.4 1.98 3.7% NMR 649 - 0.0174 [20]
P2d 11.3 1.94 5.5% NMR 647 - 0.024 4 [20]
P2e 12.2 225 12.4% NMR 653 - 0.0274 [20]
P3a 72.0 1.98 - NMR 750 7.50 - [21]
P3b 73.0 1.98 5.0% NMR 749 5.40 - [21]
P3c 131.0 232 10.0% NMR 749 5.60 - [21]
P3d 86.0 2.83 20.0% NMR 747 4.50 - [21]
P4a 147.0 2.70 - - - 6.90 - [22]
P4b 88.0 2.40 20.0% E® 5.30 - [22]
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Table 1 Continued

My ba he Detection Aol PCEP “ Ref.
(kDa) (molar ratio) (nm) (%) (cm2-V-l.g71)

P5a 36.1 1.99 - NMR - - 2.10¢ [23]
P5b 39.0 2.75 29.5% NMR 7 - 1.26°¢ [23]
P5c 242 2.12 16.0% NMR ak - 1.15¢ 23]

P6b 37.7 1.95 - NMR 814 - 10.60 © [24]
P6c 31.6 2.02 - NMR W - 3.30¢ [24]

P7b 13.4 3.29 7.0% NMR 536 - 0.12¢ [26]
P7c 10.2 1.49 19.0% NMR - - 0.06 © [26]

P8a 8.0 4.00 - - - 5.78 0.003 ¢ [34]
P8b 10.0 3.33 2.4% - - 3.79 - [34]
P8¢ 12.0 2.75 3.6% - - 4.12 0.004 ¢ [34]

P8d 7.0 5.00 6.0% - - 4.27 0.0005 ¢ [34]
P8e 10.0 3.00 8.0% - - 3.51 0.002 © (34]

P8f 12.0 3.58 10.0% - - 2.05 - [34]

P8g 23.0 3.13 - - - 7.17 0.002 © [34]

P8h 15.0 3.20 2.5% - - 4.75 - [34]
P8i 28.0 2.07 4.0% - - 6.28 0.0005 © [34]

P8j 21.0 248 10.0% - - 4.40 0.0007 © [34]

P8k 25.0 3.24 - - - 6.35 - [34]
P9a - - - - - 6.80 - [36]

P9b - - - - an:: 4.00 - (36]
P10a 30.1 1.29 - MALDI-TOF - 5.35 - [37]
P10b 252 1.12 5.0% MALDI-TOF _ 473 _ [37]
P10c 27.6 1.31 25.0% MALDI-TOF - 4.56 - [37]
P10d 245 1.49 50.0% MALDI-TOF _ 3.70 _ [37]
P10e 25.6 1.25 75.0% MALDI-TOF - 2.12 - [37]
P10f 302 1.28 100.0% MALDI-TOF - 1.70 - [37]
P11b 31.5 4.10 2.0% NMR 582 9.90 - [39]
Pllc 32.1 2.20 14.8% NMR 584 9.80 - [39]
Pl2a 233 1.90 - MALDI-TOF 665 16.10 - [40]
P12b 36.6 1.90 - MALDI-TOF 663 16.70 - [40]
P13a 27.6 1.60 - MALDI-TOF 620 11.20 - [40]
P13b 382 1.90 - MALDI-TOF 620 17.40 - [40]
P13c 36.6 2.30 - MALDI-TOF 621 17.20 - [40]
Pl4a 47.4 1.81 - - 620 17.25 - [24]
P14b 71.4 225 - - 615 16.32 - [24]
P15a 15.0 2.10 - NMR 657 3.10 - [41]
P15b 9.5 3.70 - NMR 602 0.37 - [41]
P15¢ 15.0 3.90 - NMR 642 0.67 - [41]
P16b 67.4 1.80 - NMR - - 135¢ [42]
P16¢ 49.0 1.77 - NMR - - 1.09¢ [42]

2M,, and D were determined with GPC; ® average values are given; ¢average values are given; 4 elcctron mobilities; ¢ hole mobilities.
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Figure 3 (a) UV-Vis absorption spectra of P5a, PSb and P5c¢ and DFT calculated vertical transition excitation energies of
tetramers; (b) defect state density analysis; (c) AFM height image of P5a; (d) 2D-GIWAXS pattern of P5a (Reprinted with
permission from Ref. [23]; Copyright 2022 Wiley-VCH); (e) UV-Vis absorption spectra of P6éa and P6b; (f) 2D-GIWAXS pattern
of P6a (Reprinted with permission from Ref. [24]; Copyright 2024 Nature Publishing Group)
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Figure 5 (a) Comparison of large molecular weight PTB7 and small molecular weight PTB7; (b) Molar mass distributions
of the as received PTB7 batches (measured by GPC) (Reprinted with permission from Ref. [38]; Copyright 2015 American
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