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Abstract: The self-assembly characteristics of active layer materials in organic solar cells (OSCs) are
crucial for achieving an ideal active layer morphology and excellent photovoltaic performance. In this
work, two novel poly(thiophene-quinoxaline) (PTQ) derivatives were synthesized by introducing a third
component with different side chains into the backbone of polymer donor PTQ10, and the influence of
side chain structure on the optoelectronic properties, molecular aggregation behavior, and photovoltaic
performance for polymer materials was investigated in detail. Compared with PTQ10, the length and type
of alkoxy side chains in the third component has little effect on the electrochemical and optical properties
of PTQ derivatives, but significantly impacts their self-assembly characteristics and packing orientation.
Benefiting from the tighter and more long-range ordered molecular packing properties, devices based
on PTQ21 achieve higher and more balanced charge mobility, more efficient exciton dissociation and
charge collection processes, ultimately realizing an outstanding efficiency of 19.22%. This work confirms
the importance and feasibility of side-chain engineering for finely tuning the self-assembly behavior of
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polymer materials, and provides significant reference value and guidance for the future development of
novel polymer donor materials with the merits of low cost and high performance.
Keywords: Side-chain engineering; Molecular self-assembly; Polymer donors; Organic solar cells
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Figure 1 (a) Chemical structures of PTQ10, PTQ21, PTQ22 and K4; (b) Energy level diagram for the three polymers and K4;
(c) Normalized thin-film absorption spectra of the three polymers and K4; (d) J-V characteristics of the optimized polymer:K4-
based devices; (e) EQE spectra of the corresponding devices; (f) J,, versus Ve for the corresponding devices
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Table 1 Device performance metrics for the optimized OSCs under AM1.5G illumination

Active Layer Ve (V) Joc (MA/CM?) Jeal (MA/CM?) FF (%) PCE 2 (%)
PTQ10:K4 0.888 (0.886+0.003)  26.49 (26.26+0.28) 25.70 75.23 (75.02+0.35) 17.70 (17.51+0.24)
PTQ21:K4 0.882 (0.881+0.002)  28.09 (27.87+0.26) 27.25 77.57 (77.25+0.40) 19.22 (19.04+0.19)
PTQ22:K4 0.872 (0.870+0.003)  27.57 (27.20+0.38) 26.74 75.35 (75.13+0.28) 18.11 (17.89+0.23)

2 Statistics shown in brackets represent results from at least ten devices.
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Figure 2 Selected-delay femtosecond transient absorption spectra of (a) PTQ10:K4, (b) PTQ21:K4, and (c) PTQ22:K4 blend

films; (d) ESA Kinetic traces probed at 998 nm for the blend films
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