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Abstract: Recently many efforts have been made to develop a novel class of non-fullerene electron acceptor materials for high-

performance organic solar cells. In this work, anthraquinone derivatives, TMAQ and THAQ, were prepared and their availability

as electron acceptor materials for organic solar cells were investigated in terms of optical, thermal, electrochemical properties,

and solar cell devices. Compared to TMAQ, a significant bathochromic shift of absorption band was observed for THAQ owing

to intramolecular hydrogen-bond-assisted CT interactions. Thanks to the fused aromatic ring structure and benzoquinone unit,
both TMAQ and THAQ exhibited a high thermal stability and an efficient electron reduction process. In particular, the
intramolecular O-H---O=C hydrogen bond of THAQ plays an important role in improving the thermal stability and electron

reduction properties. In the P3HT:acceptor solar cell system, THAQ-based devices had more than ca. 6 times higher power

conversion efficiency than TMAQ -based devices. These results serve as a guide for developing high-efficient anthraquinone-

based electron acceptor materials.
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Fig. 1. UV/vis absorption spectra of BQ, TMAQ, and THAQ in THF

(inset images show the chemical structure and solution color of BQ,
TMAQ, and THAQ).
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(semi-empirical computational calculation) ¥H<
HyperChem Professional 8.0 T2 72312 o] 2359},
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2.2.2 1,4,5,8-Tetramethoxy anthraquinone (TMAQ)2|
)
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otil, 5R42 Aol AXZAM IAE A=t (5.79 g,
80.0%). '"H-NMR (500 MHz, CDCls) & (ppm) 7.15 (s, 4
H), 3.92 (s, 12 H). FT-IR (ATR, cm™) v 1,674 (C=0),
1,273 (C-0). HR Mass (EI, m/z); caled for CigHis0s
[M]": 328.0947, found: 328.0946.
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Fig. 2. (a) Orbital diagrams of the HOMO and LUMO for BQ, TMAQ,

and THAQ and (b) theoretical absorption spectra of BQ, TMAQ, and
THAQ.
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Fig. 3. TGA curves of TMAQ and THAQ (heating rate 10°C min™).
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Fig. 4. (a) Cyclic voltammograms of BQ, TMAQ, and THAQ in the
solution of CH2Cl: (inset images show the reduction process of BQ)
and (b) postulated reduction mechanism for THAQ.
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Fig. 5. J-V curves of the P3HT:acceptor-based solar cells.

Table 1. Photovoltaic parameters of the P3HT:acceptor-based solar
cells.

Acceptor  Voc [V]  Jsc [mAcm™?] FF PCEuve [%]
TMAQ 0.28 0.49 0.43 0.06
THAQ 0.37 1.77 0.54 0.35
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