64 % 55 B RFFROERFFR) Vol. 64 No. 5
20254F 9 H Journal of Xiamen University (Natural Science) Sep. 2025

doi:10. 6043/j. issn. 0438-0479. 202402013

B T 5] ok — IR My - RE R B9 /NS F R R A RLRY
SR E IR ERE

R HR LTI BRI AR R, R 23R
(1 JE TTRFEBEAREHOR G KB BRI BE AR BT 3610055 2. JH TRk TR
TR e EE SRR mE ET 361005

WE . [EE] B4R 8w RE A/ N T4 bR IR T B0 28 2658 4/ T HLK B BE L Ao PR, [ %] R
WG [ W T M SH- L S Sy 2 FR T BRI L 3-C B IV Y 60 RV S W H - B, HR D 4301 5 | A RBE W TR I A Sl e %, B
PIRR/INT T2 bR M1 AT M2, S8 3 B X ST ERATSTIIFIE /NG TR A 43 TR RN E AR 5K, (8 8 40T WL O i
FEIR LRGN T A5 R IR D62 RE AN B AL 24 M L TR 98 B X PRl /NGy FAE R 58, Coo 1B R 32 IR 1 L 25 784 &
INFFANURBABE M IR MERE. (8 3R] 5 &AM o SF /N T45 1R M1 AL, &8 WG = A0 /N 45k M2 B
A4 T, AR B s S o FRLE RE G, SR Y 2 1) - AHEAE AR F M2 B8R 3RAS T 3 &
B B FEL R S SR L 2 B R R R . IS, BE T M2 IR RA5 T 3. 43 Yo I s e L FE AR, 5 T LT ML 144
(1. 78%0). BEAh, T M1 A1 M2 E$F 38 R B R A s Az e v, (85T A58 & A T T b 35 1 15 e — M98 W3 Jf- nit g
BN T2 AR AL T B e A HOGAR PERE S 3 K. % TAEXS F B 22 2885 /N o /8 ALK A AE HL /N 20 7 45 T A1 Rt
PR A EENSEE L.

KSR A WU BHBE LM s /N T2 5 31 — WY SF L s B AR M AE

FES S 0649. 5 MEFRAERD: A X E RS :0138-0479(2025)05-0790-09

Synthesis and photovoltaic performance of small-molecule donor
materials based on indolodithienopyrrole
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Abstract : [Objective] Design and synthesis of novel high-performance small-molecule donor materials is the most effective way to
improve the photovoltaic performance of vacuum-deposited all-small-molecule organic solar cells (ASM-OSCs). Herein, two novel
small molecules, M1 and M2, with indolodithienopyrrole as the electron-donating unit, 3-(dicyanomethylidene) indan-1-one as the
electron-withdrawing unit,and thiophene or furan as the = bridge, were synthesized as donor materials for vacuum-deposited ASM-
OSCs. [ Methods ] Vacuum-deposited ASM-OSCs with the device structure of indium tin oxide (ITO)/MoQ;/donor = C/

bathocuproine (BCP)/Ag were fabricated. The ITO glass substrates were cleaned in organic solvents and treated in UV-ozone
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ambient for 10 min prior to thin film deposition. The organic and metal oxide thin films as well as metal electrodes were deposited on
the ITO substrates in a high-vacuum chamber with a base pressure of 2. 0X107° Pa. A 10 nm thick MoO; was deposited on the ITO
substrates at a rate of 0. 02 nm/s. Mixed active layers (80 nm) consisting of donors : C;, were then prepared via co-deposition from
two sources at a total rate of 0. 1 nm/s. A 5 nm thick BCP was deposited at a rate of 0. 01 nm/s,followed by thermal evaporation of
a 100 nm thick Ag at a rate of 0. 1 nm/s to complete the device. [Results] Two novel small-molecule donors M1 and M2 based on
indolodithienopyrrole were synthesized. Single crystal X-ray diffraction analysis, UV-Vis spectrometry, and cyclic voltammetry
measurements reveal that the small-molecule donor M2 with furan = bridge showed improved molecular coplanarity.lower highest
occupied molecular orbit (HOMO) energy levels (—5. 14 eV),and stronger intermolecular w-n interactions (with a w-w interaction
distance of 3. 44 A) than those of M1 with thiophene n bridge. Consequently, M2-based devices exhibited a higher power conversion
efficiency (PCE) of 3. 43% with enhanced open-circuit voltage (Vi) , short-circuit current density (J.),and fill factor (FF) than
those of Ml-based devices. Moreover, both M1 and M2-based devices demonstrated excellent storage and thermal stability.
[ Conclusion] The small-molecule donor M2 with furan = bridge had better molecular coplanarity, lower HOMO energy levels,

stronger intermolecular 77 interactions and better photovoltaic performance than those of M1 with thiophene = bridge. This work

offers valuable insights for the molecular design of small-molecule donor materials for vacuum-deposited ASM-OSCs.
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Fig. 1 Synthetic routes for small-molecule donors M1 and M2
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4.29 (d,J=7.8 Hz,2H),4. 26 (d,J=7.7 Hz.2H).,
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Fig. 2 The top view (a,b) of M1 and M2 molecules,and the side view (c,d) and top view (e,f) of their dimers
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Fig. 3 UV-Vis absorption spectra of M1 and M2 in CH;Cl; solutions (a) and in thin films (b)
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Fig. 4 CV curves of M1 and M2 (a),and energy level diagram of the related materials employed

in all-small-molecule organic solar cells (b)
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Tab. 1 Photovoltaic performance parameters of all-small-molecule

organic solar cells with M1 and M2 as donor and C;, as acceptor
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