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Synthesis and photovoltaic properties of 1,8-carbazole-based donor-acceptor type polymers
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Abstract

1,8-Carbazole-based donor-acceptor type conjugated polymers were synthesized by
Pd-catalyzed Sonogashira polycondensation between newly designed 3,6-dialkylated
1,8-diethynylcarbazole monomers and electron-accepting comonomers. The UV-vis absorption and
fluorescence spectra of the polymers revealed the strength of intramolecular donor-acceptor
interactions. The estimation of polymer energy levels from electrochemical oxidation potentials and
optical band gaps suggested the possible use of these polymers as a p-type semiconductor in
bulk-heterojunction type photovoltaic devices. The photovoltaic properties of the devices composed
of these polymers and a fullerene derivative were optimized.
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Scheme 1.  Synthesis of 1,8-carbazole monomers.
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Scheme 2. Synthesis of 1,8-carbazole-based polymers.

Table 1. Molecular weights and thermal properties of the poly(1,8-carbazole)s.

Polymer M, M, MJM,”  Tus,/°C
P1 5600 8900 1.59 348
P2 6000 11800 1.96 388
P3 6400 9900 1.55 394
P4 4100 5500 1.34 416

Molecular weights determined by GPC(eluent: THF, calibrated by standard
polystyrenes); ®The 5% weight loss temperatures determined by TGA at the
heating rate of 10 °C min™.
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Table 2. Summary of the energy levels of P1-P4.
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9Thin films on a glassy carbon disk electrode measured in ~ Figure 2. Schematic energy diagrams of P1-P4 and the
CH;CN with 0.1 M (nC4Ho),NCIO, at 20 °C at the proposed ideal p-type semiconductor level combined with
scanning rate of 0.1 V s™'. Potentials versus Fc/Fc'; ®Thin  that of PCBM.

films; “Determined from Eqy g based on Fo/Fc' = 4.8

eV; YDetermined from the HOMO level and the optical

band gap.
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Figure 3. (a) UV-vis and (b) fluorescence spectra (excited at 550 nm) of the thin films of P4 and P4 with
PCBM on a quartz plate at 20 °C.
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