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Design and Functionality of Near-Infrared Organic Materials with Intermediate
Open-Shell Character
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Robust near-infrared absorbing organic materials are essential for advancing
technologies that utilize near-infrared light. In this study, we focused on polymethine dyes
composed of an oxocarbon skeleton and chalcogenopyrylium, investigating their electronic structures
and physical properties to enhance their functionality. Our findings indicate that these dyes
exhibit intermediate diradical properties due to the presence of an open-shell singlet state, where
two unpaired electrons have a singlet electron configuration. Additionally, we observed that the
contribution of the open-shell singlet state increases with the atomic number of the chalcogen
element. These dyes also display paramagnetic properties due to the unpaired electrons and
demonstrate excellent light absorption capabilities beyond 1000 nm.
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