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UV/vis spectra of biradicals: what can we compute,
what can we learn?

Syln principle, the electronic structure of biradicals is characterized by the presence of two
unpaired electrons in degenerate or nearly degenerate molecular orbitals, leading to
physico-chemical properties that are drastically different from those of normal closed-shell
molecules. These unusual properties make biradicals very interesting, their inherent high
reactivity and problems in understanding the relationships between electronic structure and
physical and chemical properties stand in the way of easy design of new properties. Thanks
to tremendous advances in heterocyclic chemistry, progress has been made on the first
problem, but the second problem remains.

UV-Vis spectra, which are recorded by default, provide excellent opportunities to gain insight
into the electronic structure, but an understanding without associated calculations is
impossible. Such computations are difficult. Due to the open-shell structure, the results of
DFT-based approaches should be treated with caution. Multi-reference approaches, on the
other hand, which would guarantee accuracy, are too expensive due to the size of the
systems. Using the example of cAAC-stabilized 9,10-diboraanthracene (cAAC-DBA), we
investigate which theoretical approaches are necessary to obtain an accurate description of
the UV-Vis spectrum. We also show whether the method can be generalized and whether
anything can be learned from the spectra.
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Molecular structure of cAAC-DBA in the solid state obtained by single crystal X-ray diffraction
analysis (A) and corresponding UV/Vis absorption spectrum in benzene (B). Hydrogen atoms
have been omitted for clarity. Maxima of the spectral bands occur at 311, 356, 425, and
about 750 nm, respectively.
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