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Phosphorescence is emission via intersystem crossing. Much attention is focused on its
distinguishing afterglow and sensitization effect. For example, the afterglow can be
advantageously applied for bioimaging without background fluorescence and the quenching of
phosphorescence by the collision with molecular oxygen can be used as oxygen sensor. However,
intersystem crossing is a spin-forbidden transition. Perturbation systems such as heavy-atom effect
are necessary for the enhancement of intersystem crossing, which results in formation of an
excited triplet state and phosphorescence. Hence, metal-free purely organic compounds are rarely
phosphorescent at ambient temperature.

This study discovered visible long lifetime room-temperature-phosphorescence of crystals of
metal-free benzoic acid derivatives or phenylboronic acid derivatives. Moreover, the
phosphorescence mechanism was revealed as following:

1. A singlet charge-transfer state (*CT) is formed from neighboring two molecules at steady state
(So) in the crystal by photo-excitation.

2. Intersystem crossing is enhanced by hyperfine coupling (hfc) mechanism derived from the
interaction between nuclear spin and electron spin magnetisms in the *CT, and the triplet CT state
(3CT) is produced.

3. The triplet exciton (T1) is formed from the dissociation of the *CT.

4. Room-temperature-phosphorescence on the second time-scale is emitted by the T;—S, transition.
Therefore, the phosphorescence emission process of crystalline benzoic acid derivatives or
phenylboronic acid derivatives can be shown as So > 'CT > 3CT > T, > S,.

As an intersystem crossing mechanism of room-temperature-phosphorescence of organic
crystals, hfc mechanism in a radical ion pair was firstly focused by this study. It was suggested
that the findings in this study can lead the discovery of additional novel heavy atom-free organic
room-temperature-phosphorescence molecules, the design and synthesis of low molecular
photosensitizers with intersystem crossing via a radical ion pair mechanism, and the application of
these compounds to biological science.
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