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Photosynergetic Response of High—Performance Fast
Photochromic Molecules Based on Imidazolyl Radicals

Katsuya Mutoh and Jiro Abe*

In recent years, the cooperative interaction between photons and molecules, “photosynergetic”
effect, has received increased attention. Chemists have extensively explored photofunctional
materials from fundamental and applicative perspectives to establish attractive molecular systems
for efficient light energy conversion. However, the conventional photochemical reaction cannot
fully utilize the photon energy absorbed by matter because a higher exited state thermally deacti-
vates to a lowest excited state, which is well-known as Kasha's rule. Therefore, one of the
important challenges in recent photochemistry is to establish a basic principle and systems based
on advanced photoresponse beyond a one-photon reaction of a single chromophore. Photo-
chromic molecules are one of the molecular classes which show reversible color changes arising
from the molecular structural isomerization upon light irradiation. We have developed fast
switchable photochromic molecular systems based on imidazolyl radicals, bridged imidazole
dimer, pentaarylbiimidazole, and phenoxyl-imidazolyl radical complex. The tunable thermal back
reaction rate from microsecond to second time scales enables the applications as a light trigger to
various research fields. In addition, we have recently developed the stepwise two-photon induced
fast photochromism by using the electron transfer from a higher excited state of sensitizer or the
effective electronic interaction between the photogenerated transient radicals. The development of
stepwise photochromic compounds based on the above concepts will offer various attractive photo-
functional materials. This article overviews the studies about fast photochromic molecules based
on imidazole radicals and recent development of the high-performance fast photochromic
molecules by photosynergetic effect.

Key words: photochromism, hexaarylbiimidazole, imidazolyl radical, biradical, imidazole dimer,
photosynergetics, cooperative interaction, two-photon absorption, stepwise photo-
chemical reaction
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Scheme 1 Photochromic reactions of (a) HABI, (b) tF-
BDPI-2YD, (¢) NP-ImD and (d) PC-ImD.
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and PIC derivatives.
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(a) Photochromism of PABI and PIC. (b) Room temperature half-lives of the colored isomers of the PABI
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Fig. 2 (a) Sequential photochromism of Py-RPIC. (b) Absorption spectra of the biradical and quinoidal
forms. (c) Photoisomerization from the quinoidal to biradical forms.
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