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Photochemical Control of lonic Conduction by Crowned Spirobenzopyran
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lonic conduction in composite films incorporating a crowned spirobenzopyran
and LiClO4 was controlled photochemically. UV light irradiation, which promotes
the isomerization of spirobenzopyran to its corresponding merocyanine form,
depressed Li+ conduction due to its enhanced Li+ complexation, while visible light -
irradiation restored the initial ionic conduction.

Spirobenzopyran derivatives,!) such as 1, generally isomerize to their corresponding merocyanine
forms by UV light, and vice versa by visible light. The isomerization to the merocyanine form brings
about ionic or polar circumstance, since the merocyanine form is most likely to be a zwitter ion. Several
attempts have been made to control photochemically transport of amino acids2) and transition metal
ions3) and membrane potentials4 in bilayers or liquid membranes containing spirobenzopyran derivatives
and to modulate rheological properties of spirobenzopyran-pendant polymers,5) taking advantage of their
photo-isomerization between the electrically-neutral spiropyran and ionic merocyanine forms. Inouye et
al.® Akabori et al.,6) and we”) independently synthesized spirobenzopyran derivatives incorporating a
crown ether moiety which isomerize to their corresponding merocyanine forms to some extent even in the
dark when their crown moieties bind alkali metal ions.  In our spirobenzopyran with monoazacrown moiety
at the 8-position, 2, the phenolate anion in the merocyanine isomer of crowned spirobenzopyran was
found to interact intramolecularly with a Li+ complexed by its crown moiety (Scheme 1).  This led us to
envisage photo-responsive ionic conductivity in composite films containing the crowned spirobenzopyran.
It was thus expected that photo-induced isomerization of the crowned spirobenzopyran to its merocya-
nine isomer promotes its Li+ binding by the cooperative action of the crown moiety and phenolate anion,
in turn suppressing the ion conduction remarkably. Photo-reversion to the spiropyran isomer tends to
release the bound ion, assisting the ion conduction. This communication reports photochemical control
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of ion mobility and, thereby, ionic conductivity in ion-conducting composite films containing the crowned
spirobenzopyran. .

Composite films consisting of 51.9% (in weight) poly(vinyl chloride) (PVC), 43.3% bis(2-ethylhexyl)
sebacate (DOS), 4.4% crowned spirobenzopyran, and 0.4% LiClO4 were prepared by spin coating from
tetrahydrofuran on glass substrates. The films of about 2 um thickness were dried at 40 °C under a
nitrogen stream overnight. Ac impedance of the ion-conducting composite films was measured on
photo-irradiation under an argon atmosphere.8 UV light (300-400 nm) irradiation on the composite film
diminished its ionic conductivity significantly (Fig. 1).9) The decreased ionic conductivity was restored to
the initial value by visible light (>490 nm) irradiation. The photo-induced change of ionic conductivity for
the crowned-spirobenzopyran-containing film was quite reversible, as demonstrated in Fig. 1. Absorption
spectra of the UV-light-irradiated composite film exhibited a strong absorption around 520 nm that is
attributable to the merocyanine isomer of 2 (Fig. 2). The absorption peak was decreased remarkably by
visible light irradiation. The photo-induced ionic conductivity change of the composite film containing the
crowned spirobenzopyran is thus synchronized with its photo-isomerization.

It should be noted that the absorption peak of the merocyanine isomer in the composite film shifted
to the shorter wavelength as compared with that (around 580 nm) for the film without the salt. The
marked blue shift clearly indicates that electron localization in the merocyanine form of the crowned
spirobenzopyran is enhanced in the presence of the lithium salt, supporting the intramolecular powerful
interaction between the Li+ complexed by its crown moiety and the resulting phenolate anion in the mero-
cyanine isomer as shown schematically in Scheme 1. In the opposite sense, this intramolecular inter-
action of the crown-complexed Li+ with the phenolate anion accelerates the Li+ binding of the crown
moiety in the merocyanine isomer due to a sort of lariat ether effect!0) or chelate effect!?) of the pheno-
late anion. The enhancement in the Li+ binding of the crowned spirobenzopyran on its photo-isomeriza-
tion from spiropyran to merocyanine forms was verified qualitatively by 7Li-NMR spectroscopy in an
acetonitrile solution.”) A peak assigned to 2 - Li+ complex illustrated in the scheme appeared at a
higher frequency on UV light irradiation, i.e. under merocyanine-rich conditions, whereas the peak almost
disappeared on visible light irradiation, i.e. under spiropyran-rich conditions.

Transference numbers for Li+ on the ionic conduction, determined by isothermal transient ionic
current method,2) offered good information about Li+ mobility in the composite film on UV- and visible-
light irradiation.  The transference number for Li+ in the 2-containing film was decreased significantly
under merocyanine-rich conditions (0.71), as compared with that under spiropyran-rich conditions (0.80).
Obviously, the UV-light-induced isomerization of the crowned spirobenzopyran retards Li+ conduction in
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Fig. 2. Spectral changes of composite
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the film by the enhanced Li+ binding to its merocyanine isomer.  In the film incorporating 1, on the other
hand, any distinct change in the Li+ transference number (0.82) was not found on the photo-irradiation.
This is possibly because the interaction of Li+ with the merocyanine isomer of 1, which does not possess
any powerful binding site such as crown moiety, is quite small.

In summary, the photo-isomerization of the crowned spirobenzopyran is capable of modulating the
Li+ conduction in the composite film by its variable cation-binding ability, thus bringing about the ionic
conductivity change. Further studies are currently under way to design singly-ionic conductors incorpo-
rating the crowned spirobenzopyran in order to realize more remarkable ionic-conductivity switching.
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