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(1) “Synthesis and multi-dimensional
properties of photochromic metal complexes’

physical

Severa types of azo-conjugated metal complexes
were synthesized and their structures and properties such
as photochemical, redox and protonation behaviors were
studied. For example, tris(azobenzene-conjugated
bipyridine)cobalt shows a significant difference in the
cisform yield on photoirradiation at 366 nm between
two oxidation states (40% in the Co(ll) state and 6% in
the Co(lll) state). This leads to a reversible trans-cis
photoisomerization using a single light source at 366 nm

by combination with the redox-state change.

A versdatile synthetic method of azo-conjugated
metalladithiolenes was developed and new complexes
with various central metals and substituent groups were
synthesized. For the azo-conjugated metalladithiolenes,
novel proton response of the azo group was generally
observed.  Azo-conjugated metalladithiolenes with
diphenylphosphinoethane as a co-ligand showed
reversible photoisomerization and novel proton-
catalyzed cis-to-trans isomerization behaviors. The
energy of the trans-to-cis isomerization was considerably
lower compared with azobenzene, and the thermal
stability of the cis form was much higher compared with
the organic azobenzene derivatives showing similar
low-energy trans-to-cis photoi somerization.
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(2) “Synthesis of donor-acceptor conjugated
molecules and their proton-coupled intramolecular
electron transfer reactions’

A new ethynylene-bridged ferrocene-anthraguinone
binuclear complex, 1,5-bis(ferrocenylethynyl)anthra-
quinone (1,5-Fc,Aq), was synthesized and its
protonation-promoted intramolecular electron transfer
reactions were clarified. The addition of several equiv
of CF3SO;H into a benzonitrile solution of 1,5-Fc,Aq
underwent a two-step proton response, and the doubly
protonated species involved a n’-fulvene-Fe(ll)
complex-cumulene structure, and a novel spin-separated

form of a ferrocenium (Fe(l11)) ion and a semiquinone
radical in the solution.  Furthermore, a thermal
equilibrium between the valence tautomers of a
donor-acceptor system occurred in the solid state; the
double protonation of 1,5-Fc,Aq formed only
[1,5-FCFcAqH,]* (FC refers to a ferrocenium radical)
at higher temperatures (> 300 K), and transformed
primarily into [1,5-FVFVAQH,]** (Fv refersto a fulvene
complex moiety) with decreases in temperature.

Other ferrocene-quinone conjugated compounds were
also synthesized and their protonation behaviors were
clarified.
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Scheme 1. Proton-coupled intramolecular electron transfer in 1,5-Fc,Aq
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(3) “Metal nanoparticles with redox- and
photo-functions’

Metal nanoparticles of which surface modified with
redox- and photo-functional molecules were
synthesized and their unique properties, especialy the
following three topics, were investigated; 1)
electrochemical deposition of metal (Au, Pd)
nanoparticles  modified with  biferrocene  or
anthraquinone derivatives, 2) monolayer assembly of
Au nanoparticles via biferrocene linkers on the Au
elctrode, and 3) formation of a novel porphyrin - gold
nanoparticle network film induced by infrared light
irradiation.
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