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Optical and electronic properties of supramolecular systems such as hyper branched polymers, dendrimers and cyclic
oligomers are studied from the viewpoint of energy states and topological structures. In addition to the fundamental
understandings of structure-property-relationship, applications to optical information processing and soft-optoelectronics
devices are important targets of the research. For the development of switchable soft-optoelectronics materials, changes
of the electronic state with molecular recognition, the self-tuning mechanism of supramolecules and collective motion based
on molecular-structural changes are characterized using nonlinear optical spectroscopy. Spatial light modulators and
hologram display devices are also developed based on photoinduced refractive index changes.

1. Development of multifunctional supramolecules and soft-optoelectronics materials

(1) Thermo and photoresponsive behavior of multi-functional chiral compounds showing molecular twisting motion
Light- and temperature-driven multi-stable chiral materials composed of a binaphthyl moiety as a twisting part and an
azobenzene moiety as a photoresponsive part in a single component were investigated. It has been found that the materials
showed reversible change in a dihedral angle of the twisting part at various temperatures. In contrast, no change in the
twisting angle of the materials during photoisomerization was observed. Furthermore, the chiral compounds were
dissolved in nematic liquid crystals (NLCs) to produce a chiral N phase with a helical structure. The mixture exhibited a
dual molecular response to temperature and light. Helical pitch length of the chiral NLC decreased with increasing
temperature due to a molecular twisting motion of the binaphthyl moiety, resulting in intensification of the LC helical
structure. On the other hand, the helical structure of the LC phase disappeared upon photoirradiation, resulting from
chiral N-N phase transitions due to photoisomerization. This indicates the materials act as phototrigger to induce the
deformation of the LC helical structure.

(2) Structured photovoltaic devices
We are trying to develop the structured photovoltaic devices with aggregated, aligned, or organized organic materials,
which take the advantage of softness and flexibility in organic materials, in addition to the development of new organic
compounds. In this research, we discuss a new type of bulk heterojunction photovoltaic device with grating structures
induced by periodic photopolymerization. The spin-coated film of photopolymerizable 3-formyl-9-vinylcarbazole
(VCz(CHO)) doped with phenyl Cesi-butyric acid methyl ester (PCBM) was periodically polymerized by an interference
pattern of two laser beams. We confirmed the surface relief grating and the enhanced photocurrent in the structured
device. Kelvin probe force microscopy (KPFM) imaging also showed that the surface potential of top regions on the
grating structure is larger than that of bottom regions. We could successfully obtain the spatial distribution images of the
electron donor and acceptor (D/A).

(3) Synthesis and characterization of 4-ethynyl-2,2"-bipyridine substituted anthracene
We have studied the emission property and photo-reactivity of 4-ethynyl-2,2-bipyridine substituted anthracene. This
compound showed a strong blue emission in solution, but it showed a red-orange emission in solid, indicating the existence
of an intermolecular interaction in solid state. As revealed by X-ray structure analysis, this compound has double
aromatic Tt-7TT interactions both at anthracene and bipyridine units. These interactions are responsible for an unusual
visible light photo-dimerization of it.

(4) Synthesis and characterization of functional molecule including fluorinated fullerene
Fullerene and fluorinated fullerene are one of the superior electron acceptors. We aimed to develop the stacked charge
transfer (CT) molecular systems using fluorinated fullerene (CeoFx) and cyclic carbazole. We have succeeded in the
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synthesis and the purification of cyclic compounds with 4 carbazole moieties connecting via acetylene linkage. It was
found that the cyclic carbazole took the stacking structure in the condensed state by itself without formation of
supramolecular CT complex with fullerenes. Based on these results, we are developing the new type cyclic carbazole
covalently attached with fullerene.

(5) Synthesis of soluble quinonid derivatives
Among the organic compounds, the quinonoids exhibit sharp and intense absorption bands in the near infrared (NIR)
region and are applicable to the effective NIR devices. In this work, we have developed efficient synthetic route of some
quinonoids with good film processability. From the study of NIR absorption in the spin-coated films, we found that the
thermal and laser exposure treatments of the film caused drastically change of the absorption spectra. This change is
under investigation by mean of UV-Vis absorption, IR spectroscopy, and X-ray diffraction studies.

2. Elucidation of supramolecular dynamics using nonlinear optical spectroscopy

(1) Nonlinear optical properties of opto-functional molecules
By the measurement system of hyper-Rayleigh scattering (HRS) with a nano-second wavelength-tunable laser, we tried to
estimate the first hyperpolarizabilities (B's) of ionic carbazole derivatives. Since these derivatives emitted fluorescence
due to multi-photon absorption, we tried to separate spectrally fluorescence and the HRS light by the measurement system
of emission spectra due to multi-photon absorption. As a result, it was found that the observed emission spectrum was
different from the spectrum of fluorescence due to one-photon absorption. From measuring dependence of the emission
intensity on the laser light intensity, it was found that the observed emission was composed of fluorescence due to
two-photon absorption and plasma emission due to dielectric breakdowns. Since we consider that dielectric breakdowns
can be avoided by using femto-second lasers, we are developing the HRS measurement system with a femto-second laser
and plan to estimate  's of ionic carbazole derivatives.

3. Application of supramolecular photonics to image processing

(1) Improvement of refractive-index modulation by vertical writing method in photorefractive polymers
Photorefractive (PR) polymers exhibiting high photo-induced refractive index change and allowing thin films fabrication
should be promising for realizing novel highly functional waveguides. Thin film planar waveguides from PR polymers
may allow local fabrication of gratings and light confinement structure on itself by light irradiation. Conventional
tilt-type light irradiation method, however, may not efficient for this purpose but the normal-type should. In this topic, we
investigated on possibility of the normal-type irradiation method for the waveguide application. We found that (i)
blocking of the injected charges from electrodes and (ii) increase of the contrast of light intensity pattern in polymers
greatly raised the index modulation depth, approaching to value required for waveguide application.

(2) Development for noncontact laser writing systems of thermal rewritable papers
We have developed non-contact laser writing and erasing system as an application of light-heat-conversion in the
conjugated compounds. This rewritable system is composed of the writing and erasing part using a laser diode based on
the thermal color changes of leuco dyes. Adjusting the energy density of light in the focus plane by changing a scan speed
and/or a focus size enables to control the writing and erasing modes of leuco media. We have made and evaluated the
leuco film for the first step of developing a light sensitive rewritable paper. The polymer thin film dispersed with fluoran
leuco dyes and acid developers could be obtained by the spin-coating or casting method. The colored and colorless states of
these films could be controlled by heating and cooling. It is confirmed the light-sensitive rewrite media can be developed
by the combination of leuco polymers and conjugated compounds.
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