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In this laboratory, amorphous and polycrystalline inorganic materials and organic-inorganic hybrid materials with
various optical functions such as photorefractivity, optical nonlinearity, phptolumionescence and photocatalysis are the
target materials, which are synthesized by sol-gel, melt-quenching and sintering methods and so on. Aiming at highly
functional materials the structure-property relationship is investigated by X-ray diffraction techniques, high-resoluction
NMR, thermal analysis, various laser spectroscopies and quantum chemical calculations.
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Topics

Structure Engineering and Material Function
Controlling of Organic-inorganic Hybrid
Materials

Organic-inorganic hybrid materials are potential candi-
dates for use in the fabrication of electronic and photonic
devices with high functionality because these materials
can be processed easily and have a high solubility of
functional molecules. Such materials are frequently
prepared by using a sol-gel method because of their
composition selectivity and low-temperature processibility.
However, the sol-gel process is sometimes complicated,
and it is difficult to obtain monolithic material because of
crack formation during solvent evaporation.

Recently, an organic-inorganic silicophosphate hybrid
has been obtained under a solventless, catalyst-free,
low-temperature, one-pot condition by using orthophos-
phoric acid and organically modified chlorosilane. The
following acid-base reaction (metathesis) took place: Si—
Cl + P-OH — Si-O-P + HCIt. The resultant viscous
liquid was cooled down to an ambient temperature,
producing a transparent monolithic hybrid material that
contained an almost complete alternating polymer consist-
ing of silicate and phosphate units and a high homogenei-
ty in an intermolecular scale. The crack-free monolithic
hybrid material was easily obtained because of the
absence of solvent evaporation.

One can easily introduce organic dyes into the
abovementioned hybrid material as it melts at tempera-
tures less than 100 °C and possesses various organic
groups. Additionally, rare earth ions and Au nanoparticles
can be easily dispersed in this hybrid material because the

Figure 1. Snapshots of the optical grating images and diffraction pat-

terns during the grating formation/decay process at lower (I, [1-111) and
higher (1, 1IV=V) irradiation intensities

present material has copolymer structure consisting of
silicate and phosphate units. This high solubility of both
the organic and the inorganic functional centers is one of
the advantages of the optical host material application.
Another advantage of this organic-inorganic hybrid
material is related to the low-temperature processibility of
the material because the melting temperature of the
material is less than 100 °C, the material can be used in a
hot-emboss technique or photothermal fabrication in order
to obtain photonic devices (Figure 1).

In this study, we developed another class of silicophos-
phate hybrid formation reaction that is based on solvent-
less alcohol condensation without HCI production: Si—
OEt + P-OH — Si-O-P + EtOH1. The hybrid material
shows low-melting property, as melting temperatures
ranged from 50 to 110 °C where the organic dyes do not
degrade. The functional centers such as the rare earth ions
will disperse homogeneously in the alternating copolymer
of silicate and phosphate as reported previously. Addition-
ally, the chemical durability was much higher than that of
the hybrids prepared by the acid-base reaction. Therefore,
the present hybrid material is a good candidate of the
optical host material for the organic and/or inorganic
functional centers.

We also developed proton-conducting organic-inorganic
hybrid phosphosilicate membranes using organically
modified alkoxysilane and anhydrous vinylphosphonic
acid (Figure 2). The membranes synthesized in the present
study are crack-free, large-sized, and flexible, and they
exhibit good thermal stability up to intermediate tempera-
tures (~218 °C). The proton conductivities of the hybrids
are as high as 5.2 x 107 S/cm at 85 °C under 80% RH.

Figure 2. Photograph of an organic-inorganic hybrid phosphosilicate
membrane. Crack-free and large-sized membranes were obtained.
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