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We have been performing chemical analyses for the characterization of material. We routinely perform qualitative analysis
for unknown compounds and quantitative analyses for known compounds. Development of new analytical methods and
improvement of conventional analytical methods have been introduced for swiftness and precision. According to the
requirement of physicists and biologists, synthetic service for organic and inorganic compounds is provided. An analytical
technique by using a quartz crystal microbalance (QCM) is under development to study enzymic degradation of solid thin
films. /n situ monitoring system for the progress of chemical reactions is also under development using IR, Raman, and
ultraviolet-visible spectrometries. Catalytic activity of halide clusters has been investigated. Five-membered cyclic alkynes
have been synthesized and isolated.

1. Supporting service of elemental analysis

Elemental analyses are important methods for the determination of chemical compositions of samples, and the analysis
can be classified as qualitative or quantitative. The former is usually performed by researchers themselves. The latter must
be performed by special organizations, since special techniques are required. This Chemical Analysis Team accepts the
samples, and performs all the analytical processes needed, in order to liberate researchers from analytical routine work.
The target elements of organic sample analysis contain sulfur, oxygen, and halogen, and those for inorganic sample
analysis contain phosphorus, boron, and silicon. In these analyses simpler treatment with more accuracy is under
investigation.

2. Development of new method for quantitative analysis

We have been using an original apparatus for the determination of halogens. The principle of the analysis was developed
by our team more than 30 years ago. Recently, an instrument based on this principle for halogen analysis has been released
with electronic control, and we acquire it. Many standard samples have been analyzed under various conditions to evaluate
the machine. The old instrument will be replaced by this one.

3. Development of the technique of small mass analysis

An analytical technique by using a quartz crystal microbalance (QCM) is under development to study chemical and
biochemical reactions on the solid surface in solution. Flow-cells were newly developed to analyze biological reactions in
higher sensitivity. The technique was applied to hybridization of DNA strands, enzymatic degradation of bio-based
polyesters, and interactions of E. coli with bio-based polyesters.

4. Development of monitoring system for chemical reaction and utilization of halide cluster as catalyst

In situ monitoring system for chemical reaction is under development. An autoclave with Raman probe was developed.
Sampling of high-vapor pressure material such as butadiene from the reaction vessel is difficult without loss of the starting
material and the products because of their high vapor pressures. Autoclave bearing such optical probe is an efficient tool for
the real time monitoring of the reaction.

Aldol condensation of benzaldehyde with acetone proceeded above 200 °C to afford 4-phenyl-3-buten-2-one in the presence
of halide clusters, [(MesCl12)Cl2(H20)4]-4H20 (M=Nb, Ta) and (HsO)2[(MsCls)Cls]-6H20 (M=Mo, W), of an octahedral metal
framework. Above 350 °C, isomerization of the olefinic bond followed by intramolecular dehydration proceeded to yield
3-methylindene. Condensation of aniline with acetone proceeded above 200 °C over the halide clusters providing
1,2-dihydro-2,2,4-trimethylquinoline. Thus, halide clusters are good catalysts for ring closure reaction by taking advantage
of the thermal stability as high as 400 °C.

5. Support for chemical synthesis and preparation of small-ring compounds containing triple bond

According to the requirement of the physicists or biologists, we offer support for the syntheses of chemicals. One of the
basic demands is the syntheses of labeled compounds, which are not available commercially.

Small cyclic alkynes are known to be unstable and five-membered cyclic alkynes were not isolated. We have recently
reported that cyclopentynes that contains a transition metal are very stable and isolable. We have succeeded in
determination of the molecular structure of titana- and hafnacyclopentyne compounds as well as the corresponding
zirconium complexes. By using hexapentaene, 2,5-dimethylidene-1-metala-3-cyclopentyne has been synthesized and
characterized. Reaction of zirconacyclopentyne with proton and iodine as electrophilic reagents resulted in the formation of
ene-yne type compound and bis-allene compounds, respectively.

6. Syntheses and characterization of functional polymer

We have produced biodegradable polyesters with high mechanical properties and high function by using chemosynthetic
method from renewable resources. Furthermore, we have elucidated the biodegradation mechanism of bio-based polymers
by enzymes and the three-dimensional structure of bio-based polyesters. Polyesters with various alkyl ester chain-end
groups were synthesized, and the structural effect of chain-end groups on the rate of enzymatic degradation were
investigated. The degradation rates of polyesters samples with alkyl ester chain-end with carbon numbers of 12-14 were
much slower than those of the other samples. It was found that the difference in degradation manner among the polyesters
samples with different alkyl ester chain-ends be related to the dispersing state of alkyl ester chain-ends in polyesters
matrix. In addition, we synthesized the polyesters with branching structure. It was found that the enzymatic degradation
proceeds from the chain-end of polyester, and that the erosion rate increases with an increase in the number of branch. We
have also tried the synthesis of the novel aliphatic copolyestrs with precise periodic sequential structure to induce a
function of molecular switch for biodegradation reaction.
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