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Theoretical calculations can simulate chemical experiments on a computer, making it possible to give
theoretical interpretations to areas that are difficult to analyze by experiment alone. Recently, the improvement|
in computing power of computers has dramatically increased the number of atoms that can be calculated.
Therefore, it has become possible to analyze and predict molecules and chemical reactions that were difficult
to calculate with theoretical calculations. In this study, we focused on functional materials with relatively large]
molecules such as resins and dyes, which have been difficult to analyze by theoretical calculations. Then, we
conducted basic research aiming at material development from the viewpoint of reactivity, physical properties,
and design.

This paper consists of six chapters. Chapter 1 was an introduction, Chapters 2 to 4 reported on the research|
on the reaction mechanism of the curing reaction in resins, including epoxy and the construction of design
guidelines for new hardener. In Chapter 5, we reported on the crystal structure and electronic properties of the
crystal polymorph of titanyl phthalocyanine, which is one of the metal phthalocyanines used as functional dye]
materials.

Epoxy resins are used in a wide range of applications, such as electronic components, adhesives, and
coatings, due to their small dimensional change and excellent dielectric properties. However, due to its low
thermal conductivity and high flammability compared to other resins, epoxy resins have limited use in manyj
industrial fields. To overcome this drawback, epoxy resins are being investigated to be mixed with the flame
retardants of phosphorus or boron and the fillers such as graphene, boron nitride, and carbon nanotubes.

While many studies and experiments on new epoxy resins have been carry out, there have been few reports
on basic research such as the reaction mechanism of the curing reaction of epoxy resins. There are manyj|
reasons for this, including the difficulty of analyzing the molecular structure at the intermediate stage and the
fact that the structure of the material after formation is highly complicated. Thus, it is difficult to clarify the
reaction mechanism experimentally, and the development of new epoxy resins is mainly based on past
lknowledge.

In this study, we performed analysis the reaction mechanism and development of the hardening accelerator]
for phenol-epoxy resin using theoretical calculations. First, it was clarified that the reaction mechanism for
forming this resin is a nucleophilic attack of a phenol hydroxyl group on an epoxide followed by ring-opening]
reaction and that imidazoles of the hardening accelerator are used to ring-opening reaction to the initial epoxide.

In addition, it was found that the lone pair of N atom of imidazole appeared near the highest occupied molecular]

orbital (HOMO), and that value of the orbital energy greatly affected the activation free energy of the rate-

(P2 2,000 FFEHE / 523 800 FHFRFE)
(about 800 words)




HR75 (B1245, 31 5H%)
(FEX7 5) (Format No.7) 325K

determining step in this reaction. On the other hand, it was found that the dissociation energy of|
tetraphenylphosphonium-tetraphenylborate (TPP-K) decomposing into tetraphenylphosphonium (TPP) and
tetraphenylborate (TPB) greatly affects the reactivity in the reaction of phenol-epoxy resin using TPP-K as a
latent hardening accelerator. Moreover, it was shown that this reaction proceeds by a complicated reaction
mechanism using TPP and TPB. In addition, we succeeded in constructing a design guideline for a latent
hardening accelerator. We also obtained knowledge about epoxy-imidazole resins, which is different from|
phenol-epoxy resins, and were able to add a detail theoretical interpretation to the experimentally predicted
reaction mechanism.

Metal phthalocyanine (MPc), which is functional dye material, have a chemical structure similar to
porphyrins and is bright blue organic dyes also called tetrabenzoporphyrins. This compound changes color
depending on the type of metal and substituents coordinated to the center. In addition, these compounds are
stable against heat, light, alkalis and acids, etc., and are therefore used as functional materials for pigments,
dyes, electrophotographic photoreceptors, electronic devices, and the like, and attracting attention. On the other|
hand, MPcs are polymorphic crystals, and it is known that some of them have different physical properties due
to differences in arrangement. Among the molecules with such properties is oxotitanyl phthalocyanine (TiOPc)
which has titanium and oxygen coordinated at the center. We attempted to model the crystal structure for this
molecule and evaluated structural arrangements, electronic structures, and physical properties. The modeled
dimer and trimer reproduced the measured interatomic distances well for two of the three crystal structures.
However, the absorption spectrum calculations showed good values for one crystal structure, but the results
for one of the later crystal structures did not allow interpretation of the measured values. From the calculated
results that well represent the observed values, it was found that the trimer, rather than the dimer, has properties
similar to the observed values. Moreover, it was found that the crystal structure shows a spectrum more
complex than that of the monomer. Further development of this study will enable us to control the arrangement

of the crystal structures and their physical properties.
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