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The thesis is titled “Theoretical Study of Physical Chemical Properties of Polybenzimidazoles™. It is written in
English and contains following six chapters.

Chapter 1 (General Introduction) describes basic properties of polybenzimidazole, and introduces the problems
that need to be tackled in phosphoric acid doped polybenzimidazole, which is used as polymer electrolyte
membrane in high temperature polymer electrolyte membrane fuel cells.

Chapter 2 (Computational Fundamentals) describes the basics of computational methods used in this research
from molecular orbital theory to density functional theory.

Chapter 3 (Effect of Benzimidazole Configuration in Polybenzimidazole Chain on Interaction with Phosphoric
Acid) describes theoretical investigation of interaction between phosphoric acid molecules and bibenzimidazoles
as models of polybenzimidazole. Three bibenzimidazoles of different configurations (2,2’-bibenzo[d]imidazole,
2,5’-bibenzo[d]imidazole, 5,5’-bibenzo[d]imidazole) were interacted with up to two PA molecules.
2,2’-bibenzo[d]imidazole was found to consistently show large interaction energy. Therefore, | proposed that by
incorporating this structure into the polymer chain, it is possible to suppress the leakage of phosphoric acid from
polybenzimidazole membrane which is one of the drawbacks of this type of membrane.

Chapter 4 (Effect of Benzimidazole Configuration in Polybenzimidazole Chain on Acid Dissociation
Constants) describes theoretical investigation of acid dissociation constants of three bibenzimidazole
configuration, 2,2’-bibenzo[d]imidazole, 2,5’-bibenzo[d]imidazole and 5,5’-bibenzo[d]imidazole. It was found
that 2,2’-bibenzo[d]imidazole shows the lowest pK, of all three structures. Therefore, | proposed that by
incorporating this structure into the polymer chain, it is possible to suppress the formation of salt pair in
polybenzimidazole membrane which lowers the conductivity of the membrane, and is one of the drawbacks of
this type of membrane.

Chapter 5 (Hyperpolarizabilities of Aromatic Head-Tail Polymers) describes theoretical investigation of
molecular hyperpolarizability of four different aromatic head-tail polymers; poly(4-hydroxybenzoic acid),
poly(4-aminobenzoic acid), poly(4-phthalimide), and poly(2,5-benzimidazole). All polymers showed linear
increase in hyperpolarizability with degree of polymerization, poly(4-hydroxybenzoic acid) and
poly(4-aminobenzoic acid) showing particularly large increase. In standard donor-acceptor polymer for
nonlinear optics, it is known that the hyperpolarizability increases with degree of polymerization though
absorption wavelength increases which is a drawback. In the polymers | investigated, it was found that the
absorption wavelength negligibly changes, which is an advantage as NLO material.

Chapter 6 (General Conclusion) summarizes this thesis, and describes the future outlook of this research.
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