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Abstract

Fundamental absorption intensities of XH (X=0,C) stretching vibrations critically depend on the electronegativity of
the substituent group. However, the overtone intensities show only small substituent effects and this behaviour has been
called “universal intensity concept(UIC)”. Although the UIC has been recognized by experimental and theoretical
means, the physical interpretation is still unclear. The absorption intensity is proportional to the vibrational
wavenumber and the squared transition moment. For the same type of chemical bonds, their potential functions are
almost the same, and the major factor distinguishing the substituent dependence of the intensities should be the dipole
moment functions (DMFs). To understand the UIC and to obtain the new insight on the molecular vibrations, the
substituent dependence of the DMFs was studied.

In chapter 1, as a general introduction, the background and the purpose of the research were explained.

In chapter 2, theory of the infrared absorption intensities including fundamental and overtones and the calculation
method used in this study were explained.

In chapter 3, for the OH stretching of alcohols and acids and the CH stretching of hydrocarbons with different types of
hybridization, the potential functions and DMFs obtained by ab initio calculation were fitted to the Morse functions and
6-th order polynomials, respectively. With a simple point charge model, the substituent dependence of the electron
density migration during molecular vibration was analyzed. In addition, with the analytical expression of the
wavefunction for the Morse potential and the so-called wavefunction expansion method, the condition under which the
UIC is satisfied was derived.

In chapter 4, the transition moments of alcohol and acids were calculated by three kinds of semiclassical methods,
Correspondence-Principle  (CP) approximation, Landau-Lifshitz (LL) approximation, and Uniform WKB
approximation, developed and improved, respectively, by Marcus, Medvedev, and Miller-Good, and their accuracy was
compared to that of the quantum theory. To discuss the CP approximation, the author has developed a new concept that
Fourier expansion of the time-dependent DMF is one of the wave function expansion methods. From this point of view,
the difference between the quantum theory and the CP approximation was analyzed.

In chapter 5, as the conclusion, general overview and future aspects on this study are described.







