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1.Introduction

Photodissociation of carbonyl compounds has been one of the reserch subjects to which extensive
experimental and theoretical works are devoted. When they are excited at n 7* type absorption band in
the visible and ultraviolet regions, they undergo the rearrangement or fragmentation reaction.

Among them, the photodissociation dynamics of aldehydes has been less interested until recently.
This is presumably due to the experimental difficulty in the measurement of energy distributions of radicals,
such as HCO. Recently, Sappey and Crosley reported the LIF excitation spectra for the B « X transition
of the HCO radical and have the rotational assignment. This allows us to study the photodissociation
dynamics of carbonyl compounds which produce HCO in detatil.

The purpose of this thesis is to investigate the photodissociatioh dynamics of carboriyl compounds by
the measurement of the energy distributions of photofragments, especially the vibrational distribution of

HCO.

2.Photodissociation dynamics of acetaldehyde

The absorption spectrum of acetaldehyde is located in the wavelength range between 250 and 350nm,
which corresponds to the transition to the lowest singlet excited state of n 1" type. Acetaldehyde
dissociates into CH3 + HCO at excitation wavelengths shorter than 320.5nm(31211cm ~' ).

Vibrationally excited HCO radicals have been observed in the photodissociation of acetaldehyde in a
supersonic jet with the pump—prove technique. The threshold wavelength for the bending and
CO-stretching excitations was determined to be at 308.7 and 302.6nm, respectively. The nascent
vibrational distribution relative to the ground state has also been determined as a function of the excitation
wavelength for the region 280— 300nm.

The observed vibrational distribution in HCO is found to be consistent with a model in which the
excess energy above the reaction barrier is statistically distributed among the fragments = degrees of
freedom. The result indicates that the total available energy can be divided into two parts, one is the
energy above the barrier and the other is that below the bariier. The former part of the available energy
excites the vibrational modes in HCO statistically.

This energy distribution confirms that the photodissociation reaction occurs through the Tl state. If
it occurred through the SO surface as in the case of formaldehyde, it would have no(or very small) barrier
on the exit channel. Therefore, almost all the exoergicity should be distributed among fragments ’
degrees of freedom. This is not in agreement with the present result that only the energy above the

barrier is distributed to the vibrational mode of HCO.

3.Photodissociation dynamics of propionaldehyde

In order to compare with the case of acetaldehyde, photodissociation dynamics of propionaldehyde
was investigated by the measurement of the LIF excitation and photofragment excitation spectra of
propionaldehyde and the LIF excitation spectra of vibrationally excited HCO.

The LIF excitation spectrum and photofragment excitation spectrum of propionaldehyde in a




supersonic jet were obtained by scanning the excitation wavelenght from 320nm to 340nm. The threshold
for the production of the ground state HCO exists at 328.5nm.

Vibrationally excited HCO radicals upon propionaldehyde have been observed in a supersonic jet with
the pump— prove technique. The threshold wavelength for the bending excitation has been determined to
be 317.5nm. Similarly to the case of acetaldehyde, the observed vibrational distribution in HCO is
consistent with a model in which the excess energy above the reaction barrier is statistically distributed
among the fragments ~ degrees of freedom.

This result supports the generality of the idea that the total available energy can be divided into two
parts, one is the energy above the barrier and the other is that below the barrier, the former accounting for

the statistical excitation of the fragment vibrational mode.

4.Investigation of B state of vinoxy radical

Although the absorption spectrum of the vinoxy radical consists of a series of vibronic progressions
appearing between 350nm and 280nm, only four main bands near the 0—0 band have been observed m the
LIF excitation spectrum. This is presumably due to the predissociation of the radical in the excited state.

The vibronic structure of the vinoxy radical in the B(2A") state was investigated by the hole burning
technique in a supersonic free jet. Frequencies of the vibronic bands were determined accurately up to
4000cm "' . Itis shown that most of them can be assigned to the combinations of the v4—v9 vibrational
modes, in agreement with the previous calculation.

No additional HCO was observed to that produced directly in the photodissociation of ethyl vinyl
ether, which is the source of vinoxy radical in this experiment. It is therefore most probable that the

channel CH 2 CHO » CH s +CO is dominant in the deacy of the B(2A") state of the Vinoxyﬂ‘adical.
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