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Molecular Reaction Dynamics of Oxygen and Sulfur
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This thesis focused on the two following topics:

A) Vibrational and rotational energy distribution of CIO produced in
reactions of O('D) atoms with HCIl, CCl, and chlorofluoromethanes (CFCs):
The importance of the ClO that plays the central catalytic role in destruction of
ozone in the stratosphere inspired the laser—induced fluorescence (LIF) detection
of ClO radicals using the C*Z™-XII transition with a vacuum-ultraviolet (VUV)
laser. In addition to the detection, the nascent rovibrational states distribution of
CIO radicals produced from the CIO(C*Z™-XM) transition in reactions of O('D)
with HCl, CCl,, CFCl,, CF,Cl,, and CF,Cl were measured by the same
technique. The reactant O('D) atoms were produced by the photodissociation of
0, at 248 nm. The VUV laser light of 167-180 nm that used as a probe for the
detection of CIO were generated by four-wave mixing with Xe gas.

From the simulation that assumed the Boltzmann distribution, rotational
temperatures of ClO (X’I,,, v=0 and 1) were found 900-1000 K for CFCs and
2050 K (v=0), 1770 K (v=1) for HCl. The rotational distribution for the
O('D)+HCI system was interpreted by the orbital-to-rotational angular
momentum transfer mechanism. By using the phase space theory (PST) the
rotational distribution of the ClO products were analyzed. Due to the appearance
of some unknown emission lines in case of the O, and CCl, gas mixture with the
irradiation of 248 nm laser light only, rotational distribution for the reaction of
O(*D)+CCl, could not be measured.

Vibrational level populations of the ClO(v=0-3) products were inverted for
CCl, and CFCs but not for HCI. Vibrational excitations in the v=0-3 levels are
higher for the reactions of CCl, and CFCs were attributed with the larger
available energies. In order to measure the extent of vibrational excitation
surprisal analysis were performed. The plots gave linear lines with the surprisal
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parameters A, of large minus values (- 15, - 10) for CCl,, CFCs and a small
value (- 0.6) for HCI. These results suggested that the reactions of O('D) with
CCl, and CFCs were proceeded via an abstraction mechanism and not via an
insertion /decomposition mechanism. In this mechanism, the C-Cl bond would
ruptured and releasing the exoergicity occurred while the O(*D) atom approach—
ing the reactant. This resulting the vibrational excitation in the product ClO,
while the rotation of ClO were not excited.

B) Dynamics of the reaction S(*D)+HD, H,, and D,: Isotopic branching
ratios and translational energy release:

The reaction of S(*D) in the electronically excited state with hydrogen

| S('D) + Hy('Z*,) — SH(’II) + H(S)

has drawn much attention for many years because this system provides several
interesting features in studying the reaction dynamics. A particular aspect of the
- various reactions involving S('D) atom is the mode of attack on the diatomic
substrate, which is characterized by a deep potential well associated with the
lowest singlet state H,S(X'A') of the three atom system. Details dynamical
behavior of the S(*D)+H, system is still ambiguous. In order to explain the
dynamics of S(*D) in reaction with molecular hydrogen and its isotopic analogs,
the branching ratios of the different product channels were measured at a low
collision energy (1.1-1.3 kcal/mol) using a LIF technique at VUV region. In
addition to the measurement of isotopic branching ratios, Doppler profiles of H
and D atoms provided the average kinetic energies and the angular distributions.
S('D) were generated from the photodissociation of CS, at 193 nm wavelength
of light from an ArF excimer.

The experimentally obtained [H]/[D] ratios are slightly less than unity which
were reasonably agreed with the statistical theory. For both product channels H
and D, the transitional energies released were almost same (4.3 kcal/mol).
Velocity distribution for the H and D atoms were found to be isotropic in the
laboratory frame. The measured branching ratio and translational energy release
suggested that the reaction was proceeded via a long-live complex HSD" formed
by insertion with an internal excitation 98.6 kcal/mol. A large part of that
internal energy contributed to the high amplitude of the bending motion of the
complex inversion. It implicated that the excess energy in this reaction were
randomized completely and followed the statistical energy partition rule.
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