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Laboratory experiments on atmospheric reactions have been conducted using a technique of vacuum ultraviolet
laser-induced fluorescence (VUV-LIF) spectroscopy. The atmospheric reactions focused here were (i) photodissociation
processes of chlorofluorocarbons (CFCs) in the stratosphere, (ii) kinetic studies of O('S) reactions with atmospheric
molecules, and (i) accurate determination of the quantum yield for O(*D) formation from O photolysis in the
troposphere.  For photolysis of CFCs, the CI(ZPJ-) atoms have been directly detected by the VUV-LIF technique at 135.2
and 134.7 nm for j=1/2 and 3/2, respectively. The quantum yields for Cl(sz) atom formation in the UV photolysis of
CF,Cl; and CFCl; at 193 nm were found to be unity. Chlorinated hydrocarbons of CH,Cl,, CHCI3 and CHFCI,, which
are analogous to CFCs, also give a unit value for the CI(ZP,-) quantum yield. This result indicates that the C-Cl bond
session occurs predominantly in the stratospheric photolysis of CFCs and chlorinated hydrocarbons studied here.
Kinetics of the O(*S) reactions with atmospheric molecules has been studied through the VUV-LIF detection of O('S)
atoms at 121.76 nm. For collision partners of O,, CO,, H,O and Oz, the rate coefficients at 295 + 2 K have been
determined to be (2.85 + 0.31) x 1073, (3.09 + 0.29) x 1073, (6.38 + 0.38) x 10™*° and (4.63 + 0.45) x 10 in units of
cm®molecule™s™, respectively. Those rate coefficients are important for understanding the chemical processes of
airglow and aurora emissions. For Oz photolysis experiment, absolute O(*D) quantum yield from the photolysis of O; at
308.0 nm should be determined accurately with high precision for its atmospheric significance. This is because it has
been used as a reference in the relative measurements to obtain the O(*D) quantum yields as a function of photolysis in the
near-UV region. The room-temperature quantum yield for O('D) formation from O photolysis at 308.0 nm has been
determined to be 0.804 + 0.048 (95% confidence interval), in which the uncertainty is much smaller than the values
recommended for use in atmospheric studies. The O(*D) quantum yield values at photolysis wavelengths between 307
and 311.5 nm have also been presented.

- I PAGE 92+ -




