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In the mesosphere and thermosphere, nitric oxide (NO) is one of the most important constituents. The escaping 5.3 micromet
NO radiation contributes significantly to cool the thermosphere. The reaction of NO with O2+ and the photoionization of NO by
solar Lyman-alpha emission controls the ion composition of the D- and E-region of the ionosphere. In addition, the downward
flow of NOx (NO+NO2) from the lower thermosphere to the upper stratosphere may cause significant loss of O3, especially in
the polar night regions.

The sink of the NOx in the mesosphere and thermosphere is the reaction of the ground state nitrogen atom, N(4S), with NO:

N(4S) + NO -&gt; N2 + O(3P). (1)

Although a number of kinetic studies of the reactions involving N(4S) atom have been reported at room temperature, agreemel
among them is relatively poor. In previous kinetic studies, several techniques such as microwave discharge of N2, vacuun
ultraviolet (VUV) flash photolysis of N20O, and pulsed radiolysis of N2, were employed to generate the N(4S) atoms. For
N(4S) detection, mass spectrometry techniques were used in several studies. With nitrogen atom lamps, resonance fluoresce
detection and resonance absorption detection of the N(4S) atoms were also used. In the present study, it is demonstrated that
laser flash photolysis/VUV-laser induced fluorescence (LIF) detection technique is a powerful tool for the study of the kinetics of
the reaction (1). The N(4S) atoms produced following 193.3-nm laser irradiation of NO were directly detected by the VUV-LIF
technique at 120.07 nm which corresponds to the N(2p23s 4P1/2 - 2p3 4S3/2) transition. The tunable VUV laser around 120.0
nm was generated by four-wave sum frequency mixing in Hg vapor. The rate constants for the reactions of N(4S) with NO was
determined to be 3.8 x 10(-11) cm3 molecule-1 s-1.

The sources of thermospheric nitric oxide are the chemical reactions (2) and (3).

N(2D) + O2 -&gt; NO + O (2)

N(4S) + 02 -&gt; NO + O, (3)

Reaction (2) is thought to dominate the NO production in the lower thermosphere, while the contribution of reaction (3) to NO
production was thought to be small because the reaction rate is small at the temperatures encountered in the lower thermosphe
Atmospheric models including the reaction (2) and (3) underestimate the observed NO density in the lower thermosphere arour
105 km. As an additional source, it has been suggested that suprathermal (or fast) N(4S) atom can react with O2 to form NO i
the thermosphere at an energy depend rate, which is considerably faster than that at thermal equilibrium for gas temperature:

fast N(4S) + 02 -&gt; NO + O. (4)

The model calculations have extensively been performed to evaluate the translational energy distributions of N(4S) and th
formation efficiency of NO through reaction (4) in the thermosphere. The suprathermal N(4S) atoms subsequently collide with
ambient molecules (N2 and O2) in addition to reaction (4). The thermalization cross sections of N(4S) with ambient gases
are crucial to evaluate the NO formation in the thermosphere. In the present study, the first experimental determination of th
collisional relaxation rates of suprathermal N(4S) in collisions with N2 and O2 has been reported. A small amount of NO2
diluted in an excess amount of bath gases (N2 and O2) is photolyzed at 193 nm, and the suprathermal N(4S) atoms produced :
detected by a technique of VUV-LIF. Measurements of time-resolved Doppler profiles of the suprathermal N(4S) atoms enable
us to evaluate the time-dependent translational energy distributions of the N(4S) atoms in bath gas. From the experiment:
results and Monte-Carlo calculations based on an elastic hard-sphere model, the collision radii between N(4S) and the bath g
molecules are determined to be 3.2 and 2.8 in units of 10(-15) cm2 for the bath gas of N2 and O2, respectively.
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