KINETICS OF SINGLET OXYGEN IN THE NIGHTGLOW OF EARTH, AURORAL IONOSPHERE, ACTIVE MEDIUM OF COIL
Kirillov A.S.

Polar Geophysical Institute of RAS
Russia, Apatity, Murmansk region, Academytown, 26а
e-mail: kirillov@pgia.ru
The quenching rate coefficients of singlet oxygen O2(b1(g+,v≥0) by O2 and N2 molecules are calculated in [1,2] and compared with experimental data of [3-7] in Fig.1. We use analytical formulas based on Rosen-Zener approximation from [8] to calculate the removal rates. The rate constants are applied in the simulation of vibrational population of the b1(g+ state of molecular oxygen at the altitudes of 80-110 km in the nightglow of Earth like the results of [9]. The calculated relative vibrational population of O2(b1(g+) is compared in Fig.2 with intensities of Atmospheric band system for 15 vibrational levels (v=1-15) measured on Keck I telescope [10]. The population is calculated at temperature of 200 K. It is obtained that the distribution at v=1-15 has bimodal behavior like results of the measured nightglow intensities [10]. The behavior is explained by the oscillations of the quenching rate coefficients presented in Fig.1. Landau-Zener approximation [11] is used to calculate the production rates of О2(b1(g+,v=1-4) in the inelastic interaction of N(2D) atoms with О2(X3(g–,v=0) molecules. It is shown in the calculation that the increase of equilibrium distance between oxygen atoms in intermediate molecule NO2 causes the rise of production rates of О2(b1(g+,v>1) in the interaction. The calculated production rates are applied in the simulation of vibrational population of О2(b1(g+,v=1-4) in auroral ionosphere. The calculated relative population of О2(b1(g+,v=1-4) at the altitude 110 km (Т=250 К) is compared with experimental data of [12,13] in Fig.3. The experimental populations are estimated from intensities of Atmospheric bands registered from spectrometric measurements in auroral ionosphere. We show the contributions of N(2D)+О2 interaction and of electronic excitation of molecular oxygen by auroral electrons (е+О2 process) in Fig.3. The comparison shows a good agreement between theoretical and experimental results. Rosen-Zener approximation is applied for the calculation of the quenching rate constants in the interactions of singlet oxygen О2(a1(g,v≥0) and О2(b1(g+,v≥0) with vibrationally excited ground-state O2(X3(g–,v≥0) molecules at room temperature. The calculations show important role of intermolecular energy transfer processes in the interactions. The calculated quenching rate coefficients may be employed in the investigation of the kinetics of singlet oxygen О2(a1(g,v≥0) and О2(b1(g+,v≥0) and of ground-state molecules O2(X3(g–,v≥0) in the active medium of chemical oxygen-iodine lasers (COIL) at different temperature regimes.
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Fig.1. The calculated quenching rate coefficients O2(b1(g+,v≥0)+O2 at T=300 and 155 K (lines 1 and 2, respectively) [1] and O2(b1(g+,v≥0)+N2 at T=300 (line 3) [2] are compared with experimental data: [3] – for collisions with O2 and N2 are open and solid squares, respectively; [4] – for collisions with O2 and N2 are open and solid circles, respectively; [5,6] – for collisions with O2 at T=155 are open triangles; [7] – for collisions with N2 is solid triangle.
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Fig.2. The calculated relative vibrational population of О2(b1(g+) in the nightglow of Earth (solid line) is compared with intensities of Atmospheric band system [10] (squares).
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Fig.3. The calculated relative population of О2(b1(g+,v=1-4) at the altitude 110 km of auroral ionosphere (Т=250 К) is compared with experimental data of [12] (triangles), [13] (squares); the contributions of N(2D)+О2 and е+О2 processes are solid and dashed lines, respectively.
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