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The quenching rate coefficients for Herzberg states of molecular oxygen O2(c1(u(,v=0-16), O2(A'3(u,v=0-11), O2(A3(u+,v=0-10) in the collisions with ground-state CO2, CO, N2, O2 molecules are calculated in [1] according to analytical expressions from [2]. The results of the calculation for collisions with CO2 molecules are presented in Fig.1 and compared with experimental data of [3,4,5]. The calculation includes a consideration of intramolecular electron energy transfers without and with vibrational excitation of target molecules and intermolecular processes. The calculated rates show reasonable agreement with the results of laser  measurements in [4,5]. The removal constants of the c1(u(, A'3(u, A3(u+ states of O2 by four molecules are applied in the simulation of vibrational populations of the Herzberg states in the mixture of molecular oxygen with CO2, CO, N2 gases for laboratory conditions and at altitudes of Venus atmosphere. It is suggested that the major source of electronically excited O2 molecules in the conditions of laboratory experiments and in the atmospheres of terrestrial planets at altitudes of the oxygen nightglow is the recombination of two oxygen atoms in a collision with a third body O+O+M. The function for the distribution of A3(u+, A'3(u, c1(u(,v in the three-body process on energy E of vibrational levels for all three states has been estimated in [6].  The calculation for the mixture of N2 (or CO) and O2 gases shows that the influence of the pressure on the populations of lowest vibrational levels of the c1(u( and A'3(u states is distinct in the cases of small content of molecular oxygen in the mixture. The pressure increase causes the rises of the c1(u(,v=0 and A'3(u,v=0 populations and of the ratio [c1(u(,v=0]/[A'3(u,v=0]. The results of the calculation point out that namely the spin-allowed interaction O2(A'3(u,v)+O2(X3(g() with the production of O2(c1(u(,v'=v) and O2(X3(g(,v=1) are responsible for effective emission of the Herzberg II band system observed distinctly in laboratory experiment in a He(O2 mixture [7]. The calculation for the mixture of CO2 and O2 gases shows that the inclusion of the spin-forbidden interaction O2(A'3(u,v) + CO2(0,0,0) ( O2(c1(u(,v'=v) + CO2(1,0,0) molecules in the simulation could explain the high intensities of the Herzberg II band system observed in laboratory experiments [7,8] with high CO2 concentrations. The spin-forbidden processes could be a possible main mechanism of high intensities of the Herzberg II bands registered with spectrometers in the nightglow of Venus atmosphere from Ven​era 9 and Venera 10 [9] and Venus-Express [10,11] spacecrafts. The calculated relative populations of the c1(u( and A'3(u states at the altitudes of Venus atmosphere without and with inclusion of the spin-forbidden process are shown in Fig.2.
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Fig.1. The calculated quenching rate coefficients of O2(c1(u(,v=0-16), O2(A'3(u,v=0-11), O2(A3(u+,v=0-10) (solid, dashed and dash-dotted lines, respectively) in the collisions with CO2 molecules are compared with experimental data: for the c1(u( state from [3] (open square); for the A3(u+ state from [3] (solid square) and [4,5] (crosses). 
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Fig.2. The calculated relative populations of the c1(u( and A'3(u states (solid and dashed lines, respectively) at the altitudes of Venus atmosphere without (left panel) and with (right panel) inclusion of the process O2(A'3(u,v) + CO2(0,0,0) ( O2(c1(u(,v'=v) + CO2(1,0,0). 
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