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SPECTROSCOPIC INVESTIGATION OF DISTRIBUTIONS OF ELECTRONICALLY – VIBRATIONALLY ROTATIONAL LEVELS of nitrogen and ion nitrogen molecules IN DIRECT-CURRENT GLOW AND MICROWAVE DISCHARGES IN MIXTURES OF HYDROGEN WITH NITROGEN
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In the present work positive column (PC), near-electrode regions of a direct – current glow and microwave discharges in N2-H2 mixtures are investigated by using spectroscopic techniques. A treatment of emission spectra permitted determining the spectral composition of radiation and reconstructing the distributions over vibrationally - rotational levels for electronically excited C3Пu, B3Пg states of nitrogen molecule and B2(+u state of ion nitrogen molecule. Direct – current glow discharge (DCGD) generated in gas flow (percentage of nitrogen (PN2) at a constant pressure varies in the range of 95-35%, while the percentage of hydrogen (PH2) is of 5-65%) in a water - cooled quartz tube between annular titanium electrodes at current of 70 mA and total pressure of the mixture of 4-6 Torr. Microwave discharge (2.45 GHz, power is up to 180 W, PN2=99.8-85.7% and PH2=0.2-14.3%) maintained into the discharge chamber in the near-electrode region. In the spectra of emission (290-740 nm) from the near-electrode region of the microwave discharge (PN2≥85.7%, PH2≤14.3%) and from PC and the near-electrode region of DCGD (PN2=94.6-87.3%, PH2=5.4-12.7%) are dominated by bands of nitrogen (Δv=+2,+1, 0, -1, -2, -3, -4, -5 sequences of the second (2+) and Δv=+4, +3 sequences of the first (1+) positive systems of nitrogen molecule) and molecular nitrogen ion (Δv=0 sequence of the first negative system (1-)). The intensities of 2+, 1+ and 1- bands as functions of N2-H2 mixture composition behave differently in the near-electrode region of microwave discharge, in PC of DCGD, and in its near-electrode region. In PC of DCGD, an addition of hydrogen leads to a sizable increase in intensities of 2+ bands in relation to the intensities of 1- bands. In response to a change in PH2 the intensity of 2+ bands remains virtually unchanged. Intensities of 1+ bands decrease with increasing PH2. In the near-electrode region of DCGD, intensities of 2+ and 1+ bands increase markedly as PH2 grows in N2-H2 mixture, while the intensities of 1+ bands remain approximately unchanged. In the near-electrode region of microwave discharge, the intensities of 2+ and 1- bands change nonmonotonically as PH2 increases: they undergo growth in range of PH2=0-6% (PN2≥94%) and reduction at its high values in range of PH2=6-14% (PN2=94-86%). In the near - electrode region of microwave discharge and PC and the near-electrode region of the DCGD in N2 and N2-H2 mixture, the distributions of the vibrational levels of 0-4 determined for C3Пu state of the nitrogen molecule by the methods of relative intensities and a partly resolved vibrational structure agree satisfactorily. They differ only slightly from the Boltzmann distribution. In PC of DCGD and the near-electrode region of microwave discharge, the vibrational distributions reconstructed for 3-12 levels of B3Пg state from the intensity distributions for transitions of Δv=+3 and +4 sequences of 1+ are in satisfactory agreement and differ from the Boltzmann distribution. The measured rotational distribution functions of the excited states are satisfactory described by Boltzmann’s formula. Thus, the following hierarchy is valid for the temperatures characterizing the distributions over vibrationally - rotational levels for electronically excited C3Пu, B3Пg states of nitrogen molecule and B2(+u state of ion nitrogen molecule ion in the discharges studied here in N2-H2 mixtures: Tv(B3Пg) ≥ Tv(C3Пu) >>Tv(X1(+g) > Trot(B2(+u) = Trot(B3Пg) = Trot(C3Пu) = Tg.
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