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The aim of this work is to help to the understanding of the main mechanisms of N atoms 

production in flowing dielectric barrier discharge (DBD) in nitrogen. 
The measurements were performed in reactor with longitudinal laminar flow along the 

electrodes. The uniform operating regime of DBD has been used to allow studying the chemical 
composition of the gas as a function of the mean gas residence time in the discharge area (up to 50 
ms). A sinusoidal AC power supply with 16-18 kV peak-to-peak voltages, 1-4 kHz frequency and 
a discharge power between 0.15 and 3.5 W/cm3 has been used. Two-photon Absolute Laser-
Induced Fluorescence (TALIF) has been used to measure the absolute N(4S) atom density using 
the 207 nm excitation scheme [1]. 

A zero dimensional three-temperature model was used to describe the DBD discharge. The 
model includes a set of chemical reactions with participation of electrons e, positive ions N+, N2

+, 
N3

+, N4
+, neutral atomic N, N(2D, 2P) and molecular species N2, N2(A,B,a’,C) as it is proposed in 

[2,3]. We utilize N and N2 for ground states, i.e. for N(4S) and N2(X), respectively. The electric 
field and the electron density in the gap have been taken from the measured gap voltage and 
current density. 

Constant rates for reactions between heavy species were mainly taken from [2,3,4]. In the 
model we neglect the heating and the vibrational excitation of the gas in the discharge, and the gas 
temperature was assumed to be 300 K (experimentally validated). The BOLSIG+ solver [5] was 
used to calculate the constant rates of excitation and ionization of molecular nitrogen by electron 
impact, electron temperature and transport properties of electrons (the mobility, mostly). 

Similar to electrons, ions accelerate in electric field and their temperature differs from 
temperature of neutral species. Mean ion velocity can be expressed using the mobility and the 
local electric field. Contrary to electrons, nitrogen ions moving in their own gas accelerate 
between collisions and lost excessive kinetic energy in each collision due to large cross section of 
resonance charge transfer. The additional ∆Ti (in K) heating of N2

+ ions moving in N2 in E/N 
reduced electric field (in Td) is ∆Ti ≈ 0.23 (E/N)2. The latter gives about 4.5∙103 K for a typical 
field of 140 Td. 

Quite short gas residence time in the discharge allows us to neglect by transport of neutral 
species to the surface of the discharge device. However this is absolutely wrong for discharge ions 
and electrons. Indeed, the time of drift to surfaces is much smaller for the conditions of the 
experiment than the duration of a half-period for all types of charges species. So, we conclude that 
charges are completely separated by the end of a half-period. At this moment, due to electrostatic 
forces, the electrons are situated on dielectric surfaces near anode and positive ions are situated 
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near cathode side of the gap. The ions absorbed during first half-period ions recombine with 
electrons coming from volume during the sequent half-period. 

The distribution of main components shows that DBD is an efficient source of active 
species, the densities of the lowest nitrogen metastable N2(A) and atoms N reach the values of 
about 1013 and 1014 cm−3 , respectively. These are the most populated states in the conditions of 
current paper. 

Normally, in the conditions of gas-discharge plasma, the main source of N atoms is the 
dissociative recombination of N2

+ ions with electrons in volume and the main processes of atoms 
dissipation is the three-body recombination. However, the presence of electrodes covered by 
dielectric adds a strong channel of the atoms production in surface dissociative recombination. 
The latter gives, in our case, between 1 and 2 orders of magnitude higher density of atoms than 
volume processes only.  

 

 
 
Figure 1: N-atoms density vs residence time. Symbols are the experimental values for 1, 2, 

and 4 l/min flowrates. 1 – analytical expression for gas voltage Ugas = 7.2 kV. 2-4 are 
the results of calculations for Ugas = 7.2, 7.4, and 7.0 kV, respectively. The time 
moment 0.05 sec corresponds to the end of the discharge region. 

 
 We note that a simple analytical expression can be obtained for N-atom density in our case 

due to presence of two main channels for production and losses of the atoms. The result of this 
analytical model is presented in Figure 1 and demonstrates a quite good agreement with measured 
and simulated results. 
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