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Introduction 

N2-O2 post-discharges have been proven to be efficient sterilizers, as total inactivation of an initial 
106 resistant spore population was obtained when exposed to the flowing afterglow of an N2-O2 

microwave discharge [1]. It has been shown in the past that at low O2%, sterilization is essentially 
due to UV photons, while a synergistic effect between UV photons and O(3P) atoms was suggested 
to account for inactivation at higher O2% where UV intensity is low [1]. The aim of the current 
work is to identify the UV emitting species in the late-afterglow of an N2-O2 microwave discharge 
and to calculate their density distributions in a large post-discharge reactor by using a 3-D 
hydrodynamic model under different discharge conditions, aiming at the system optimization. 

 
Experiment and modelling 

Figure 1 shows the system set-up used in our 
investigations. The gas inlet and outlet are 
located in the middle of the left side and 
bottom walls, respectively. The discharge tube 
is made of fused silica, while the reactor 
structure is made of aluminum equipped with 
fused silica windows. The UV light emission 
intensity is recorded in the reactor along the x 

and z axis at 247.8 nm, corresponding to the (0,2) transition band head of the NOγ system, and at 

303.9 nm, corresponding to the (0,7) transition of the NOβ system, originating from the NO(A) 
and NO(B) molecule energy levels, respectively, in the 0.5-10 Torr pressure range for different 
N2-xO2 mixture compositions and inlet gas flow rates. Details about the experimental methods 
are given in [1]. The species densities in the post-discharge reactor are calculated with a 3-D 
hydrodynamic model, which includes the recombination of the atomic species on different 
material surfaces. The densities at the reactor entrance are obtained from a kinetic model for the 
microwave discharge coupled to a system of rate-balance equations for the species [2].  
 

Results and discussion 

The measured emission spectra show the intensities of the NOγ (200-350 nm) and NOβ (250-
400 nm) systems in the late afterglow to be of the same order of magnitude. In late afterglow both 

NO(A2Σ) and NO(B2Π) are created there from three-body re-association of N and O atoms. While 

the B2Π state is populated from the a4Π state, primarily formed through N and O re-association, 
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Fig. 1 Post-discharge system set-up. 
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the A2Σ state is populated from the C2Π decay [3]. In the discharge and early-afterglow, the NOγ 

emission clearly dominates over NOβ, since the NO(A) molecules are predominantly created by 

the reaction of highly populated N2(A
3Σu

+) (depopulated in the late afterglow) with NO(X2Π).  
 The model is validated by comparing the measured spatially integrated intensities with the 

properly summed calculated densities. Figure 2 
shows the measured UV intensity at 247.8 nm 
and the summed (∑y) calculated NO(A) density 
along the x axis (from the entrance to the right 
wall) at z = 14 cm for 2 Torr and different N2 
gas flow rates: 400, 550 and 103 sccm, when 
the O2 gas flow rate is set at 8 sccm. The 
calculated densities are normalized to the 
measured intensities at 400 sccm and x = 1 cm 
(the same normalization factor is used at all 
positions for every gas flow rate). A very good 
agreement is found between the calculated and 
measured data at 400 and 1000 sccm. The 
measured spatially integrated intensities in 
Figure 2 suggest that the NO(A) density 
distribution becomes more homogeneous with 
gas flow, and at flow rates around 103 sccm the 
density in the reactor may even exceed its inlet 
value. The outlet orifice is small (2.6 × 
2.6 cm2). Figure 3 shows the NO(A) calculated 
density distribution in the half x-y plane at 
z = 14 cm (from the center to the front wall) for 
103 sccm. In fact, there are no higher density 

values in the reactor than at the inlet port. However, whereas in a large part of the reactor the 
NO(A) density is nearly uniform, with values slightly lower than at the inlet, in the first half of the 
reactor, at a few cm away (in y direction) from the gas flow, the density is significantly lower. 
This is the result of the high gas flow causing “turbulence” at the east wall. Therefore, when 
summing up the densities in y at z = 14 cm, an increasing density profile is obtained along x (see 
Figure 2). The inset in Figure 2 shows the summed NO(A) and NO(B) densities as functions of x. 
Quasi-homogeneous NO(A) and NO(B) density distributions are obtained at 2 Torr when 
operating with a 103 sccm gas flow rate. Although the NO(A) density is lower than that of NO(B), 
the intensity of UV radiation originating form NO(A) is higher, since its radiative frequency, 
4.5×106 s-1, is about an order of magnitude higher than that of NO(B), 3×105 s-1. Therefore, NO(A) 
molecules could lead to a stronger contribution to sterilization than the NO(B) ones. For 
optimization purposes, the evolution of NO(A) and NO(B) densities will be investigated over a 
wider range of gas pressure and N2-xO2 mixture composition. 
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Fig. 2 Measured emission intensity (thin lines) and 
summed calculated density (thick lines) as  
functions of x at z = 14cm (afterglow axis)  
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Fig.3 Calculated NO(A) density distribution in the 
half x-y plane at z = 14 cm and 103 sccm.  


