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The CN(B—X) violet system is a prominent emission in atmospheric pressure discharge in 

nitrogen plus small amounts of hydrocarbons. We have recently observed it in mixtures with 
benzene and methane [1],[2], showing an unusually large vibrational excitation of CN(B, v ) state, 
that is not found in low-pressure discharges. Furthermore, the violet system emission is still 
present and with even more pronounced vibrational excitation in pure nitrogen fed discharges 
operated with the dielectric surfaces covered by the brownish, dusty deposit produced after 
operation with N2-CH4 feed gas. The production of CN(B) then shows peculiarities typical of 
chemi-luminescent / recombination reactions involving the interplay between the gas-phase and 
the surface deposits, whose understanding requires a complex diagnostic approach.  

We have addressed this study in a pulsed dielectric barrier discharge (a packet of sinusoidal 
applied voltage followed by a period of null voltage) by combining the results of the following, 
time resolved diagnostics: 

1. LIF on CN(X), to explore the vibrational excitation of the formed cyano radical, to 
address the issue of vibrational relaxation in the CN(B, v) manifold and to follow 
the CN density time evolution in the discharge cycles;  

2. OODR-LIF on N2(A), to investigate a possible role of the nitrogen triplet 
metastable in the CN(B) excitation; 

3. medium spectral resolution spectroscopy, by gated intensified CCD, to look at the 
vibrational excitation of CN(B, v) in the discharge and post-discharge at different 
gas feed compositions; 

4. low resolution spectroscopy, to follow the time evolution of spectral features in the 
discharge cycles and correlate it to the time evolution of LIF outcomes. 

The measurements indicate that: 
a) Both CN(X, v) and CN(B, v) exhibit a highly supra-thermal vibrational excitation, 

that is largely more pronounced in the pure N2 case than in the presence of CH4 in 
the gas feed (see fig. 1 for the violet system emission case); 

b) The vibrational relaxation in both manifolds is negligible. The measured vibrational 
excitation can then be considered to be a “quasi nascent” one, and is then related to 
the formation mechanisms; 

c) A possible role of N2(A) in the CN(B) excitation can be safely excluded; 
The combination of all the results converges towards an interpretation involving the presence of 
two formation mechanisms, one of which is operative preferentially when the discharge is ON, 
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and that we conveniently call “D”, the other being always operative in the voltage packet, and that 
can be isolated from the other mechanism in the post-discharge, that we call “P”. 
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Fig. 1 The Δv=0 sequence of CN violet system in the discharge and post-discharge in pure nitrogen 

(+wall deposit) and N2 +0.2% CH4 mixture. The vibrational populations are estimated on the 
basis of a simulation of the spectrum by LIFBASE.  

 
Possible candidates are the C + N recombination for mechanism “P”: 
 

C + N + N2 → CN(B) + N2                                (1) 
 
and the reaction 
 

N + CH → CN( A, B) + H                                   (2) 
 
for mechanism “D”. C and CH come someway from the surface in the pure N2 gas feed case, 
while they can be created, alternatively or in addition, in the gas phase when CH4 is added to the 
gas mixture, while the presence of CH4 in the gas feed suppresses process (1). 
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