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Processes in reactive molecular plasmas in combination with a post-discharge phase cover 

several orders of magnitude in time, starting with the breakdown process within microseconds, 
followed by plasma chemical reactions and ending up with surface reactions occurring after 
seconds or minutes. The latter processes are of special interest e.g. for plasma assisted catalytic 
removal of pollutants. Infrared laser absorption spectroscopy is a highly sensitive diagnostic 
method to unravel the complex interplay of the different mechanisms by detecting key molecular 
species, namely stable and transient molecules formed during the discharge or in the post-
discharge phase. Diode laser absorption spectroscopy using leads salt lasers have been used for 
this purpose for several years [1]. The time resolution was typically limited to a few hundred 
microseconds and thus the early plasma processes could not be studied by this technique. With the 
advent of quantum cascade lasers (QCL) this situation has changed. In pulsed operation the time 
resolution is theoretically limited to the pulse length of tens up to a few hundred of nanoseconds 
which enables highly time-resolved experiments in the mid-infrared range to be performed. Based 
on this new approach for fast in situ plasma diagnostics a quantum cascade laser absorption 
spectroscopy (QCLAS) experiment has been designed to study the kinetics in NO containing 
discharges. 

In order to validate the method measurements have been performed on a pulsed DC 
discharge containing 0.9 % NO in an Ar - N2 mixture. Short pulses of 1 ms were applied and the 
decay of the NO signal has been followed on the microsecond and sub-microsecond timescale 
using the intra pulse mode of operation for the QCL [2]. Experiments have been performed for 
static and flowing gas conditions during a single plasma pulse exhibiting both an apparent 
decrease of the NO concentration. From the difference between the two conditions the increase of 
the gas temperature could be deduced. The dynamics of the gas heating was then refined by a 
simple model calculation on the basis of the heat transfer equation adapted to the actual discharge 
set-up [3]. Measurements of the temporal behaviour of the electric field and the applied power 
served as input data for the calculations. The increase of the temperature during the pulse is not 
greater than 40 K, but has a strong influence on the line strength of the NO line used. All the 
observed decrease in the integrated absorption coefficient of about 20 % is mostly due to the 
heating of the gas which in turn makes the line strength vary in the same order with time and gives 
an apparent drop of NO (figure 1) [4].  

To unveil further aspects of molecular reactions involved in the development of the 
discharge the pulse length was increased to 100 ms and Ar was removed from the background gas. 
The decay of the NO absorption has been followed in the discharge on- and off-phase for different 
currents (figure 2). Again, a decrease of up to 20 % was observed within the first milliseconds 
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which is very likely connected with the heating of the gas and the temperature dependence of the 
line strength. The temperature increase is faster for the higher current and correlates with the 
injected power density. The drop of 20 % suggests again a gas heating of less than 50 K which is 
now even less than half the calculated value. This clearly underlines that the model calculations 
represent an upper limit for the gas heating since it assumes that all injected power is transferred 
into gas heating. For the rest of the discharge pulse a pronounced decrease of NO is observed with 
almost the same slope for both currents. The apparent plateau at the end of the pulse is caused by 
the limit of detection (LOD) for NO of ~ 3 × 1013 cm-3 with the double pass absorption system 
(~ 100 cm) used. For the experiment with higher current the LOD is reached after 20 ms and an 
increase above this level appears after 8 s which is later than for the low current, i.e. NO is notably 
reduced below the LOD. The appearance of the increase in the off-phase corresponds to the 
residence time of the gas in the discharge tube which was ~ 5 s. 
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Fig. 1 Upper: Comparison between modelled gas 
heating dynamics and the estimation from the 
experiments. Lower: Recalculated NO absorbance 
(star) for static gas conditions using the modelled 
temperature increase and its influence on the line 
strength in comparison with the experiment. 

Fig. 2 Temporal development of the NO 
absorbance for 19 mA (open) and 35 mA (full) 
average current in a 100 ms plasma pulse under 
flowing conditions. 

 
In order to identify the main channels of power injection into the plasma and the main 

reactions responsible for the second decay further chemical modeling work is necessary and is 
now in progress. 

 
Acknowledgement 

This work was supported by the German Research Foundation (DFG) within the framework 
of the Collaborative Research Centre Transregio 24 “Fundamentals of Complex Plasmas” and by 
the German and French Academic Exchange Service (DAAD and EGIDE) as part of the French-
German PROCOPE Collaboration Program (Project D/0502183). 

 
Reference 
[1] J. Röpcke, G. Lombardi, A. Rousseau and P.B. Davies 2006 Plasma Sources Sci. Technol. 15 S148 
[2] T. Beyer, M. Braun and A. Lambrecht 2003 Journ. Appl. Phys. 93 3158 
[3] A. Rousseau, E. Teboul and N. Sadeghi 2004 Plasma Sources Sci. Technol. 13 166 
[4] S. Welzel, L. Gatilova, J. Röpcke and A. Rousseau 2007 Plasma Sources Sci. Technol. 16 822 


