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The study of ion-molecule reactions and plasma chemical processes in electrical 
discharges can be applied for the study of chemistry of an upper atmosphere of Earth and even 
also for the interpretation of some effects observed in atmosphere of planets [1-3]. Two gases 
CO2 and O2, used in experiments, are the typical representatives molecules presented in 
atmosphere of Earth. The concentration of CO2 is very low, but opposite in Martian atmosphere 
CO2 is absolutely dominant. A linear structure and a biogenic character are typical for CO2, 
making it good infrared absorbers in the Earth atmosphere. Moreover the CO2 could be used as 
a source for oxygen production in Martian atmosphere [4]. The aim of present contribution is to 
study behavior of both polarities of corona discharge fed by mixtures of carbon dioxide and 
oxygen. The interest will be focused on time dependences of ozone concentration. 

Two reactors containing identical coaxial cylindrical electrodes systems were used in 
these experiments. The discharge current and the voltage supplied to the electrodes were 
measured by two multimeters and recorded using computer. Corona discharge was generated in 
one of the reactors while the second reactor was used as a reference reactor. Both reactors were 
placed in the analysis compartment of a Shimadzu UV spectrometer. The UV transmittance 
through the cells was recorded simultaneously with the discharge voltage and current by 
computer. The ozone concentration in the discharge gap was monitored using the Lambert-Beer 
formula. One measurement took 1 hour. The concentrations of oxygen in the mixture were 0% 
(pure CO2), 5%, 20%, 80% and 100% (pure O2). All the experiments have been carried out at 
ambient temperature and atmospheric pressure. 

In the figures 1a (positive polarity) and 1b (negative polarity) the time dependence of ozone 
concentration in the discharge reactor is shown. In both polarities the amount of ozone is 
increasing with the increasing amount of O2 in the mixture. The only exception is pure oxygen, 
in which the final ozone concentration is lower than in 80% mixture. Despite this fact in the 
initial part of the measurement (approximately first 100 s), the O3 concentration is the highest in 
pure oxygen. This effect can be explained by higher temperature of reactor in case of pure 
oxygen (highest discharge power has been observed for oxygen). But in the initial part of 
measurement the temperature is not so high yet. Later at higher temperatures the ozone 
decomposition is significantly faster.  

 
Fig. 1. Time dependences of ozone concentration in various mixtures of CO2 and O2 (the number 

next to each curve is the oxygen concentration in the mixture). 
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Secondary electrons formed beyond the ionising region of the positive corona discharge 
are attached by CO2 molecules at the boundary between ionising and drift region by dissociative 
attachment  
e  +  CO2  →  O-  +  CO (1) 
k1= 8.5 x 10-12 cm3/sec [6] 
k1= 3.6 x 10-13 cm3/sec [7] 

The process (1) exhibits the first sharp resonance at electron energy closed to 4.2 eV. 
Moreover, it is evident from two values of the rate constant that the process belongs to slow 
processes. Hence outside the ionising region the electron attachment is practically inactive. If 
the ozone is formed at voltages slightly above the onset voltage, (100-200) V, the part of 
secondary electrons can be reduced due to dissociative attachment to ozone molecule. There are 
two channels of such process, both of them having a sharp maximum at energy of electrons of 1 
eV. The the total rate constant for process 
e  +  O3 → products (O-, or O2

-)  (2) 
reaches its maximum k2 = 2x10-9 cm3/sec deeply in the drift region where the reduced electric 
field E/N is low [8]. Therefore a part of free secondary electrons, which otherwise could 
contribute to sustaining a discharge, is converted to substantially less mobile negative ions. As 
the process (2) is much more efficient than process (1) even small amount of generated ozone 
can very significantly reduce concentration of free electrons in the discharge gap and also the 
overall discharge current. This effect is noticeable especially in pure carbon dioxide where the 
current decrease is in negative corona highest (figure not shown). The addition of even small 
amount of oxygen (with higher electronafinity than CO2) into the mixture diminishes part of 
free electrons even without need of ozone generation by dissociative electron attachment 
e  +  O2  →  O-  +  O k3 = f(E/N) [9] {3} 
and by three-body attachment 
e  +  O2  +  M  →  O2

-  +  M k4 = f(E/N) [10] {4} 
The highest ozone concentration was reached in mixture containing 80% of oxygen both 

in positive and negative discharges. One would expect the highest ozone concentration in pure 
oxygen. The reason is probably faster ozone decomposition in pure oxygen due to higher 
temperature caused by higher power of the discharge.  

The highest decrease of current has been observed in pure CO2 in both polarities. 
This is caused by high initial currents in CO2 as there is no gas able to efficiently 
capture free electrons. The effect of oxygen addition on the current was less noticeable 
in positive corona due to different process of secondary electrons generation.  
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