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In this work we find a non-equilibrium atmospheric pressure arc can be used to 
synthesize nitrogen dioxide (NO2).  Similar discharges have been used in the past to produce 
fertilizers [1].  We find this simple device can produce a significant amount of NO2 in a short 
period of time. 

The discharge is generated between two cylindrical metal electrodes, and is enclosed in 
an acrylic box.   The non-equilibrium nature of the arc is predicated on low input current 
(≤100mA) and power levels (≈100W).  This characteristic is further confirmed by a relatively 
low rotational temperature, which is determined from the OH molecular band at 306-310nm 
(A2Σ+,ν=0→X2Π+,ν’=0) [2]-[3].  Absorbance measurements in the reaction vessel 
(λNO2=435nm) provide a means for determining the concentration of NO2 in real time.   

We find that significant NO2 production can be obtained when reacting a static volume of 
air in the plasma.  In particular we find the formation of NO2 has a negative dependency on the 
flow rate of air.  That is, introducing any flow rate through the vessel causes the residence time 
of the active species to be reduced to the point where no appreciable NO2 can be formed.  As a 
result, the experiments in this work involve reacting a single volume of air for a given period of 
time.  Absorbance measurements are collected during the time in which the plasma is on, as 
well as after the plasma is turned off. 

Figure 1 shows how the concentration of NO2 as a function of time for reaction times of 2 
min, 5 min, and 10 min.  It is interesting to note that the concentration of NO2 doubles 
approximately 0.5 min after the plasma is turned off.  Also, the NO2 concentration reaches the 
same concentration concurrent with the discharge operation for all three reaction times.  
Furthermore, the post-discharge concentration of NO2 is also equivalent for all three reaction 
times. 

 

 
Figure 1.  The absorbance of NO2 at 435nm as a function of time in the reaction vessel.  The 
three times refer to the length of time the discharge remained on before it was extinguished. 
 
An explanation for the increase in NO2 once the plasma is extinguished can be found using 

theoretical kinetic parameters established by Lu [4].  Formation and destruction of NO2 in an air 
plasma follows from various reactions involving NO, O, O2, and N2 [4]:  
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NO+O+N2 ↔ NO2+N2 (1) NO+O+O ↔ NO2+O (4) 
NO+O+O2 ↔ NO2+O2 (2) NO+NO+O2 ↔ NO2+NO2 (5) 

NO+O+NO ↔ NO2+NO (3) NO2+O ↔ NO+O2 (6) 

Most of these reactions kinetically favor the formation of NO2, with the exception of 
reaction (6).  As a result, the reactions generating NO2 are rate limited for approximately 2 min, 
until the fraction of available O2 is exhausted.  A stable equilibrium is found at this point, in which 
atomic oxygen bonds to and dissociates from NO.  This explains why all three plasma reaction 
times reach an equivalent concurrent discharge concentration of NO2. Once the plasma is turned 
off the source for O formation is removed.  As a result, the fraction of O remaining in the 
afterglow is consumed by reactions that continue form NO2 until no O remains.  Figure 2 shows 
the emission profile from this discharge while the plasma is operating, and it includes intense 
emission from NO, N2, and OH bands.   
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Figure 2.  Emission spectra from non-equilibrium arc discharge.  Reactions between excited states of NO 
and N2 (200-400nm), including atomic oxygen (777nm), are responsible for the formation of NO2.  These 
spectra represent the plasma reaction after 1 minute.  

 
The main benefits of using the non-equilibrium arc presented in this work are simplicity 

and scalability.  Also, the capacity for NO2 production using this discharge is substantial, 
considering it is powered by only 100 Watts. 
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