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We propose two new spectroscopic tools allowing gas temperature determination of non-thermal 
plasma jets, based on the measurement of the collisional broadening of two atomic emission lines, 
Ar I 750.39 nm and Ar I 842.46 nm, respectively. The gas temperature of a microwave non-
thermal plasma jet was determined from them. Results were consistent with each other, and with 
those obtained from the rotational temperature derived from OH ro-vibrational band. 

 
1. Introduction 

In some technological applications, such as those 
related to plasma surface treatments or plasma 
treatment of liquids, a reliable determination of the 
gas temperature (Tg) in the plasma could be crucial. 
To control this plasma characteristic parameter 
becomes particularly relevant in biomedical 
applications. Optical Emission Spectroscopy (OES) 
techniques based on the analysis of molecular 
emission spectra are commonly used for Tg 
determination of plasmas sustained at atmospheric 
pressure. But, the use of molecular emission 
spectroscopy is not always easy: overlapping of 
bands, rotational population distribution of levels 
having a non-Boltzmann nature, wake emission of 
rotational bands, among others, can make difficult to 
obtain reliable values of gas temperature. 

In this paper we propose two new spectroscopic 
tools for determination of gas temperature in non-
thermal plasmas, based on the measurement of the 
collisional broadening of two argon atomic lines: Ar I 
750.39 and Ar I 842.46 nm, respectively. The new 
methods have been used to measure Tg of an argon 
microwave jet open to the air. Values obtained using 
them, have been compared to the rotational 
temperatures derived from the OH ro-vibrational 
bands for validation. 
 
2. Method 

Lines Ar I 750.39 and Ar I 842.46 nm are very 
intense and can be almost always detected with a 
reasonably good signal-to-noise ratio, using 
appropriate detectors. They correspond to resonance 
transitions into both resonance levels s2 and s4 of the 
3p54s configuration of the Ar I system, and have a 
very high resonance broadening only dependent on 
the gas temperature. These lines also have a non 
negligible van der Waals broadening also depending 
on Tg. 

For plasmas with gas temperatures under 2000 K, 
and electron densities lower than 1015 cm-3, 
contributions of the Stark and Doppler broadenings 
to the whole line profile are negligible when 
compared to resonance and van der Waals ones. 
Under these experimental conditions, the total 
collisional broadening for these lines is then given by:  
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where constants CW and CR are characteristics for 
each line. Using expressions given by Yubero et al. in 
[1], and Ali and Griem in [2-3], respectively, we have 
calculated these constants for Ar I 750.39 and 842.46 
nm. 

The experimentally measured profiles of the lines 
(no self-absorbed), can be fitted to a Voigt shaped 
profile with a FWHM given by 
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being WI the instrumental broadening. 
So, by measuring WV, and knowing WI, from eq. 

(2) WC can be derived, and Tg determined. 
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