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Measurement and calculation of electron energy distribution function (EEDF) and mean 

electron energy (plasma temperature) in complex plasmas was recently in the focus of some 
experimental and theoretical works [1, 2].  To measure the plasma temperature in low density 
plasma the most convenient way is to use an electrical probe.  The problem with changing the 
probe characteristics that appears in the reactive plasma as well as the local disturbance of plasma 
near the probe make it necessary to consider the use of some other technique, such as emission 
spectroscopy. 

Emission spectroscopy is a non-intrusive method to determine the plasma temperature and 
density from atomic line intensities or shapes, for electron densities larger then 1016 cm-3.  For 
these plasma conditions different kinds of line intensity ratios could be used to determine plasma 
temperature with high accuracy.  For low density radiofrequency (RF) plasma the optical emission 
spectroscopy (OES) can be used for determining plasma parameters with previous careful analysis 
of kinetic processes, which govern the population densities of excited states.  Additionally, the 
comparison of the dynamics of different electronic states and emission lines connected to 
metastable and resonant states could be used to learn more on the dynamics and distribution of 
reactive species in low density plasmas [3]. 

In our experiment we use argon/acetylene RF plasma to produce nano-sized particles 
through plasma polymerization, as was already described in [4].  The nanoparticles are 
monodisperse in size and they levitate in the plasma between the electrodes long enough to be 
investigated for several minutes without significant change in their density.  This allows the 
measurements of different atomic argon (Ar I) lines.  As a comparison we also measured the line 
intensities in pure argon plasma for two different input powers: 15 W and 60 W. 

Following the proposed procedure for calculating a modified Boltzmann plot [1] we 
determined the excitation temperatures Texc from Boltzmann plot.  Fig. 1 shows the Boltzmann 
plot calculated for 15 W input power and the two different plasma states: pure argon and argon 
with the nano-sized particles.  The particles have the diameter of about 100 nm and their density is 
of the order of 106 cm-3.  The result clearly shows that there is a small increase in Texc when the 
nanoparticles are immersed in plasma, but of the order of the experimental error (13%).  
Accordingly [1] the electron temperature should follow the same trend as Texc. 

We plan to extend our work to measure the spatial dependence of the electron temperature 
in complex plasma.  It was suggested [5] in the literature that the spatial distribution of the dust 
particles in complex plasmas could result in non-uniformity of EEDF and it would lead to the 
decrease of the spatially averaged mean electron energy. 



 
 
Fig. 1 Boltzmann plots for determining excitation temperatures for: pure argon plasma (opened 

squares) and mixture of argon/dust particles of the 100 nm diameter (solid circles).  The 
discharge power is 15 W and the discharge pressure is 0.1 mbar.  The solid lines are the least-
square fits for the corresponding measurements. 
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