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The decrease of the emission spectra of an electronegative-electropositive gas mixture 
discharge to only one line in the case of Ne-H2 gas mixture was explained in our previous 
published papers [1]-[14]. In the present paper, the general character of this behavior is 
outlined. Also, similar results for Ar-H2 mixtures discharges are reported. In this case, at 
least two different argon lines were found to increase and give rise to the M-effect. 
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1. Introduction   
 

In a number of previously published papers we reported that, on hydrogen addition to neon, 
reduction of neon emission spectra to practically one line was observed. The wavelength of this line 
was λ1 = 585.3 nm and corresponds to the 2p1-1s2 transition [1]-[14]. Due to the fact that the spectra 
obtained had practically one line, this phenomenon was called the Monochromatisation-effect (M-
effect). 

In order to characterize the “intensity”  of this effect, we introduced the M parameter defined 
as the relative intensity ratio of the increased single line and an arbitrary reference line. For neon, the 
two lines are λ1 = 585.3 nm and λ2 = 614.3 nm and the M parameter is: 

                         M =  
nm

nm

I

I

3.614

3.585

2

1

=

=

λ

λ
                                                                   (1) 

In the case of pure neon discharges, the value of the M parameter is of the order of a few 
units, whereas at 40% hydrogen content in the neon-hydrogen gas mixture, a value as high as 40 was 
found. These results were obtained for a dielectric barrier discharge in Ne+H2 mixture at pressures 
around 10+2 torr. 

The emission spectrum of a discharge in pure neon is presented in Fig. 1. In Fig. 2, the 
spectra of 70%Ne + 30%H2 mixture discharge under identical experimental conditions is shown.  

 

Fig. 1. Recorded spectrum of pure neon PDP discharge (
�

1 = 585.3 nm, 
�

2 = 614.3 nm). 
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 Fig. 2. Recorded spectrum of (Ne+1%Ar)40% + (H2)60% gas mixture PDP discharge 
(

�
1 = 585.3 nm, 

�
2 = 614.3 nm). 

 
 
The M-effect can be observed in various types of discharges. Extensive studies on the M-

effect were necessary for explaining it, as can be observed in references [1]-[14]. It can be concluded 
that two processes are responsible for the appearance of this effect: 

1. ion-ion recombination, a process with high cross-section [15] 
2. resonant three body collision reaction of heavy particles (with nearly zero energy 

defect) [16]-[35]. 
Being observed in various types of discharges and also in various electronegative-

electropositive gas mixtures, the M-effect is considered to have a general character [18]-[35]. A 
number of experimental conditions are necessary in order to obtain the M-effect, namely: 

- low gas temperature in order to increase the triple collision reaction cross-section  
- elevated pressure of the gas mixture in order to promote triple coll isions between heavy 

particles 
- high density of the negative ions. In order to maintain high density of the negative ions, 

the discharge must be generated in electronegative-electropositive gas mixtures. Low 
electric field in the plasma and high electron densities can increase the density of 
negative ions.                                              

In the present paper we report for the first time our results on the M-effect in argon-
hydrogen gas mixtures. The peculiarity of the M-effect observed in this case is that there is a number 
of emission lines with increased intensity, not just one. In the cases of Ne mixed with H2 or Cl2 or 
O2, only the line at λ1 = 585.3 nm was observed to be selectively emitted. 
 
 

2. Experimental arrangement 
 

The A.C. dielectric barrier discharge in argon-hydrogen gas mixture was produced between 
two thin, parallel and linear aluminium electrodes of 5 mm width and 200 mm length. Both 
electrodes were covered with 20 µm dielectric layer. The distance between the electrodes (i.e. 
discharge space) was 1 mm. The thin film conductors were obtained by deposition in vacuum 
through a mask on two glass plates. The electrical supply was an A.C. square wave voltage 
generator with a frequency of 10-50 kHz.  

The PDP discharge device can be pumped down and filled with various gas mixtures. The 
optical emission spectra of the discharge were obtained using VARIAN TECHTRON spectrometer, 
a RCA photomultiplier and a recorder. 
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3. Experimental results and discussion 
 

In Fig. 3, the spectrum of the most intense lines emitted by the dielectric barrier type 
discharge in pure argon is given. In Fig. 4, the emission spectrum of 15%H2 + 85%Ar discharge 
taken under identical conditions are presented. Comparison of these two spectra clearly shows 
appearance of the M-effect which consists on selective supply of a l imited number of different 
energy levels of argon atoms. 
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Fig. 3. The emission spectra of a dielectric barrier type discharge in pure argon (total 
pressure 30 torr). 
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Fig. 4. The emission spectra of a dielectric barrier type discharge in (85%Ar+15%H2) gas 

mixture (total pressure 30 torr). 
 
 

In the case of Ar + H2 mixtures, the M parameter was defined similarly: 
 

         M =  
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where Iλn is the intensity of one of the few argon lines presenting increased intensity. In equation (2), 
λ3 is a reference argon line different from the λn lines. In our case, we used λ3 = 616.3 nm as argon 
reference line. 

The M - parameter was plotted against percentage of the added H2 to Ar, at a constant total 
pressure of 30 torr. 

In Fig. 5, the M-effect for the argon line λ4 = 738, 4 nm is given. An increase of the M 
parameter on the percentage of added H2 to argon was observed. In this figure, a maximum at            
M = 21 can be observed for 15% H2 from total pressure. 

 
Fig. 5. The dependence of the M parameter value on the percentage of added H2 from the 

total pressure of Ar+H2 gas in a PDP type discharge (
�
 = 738.4 nm) 

 
 

A similar dependence for the argon line at λ5 = 696.5 nm was also observed (Fig. 6). In this 
case, a maximum value of 12 for M, corresponding to 17% H2 was observed. 
 

 
Fig. 6. Dependence of the M parameter value on the percentage of added H2 from the total 

pressure of Ar+H2 gas fill ing (
�
 = 696.5 nm). 

 
 

As shown in our previous papers, the M-effect is due to three body coll ision reactions of 
ionized and excited atoms [17]. In the case of Ar + H2 mixture, the equation of the reaction can be 
written as: 

 
       Ar++ H+ H*(n=2) → Ar*  + H*(n=3)+H                                               (3) 

 
with nearly zero energy defect. 

In this equation, the excited hydrogen atoms H*(n = 2) in the left hand side behave as 
metastable atoms due to hydrogen resonant radiation trapping at pressures higher than 10 torr. On 
the right hand side of this equation, excited argon and excited hydrogen atoms appear. 
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4. Conclusions 
 

Selective population of a number of energy levels of Ar in the case of discharges in Ar+H2 
gas mixtures at pressures of the order of 10-102 torr is reported in this paper.  

The M-effect proved to be an important collision process in plasmas. This effect can disturb 
the usual distribution of excited states. Consequently, we believe that currentl y published data for 
discharges taking place at pressures higher than 10 torr in electropositive-electronegative gas 
mixtures might be erroneous in the case of gas mixtures where the M-effect occurs. 
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