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1. Introduction 

 
The M-effect (mono-chromatization effect) is a physical 

phenomena defined by the emission of specific monochro-
matic line spectra in certain gas mixture plasmas1–3. 

Previous studies carried out in the case of the mixture of 
one electropositive gas and one electronegative gas − the main 
requirement for obtaining the  M-effect − provided a clear 
585.3 nm emission monochromatic line for Ne and H2 mix-
ture and  750.4 nm respectively for Ar and H2 mixture at val-
ues of total pressure ranging between 10−100 torr (ref.4–11). 

Recent experiments revealed that the M-effect can be 
extended on two or more lines simultaneously just by adding 
more electropositive gases in the same reaction chamber12. 

The M-effect may be useful for explaining processes in 
known lasers and may also be important in developing of the 
new monochromatic light sources and also sources for stan-
dard references spectral lines, etc.14 −17. 

The aim of this paper is to put in evidence the emission 
spectral lines that present M-effect in pulsed discharges in 
Ne-Ar-H2 mixtures. Also, the influence of the optical emis-
sion spectra at different percentages of hydrogen added in 
pulsed Ne-Ar mixture discharges from the total pressure is 
reported. 

 
 

2. Experimental arrangement 
 
A view of the experimental arrangement used for the 

study of the double M-effect is presented in the Fig. 1. The 
experimental set up consists from the following parts:  
− The discharge tube, 
− Power Supply, 
− Vacuum system, 
− Gas filling system. 

The discharge tube is made from quartz with an inside 
diameter of 20 mm and an active length (maximum value) of 
200 mm, the narrow-gap being 10 mm (Fig. 2). Just on the 
axes of this quartz tube there were two metallic electrodes 
mounted axially, which are movable along the axes of the 
quartz tube in order to have the possibility to establish various 
discharge spaces. 

In order to help the ignition and also to ensure a stable 
discharge, the electrodes − made from tungsten wires with 
a diameter Φ = 1.5 mm − are needle-like sharpened using the 
electrocorosion technology.  

The tungsten wires − except the active electrode parts − 
are covered with glass or quartz tubing (except the discharge 
space) tightly bounded to the tungsten wire.  

The uses of an adequate electrical source (power supply 
of 25 kV and a frequency of 25 kHz) to generate plasma en-
sure an increased efficiency of the emitted radiation. We find 
out that a high voltage pulsed sources is an optimum one be-
cause the source temperature is kept low (cooling between 
pulsed discharges) but delivering enough power due to 25 kV 
pulses of 25 kHz frequencies. 

To ignite a discharge in the interelectrodic space, the 
discharge device is filled with a gas mixture of an established 
composition of the used filling gas mixtures. A pulsed high 
voltage is applied across the electrodes. A bright light in the 
gas mixtures is established in the interelectrodic space, due to 
the short and powerful applied voltage pulses. 

Firstly a vacuum of 8.7⋅10−3 mbar was created in the 
installation, after which Argon was allowed to enter until it 
reached a pressure of 90 Torr. After the pressure was dropped 

Fig. 1. Schematic diagram of the experimental arrangement 

Fig. 2. The discharge device used for study of the double mono-
chrome signal 
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down to 45 Torr in steps of 10 and then 5 Torr, and each time 
measuring the respective spectra, neon was pumped until the 
90 Torr pressure was restored, thus having the conditions for 
the following measurements.  

The following ones were taken by dropping the total 
pressure in steps of 10 Torr, until a pressure of only 40 Torr 
was reached. At that point Argon and Neon were pumped in 
the installation again in equal proportions, plus 10 percent 
hydrogen until the pressure raised back up to 90 Torr, and the 
measurements were taken as previously.  

The following sets of measurements were made using 
higher proportions of hydrogen, raising the pressure in steps 
of 5 percent. 

Measurements were taken with a total pressure ranging 
from 40 to 90 torr, in 10 by 10 steps. For each value of the 
total pressure, the partial pressure   of the hydrogen in the 
mixture was raised respectively: 10 %, 15 %,  20 %, 25 %, 
28 %, 30 %, 35 %, while the partial pressure of Ne and Ar 
were maintained permanently equal (pAr = pNe).  

An Optical Multichannel Analyzer (OMA) is mounted 
transversally on quartz glass tubing and also on the discharge 
volume. Using OMA, with a cross-section of the optically 
active signal of 2 mm the discharge spectra is easily recorded.  

The emission spectra were acquired using a PC-
controlled Optical Multichannel Analyzer (OMA), Spectral 
Products SM 242. with the resolution of 0,9 nm over an inter-
vals from 200 to 850 nm. 

Usually, it is necessary to calibrate the OMA before use 
but in the case of M-effect the studied emission spectral lines 
are well known and can be easily identified. 

 
 

3. Results and discussion 
 
An interesting influence of the percentage of H2 on the 

double M-effect was noticed at total pressure ranged from      
40−80 torr.  

The spectral lines for Ar-Ne mixture at 50 torr’s total 
pressure are given in Fig. 3 as reference spectrum (pAr = 
pNe) compared to emission spectra in the Ne-Ar-H2 mixture 

discharges at 20 and 28 % H2 respectively from total pressure. 
At percentage of H2 < 20 % the intensity line corre-

sponding to M-effect for Ne (585.3 nm) was higher than the 
intensity line corresponding to the M-effect for Ar       
(750.4 nm), as well as for percentages greater or equal to 
28 %, for all the total mentioned pressures above as it can be 
seen in the Fig. 4.a, b.  

Table I gives the experimental values of the line intensi-
ties taken for Ne-Ar-H2 mixture discharge at 20 % H2 from 
total pressure given in Fig. 4a. 

But, in the case of pH2 = 20 %, the coupling of these two 
line was inverted, the intensity line corresponding to M-effect 
for Ar (750.4 nm) was higher than the intensity line corre-
sponding to the M-effect for Ne (585.3 nm). 

In Table II are presented the values obtained in the case 
of Ne-Ar-H2 mixture discharge at 28 % H2 from total pressure 
shows in Fig. 5b. 

It has to be underlined the fact that only in the case of 
the 90 Torr total pressure the coupling remains accordingly to 
the previous behavior. 

As can be seen in these figures, on additional of hydro-
gen, a drastic change of the emission spectrum of Ne takes 
place. 

Figures 5a,b shows the intensity results of Ne and Ar 
lines for different values at 20 and 28 % H2 respectively from 
total pressure. 

This interesting feature can be attributed to the follow-
ing elementary processes: three body collisions and also other 

Fig. 3. Emission spectra of Ne-Ar mixture at 50 Torr’s total pres-
sure 

Table I 
The values of relative intensity for Ne-Ar-H2 mixture dis-
charge at 20 % H2 from total pressure 

H2 percentage 
[%] 

Total pressure  
[torr] 

Relative intensity 
INe [a.u] 

Relative  
intensity IAr 

[a.u] 

20 

40 22146 65535 
50 20093 52812 
60 26415 61034 
70 29701 57944 
80 45486 64500 
90 62338 56676 

H2 percentage 
[%] 

Total pressure 
[torr] 

Relative  
intensity 
INe [a.u] 

Relative  
intensity 
IAr [a.u] 

28 40 65098 10025 
50 56928 8961 
60 60520 10595 
70 64082 12547 
80 61100 13416 
90 62112 17169 

Table II 
The values of Ne-Ar-H2 mixture discharge at 28 % H2 from 
total pressure  
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processes with high rate of efficiency as additional effects for 
explaining the M-effect like trapped resonant radiation or 
metastable capture. 

The distance between electrodes can be changed at will 
using permanent magnets. Usually in the present experiment 
most of the data was taken using a distance between the elec-
trodes of 10 mm, but other distances could be used as well, 
the quality of the measurements not being affected by this 
factor. Fig. 6 shows the photo image for the Ne-Ar-H2 mix-
ture discharge at 28 % H2 from total pressure. 

The conditions for M-effect appearance are the follow-
ing ones: 
− nearly zero electric field in plasma region where the 

negative ions are generated; 
− high density of electrons; 
− low electron temperature in order to ensure the electron 

attachment to electronegative atoms or molecules; 
− high partial pressure of the gas mixture atomic and 

molecular partners from the total pressure; 
− high total pressure of the gas mixture (toward atmos-

pheric pressure) in order to sustain triple particle colli-
sions; 

− low temperature of the gas mixture in order to reduce 
the collisional quenching of the reacting triple particle 
compound. 
It can be underlined that two processes are responsible 

for the appearance of this effect: ion-ion recombination, a 
process with high cross-section and resonant three body colli-
sion reaction of heavy particles. Moreover, another possible 
explication for this could be the gas temperature of the plasma 
in which M-effect was generated because one of the condi-
tions to appear the effect is that the gas temperature must be 
low in order to avoid the quenching processes in the ion-ion 
recombination. 

 
 

4. Conclusions 
 
The current paper reports on new research on the simulta-

neous appearance of two M-effect in a discharge tube contain-
ing two rare gases and an electronegative gas, the hydrogen. 

Fig. 4. a) Emission spectra of Ne-Ar-H2 mixture discharge at 20 % 
H2 from total pressure, b) Emission spectra of Ne-Ar-H2 mixture 
discharge at 28 % H2 from total pressure 

a 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b 

Fig. 5. a) Results of relative intensity of Ne and Ar lines for differ-
ent values at 20 % H2 from total pressure, b) Results of relative 
intensity of Ne and Ar lines for different values at 28 % H2 from 
total pressure 

a 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b 
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  The M-effect is a powerful effect which gives mono-
chromatic line spectra of wavelengths dependent on the type 
of gas used.  

The mechanism responsible for the generation of the 
monochrome radiation is based on elementary process of 
three body collision. This behavior was explained by ion-ion 
recombination. 

New experiments revealed that this effect can be ob-
tained simultaneously for two different electropositive gases, 
in the same plasma.  

In this paper a mixture of Ne-Ar with H2 was used to 
demonstrate the existence of this multiple M-effect signal.  

The influence of percentages of hydrogen added in        
Ne-Ar discharges reveals a very interesting feature of the 
emission spectra due to the physical processes involved in the 
double M-effect. 

These results have opened a new research area, with 
tremendous applications involving custom wavelength emis-
sion line sources. 
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Fig. 6. Digital photo image of the Ne-Ar-H2 mixture discharge 


