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Abstract: 
In this research, we studied the effect of applying the reduced electric field E/N 

on the electronic distribution function and on the electronic transfer parameters 
(electron energy rate , characteristic energy , electron drift velocity , electron mo-
bility , electron diffusion coefficient ) for pure nitrogen gas (N2) and gas Noble 
xenon (Xe) and their mixtures in different concentrations. The main transfer pa-
rameters mentioned above were studied as a function of the reduced electric field 
E/N for different values. Changing the concentration of xenon gas in the mixture 
causes a change in the distribution function EEDF and as a result, a change occurs 
in the electronic transfer parameters. The data obtained from the EEDF program 
was plotted using the (MATLAB) program. The operations were conducted under 
constant standard conditions, where  gas pressure ,temperature, and the electron 
concentration are 760 Torr, 273 K, 1×109  cm -3, respectively.

Keywords: (EEDF) prog., Boltzmann eq., N2 Gas, Xe Gas, Electronic transfer 
parameters .

دراسة تأثير المجال الكهربائي المختزل وتركيز غاز النيتروجين 
)N2-Xe( على دالة التوزيع الإلكتروني ومعاملات النقل لخليط

خالد ســلمان جبر      ،      أ.م.د مصطفى كامل جاســم
وزارة التربيــة / مديريــة تربيــة الرصافــة الثالثــة، بغداد، العراق

البحث مســتل من رســالة ماجســتير للباحث الاول 
مستخلص:

تــم في هــذا البحــث دراســة تأثــر تطبيــق المجــال الكهربائــي المخفــض E/N عــى دالــة التوزيــع الإلكــروني وعــى 
ــة  ــرون ، تنقلي ــراف الإلك ــة انج ــزة ، سرع ــة الممي ــرون u̅، الطاق ــة الإلك ــدل طاق ــروني )مع ــل الإلك ــات النق معام
ــا  ــل )Xe( (  ومخاليطه ــون النبي ــاز الزين ــي  N2 ولغ ــن النق ــاز النيروج ــل لغ ــرون معام ــار الإلك ــرون ، انتش الإلك
 E/N بركيــزات مختلفــة. تمــت دراســة معامــات النقــل الرئيســية المذكــورة أعــاه كدالــة للمجــال الكهربائــي المخفــض
لقيــم مختلفــة. يــؤدي تغيــر تركيــز غــاز الزينــون في الخليــط إلى تغــر في دالــة التوزيــع EEDF ونتيجــة لذلــك يحــدث 
تغيــر في معامــات النقــل الإلكــروني. تــم رســم البيانــات التــي تــم الحصــول عليهــا مــن برنامــج EEDF باســتخدام 
برنامــج )MATLAB(  أجريــت العمليــات تحــت ظــروف قياســية ثابتــة، حيــث بلــغ ضغــط الغــاز ودرجــة الحــرارة 

ــوالي. ــى الت ــرون cm -3  109×1 ، K 273 ، Torr 760، ع ــز الإلك وتركي
الكلمات المفتاحية: برنامج EEDF ، معادلة بولتزمان، غاز N2، غاز Xe ، معادلة نقل الالكرون.
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Introduction:
 In an elastic collision, if the electron 

does not have enough energy to excite 
the heavy body (molecule or atom), 
it can exchange momentum with its 
counterpart, and a small portion of the 
electrons possess kinetic energy that 
exceeds the excitation limit [1]. Ac-
cording to the distribution function f 
(u), elastic collisions are predominant, 
and consequently, the effect of inelastic 
collisions as Ionization or excitation 
on the distribution function is insignif-
icant [2].

When the electrons are provided 
with sufficient energy from the electric 
field, the kinetic energy of the elec-
tron is transferred to the neutral atoms 
and raises them to an excited level. In 
this case, the kinetic energy is not con-
served and the collisions are inelastic.

In monatomic gases, such as the 
noble gases, at high energies, inelastic 
collisions are important for the pur-
pose of determining the behavior of the 
electron, and in molecular gases, such 
as nitrogen gas, elastic and inelastic 
collisions are important.

Xenon has the greatest chemical 
activity compared to other noble gas-

es [3]. Adding a noble gas like xenon 
to nitrogen gas leads to enhancing the 
concentration of active species through 
the processes of ionization and agita-
tion. Therefore, the collision processes 
and plasma reactions in the mixture can 
be explained by knowing the plasma 
parameters [4]. There are many Among 
the programs and techniques that are 
used to obtain electron transfer proper-
ties, one of these programs is the EEDF 
program. This program gives electron 
transfer coefficients in a mixture of 
gases by solving the Boltzmann equa-
tion [5]. This program describes how 
electrons gain energy from the electric 
field and then lose it in collisions. In-
elastic [6]. In our research, the electron 
energy distribution function (EEDF) 
was studied for both pure xenon and 
nitrogen gases and for their mixtures. 
And also to study the electron trans-
fer coefficients, which include the drift 
speed, the mobility of the electrons, the 
energy rate of the electrons, the char-
acteristic energy of the electrons, and 
the electron diffusion coefficient. The 
MATLAB program was used to show 
the graphs of the calculations, and the 
study was carried out under constant 
standard conditions such as a pressure 
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of Torr 1 = P and a temperature of K = 
300T.

Theory:
In the plasma model, the Boltzmann 

equation (BE) describes phenomena 
that are relevant to some important 
applications such as engineering and 
technology. The general form of Boltz-
mann equation [7].

   (1)

The left side of the equation de-
scribes how the function f(r∙v∙t) chang-
es due to independent motion without 
collisions, while the right side of the 
equation describes how the function 
changes as a result of bilateral colli-
sions of charged particles with neutral 
particles.

The expression (v∙∇_r) represents 
that part of the change as a result of the 
external force v.

e/m is the ratio of an electron’s 
charge to its mass, which indicates the 
acceleration of electrons as a result of 
the applied electric field, E.

 f (r.v.t) is the distribution function in 
spatial location r, velocity v, and time t. 
For a particle moving in three-dimen-
sional space, the phase space consists 

essentially of all points [8].
The code is restricted to a standard 

value to terminate the iterating actions. 
And The function  is the solution. 
In this program, the number of itera-
tions is limited by the value Mmax, 
which is set by the user of the program 
[9]. And by using the distribution func-
tion  , we can get the electron 
transfer coefficients such as electron 
drift velocity  , and electron ener-
gy rate [10].

     (2)

where (u) is the electron energy in 
(eV), (N) gas density in (cm-3), (E/N) the 
reduced electric field in (V.cm2),  
the momentum transfer cross-section 
measured in (cm2) [11].

       (3)

The ability of electrons to move in 
a medium under the influence of an 
electric field is called electron mobility 

, and it can be found from the fol-
lowing relationship [11]:

  (4)

The relationship between the distri-
bution function and the electronic dif-
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fusion coefficient  is illustrated 
by the equation below:

     (5)                                                               

where  is the momentum trans-
fer collision frequency.

The characteristic energy  , rep-
resents the ratio between the electron-
ic diffusion coefficient to the electron 
mobility, which is shown in the follow-
ing relationship.

               (6)

Results and discussion
Calculating the distribution func-

tion EEDF versus the electron energy 
u (eV) by solving the binomial approx-
imation of the Boltzmann equation in 
the molecular gas N2 and pure xenon 
gas for different values   of the reduced 
electric field E/N = (10-100) Td shown 
in the figure (1).

Figure (1) Electron energy distribution function versus electron energy 
for pure nitrogen N2 and xenon Xe

In Figure (2) When adding molecu-
lar gas N2 to Xe gas leads to a decrease 
in the EEDF curves towards the low 
energy tail, which is attributed to in-
elastic collisions of electrons with N2.

If the concentration of N2 in the 
mixture increases and at E/N < 30 Td, 
the EEDF curves decrease quickly and 
approach the origin of the energy field, 
which is attributed to the increase in 
the cross-section of the interaction, 
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which results in an increase in inelastic 
collisions of electrons with N2 on the 
one hand, and the electrons gain little 
energy. By applying E/N on the oth-
er hand. As the concentration of N2 in 
the mixture increases and the reducing 
electric field increases (E/N > 30 Td), 

the EEDF decreases slowly and does 
not approach the origin of the energy 
field, which is attributed to the balance 
of energy gain and loss of the electrons 
as a result of the application of the re-
ducing electric field on the one hand 
and the increase in inelastic collisions 

Figure (2) Electron energy distribution function as a function of electron
energy for mixtures (Xe + N2) with different concentrations

on the other hand. Second hand.
Varied behavior in Figure (3(a)) for 

the average electron energy u as a func-
tion of the reduced electric field E/N 
for the (N2+Xe) mixture. u increases 

with increasing E/N.
When E/N < 200Td, reducing the 

nitrogen concentration in the mixture 
leads to raising the electron energy 
rate, and when E/N > 200Td, increas-
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ing the nitrogen concentration in the 
mixture leads to raising the electron 
energy rate u.

  In the figure (3(b)) the characteris-
tic energy versus the reduced electric 

field E/N for pure xenon gas, nitro-
gen gas, and their mixtures at different 
concentrations. The figure shows the 
difference in the behavior of each mix-
ture depending on the concentration of 

Figure [3(a,b)] Average electron energy and characteristic energy 
versus the reduced electric field for a mixture (N2 + Xe).

gases in that mixture.
Figure (3(a)) expresses the relation-

ship of the drift velocity  to the reduced 
electric field E/N at different concen-
trations of xenon gas After this value, 
increasing the nitrogen concentration 

in the mixture leads to raising more.
The decrease in the concentration of 

nitrogen in the mixture (N2 + Xe) in-
creasing the electric field (E/N > 100 
Td), the mobility gradually decreases 
with increasing E/N. As shown in Fig-

Figure [4 (a,b)] Electron drift speed and mobility versus the reducing 
electric field for a mixture (N2 + Xe)
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ure (4(b)).
Figure (5) shows the electronic dif-

fusion coefficient De versus the re-

duced electric field E/N for a mixture 
(N2+Xe), which shows the behavior of 
each mixture varying with the concen-
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Figure (5) Electronic diffusion coefficient versus the reduced 
electric field for a mixture (N2 + Xe)

tration of gases in the mixture.

Conclusion:
Decreasing the nitrogen concentra-

tion in the mixture (N2+Xe) plays a 
different role depending on E/N. As a 
result, there is a change in the electron 
transport parameters (electron energy 
rate, characteristic energy, drift veloci-
ty, electron mobility, electron diffusion 
coefficient). Therefore, we notice that 
the EEDF is greatly affected by chang-
ing the reduced electric field E/N and 
then the electron transport parameters 
are affected by it. Also, increasing E/N 

leads to the evolution of the EEDF to-
wards the high energy tail as a result of 
the electrons gaining energy.
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