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Calculate the X-ray intensity ratio (Kg,/K;) of noble gas
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Abstract:

The ATOMOPM program was used to determine the effective central potential of
electrons in an atom using the variation principle. Following that, the reduced diagonal
Schrédinger equation method was utilized to calculate the potential integral and determine
the atomic potential of a single particle. The voltage rate is taken between repetitions till
self-consistency to calculate potential, wave state, orbital eigenvalues, and total energy.
The DIRACATOMOPM program was employed to numerically solve the Dirac equation
and turn it into a Schrédinger equation on the assumption that the interaction between
electrons is mediated by a Coulomb potential. Non-relativistic calculations were used to
approximate the a priori guess and begin the iteration process of solving the integral equa-
tion related to the relative potential calculations with the numerical solution of the Dirac
equation until reaching the self-consistent factor (SCF) to determine the effective mutual
potential, wave state, and total energy. The goal was to determine ratio of the X-ray intensi-
ty of the two lines (Km, K ,) for the noble gases and determine the relationship between the
wavelength of these lines and the atomic number as well as the relationship between the
X-ray intensity and frequency. The frequency was calculated using the Moseley equation,
and the wavelength and frequency of the X-ray intensity were determined. The results are
in good agreement with the theoretical and available experimental results.
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Introduction

In the X-ray analysis approaches,
a beam with a specific energy hits the
sample, producing main ionizations in
several inner-shells of the atoms. In
fact, de-excitation of the atom from
the ionized state releases the charac-
teristic x-ray line which is the finger-
print for investigation. The quantity
of KB/Ka intensity ratios represents a
key factor for comparison with numer-
ical calculations focuses on the atomic
models to exam the reliability of these
models. The Ka x-ray arises from the
L to the K shell transitions. Similarly,
the KB X ray arises from the M-, N-,
O-, etc., to the K-shell transitions [1].
Furthermore, significant theoretical
estimations depended on the relativis-
tic Hartree —Fock and Hartree—Slater
models calculated by Scofield [2,3].
Who reported a study on the probabil-
ity of the radioactive transition K, K,
of 26-elements of low atomic numbers
Na, to Rh,, in crystalline and non-crys-
talline systems. they compared the
results with the previous results based
on the efforts of Relativistic Hartree—
Fock (RHFS) and relativistic Cou-
lomb shielding potentials by Salem..

et al [4]. K shell x-ray fluorescence
cross-sections were measured for some
elements by Durak and Ozdemir et al
[6 ,7]. The results of the present work
will be compared with previous empir-
ical results achieved by different ap-
proaches, theoretical calculations, and
semi-empirical calculations described
in the previous studies. To the best of
our knowledge, the K-shell fluores-
cence yields using a fluorescence ex-
citation method were measured for the
first time for Cs, Eu, and Hg by Durak
..etal [8]. KB/KOL and K X-ray fluores-
cence cross sections and KB/KOL inten-
sity ratios of 17 metals from Cr to Bi
were studied. The targets were irradi-
ated with 59.5 and 123.6 keV photons
from **' Am and *’Co sources. The re-
sults were associated with experimen-
tal and theoretical calculations report-
ed by Cevik..et al [10]. Moreover, the
x-ray cross-sections and the intensity
ratios for Cr, Mn, Fe, and Co exposed
by 8.735 keV photon source by means
of secondary-excitation technique was
studied by Yilmaz [11].The study of
Ka and Kb x-ray cross-sections and the
Kb=Ka x-ray intensity ratios for sever-
al targets in the range of28) <7< 39)
irradiated by 16.896 keV photons using
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secondary-excitation technique was re-
ported by Yilmaz [ 12]. In this study,
the (DIRAC ATOMOPM) software
was used to solve the Dirac equation
numerically for the Coulomb potential
in order to study the role of the energy
of the single particle as well as its effect
on the relativistic wave function. In this
regard, the intensity of the x-rays of the
K

Y
lated. The numerical outcomes in this

K , lines of noble gases was calcu-

study compared with both the experi-
ments and calculations results in liter-
atures. It 1s found that there is a good

3
Ekal Z_O-L
WOREAIES
kBl M

Where E = (x=B1, al) is the energies
of the emitted K x-ray photos, n_and

Z (x=L, M) are the principal quantum
number and the effective change, of
the L and M shells, respectively. Thus,
precise knowledge of the electronic
binding energies is required. This can
be accomplished by solving Schro-

d K d
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and V(r) represents the total potential.

16

. {_ = —}h(r){— + E}g(r) +V(r)g(r)=eg(r)
r d r

agreement between both experimental
and numerical results in literatures.

Background and theory

An empty state in the K shell of the
atom could be occupied by an electron
from higher shells through radioactive
transition, and x-ray photon may be
emitted. The K, and K | lines results
when K shell empty state is occupied
by an electron from M, and L, sub-
shells, respectively. The intensity ratio
of these lines can be given by the fol-
lowing equationl5] ].

J3
dinger equation and use the results as a
starting approximation for Dirac equa-
tion. This method includes solving the
Dirac equation and converting it into
an equation similar to the Schrodinger
equation. The small component and it

is expressed interest of the large com-
ponent.
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y(r)=h(r)"* g(r) ————(4)
If g(r) i1s switched by ( y(r)=hn(r)"?g(r)false), the radial equation can be

written as;

kw+n

—y (N+ =Y () +

WEre

W(r)
h(r)

2y = ————5
(r)= ()ﬂ) (5)

W)=V ()4 h(){”r)} h()[V (”} h()[V(”L___(@

Numerov’s Method is used to solve
therdifferential equation (5) [13,14].

Results and discussion:

Six-noble gases from group VIII in
periodic table were taken under con-
sideration in this study. which were
suggested as inert gasses until 1960s.
This was owing to the value of their ox-

idation number 1s 0, which avoids the
noble gasses to procedure compounds
swiftly. All noble gases exhibited a
maximum number of electrons possi-
ble in their outer shell (2 for Helium,
and 8 for the others), making them sta-
ble elements. These neutral noble gas
atoms are listed in table 1.

Table.1 Noble gas atoms with their atomic numbers

Noble gas )
Helium Neon Argon Krypton Xenon Radon
atoms
Z 2 10 36 54 86
In this research, we used the (ATO- sion (IKBI /1) for the elements of the

MOPM) software as a Schrodinger and
Dirac program. In addition, the DA-
RAC ATOMON software, to calculate
the Dirac equation numerically for the
Coulomb potential - the assumption of
calculating the ratio of the x-ray emis-

carrier gases (Z=10, 18, 36, 54, and 86)
where the wave state cannot be used.
Except for the northern wave The Qa-
tari non-ratio hydrogen revolution in
the form of (o ~ (a z/ n)*?) for the per-
mitted electron transitions at ( {=0) can
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be stated in the quantum statement (¢) n =2(L shell)

by (Z-6) where in the constant south The results were arranged in Table
and the Islamic sticks and assuming 2and were compared with the calcu-
that the intensity of the dipole transi- lations [16]. These results were also
tion 1s proportional .With the energy plotted in Figure 1. The energy of the

cube of the X-ray photon as shown in  X-ray photon for each of the two lines
the equation. [15]

E Y(z . ’
" -o n
kBl M L

o, =3.5, o, =8.5, n,, =3 (M shell),

K  and Ko, for the atomic number(Z).
It was shown that x-ray photon energy
for (Km) line increases more than the

of (K ) line when the atomic number
increases.

Table.2 Calculated binding energies and observed binding energies
from the compilation of Thompson et. al [16]

A Present Results | Reported Results | Present Results | Reported Results
foms E (Rydberg) | E,_(Rydberg)[16] E, (Rydberg) E, (Rydberg) [16]
Neon 60.0232 62.364484
Argon 212.30181 217.2136268 228.6767383 234.46400352
Krypton 916.41432 925.73591 1052.21929 1036.62489
Xenon 2155.72652 2164.85979 2452.95438 2466.56866
Radon 2155.72652 5958.39917 6928.81097 6936.97806
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Fig.1 Energy Position of K ;and K X-ray lines as a function of atomic number(Z)
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As for Table. 3, it represents how
the wavelength changes with the atom-
ic number of the two A_ and 7‘51 lines if
compared with the T calculations. The
relationship between the wavelength

of the km lines and the atomic number
was also drawn. We note that the wave-
length of the km line increases more
than the wavelength of the A line as
the atomic number Figure 2.

Table.3 Calculate the wavelength of the two lines of X-rays kmand A, [16]

Atorns Present Results | Reported Results | Present Results | Reported Results
A (A) A (A)[16] Ay, (A) A (A) [16]
Neon 0.05472 0.05683
Argon 0.19375 0.197967 0.20841 0.213689
Krypton 0.83521 0.843715 0.93438 0.94477
Xenon 1.96472 1.973045 2.23561 2.24802
Radon 5.434780 5.619060 6.314891 6.31322

Wavelength{A)

—ai (R
—hg1(A)

1
10 20 30 40

Atomic Numberi{Z)

Fig.2 Wavelength of &  and 7‘31 lines as a function of atomic number Z

50 60 70 80 90

As shown in Fig 3, we notice a rela-
tionship between the frequency square
root of the of x-rays light against the
atomic number. The square root of the
frequency was found using Moseley’s

equation according to the following re-
lationship.
(V)'2=A(Z-2)

Where Z atomic number A and ZO
are constants
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Series K where Zo=1 A=497x107
Series L where A=2.14 %107
Zo=4.7

It was found that the square root y frequency of the x-ray increases with in-
creasing the atomic number.
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Fig.3 Frequency of (V_ )"*and (VBI)”2 lines versus atomic number

Fig. 4 and 5 they represent the re- where it is clear that the wavelength of
lationship between the wavelength and  the kﬁlline increases significantly more
the intensity of X-rays E_ and E; lines, than the wavelength of the A  line.
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Fig. 4 The relationship between the wavelength and energy of the X-ray
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Fig.5 The relationship between the wavelength and energy of the X-ray

Figure 6-7 shows the relationship be- where it was shown that the wavelength
tween the frequency emitted by the X-rays  is inversely proportional to the frequency
of the V_'* line and the wavelength, and the intensity of the x-rays.

£ 100 152 o 25 i 15 470 450

v 2{Hzj=0”

Fig. 6. Relationship between X-ray frequency and wavelength.
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Fig.7 Relationship between X-ray frequency and wavelength

Figure 8 shows the relationship be-
tween the ratio of the intensity of the
X-rays E,_/E _ with the atomic num-
ber. It was compared with the exper-
imental results [16], where it was
shown that the ratio E,_/E,_ decreases

with increasing atomic number. This
means that the intensity of the line in-
creases when the atomic number E_, is
increased while the intensity of the E_
line decreases with increasing atomic
number.

1

|==Frusent Resuls

== Fa poried Re sl

Atomic Number(Z)

Fig.8. The E,_/E _, radiative transition rate ratio versus atomic number.
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X-ray intensity ratio (IkBI/Ikal) was
calculated as a function of the atomic
number(Z). The results are arranged
in Table 4, if they are compared with
the calculations of [17,18], and also the
experimental measurements findings
of energy [16,18]. These results are
also shown in Figure 9. indicates that
the current calculations agree accept-

ably with the calculations of [16,18].

It 1s also clear from this table that the

ratio (I, /I, ) decreases with increas-

kp1
ing atorr[iic number. This means that the
intensity of the (Km) line rises when
atomic number 1s increased while, the
intensity of the (K ) line drops when
atomic number is increased, 1.e. the
probability of filling the empty in the
K shell from the M; shell increases in-

stead of filling it from the L, shell.

Table.4 Comparison between Present Results of the X-ray intensity

ratio Ikm/lm1 and Reported Results. [16,17,18]
IKal/ IKBI
7 Present Reported Reported Reported
Results Results [16] Results [17] Results [18]
Argon 9.587 9.521 9.54 9.428
Krypton 3.965 3.964 4.0 3.95
Xenon 3.109 3.100 3.200 3.106
Radon 2.584 2.584 2.525 2.587

2
10

Fig.9 The present calculated K X-ray intensity ratio compared
with relativistic (Dirac - Fock) and experimental results [17].
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Conclusions:

The results obtained in the present
work are in good agreement with other
theoretical results and also with exper-
imental data. This fast can be observed
intables (2,3,4). The Schrodinger equa-
tion was solved numerically for noble
gases with atomic number (10, 18 ,36,
54 ,86) and the results were used as ini-
tial predictions for the relative state us-
ing the Coulomb potential. It was found
that the energy of the photon energy
of x-ray (Em) line increases more than
the photon energy of x-ray (E_)) line as
the atomic number increases and at the
atomic setting of (86, 54). As for the
wavelength of the line 7‘31 it is greater
than the wavelength of the line A as
the atomic number increases. The rela-
tionship between the frequency square
root of x-ray light and the atomic num-
ber was observed. The results showed
that the frequency increases with the
increase in the atomic number. More-
over, the wavelength is subjected to the
intensity of the x-ray photon energy of
the two lines K and K- The x-ray in-
tensity ratio of the E_/E,  lines was
recorded and showed an increase a
with increasing atomic number. This
means that the intensity of the E,_,

line increases with increasing Z while
the intensity of the E,  line decreases.
The ratio of the X-ray intensity of the

two lines (I ) for noble gases was

kBl/Ikal
found with increasing atomic number
with the ratio, which means the possi-
bility of the electron moving from M,

to K in order to fill the gap in K.

References

[1] M. Polasik, Theoretical multi-
configuration Dirac-Fock meth-
od study on the x-ray spectra of
multiply ionized heavy atoms:
The structure of the KalL. M’ lines,
Phys. Rev. A. 40 (1989) 4361—
4368.

[2] J.H. Scofield, Relativistic har-
tree-slater values for K and L
X-ray emission rates, At. Data
Nucl. Data Tables. 14 (1974)
121-137. https://doi.org/10.1016/
S0092-640X(74)80019-7.

[3] J.H. Scofield, Exchange correc-
tions of K x-ray emission rates,
Phys. Rev. A. 9 (1974) 1041-
1049. https://doi.org/10.1103/
PhysRevA.9.1041.

[4] S.I. Salem, T.H. Falconer, Kp/
Kcf Radiative-Transition-Proba-
bility Ratios for Elements of Low



Calculate the X-ray intensity ratio (Kg;/K)

of noble gas

................................................................................................... Lubna H. Ismael J { 260

[5]

[6]

7]

8]

Atomic Numbers in Amorphous
and Crystal Forms, Phys. L RE
VIE W A. 6 (1972).

A. Kiiciikonder, E. Biyiikkasap,
R. Yilmaz, Y. Sahin, Chemical
Effects on the K /K o Intensi-
ty Ratios in First-Row Transi-
tion Element Compounds , Acta
Phys. Pol. A. 95 (1999) 243-250.
https://doi.org/10.12693/aphyspo-
1a.95.243.

Y. Ozdemir, R. Durak, E. Oz,
K-shell
cross-sections and fluorescence

X-ray production
yieldsinsomemedium-Zelements,
Radiat. Phys. Chem. 65 (2002)
199-204. https://doi.org/10.1016/
S0969-806X(02)00276-1.

R. Durak, S. Erzeneoglu, Y. Kuru-
cu, Y. Sahin, Measurement of pho-
ton-induced K X-ray production
cross-sections for some elements
with 40 <Z <70 at 122 keV, Radi-
at. Phys. Chem. 51 (1998) 45-48.
https://doi.org/10.1016/S0969-
806X(97)00088-1.

R. Durak, Y. Sahin, Measurement
of [Formula Presented]-shell flu-
orescence yields of selected ele-
ments from Cs to Pb using radio-
1sotope x-ray fluorescence, Phys.

Rev. A - At. Mol. Opt. Phys. 57
(1998) 2578-2582. https://doi.
org/10.1103/PhysRevA.57.2578.
A. Kiiciikénder, O. Sogiit, E.
E. Kiiciikonder,
H. Cam, Kp/Ko x-ray intensi-

Biiytiikkasap,

ty ratios for bromine and iodine
compounds, X-Ray Spectrom.
32 (2003) 60-63. https://doi.
org/10.1002/xrs.620.

[10] U. Cevik, S. Kaya, B. Ertugral, H.

Baltas, S.M. Karabidak, K-shell
X-ray fluorescence cross-sections
and intensity ratios for some pure
metals at 59.5 and 123.6 keV,
Nucl. Instruments Methods Phys.
Res. Sect. B Beam Interact. with
Mater. Atoms. 262 (2007) 165—
170. https://doi.org/10.1016/].
nimb.2007.06.007.

[11] R. Yilmaz, Kp/Ka X-ray intensi-

[12] R. Yilmaz,

ty ratios for Cr, Mn, Fe, and Co
excited by 8.735 keV energy, Acta
Phys. Pol. A. 133 (2018) 1227
1230.  https://doi.org/10.12693/
APhysPolA.133.1227.

KB/ Ka X-ray
intensity ratios for some ele-
ments in the atomic number range
28<7<39 at 16.896 keV , J. Radi-
at. Res. Appl. Sci. 10 (2017) 172—



dudlyelldeolall-duiJl d s -diolellg dygupdl Gluwlysdl ddoo
261 J{ 02025 yI31-elyjaoJl pg e - Jgllsxdooll - ggyiiollg guoladl saell

177. https://doi.org/10.1016/j.jr-
ras.2017.04.003.

[13] B.H. Alias, Using the Solution Of
Schrodinger and Dirac Equation to
Calculate Variationally Optimized
effective Potentials, Universiy of
Baghdad, 1996.

[14] B.A. Shadwick, J.D. Talman, M.R.
Norman, A program to compute
variationally optimized relativistic
atomic potentials, Comput. Phys.
Commun. 54 (1989) 95-102.
https://doi.org/10.1016/0010-
4655(89)90035-0.

[15] M.K. Ramaswamy, On the Z-de-
pendence of Ka 1/Kf 1 X-ray in-
tensity ratio., in: 2nd Int. Conf. Inn.
Shell Ioniz. Phenom., Freiburg,
F.R. Germany, 1976: pp. 218-219.

[16] A.C. Thompson, D.T. Attwood,
M. Eric, M.R. Howells, J.B. Kor-
tright, A.L. Robinson, J.H. Un-
derwood, K. Kim, J. Kirz, G.P.
Williams, J.H. Scofield, A.C.
Thompson, D. Vaughan, X-ray
data booklet, Second edi, Law-
rence Berkeley National Labora-
tor, Berkeley, 2001.

[17] C.M. Lederer, J.M. Hollander, I.

Perlman, Table of Isotopes, Sixth
Edit, John Wiley and Sons, New
York, 1967.

[18] L. Visscher, K.G. Dyall, Dirac-fo-

ck atomic electronic structure cal-
culations using different nucle-
ar charge distributions, At. Data
Nucl. Data Tables. 67 (1997)
207-224. https://doi.org/10.1006/
adnd.1997.0751.






