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Understanding how electrons are arranged in titanium, aluminum, and compounds made
from both is very important for improving materials used in airplanes, designing stronger
materials, and making better catalysts. This is because electron arrangement affects how
strong a material is, how well it resists rust, and how it reacts with other chemicals. But,
it's hard to figure out the exact electron arrangement in these materials because electrons
interact with each other in complicated ways, and our current theories aren't perfect. This
work tries to: (1) find the most likely electron arrangements for titanium and aluminum
using computer simulations, (2) check if a specific model (the Renormalized Free Atom
or RFA model) matches experimental data, and (3) estimate the electron arrangement in
a TiAl alloy by combining the results for titanium and aluminum. We computed how
electrons move in titanium and aluminum using the RFA model, testing different electron
arrangements for titanium's 3d-4s and aluminum's 3s-3p electrons. We then computed
Compton scattering profiles J(pz) and compared them with experiment to see how well
the model works. For the TiAl alloy, the electron arrangement is estimated by adding
the arrangements we found for both pure titanium and aluminum. Results demonstrated
well matched calculations for both RFA and the experimental data. Electron
arrangements are mostly found to be 3d3-4s' and 3s2-3p' for titanium and aluminum,
respectively. Predicting how electrons move in the TiAl: alloy was achieved by
superposition model, that matches experimental data. This shows the efficiency of
applying RFA model to predict the electronic properties of titanium-aluminum systems
and helps to design new and better titanium-aluminum compounds.

1. INTRODUCTION

Compton scattering is can be explained as an inelastic

experiments sought to measure the energy distribution of
scattered photons, focusing on the Compton cross section.
Researchers like Dumond and Kirkpatrick meticulously

photon-electron interaction, causing the exchange of energy
and momentum. Subsequently, the scattered photon’s
properties depend on the electron’s initial state with which it
interacts. Then, the photon momentum distribution becomes
the exact mirror image of the electron momentum distribution
before collision [1]. The so-called Compton profile presents
the function describing the electron momentum distribution in
this scenario. Investigating the electronic structure of a great
majority of solids, crystallized material in particular can be
effectively realized by Compton spectroscopy Valuable
information regarding the electron momentum density (EMD)
can be gained, which is very useful in measuring electron wave
functions by means of Fourier transform equations [2]. The
electrons in solids are classified into two groups: inner core
and conduction electrons. The first type is bound and localized
close to the atomic nucleus. They take little or no part in
bonding. The conduction electrons, on the contrary, are rather
more loosely bound with their radial wave functions extended
sufficiently far to form a significant contribution toward
bonding and electrical conduction [3]. Following the initial
discovery of the Compton effect, early quantitative
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analyzed such data, establishing how the width of the
Compton spectral line correlates with the electron momentum
distribution. Overall, Compton scattering remains a valuable
method for investigating electron distributions across atoms,
molecules, and condensed matter surfaces [4]. In 2018,
Sankarshan and Umesh [5] he pointed out that during the
scattering of X-rays and gamma rays from amorphous media,
especially at high momentum transfer, each atom in which it
occurs is scattered individually without noticing the presence
of other atoms in its vicinity. In Weiss's scattering experiment,
this is equivalent to a practical situation where the operator can
set up the angular assembly of the photon source and scatterer
so that the incoming energy exceeds the electron binding
energy of the scatterer atoms, and a scattering angle large
enough to achieve high momentum transfer is used. We can
interpret Weiss's conclusion that under these conditions the
following occurs: (a) all targets behave as pure incoherent
distractors and (b) complex targets can be treated as either
homogeneous or heterogeneous mixtures of elements [5].

In the early nineteenth century, the Compton effect was
discovered, which provides a fundamental explanation for the
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laws of conservation of energy and momentum in quantum
mechanical processes [6].

Compton scattering is an experimental capability that can
be employed to explore the electron momentum distribution in
matter, and through CS, the chemical character can be
correlated with the electronic structure via the electron
momentum density n(p). Compton profile (CP) J(pz) is one-
dimensional quantity—and is the projection of the three-
dimensional momentum density n(p) onto the scattering vector
(parallel to pz). Mathematical approach states that the
momentum density n(p) is "smoothed" along the directions
orthogonal to pz, and n(pz) = n(p,e) with polar coordination
[7-25].

The Compton profile is a one-dimensional view of how
electrons move in three dimensions along the scattering vector
can be realized by Compton profile shows. This can be
explained as integrating electron movement over components
not parallel to the vector. This reduces the momentum
distribution to one dimension. The electron distribution in a
material's momentum space can be shown in the profile, with
characteristic features relate to valence and core electrons. The
scattered photon energies relate to momentum distribution can
be realized by measuring scattered high-energy photons, hence
the electronic structure is obtaied. The math relationship
between the Compton profile J(P.) and electron momentum
density n(p) is viewed as:

J(P,)=[[n(p)dp.dp,

where, p. represents the momentum component aligned with
the scattering vector, the integral accounts for perpendicular
components p, and p,. This integral equation is key to
interpreting Compton scattering experiments and supports the
theoretical calculations in this work.

Materials science still struggles to pinpoint the electronic
structure of titanium, aluminum, and their intermetallic
compounds such as TiAls. Earlier Compton scattering work
gave helpful experimental insight, but theoretical models
usually use free-atom approximations. These don't fully
explain electron behavior and renormalization, especially in
alloys and intermetallic systems. Because of these limits, there
are often differences between the calculated and experimental
electron momentum densities. This hurts the ability of current
theoretical frameworks to make predictions. Though much
research has been done on pure elemental metals, there aren't
as many investigations as possible into the electronic structure
of titanium-aluminum alloys using strong theoretical methods.
By adding renormalization effects into the atomic
wavefunctions, the Renormalized Free Atom (RFA) model
gives a better theoretical method that more closely matches
experimental results. But, using it on titanium, aluminum, and
TiAls alloys hasn't been explored much. This work aims to fix
this by using the RFA model to get the best electronic layouts
of Ti and Al, checking these layouts against experimental
Compton profiles, and using this method to guess the
electronic structure of TiAls via a superposition model. This
research not only makes the electronic configuration
assignments for the elements better, but it also creates a
checked computational framework for alloy electronic
structure. It improves the theoretical way we understand
titanium-aluminum intermetallic.

This study seeks to: (1) compute titanium and aluminum's
electronic momentum density and Compton profiles using the
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Renormalized Free Atom (RFA) model; (2) spot the best
electronic setups for Ti and Al by matching theory with
Compton scattering experiments; and (3) use these results to
model the electronic structure of the TiAl: intermetallic alloy
using a superposition model based on the best elemental setups.
Consequently, this study aims at fixing problems with older
theoretical methods that often can't correctly guess electron
momentum densities in elements and alloys. The othe goal is
to offer a tested computational method that enhances
knowledge of electronic structure of Ti-Al systems.

2. THEORETICAL CALCULATIONS
2.1 Calculations (RFA) model

Berggren’s approach is used to compute CP of
polycrystalline (Ti, Al) using RFA model. Since the scheme of
computing RFA CP of valence electrons is available in the
study [26], we give a few computational details.

Berggren's method gives a way to figure out the
momentum-space wavefunctions for valence electrons in
crystals, hence finding the electron momentum density in the
Renormalized Free Atom (RFA) model. The electron Bloch
wavefunctions change into momentum space, especially for
the outermost s-electrons, by presenting them as combinations
of plane waves. These waves have momenta around reciprocal
lattice vectors. This change helps compute Compton profiles
by allowing integration over momentum parts. The RFA
model uses Berggren’s method to get wavefunctions in
momentum-space that include renormalization stuff. This is
because atomic wavefunctions cut off at the Wigner-Seitz
sphere boundary. Putting Berggren’s momentum transform
into the RFA model improves how we theoretically predict
electron momentum densities and compare them with
Compton scattering data from experiments.

HF wave function for 4s electron of (Ti, Al) obtained from
literature [27]. It has been truncated at WS radius and then
renormalized to unity. The new wave function is then used in
further computations. It has been known [28] that the effects
of renormalization are the largest for the outermost 's' electrons
because hardly 25-35% charge is contained in W-S sphere. On
the other hand, for '3d' electrons this figure is about 90% and
thus renormalization effects on 3d electrons are very small.
Following the above, we have also considered 4s electrons
only in the RFA scheme. The Compton profile J,5(p,) due to
only 4s electrons was computed as

Jis () = 47 ) WS Galp,) (M
n=0

where, W§(K,) is the FT of the RFA and G,(P,) is an
auxiliary function involving reciprocal lattice vectors K, ,
number of points in the nt" shell, Fermi momentum pp, etc.

2.2 Calculations (superposition) model

The superposition model is a simple and successful model
used to find the shape of the Compton curve (Jpz) for alloys.
It depends on the results of theoretical calculations of the
alloying elements. The data for the elements are collected in
different proportions using the following equation [29]:



J¥UP(p,) = CJ" (p,) + D (p,) 2
where, (C) and (D) represent the concentration ratios of the
elements titanium (Ti) and aluminum (Al) respectively in the
alloy.

3. RESULTS AND DISCUSSION
3.1 Titanium

Table 1 contains the results of theoretical calculations for
the Compton profile (Jpz) of titanium, in addition to the
experimental values results for (Jpz) [30], as these values
represent the electronic structures closest to the approved
experimental values results. The values of the Compton profile
(Jpz) closest to the experimental data of titanium are the
electronic compositions: (3d3 4s1), (3d2.9 4s1.1), (3d2.8 4s1.2)

which has been calibrated to the area under the curve of the
free atom (9.921118) for the momentum region bounded
between (0- 0.7 a.u.).

The theoretical calculations were compared with the
experimental values results to find out the extent of their
congruence, as we note that the values obtained using the
(RFA) model match well with the experimental values results,
and that the best match is found in the electronic arrangement
(3d3- 4s1).

As can be seen in momentum region (0-1 a.u.), the
experimental values results are slightly higher than the
theoretical results, but in the momentum region confined
between (1.2-6 a.u.) we notice that the theoretical results
become slightly higher than the experimental values results,
and this applies to theoretical calculations for RFA models.

As for the values of the free atom, they are much lower and
far from the experimental values adopted [27] in the
momentum region (0-1 a.u.), but they come back close to them
in the momentum region (1.2-7 a.u.).

Table 1. Comparison of theoretical and experimental results of the Compton profile for (Ti)

J(pz)(e/a.u.)
P. 2 4.2 Theor.Core+(RFA) Data (PW-
@u)  Tree a“";‘7(3d “45)  Core+RFA 3d*%- Core+RFA 3d>>-  Core+RFA 3d°*- GGA) Expt. [30]
[ ] 4s1.2 4s1.1 4Sl [30]
0.0 7.51 5.235 5.263 5.294 5.236 5.359+£0.014
0.1 7.1 5.214 5.241 5.27 5.221 5.331
0.2 6.14 5.12 5.141 5.163 5.172 5.249
0.3 5.16 4.955 4.964 4.974 5.088 5.119
0.4 4.46 4.772 4.771 4.769 4.947 4.941
0.5 4.04 4.538 4.526 4.508 4.753 4.717
0.6 3.8 4.168 4.132 4.088 4.522 4.456
0.7 3.64 3.863 3.869 3.875 4.262 4.173
0.8 3.48 3.706 3.712 3.718 3.996 3.882
1.0 3.15 3.341 3.346 3.352 3.458 3.320+0.010
1.2 2.77 2.936 2.94 2.945 2.906 2.835
1.4 2.39 2.533 2.536 2.539 2.412 2.408
1.6 2.04 2.165 2.167 2.169 2.033 2.064
1.8 1.74 1.844 1.845 1.846 1.739 1.793
2 1.5 1.576 1.576 1.577 1.504 1.5474+0.006
3 0.839 0.869 0.868 0.867 0.823 0.857+0.005
4 0.596 0.606 0.605 0.604 0.590 0.584+0.004
5 0.447 0.453 0.451 0.44 0.444 0.438+0.003
6 0.335 0.338 0.337 0.335 0.333 0.328+0.002
7 0.251 0.254 0.253 0.250 0.250 0.254+0.002
Figure 1 represents a comparison between theory and ' ' — ——
experiments given in Table 1, as we note that the theoretical 7 —=— Free atom[30] i
results match well with the experimental values results [30]. 7 e Core+RFAGAZS. 412 ||
As we note that the least difference between the results of . OreTREA oo
theoretical calculations and experimental values results is ] s Core+RFAGA>- 451, ||
(0.3940886, 0.384615, 0.3726636), which corresponds to the ’; 5 +Core+RFA(3d3- 4513 _
elegtromc arrangement (§d3—4sl, 3d2'.9 4s1.1, 3d2.8 4s1.2), <. ] -« Data (PW-GGA)[30] i
which represent's the optimal electronic arrangement and the = —»— Expt.[30]
closest to experimental values results [30]. B 3+ -
Figure 2 includes drawing the differences between the . ,
results of the theoretical calculations and the results of the
experimental values results. In order to determine the optimal 1 -
electronic composition and the closest to the experimental 0

values results, the differences between the theoretical and
practical values have been calculated using the following
relationship:

(22 Urneo. ) = Jorp @) = Z2AI@IE )
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Pz(a.u.)

Figure 1. Comparison between theoretical and experimental
CP for Ti



25 . P T R R R |

] —=— FREE ATOM - EXPT.
—e— Core+RFA(3d**-4s"*)-EXPT.
—a— Core+RFA(3d *-4s"")-EXPT.

—v— Core+RFA(3d’-4s')-EXPT.
—<— (PW-GGA)-EXPT.

J(pz) (Theor.-Expt.)(e/a.u.)

Pz(a.u.)

Figure 2. Difference between theoretical and experimental
results [30]

The electronic arrangement (3d3-4s1) of the (RFA) model
takes the least differences, which is equal to (0.3940886),
because it is the electronic arrangement closest to the approved
experimental values results [30].

CP of polycrystalline of (Ti). All theoretical Normalized of

(9.921118) electrons.
3.2 Aluminum

Table 2 shows the values of the theoretical results of the
(RFA) model and of the electronic arrangements closest to the
experimental values.

Table 2 contains the electronic arrangements close to the
approved experimental values results [30], which were
obtained from the calculations of the RFA model, as all values
were calibrated to the area under the curve for the free atom is
(5.78352) within the limits of the Wigner-Seitz sphere and for
the momentum region confined between (0—7 a.u.).

The results of the theoretical calculations were compared
with the values of the experimental values to find out the
extent of their compatibility, as we note that the values
obtained using the (RFA) model correspond well with the
practical values, and that the best match is found in the
electronic arrangement (3s2 - 3p1).

It can also be seen that in the region (0—1 a.u.) the practical
data are slightly higher than the theoretical results, but in the
momentum region confined between (1.2—7 a.u.) we notice
that the theoretical results become slightly higher than the
practical values [6]. This applies to the theoretical calculations
of both (RFA) and (FE) model.

Table 2. Comparison of theoretical and experimental results of the Compton profile for (Al)

|

J(p2) (e/a.u.)

Theory(RFA)

2_qnl -
(au) FreeatomGs-30D) 0, tRFA3S'S. CoretRFA3s™-  Core+RFA 3¢ DAt (PW Expt. [30]
[27] apl2 Pk 3p! GGA) 30]
0.0 5.15 3.974 3.897 3.816 3.880 3.871+0.021
0.1 5 3.958 3.882 3.803 3.853 3.844
0.2 4.57 3.852 3.781 3.708 3.769 3.766
0.3 3.97 3.611 3.552 3.493 3.628 3.631
0.4 3.32 3.307 3.267 3.226 3.435 3.441
0.5 2.76 2.969 2.95 2.929 3.191 3.204
0.6 2.34 2.56 2.563 2.563 2.889 2.936
0.7 2.04 2.158 2.182 2.203 2.539 2.652
0.8 1.84 1.884 1.888 1.911 2.183 2.368
1.0 1.62 1703 1.714 1.725 1.734 1.876 +0.013
1.2 1.49 1562 1.575 1587 1531 1.554
1.4 1.38 1438 1.451 1.464 1.419 1.361
1.6 1.26 1318 1329 134 1303 1236
1.8 1.14 1.196 1207 1217 1182 1.113
2 1.03 1.077 1086 1.096 1.063 1011 +0.009
3 0.568 0.601 0.606 0.611 0.570 0.557 +0.007
4 0.322 0.341 0.344 0.347 0.323 0.324 +0.005
5 0.199 0.211 0.213 0.215 0.199 0.198 +0.003
6 0.199 0.141 0.143 0.144 0.133 0.134 £ 0.003
7 0.134 0.098 0.1 0.102 0.094 0.095 £0.002

Figure 3 shows the wave function of the free atom with the
wave functions of the theoretical values of the (RFA) model in
addition to the wave function of the experimental values, as it
can be noted that the wave functions of the calculated
theoretical values are in line with the wave function For
experimental values more than the wave function of the free
atom and Figure 3 shows the comparison between the results
of theoretical calculations and the experimental values [30] for
the Compton profile of aluminum, as we note that the values
of the (RFA) model correspond well with the experimental
values, especially the electronic arrangement (3s2 - 3pl). of
the (RFA) model, as the arrangement is the best and most
compatible.
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Regarding the measurements for the free atom, these differ
substantially from the observed experimental data within the
low momentum range (0 to 0.3 a.u.), where the free atom’s
values are notably greater. However, as momentum
approaches 0.4 a.u., the theoretical and experimental results
start to align again. Beyond this point, specifically in the
interval between 0.5 and 1.2 a.u., the free atom values actually
fall below those recorded in experiments.

As we note that the least difference between the results of
theoretical calculations and experimental values results is
(0.6636685, 0.6743779, 0.7460561), which corresponds to the
electronic arrangement (3s2 - 3p1,3s1.9 - 3p1.1,3s1.8 - 3p1.2),



which represents the optimal electronic arrangement and the
closest to experimental values [30].

6 L 1 L 1 L L 1 L 1 L 1 L 1

= Free atom[30]
—— Core+RFA{351'B- 4p
‘ s core+RFA3s 2. 4p

—»— Coret RFALSSZ' 4p1]
—<«— Data (PW-GGA)[30]
—— Expt.[30] i

1.2]
1.1 |1
)

J(Pz)(e/a.u.)

Pz(a.u.)

Figure 3. Comparison between calculated and experimental
CP for Al

Figure 4 represents the values of the differences between the
results of the theoretical calculations and the experimental data
of the Compton profile (Jpz), as the electronic arrangement
(3s2- 3pl) of the (RFA) model takes the least differences,
which is equal to (0.6636685), because it is the electronic
arrangement closest to the experimental values approved [30].

15 1 1 1 1 1

—s— FREE ATOM -Expt.
—e— Core+RFA(3s""-3p"*)-Expt.| |
—a— Core+RFA(3s"*-3p"")-Expt.
—»— Core+RFA(3s?-3p')-Expt.
—<+— (PW-GGA)-Expt.

J(Pz)(Theor-Expt)(e/a.u.)

-1.0 T T T T T T T

Pz(a.u.)

Figure 4. Graph showing the disparity between calculated
and measured Compton profiles for polycrystalline Al

3.3 TiAl; alloy

The theoretical results for the shape of the Compton Profile
(JPz) of the alloy (TiAl3) were found using the superposition
model using equation (2). The calculations were made based
on the theoretical results for the shape of the CP of (Ti) and
(Al) completely, considering the proportion of each element.

Table 3 Theoretical calculations and practical measurements for the shape of the Compton curve (JPz) for the elements titanium
(Ti) and aluminum (Al) as well as the alloy (TiAl3) and for the momentum region between (0—7 a.u.)

J(p2) (e/a.u.)
P Ti Al Superposition Model TiAlz
(a.u.) RFA 3d3- RFA 3s2- Free Atom Present Work. Alloy (PW-GGA) Sup (PW-GGA) Exot. 130
4s! 3p! 127] RFA [30] [30] xpt. [30]
0.0 5.294 3.816 22.96 16.695 17.395 16.877 16.618+0.038
0.1 5.27 3.803 22.1 16.63 17.266 16.780 16.466
0.2 5.163 3.708 19.85 16.239 16.884 16.482 16.148
0.3 4.974 3.493 17.07 15.407 16.297 15.973 15.667
0.4 4.769 3.226 14.42 14.405 15.577 15.255 14.96
0.5 4.508 2.929 12.32 13.255 14.714 14.327 14.047
0.6 4.088 2.563 10.82 11.741 13.593 13.192 13.038
0.7 3.875 2.203 9.76 10.448 12.203 11.880 12.01
0.8 3.718 1.911 9 9.417 10.664 10.545 10.96
1.0 3.352 1.725 8.01 8.496 8.345 8.662 8.980+0.028
1.2 2.945 1.587 7.24 7.68 7.215 7.501 7.613
1.4 2.539 1.464 6.53 6.908 6.487 6.670 6.534
1.6 2.169 1.34 5.82 6.172 5.812 5.942 5.811
1.8 1.846 1.217 5.16 5.481 5.157 5.286 5.167
2 1.577 1.096 4.59 4.851 4.562 4.695 4.611+0.019
3 0.867 0.611 2.543 2.693 2.520 2.534 2.594+0.014
4 0.604 0.347 1.562 1.64 1.559 1.561 1.582+0.010
5 0.44 0.215 1.044 1.09 1.041 1.044 1.053+0.008
6 0.335 0.144 0.737 0.764 0.732 0.735 0.768+0.007
7 0.250 0.102 0.535 0.554 0.531 0.534 0.559+0.005

Table 3 shows the calculated results of the shape of the CP
(JPz) for the alloy (TiAl3) according to the free atom
recalibration (RFA) and free atom (FA) models, which were
found using the superposition model. These theoretical results
were compared with the results of the practical measurements
[30] for this alloy.

Table 3 represents the values of the theoretical and practical
calculations for the shape of the Compton Profile (JPz) for the
alloy (TiAlz). Theoretical values of (JPz) for the alloy were
calculated using theoretical values of (JPz) for the elements
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(Ti) and (Al). Also, the two electronic arrangements (3d3 4s1)
and (3s2 3pl) were chosen for the elements (Ti) and (Al),
respectively to form the alloy (TiAlz), since these two
arrangements represent the best choice and the closest to the
outcome of practical measurements. Theoretical Compton
Profile for the alloy (TiAls) was found to be comparable with
the those of actual measurements [30] for this alloy.

Figure 5 displayed the shape of the Compton Profile for
both the theoretical calculations and the practical
measurements for the alloy (TiAls). The ratio of the alloy



(TiAls) shows that the ratio of Al is three times that of Ti. All
theoretical calculations and practical measurements [30] of the
shape of the Compton Profile (JPz) were performed using (a.u.)
unit for the momentum region between (0—7 a.u.).

25 L L L L L L L L L L L L

TiAl3 alloy

—=— Free atom[27] L
—s— Present Work. RFA
—a— Alloy(PW-GGA)[30]
—v— sup(PW-GGA)[30]
—a— Expt.[30]

J(Pz)(e/a.u.)

Pz(a.u.)

Figure 5. The experimental values of J(pz) against pz (a.u.)
for (TiAlz)

) L 1 L 1 L 1 L 1 L 1 L 1 L 1

—=— Free atom-Expt.
—e— Present Work. RFA-Expt.| |
—+— Alloy(PW-GGA)-Expt. I
—v— sup.(PW-GGA)-Expt. r

L ]
»

J(Pz)(Theor.-Expt.)(e/a.n.)

Pz(a.u.)

Figure 6. Comparison between the theoretical and
experimental values of J(pz) for (TiAls)

The electronic configurations (3d3 4s1) and (3s2 3p1) of the
elements titanium (Ti) and aluminum (Al) respectively, which
are closest to the approved practical values [30], were found
using the free atom recalibration (RFA) model, i.e. the optimal
electronic configurations closest to the practical measurements
are similar for both the (RFA) and (FA) models.

Figure 6 includes a graph showing the amount of
differences between the results of theoretical calculations and
the results of practical measurements of (JPz) for the alloy
(TiAls), as Eq. (4) was used to find the values of these
differences.

4. CONCLUSIONS

Titanium: The EMD of the Ti was studied using the (RFA)
model, and the results were in comparable with the values of
the approved experimental measurements. The RFA model
can satisfactorily reproduce the experiment results in the (3d3-
4s1) configuration.

Aluminum: The EMD of Al was studied using the (RFA)
approach, and the outcomes closely matched the findings from
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validated experimental data. The RFA technique demonstrated
strong consistency with observational results, particularly for
the (3s*-3p') electronic configuration.

TiAls alloy: The shape of the Compton profile (Jpz) of the
alloys was calculated using the S.P.Model, which is based on
the theoretical results of the Compton curve (Jpz) of the
elements titanium (Ti) and aluminum (Al). The best electronic
arrangements obtained using the RFA models for the two
elements were selected and entered as computational data in
the S.P.Model to form the alloy. The findings obtained from
the S.P. Model were evaluated against the experimental data
for the TiAls alloy, revealing that the theoretical predictions
closely matched the measured results for this material.
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