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Superheavy Elements

 Start from Z = 104

 Have very short half-lives

Made artificially

 Created in a particle accelerator
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Particle Accelerator, https://upload.wikimedia.org/wikipedia/commons/5/5f/2mv_accelerator-MJC01.jpg
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Extended Periodic Table, https://sciencepicks.files.wordpress.com/2011/12/extended-periodic-table.png
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Island of Stability

• The idea that heavy elements near the isotope 300𝑈𝑏𝑛 (element 120) with 
near the magic number of protons and neutrons will be much more stable.
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Island of Stability, https://upload.wikimedia.org/wikipedia/commons/7/7b/Island_of_Stability_derived_from_Zagrebaev.png
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XAFS – X-Ray Absorption Fine Structure

• XAFS tells us how x-rays are absorbed by a system of atoms, including 
free atoms, molecules and solids at energies around the core-level 
binding energies of the atom.

• XAFS depends on the atomic structure and electronic and vibrational 
properties of the material; therefore, XAFS can be calculated for every 
element on the periodic table.

• XAFS can be used to characterize materials, including atomic and 
electronic structure.

• Absorption coefficient µ, 𝐼 = 𝐼0𝑒
−µ𝑡 Beer’s Law. 

• µ ∝  𝑓 𝑖 𝑑 𝑓
2δ(𝐸𝑓 − 𝐸𝑖 − ℏω) - Fermi’s Golden Rule.
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Fermi Level

Photoelectric Effect



EXAFS – Extended X-Ray Absorption Fine 
Structure

• Edges are the sharp rises in 
absorption at certain energies. They 
occur at roughly the binding energy 
of each core-level electron.

• EXAFS is what is happening well 
above the edges.

• EXAFS Equation

χ 𝑘 = 

𝑗

𝑁𝑗𝑓𝑗(𝑘)𝑒
−2𝑘2σ𝑗

2

𝑘𝑅𝑗
2 sin[2𝑘𝑅𝑗 + σ𝑗(𝑘)]
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XANES – X-Ray Absorption Near Edge 
Structure

• XANES is typically within 30 eV 
of the main absorption edge. 

• XANES can be used as a 
fingerprint to identify the 
presence of a particular 
chemical species.

12XANES and EXAFS, http://www.ati.ac.at/typo3temp/pics/617d72ef66.png



FEFF9
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FEFF9, http://www.feffproject.org/feffproject-feff.html



Uranium Dioxide 𝑈𝑂2
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Erbium Oxide 𝐸𝑟2𝑂3
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Americium Dioxide Am𝑂2
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XANES of Untrinilium (Utn2)
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Thomson Scattering

• The elastic scattering of X-rays from free 
electrons.

• The atomic scattering factor

• Momentum transfer
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Thomson Scattering, 
https://upload.wikimedia.org/wikipedia/commons/b
/bf/Thomson_scattering_geometry.png
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Thomas Fermi model

• 𝑛 =
[2(φ−φ0)]

3/2

3π2

• 𝑟 = 𝑥𝑏𝑍−1/3, 𝑏 = 0.885

• φ 𝑟 =
𝑍4/3

𝑏

χ(𝑥)

𝑥

• Thomas Fermi equation 𝑥1/2
𝑑2χ

𝑑𝑥2
= χ3/2

• TF density 𝑛 𝑟 = 𝑍2𝑓(
𝑟𝑍1/3

𝑏
), 𝑓 𝑥 =

32

9π3
(
χ

𝑥
)3/2
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Future Work

• Calculation of phase shifts using FEFF9

• Comparison to WKB approximation

• Developing a model to calculate radii for superheavy molecules. 
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