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Abstract of Thesis

Cancer begins as an aberration of the DNA that fails to undergo cell death. As it grows, the abnormal cells take in energies
meant for healthy cells and this causes stress on the body of the patient. Recent developments look at a generalized treatment
involving heavier radionuclides to target cancer masses. This type of treatment is called the targeted alpha therapy or TAT and
uses the alpha decay of heavier radioisotopes in order to disrupt the growth of cells. The alpha particle, being heavier than

electrons and having a larger energy, can cut DNAs more effectively and cause the cell to die.

The use of astatine as radionuclide stems from the certainty of it releasing an alpha particle during its decay and its relatively
short half life. However, randomly releasing astatine into a patient’s body may cause more harm than benefit as it can target
healthy organs. It therefore must be carried by some material that is capable of holding the astatine until they reach the
targeted areas and also be biocompatible. Gold, in the form of gold nanoparticles, is chosen for this purpose for its known

biocompatibility as well as other advantageous properties that could be used against cancer.

The second part of this work deals with the comparison between astatine and iodine when adsorbed on Au(111). Since astatine
is a halogen, the comparison between another halogen element that has been in use for longer can provide us with insights as to
the peculiarities of astatine. The first anomaly is that astatine adsorbs stronger on gold than iodine. This is normally not the
case since adsorption energies tend to decrease the lower the element is in the periodic table. However, the presence of a fully
occupied 4f orbital means that a phenomenon known as lanthanide contraction is affecting the physics of astatine. Due to
astatine being lower in the periodic table than iodine, electrons have to occupy the 4f orbitals before filling the valence orbitals.
The 4f orbital is known for its less effective screening of core charges, making the valence electrons more susceptible to the

attraction from the nucleus.

The final part of this work concerns the design of surfaces. Actual surfaces are not pristine and therefore may be subject to a
number of defects. Furthermore, the three-dimensional nature of gold nanoparticles means there would be different surface
facets, including stepped surfaces. An extension to the Au(111), the Au(211) introduces a step into the flat surface, making the
facet more representative of a three-dimensional shape. Both astatine and iodine adsorb on the edge-bridge site on Au(211),
with stronger adsorption energies than on Au(111). This is due to the work function of Au(211) being smaller than Au(111),
meaning Au(211) is more active. Au(211) also provides a more stable adsorption for the adsorbates, since the energy required to
dislodge the adsorbate from the edge-bridge site is higher than the energy required for Au(111). The charge movements and
densities of states were looked at and they showed few differences between the Au(111) and the Au(211). This confirms the

stronger adsorption is caused by the surface facet.

The future developments in this field can benefit greatly from the addition of theoretical calculation methods. Various designs
can first be evaluated theoretically before going through experimental verification. Considering the current state of availability,
theoretical methods can be employed to find the most promising samples which warrant further testing. Finally, different
materials and radionuclides can be studied, depending on the conditions that may be desired by the medical community. These
are just several future ideas that can be realized with theoretical methods. As more researchers employ these techniques,

important discoveries can be made which can support the medical community.
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