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I participated in the summer vacation training program of the Japan Atomic Energy Agency (JAEA) in 2022 for
about two weeks to learn the basics of evaluating isotope fractionation of rubidium (Rb) in clay minerals by quantum
chemical calculations, which is my research theme. Under the guidance of Dr. Masahiko Okumura at the Center for
Computational Science and e-Systems, I learned the basics of python, a programming language necessary for
calculations, and first-principles calculations, and also practiced using commands. I also set up the supercomputer
and practiced Vim, a method of operating the supercomputer. In addition, I used VESTA to visualize atomic models
of several clay minerals. I searched for clay minerals from the American Mineralogist Crystal Structure Database,
downloaded cif files of articles, and opened the downloaded cif files with VESTA to confirm the structures. Then,
we rewrote the cif files to add isomorphous substitutions and hydrogen, and created python scripts to create the
structures of various clay minerals. The structures of such clay minerals were structurally optimized to the most
stable electronic state using a supercomputer. The results of the calculations were visualized to compare the length
of the ¢ axis, which indicates the interlayer distance. As a result, it was found that the length of the c-axis is longer
and the interlayer space is more open when the element is replaced by an element with a larger ionic radius. The
energies of each atom in the standard state were calculated and the free energies of formation for various clay
minerals were calculated. Furthermore, by calculating and comparing the free energies in adsorption reactions, it
was found that Rb is less adsorbed than K in common environments, and that clay minerals with Rb adsorbed were
formed in rather unusual environments such as weathering processes. In the future, because of the high
computational cost of clay minerals and the need to use supercomputers, I plan to sign a joint research agreement
between the University of Tokyo and JAEA to learn more about how to do first-principles calculations and continue
studying the basics of quantum mechanics.




