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First-Principle Calculation for Electronic State of Lanthanide and Actinide Compounds
(Document on Collaborative Study)
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Takugo ISHII ¥, Atsushi AOSHIMA 2, Y oshikazu KOMA ?, and Kimihiko YANO ?

Abstract

For advanced development and optimization of the existing reprocessing process and establishing
future reprocessing technology, better understanding of micro phenomenon and a theoretica
evaluation based on quantum chemistry are required. When calculating an electronic state of
substances containing heavy elements, such as lanthanides and actinides, a method that accurately
treats relativistic effect is required. However, the existing calculation programs do not consider
spin polarization, and application for compounds of 4f- and 5f-electrons was ailmost impossible.  In
this study, the relativistic DV-Xa molecular orbital calculation program with spin polarization was
newly developed. And chemical bond of lanthanide and actinide compounds was non-empirically
calculated as an application of the calculation code.  Discontinuity of electronic state at gadolinium
(Gd break) for lanthanide trichlorides was successfully reproduced with the first-principle
calculation considering spin polarization. Dependency of chemical bond of actinide compounds on
formal charge is strongly affected with ligands. Chemical bond of uranium nitrate and the
compounds replaced with other actinides is dependent on atomic species and shows complex

variation.

1) Kyoto University

2) Present, Kwansei Gakuin University

3) Recycle Process Technology Group, Advanced Fuel Recycle Technology Division, Waste
Management and Fuel Cycle Research Center, Tokai Works
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