Calculation of interaction parameters of Pu3+ ions with spins of fluorine nuclei in CaF2
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Experimental data obtained by ENDOR method [1] revealed that the interaction of Pu3+ 5f-electrons with fluorine nuclei in CaF2 crystal differs significantly from the classical dipole-dipole interaction. There is a large isotropic electron-nucleus interaction with the As parameter, which was found to be negative. The reason for this anomalous phenomenon has not yet been explained.
In this work, we consider the effect of mixing the 5f-electron wave functions of the Pu3+ ion with the 2s- and 2p- wave functions of fluorine on the values of the electron-nuclear double resonance (ENDOR) parameters As and Ap. Using the technique of irreducible tensor operators, we derive expressions for the spin Hamiltonian parameters of As and Ap via the hybridization parameters ,  and . In addition to this generally accepted covalent approach, the virtual transfer processes of 2s- and 2p- electrons of fluorine into the empty 6d-shell of plutonium have been taken into account.  All overlap integrals were calculated on the Hartree-Fock wave functions of plutonium taken from [2], which were previously approximated by Gaussian-type orbital expansions. In the numerical evaluations of As and Ap, the covalency parameters  , ,  were assumed to be proportional to the overlap integrals ,,. interaction with the As parameter, which was found to be negative. As it could be expected on the basis of transferred hyperfine interaction analysis, for rare-earth compounds (see, for example, [3]), the magnitude and sign of As for the Pu3+ ion in CaF2 can be explained by virtual processes of transfer of 2s- and 2p- electrons of fluorine to the empty 6d-shell of plutonium. Moreover, using the experimental data of [1] we obtained the covalence parameters of 5f- and 6d-electrons of Pu3+ in CaF2.
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