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We applied the Kurland-McGarvey [1] theory to calculate the nuclear shielding and
shielding anisotropies in paramagnetic molecules. It has been found that for the special
case of the zero-field-split ground multiplet, it is important to include the so-called
magnetic (Zeeman and hyperfine) couplings [2-5] between the sublevels. This method is
applied in the context of first-principles calculations on example systems like Co(II) [4],
Ni(II) [6], Cr(III) [2,7], and metallocenes [7] shown in the Figure. We applied the complete active space self-consistent field (CASSCF) wave function theory and N-electron
valence-state perturbation theory (NEVPT2) [8] on these systems to calculate g and ZFS
tensors with SVP and TZVP locally dense basis (LDBS). To calculate the hyperfine
coupling tensor A, DFT (both PBE and the hybrid PBE0) were used with the SVP and
TZVP basis sets. The relativistic effects are included at the second-order Douglas-KrollHess (DKH) level for the g and ZFS tensors, and for the A tensor at the fully relativistic
four-component matrix-Dirac Kohn-Sham (mDKS) level. The quantum chemistry packages used for chemical shift were ORCA, GAUSSIAN, and ReSpect [9] while the molecular geometries were optimised by Turbomole. The results obtained from these calculations are in a good agreement with the experimental. This work provides a straightforward platform for further development of pNMR shielding theory in terms of firstprinciples wavefunctions, as well as for applications in current problems in bio- and materials sciences, including low-temperature experiments.

Figure: Geometrical structures of the studied paramagnetic molecules
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