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basis set limit. To increase efficiency, these LCAO bases were mixed with relativistic
effective core potentials (RECPs) for 23 and 22 frozen core electrons for bismuth and
lead, respectively. The basis sets for nitrogen and hydrogen remained pure all-electron
DZVP-GGA, meaning the LCAO was optimized for use with a generalized gradient-
corrected (GGA) functional.

The geometry optimizations were carried out in internal redundant coordinates
using a quasi-Newton method with a Levenberg-Marquardt step restriction. This is the
default and most efficient method for deMon2k. ADF has a similar option to utilize
delocalized coordinates rather than perform the more computationally expensive
Cartesian geometry optimization. The geometries that yield the lowest energy within each
charge state are taken to be the respective ground state configurétiensptimized
geometries from deMonZ2k for the solvation study were subsequently fed into ADF.

The DFT program ADF can calculate relativistic spin-orbit effects for a better
approximation of the energetics. By construction, using Kohn-Sham SCF equations,
deMon2k can not produce spin-orbit corrections. ADF on the other hand offers the Dirac
formalism, so that all relativistic effects including spin-orbit are accounted for. The
geometries were re-optimized to validate the molecular structures, and as expected did
not vary drastically from those optimized in deMon2k. The basis sets used in ADF were
TZP©s with scalar relativistic pseudo-potentials applied to frozen cores up to and
including the p shell (54 electrons) for both bismuth and lead. Nitrogen and hydrogen

were again described solely by the TZP so as to consider all electrons.



