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The CRYSTAL! code for quantum-mechanical simulations of periodic systems is based
on a linear-combination of atomic-orbitals (LCAQ) framework. Crystalline orbitals are
expressed as a linear-combination of Bloch functions that are in turn defined using a basis-set of
solid-spherical Gaussian-type functions (SGTF). In its initial version, the CRYSTAL code
described the wavefunction as a linear-combination of s-, p- and d- type SGTF. The code was
generalized to f-type functions in 2003. Here we generalize the code to g-type SGTF, which
represents the first step towards a better description of systems containing heavy-elements.
Among them are lanthanides and actinides, which have occupied 4f and 5f bands and the g-type
functions represent the first polarisation shell. We develop new small-core pseudopotential basis
sets of the form (11sp7d8f2g)/[4sp2d3f2g] for the lanthanide and actinide series in the solid
state.

The new code and basis sets are applied to the strongly-correlated lanthanide
sesquioxides Ln203 series (Ln=La,Ce,Pr,Nd). We provide a detailed description of their
geometric, electronic and magnetic structures using global-hybrid functionals. The critical role of
the fraction of Fock exchange is addressed. In particular, a new theoretical approach based on a
self-consistent definition - through the material’s dielectric response - of the optimal fraction of
exchange in hybrid functionals? is applied for the frist time to strongly correlated materials. Our
description of Ce203 is in agreement with the existing copious litterature on this system, which
suggest that our description of the other members of the series is reliable, for which very little

has been published before.
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