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This talk reports recent progress in the FHI-aims code and its application to complex molecules
and semiconductors, especially hybrid metal-halide perovskites. The approach is based on nu-
merically tabulated atom-centered orbital basis functions, enabling a numerically precise, efficient
and scalable approach to density-functional theory and beyond for molecules and materials on
equal footing. Recent work extends the reach of hybrid density-functional approximations in FHI-
aims to system sizes beyond 10,000 atoms, by increasing the computational efficiency on standard
CPU-based architectures and without any special approximations or tricksE] Combined with ac-
curate dispersion corrections and relativistic corrections (spin-orbit coupling or four-component),
this functionality enables routine predictions of structure and energy levels of complex materials,
including defect simulations in supercells models well beyond 1,000 atoms in sizeE]

The above approaches enable predictions of electronic and optical properties of hybrid per-
ovskites, including the impact of incorporating chiral molecules on the fundamental spin and spin-
polarized optical properties. We show that a combined X-ray diffraction + DFT constrained relax-
ation approach for hydrogen positions only leads to structures on par with neutron diffraction mea-
surements, enabling an unambiguous understanding of the chiral properties of layered perovskites
in terms of hydrogen bonding between molecular and inorganic componentsﬂ Spin splitting of the
energy bands in layered perovskites is linked to a simple structure-based descriptorE] facilitating
giant spin splitting in a specifically designed group of layered perovskitesE] Chiroptical properties of
excitons in hybrid perovskites and their nanostructures can be rationalized by combining spin-orbit
coupled hybrid DFT band structures with semiclassical multiband effective mass theoryE] Finally,
new work towards four-component relativistic treatments for system sizes well beyond 100 atoms,
as well as on nuclear magnetic resonance observables for high-field and ultra-low-field spectroscopies
will be discussed.

This work would be impossible without the very large community working on FHI-aims (https:
//fhi-aims.org/who-we-are). Work on chirality and spin in perovskite semiconductors was sup-
ported by the Center for Hybrid Organic Inorganic Semiconductors for Energy (CHOISE), an
Energy Frontier Research Center (EFRC) funded by the Office of Basic Energy Sciences, Office
of Science within the U.S. Department of Energy. Work on energy level alignments and four-
component theory of hybrid perovskites was supported by NSF Award DMR-2323803.
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