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I will discuss how large-scale computational efforts based on
model Hamiltonians informed by first-principles simulations with
inputs from experiments have allowed us to gain unprecedented
clarity in the microscopic mechanisms underlying macroscopic
properties of materials. Such an approach is critically important
for exploration of viable qubit candidates beyond the current
technologies which are based on superconductors and ion traps.
Covering six orders of magnitude in energy scales, magnetic
couplings present a fundamental challenge to first-principles
calculations. In this talk, I will highlight some of our recent work
concerning inter- and intra-molecular spin-spin couplings,
magneto-electric couplings, magnetic molecules on substrates
and in junctions, and decoherence. I will also show results from
simulations of interfaces and vertical junctions that consist of
two topological insulators and 2D materials.
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