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Density-functional theory (DFT) allows first-principles computational modelling of the electronic struc-
ture of large-scale quantum systems. The combination of DFT’s high efficiency and accuracy has positioned
it as the workhorse of computational chemistry in recent years. Standard DFT methods neglect dispersion,
a weak intermolecular force that determines properties like friction, adhesion, crystal structure packing,
and the shapes of biomolecules. To capture dispersion interactions, we incorporate corrections, such as the
exchange-hole dipole moment (XDM) model.1 In recent studies, we demonstrated that XDM correctly cap-
tures dispersion physics and exhibits best-in-class performance on a benchmark of 15,000 chemical systems.2,3

Rather than using exact exchange, most implementations of the XDM model use the localized Becke-
Rousell (BR) hole to calculate the exchange-hole dipole moments. This choice of model hole is more com-
putationally efficient, especially for solid-state systems, but it also captures non-dynamical correlation from
chemical bonding, thereby improving accuracy for many molecular systems. However, this approach fails to
capture short-range dynamical correlation, which may hamper XDM’s accuracy in systems like bulk metals.4

When the XDM model calculates the forces and stresses, we assume that the dispersion coefficients are
constant with respect to changing chemical environment. However, this assumption can occasionally lead to
slight inaccuracies in system geometry in specific solid-state applications, where dispersion coefficients are
highly sensitive to changes in unit-cell volume.5 Further, this assumption hinders XDM’s use in molecular
dynamics, where it could cause a force-energy inconsistency in simulations over time.

We are currently developing an improved version of XDM that accounts for changes in the dispersion
coefficients in the evaluation of the forces and stress tensor. Further, we are also investigating whether it
is worthwhile to explicitly capture the correlation hole and account for that contribution to the dispersion
energy and forces. This work will discuss recent progress towards these two goals.
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