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Van der Waals (vdW) interactions are ubiquitous in nature, playing a major role in defining the
structure, stability, and function for a wide variety of molecules and materials.

Thus, the accurate description of vdW interactions is essential for improving our understanding of
many biological, chemical, and (hard and soft) condensed matter.

We have developed an efficient method to obtain an accurate description of the long-range vdW
interactions in terms of adding pairwise interatomic C6[n]/R"6 terms, where C6[n] is a functional,
calculated from ground-state molecular electron density [1].

Recently, we have extended this approach to the calculation of full non-additive many-body vdW
energy [2].

We demonstrate that many-body effects play a significant role even for rather small molecules,
becoming crucial for an accurate treatment of conformational energies in bio-molecules, and
binding of molecular crystals. Our method achieves accuracy close to that of the "gold standard" of
guantum chemistry, namely CCSD(T).

However, the computational cost of our method is negligible compared to the underlying DFT
calculation, enabling calculations for thousands of atoms.

Examples to be discussed include (hard and soft) bulk crystals [3,4], organic/organic and
organic/inorganic interfaces [5], and the unfolding dynamics of polypeptides [6].

In all case it is found that vdW interactions play a noticeable if not crucial role, not just for
quantitative values but also for the qualitative behavior.
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