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Weak non-covalent intermolecular forces play a pivotal role in the behaviour of organic systems. However, the 

theoretical simulation of these interactions is difficult and requires models like density functional theory (DFT) 

combined with heavily parameterised empirical dispersion corrections.  

In this work we illustrate how double hybrid functionals can provide an improved description of weak non-

covalent interactions between small organic molecules, even without employing large basis sets and empirical 

corrections. The study focuses on systems extracted from the GMTKN30 database
1
, specifically from the S66x8 

subset, which contains high-level reference structures and energies for small organic molecular pairs at different 

intermolecular distances. 

By comparing the results of single-point calculations employing Perdew–Burke–Ernzerhof Quadratic Integrated 

Double-Hybrid (PBE-QIDH)
2
, hybrid functional (PBE0), and the simple generalized gradient approximation 

functional (PBE), we demonstrate the efficacy of our computational protocol.  

The DFT approaches are combined with small basis sets such as def2-SVPD and DHSVP
3
, as well as larger ones 

like def2-TZVPP. The further addition of an empirical dispersion correction D3(BJ)
4
 for all functionals in 

combination with TZ and DHSVP basis sets completes the set of levels of theory across which we perform our 

comparative study. 

Results, reveal that, for the PBEQIDH/DHSVP level of theory, dispersion energy does not necessarily improve 

the evaluation of weak interactions, thus reinforcing the idea that the combination between double hybrid 

functionals and small basis sets provides alone an accurate-enough description of these interactions at reduced 

cost.   
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