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Editorial on the Research Topic 
Computational Methods for the Description of Intermolecular Interactions and Molecular Motion in Confining Environments

Methods of computational chemistry have become increasingly important in the last decades for the investigation of interaction and dynamics of small molecules enclosed in larger, micro- and mesoscopic structures, as witnessed by a large number of publications in a large number of diverse fields, such as design of pharmaceutical drugs Roy (2019), investigations on the mechanisms of drug delivery Garifalo et al. (2020), design of novel materials for bioimaging Bonačić-Koutecký and Antoine (2019); Combes et al. (2021), catalysis Li et al. (2021), gas storage Kundu et al. (2016), information and communication technologies Ghosh et al. (2021), but also on fundamental research, for example in astrophysics Puzzarini and Barone (2020); de Lara-Castells and Hauser (2020). Molecular confinement in single molecular structures may lead to new and unexpected phenomena, which are not easily predicted by classical theories of confinement in bulk materials. Due to the small to medium size of these confining structures, they can be treated in principle by modern computational methods with moderate to high accuracy, thus allaying the need for difficult experiments. However, new techniques and methodologies may be required for successful treatment of interactions and dynamics of molecules in confining structures. It is the purpose of this Research Topic of ten original research contributions to highlight current directions and present some applications of computational methods for molecular systems in confining environments.
Recent developments and an outlook on possible developments in the future on computational approaches for the treatment of small clusters comprised of He atoms or H2 molecules in carbon nanotubes are reviewed in (de Lara-Castells and Mitrushchenkov). For an accurate description of these dispersion–dominated systems, difficult to treat by standard quantum-mechanical methods, a multi-scale approach using a DFT-based symmetry-adapted perturbation theory (SAPT) method is described. A second, wave-function based method, also allows the computation of shallow bound states in these systems.
Two contributions attest to the importance of research on the behaviour of small molecules in the confining environment of natural proteins in pharmaceutical and medicinal research. Zhang et al. use classical simulation techniques, i.e. molecular docking, molecular dynamics simulations and adaptive steered molecular dynamics simulations to investigate the interactions of two inhibitors drugs with the N-terminal Human Maltase Glucoamylase, in an effort to advance the search for effective drugs to treat diabetes 2.
Jiang et al. combine experiment and computational molecular simulations to study the interactions of two alternaria mycotoxins with a single-chain antibody fragment.
Another study using classical molecular dynamics simulations to investigate a Research Topic of confinement of biological importance is presented by Vasiliu et al. They study the interactions between positively charged polyamines which act as counterions to negatively charged DNA fragments in cells using microsecond molecular dynamics simulations.
A contribution from the field of chemical engineering on the effect of confinement on solubilties of gases in ionic liquids enclosed by nanopores is reported by Sun et al., who improved the efficiency and applicability of electrolyte perturbed-chain statistical associating fluid theory–density functional theory (ePC-SAFT-DFT). The newly devised method was then applied to study the effect of several variables on the solubiltity of CO2 in ionic liquids confined in silica nanopores, which led to new conclusions how to increase the solubility of CO2 in ionic liquids.
Three studies are concerned with the effect and analysis of intermolecular interactions, clearly a dominant Research Topic for confined systems. These interactions may lead, for example, to hydrogen bonding, which are the focus of the first two papers, or other types of noncovalent bondings, such as halogen or chalcogen bonds.
In the first paper, Kaczmarek-Kedziera et al. present a study on the effect of intermolecular interactions, specifically hydrogen bonding, on two optical properties, namely electronic one- and two-photon absorption, applying quantum-mechanical methods on hydrogen bonded intermolecular complexes of two 4-substituted N,N′-diphenyl-urea or N,N′-diphenyl-thiourea with one central squaraine molecule. Using different substituents in position 4 of phenyl the acidity of the N-H protons can be varied.
In the second paper, the effect of a confining environment on the IR spectra of two hydrogen-bonded intermolecular complexes, namely HCN—HCN and HCN—HNC, is studied by Chołuj et al. The spatially confining environment is simulated by embedding the complexes in an external cylindrical harmonic oscillator potential, and the harmonic frequencies are computed with high-level ab-initio methods The simulated confinement leads to substantial changes of both transition intensities and vibrational frequencies.
In the third study Szczesniak and Chalasinski, report an interesting analysis of a number of complexes with a more general type of intermolecular interactions, i.e., weak electron-donor electron-acceptor complexes including examples of chalcogen and halogen bonds. With the help of Symmetry Adapted Perturbation Theory (SAPT), they challenge the prevailing interpretation of these interactions as of an electrostatic nature. Instead, they argue that exchange or Pauli repulsion is more relevant.
A question relevant for astrochemistry is studied by Upadhyay and Meuwly, namely the distribution of energy released due to exothermic reactions on amorphous solid water. Specifically, they investigate the energy transfer during energy relaxation of the product in the recombination reaction CO(1Σ+) + O (1D) → CO2(1[image: image]) within and on the surface of amorphous solid water and the surrounding water molecules.
Finally, a novel embedding simulation method, called real-time time-dependent block orthogonalized Manby-Miller embedding approach is implemented by de Santis et al., and applied to study the X-ray absorption spectra of model systems comprised of fluoride and chloride ions confined by 8 water molecules ([X@(H2O)8]−, X=Cl,F).
The field of computational techniques to treat confined systems in the extended definition used here is very large and extremely varied, and this Selection can only present a limited number of recent applications and developments in this Research Topic. Nevertheless, we believe that the selected papers are evidence of the vibrant activity of current research in this field. We expect that the role of computational treatments of confined systems will become more important in the future, due to the increasing search for systems with specific properties for applications on the microscopic and nanocscopic scale, as well as due to the steadily increase of computing power and the ongoing development of sophisticated modelling techniques.
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