Investigation of the interactions in the system C6H6/Arn within SCC DFTB/FF approach
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Currently, various effects of the matrix isolation are of great interest in both experimental and theoretical chemistry. For example, IR spectroscopy of atoms and molecules in cryogenic matrices allow to obtain valuable information about their stoechiometry, structural properties and reactivity. In order to correctly describe these systems, quantum chemical calculations usually require high levels of theory (such as MP4, CCSD(T)) and suitable extensive basis set, making it impossible to apply for large systems. DFT and DFTB (Self-Consistent-Charge Density Functional based Tight Binding) represent faster and easier methods, but their accuracy to characterize weak interactions (important in rare gas matrices) are limited [1].
The purpose of this work is to develop a special combination of SCC (Self-Consistent-Charge)-DFTB with a polarizable   Force Field (FF) type approach to describe quantum systems in a matrix environment. From the astrophysical point of view, Polycyclic Aromatic Hydrocarbons (PAHs) are among the most abundant molecules in the interstellar clouds or circumstellar envelopes and the molecule of benzene is the simpliest prototype of them. We thus investigated the properties of the system C6H6/Arn using the following proposed method, (i) to incorporate the SCC-DFTB/FF coupling via a scheme close to first order degenerate perturbation theory in the basis of the atomic orbitals, (ii) to add a polarization contribution to the energy as a second order contribution to the SCC-DFTB energy and (iii) a classical pair-additive contribution VRgRg. All SCC-DFTB parameters (repulsion, Slater Koster integrals, dispersion and charge) have been calculated in the previous work [2]. To parametrize the interactions Ar-Ar (VRgRg) we used an Aziz model potential. For A-Ar (A=C, H) we computed the CCSD(T) potential energy curves for HAr(2Ʃ+), CAr (3Ʃ-), CAr(3П) and C+Ar(2П) that were also fitted using an Aziz type potential.
The model was first benchmarked for small complexes such as XAr with X=C2H6, C2H4, C2H2. The obtained structural and energetic characteristics have been compared with DFT, MP2, CCSD(T) single point calculations. The geometries and dissociation energies were found to be in very good agreement with the results of ab initio calculations. Further we investigated small and large clusters of C6H6/Arn with n=1-8 or n=13-30. We showed that the isomer ordering obtained with our model is consistent with the ab initio calculations (n=1-4), with however some discrepancies on structural excitation energies. The values of the cohesion energy are consistent with CCSD(T)//DFT results.
As result we can say that the present SCC-DFTB/FF model has made possible to obtain an overall survey of structural and stability properties for C6H6/Arn clusters in a wide range of sizes [3]. Now, we are planning to apply this method to simulate IR spectra of these systems. We would also like examine other systems such as small water clusters or even strongly polar molecules.
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