Fully chlorinated hydrocarbons — not as simple as they seem

Mikael P. Johansson
Institut de Quimica Computacional, Departament de Quimica, Universitat de Girona

mikael.johansson@iki.fi

Abstract

From an electronic structure point of view, the CI—C bond is a surprisingly challenging beast
[1]. Combined with the problem of the energetics of branching in hydrocarbons, the fully chlorinated
hydrocarbons represent a class of seemingly simple, small molecules, which nevertheless require a
very high level of theory in order to subdue to theoretical probing and investigation.

Here, it is shown that in order to correctly describe the bond cleavage energetics, as well as
the energy difference between different branched isomers, electron correlation needs to be
properly addressed. For this, extrapolations of both the basis set toward the basis set limit [2] and
electron correlation toward the full configuration-interaction (FCI) limit are needed [3], with
CCSD(T)/(aug-)cc-pVQZ calculations a prerequisite. The largest closed-shell CCSD(T) calculations thus
employ 1450 basis functions, while the largest unrestricted CCSD(T) calculations employ 963 basis
functions, in C1 symmetry.

The benchmark, extrapolated complete-basis set limit FCI results are subsequently used as a
basis for evaluating the performance of density functional theory (DFT) based methods. Standard
functionals provide very unsatisfactory results. Dispersion effects are important and have to be
included. Further, the open-shell species suffer from electron self-interaction, which needs to be
corrected for in order to improve the DFT description. With a reliable and computationally feasible

method established, larger molecules with active CI—C bonds are open for future exploration.
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