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Accurately extracting the signature of intermolecular interactions present in the NCI plot of the reduced density gradient versus electron density† abc Corentin Lefebvre,a Gae Hassan Khartabil, ad ¨tan Rubez, b Jean-Charles Boisson, Julia Contreras-Garcı´a ef and Eric He ´non
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An electron density (ED)-based methodology is developed for the automatic identification of intermolecular interactions using pro-molecular density. The expression of the ED gradient in terms of atomic components furnishes the basis for the Independent Gradient Model (IGM). This model leads to a density reference for non interacting atoms/fragments where the atomic densities are added whilst their interaction turns oﬀ. Founded on this ED reference function that features an exponential decay also in Received 1st April 2017, Accepted 22nd June 2017



interference regions, IGM model provides a way to identify and quantify the net ED gradient attenuation due to interactions. Using an intra/inter uncoupling scheme, a descriptor (dginter) is then derived that
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uniquely defines intermolecular interaction regions. An attractive feature of the IGM methodology is to provide a workflow that automatically generates data composed solely of intermolecular interactions for
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drawing the corresponding 3D isosurface representations.



1 Introduction Non-covalent interactions (NCI) are responsible for many properties of condensed phases, including for instance the 3-dimensional arrangement that the biological polymers adopt (DNA double helix, proteins). They also play a key role in ligand–protein biomolecular recognition in the field of drug-design. This class of interactions spans a wide variety of attraction and repulsion forces between atoms or molecules, including van der Waals (vdW) interactions and hydrogen-bonds. Beyond the standard existing topological analysis tools of the chemical bond (AIM1,2 and ELF3), in 2010, Johnson et al. presented a new approach, the so-called NCI analysis.4 Also based on the electron density (ED) topology, this method enables the identification and visualization of regions of weak interactions in the 3D real space by
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providing chemically intuitive iso-surfaces of the reduced density gradient, s (also referred to as RDG): s¼
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j=rðrÞj



2ð3p2 Þ1=3 ðrðrÞÞ4=3



:



(1)



where r represents the ED and |=r(r)| stands for the norm of the ED gradient vector. Initially introduced in DFT developments, s(r) has long been used to incorporate corrections to the homogeneous electron gas in the expression of exchange correlation functionals. The needed input data for this calculation is the electron density r and its gradient, collected at each point of a grid encompassing the two interacting molecules. In order to differentiate repulsive from attractive interactions the sign of the second eigenvalue l2 of the ED Hessian matrix is required.4 In the absence of interactions, s(r) shows an overall ar1/3 shape. In an isolated atom, far from the nucleus, both r4/3 (denominator) and its gradient (numerator) are very small. But because the former approaches zero more rapidly than the latter, their ratio grows exponentially in the atomic tail, so that it tends to infinity at very low density values. Similarly, in highdensity regions, towards the nuclei, r4/3 dominates over the gradient and accordingly, s(r) steadily decreases. In molecular systems, the 2D plot of s(r) exhibits new features. Deviations from the exponential decay can be observed. Mapping them back to real space, these points highlight 3D regions associated with molecular interactions by chemists. Covalent bonds are
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