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Electron density has been a great source of insight in the understanding of bonding and structure. Nonetheless, 
it lacks a fundamental characteristic: its connection to molecular and solid properties is barely predictive. This 
is so due to the lack of a direct (known) link between electron density and energetics.  
Along this contribution we will try to show some of the efforts of my team to fill this gap. My first example 
will be the characterization of non-covalent interactions in reactivity. In order to build this knowledge, we rely 
on the Non Covalent Interactions (NCI) index, which is able to identify the regions relevant to weak 
interactions from the electron density alone [1]. Simple approaches for well-known intermolecular energies 
datasets have allowed us to show that the energy can be predicted from these electron density regions using 
machine learning approaches in a fast and accurate manner [2]. I will also show a new server, NCIweb, we 
have developed to carry out these calculations online [3]. 
 
 

Secondly, I will show an example of prediction of material 
properties such as superconductivity. We have shown that the 
networking value, derived from chemical bonding analysis, 
correlates well with the predicted critical temperature, much 
better than any other descriptor analyzed thus far. And this, for 
all bonding types [4].  
 
The discovery of the positive correlation between 
superconductivity and the bonding network offers the 
possibility of screening easily hydrogen-based compounds and, 
at the same time, sets clear paths for chemically engineering 
better superconductors. 
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Figure 1. Example of delocalization pathways in 
H3S (left) and networking correlation with 
superconductors critical temperatures (right).  
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