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Summary 

In this thesis, different studies are presented on hydrogen bonds that occur between two interacting 

molecules. Hydrogen bonds (HB) are an essential type of interactions for processes in life, being 

responsible, among others, for holding together the two chains of the double helix of DNA. It is because 

of the biological importance of DNA that the base pairs, and other compounds with similar hydrogen 

bonds as these base pairs, have been studied in this thesis. 

The main objective of the thesis is to understand Resonance Assisted Hydrogen Bonds (RAHB). This 

concept was introduced in the late eighties of the previous century to explain the enhanced stability of 

the hydrogen bonds between aromatic or sp2-hybridized monomers that involve π electrons as 

compared to hydrogen bonds between monomers without π electrons.  

There are two well-defined parts in this thesis, which both focus on the same objective of analyzing 

and understanding the nature of Resonance Assisted Hydrogen Bonds and examining the assistance by 

the π electrons. First, electron delocalization indices are used in order to analyze the HB formation. 

Secondly, a decomposition of the hydrogen bond energy will allow us understand which components of 

the bonding energy are responsible for the stronger hydrogen bonds.  

It is essential to know how to divide the 3D-space in order to integrate the electron density for each 

atom and find delocalization indices (DI) on hydrogen bonds and normalized n-center delocalization 

indices ING within the quasi-ring. Thus, for the first part, using different ways of dividing the 3D-space 

permits to compare some fuzzy-atoms schemes to QTAIM. Becke-ρ has resulted to be the best 

performing fuzzy atom method for reproducing the QTAIM results for both mentioned indices. 

Then, the same pairwise delocalization indices (DI) and the π contribution of the n-center 

delocalization indices (INGπ) are used to know whether π delocalization, associated with RAHB, is a 

relevant contribution to the interaction energy between several complexes similar to the DNA bases. 

The values of π delocalization inside the quasi-ring are not directly related to the HB energy. Therefore, 

more π delocalization in the new ring does not mean a proportional increase in HB energy. 

In the second part, a study of the π assistance to the hydrogen bonds of the base pairs adenine-

thymine and some smaller mimics is performed based on quantitative Kohn-Sham molecular orbital 

theory and a corresponding energy decomposition analysis. It is shown that π assistance is not 

exclusively due to aromaticity, but that the sp2-hybridization of the proton-donor and acceptor atoms 

already accounts for the π charge delocalization. The covalent component of the hydrogen bonds is 

shown to be essential to explain the shortening and strengthening in unsaturated dimers.  

Finally, the three hydrogen bonds of the pair guanine-cytosine are analyzed. The number of π 

electrons is made smaller in a series of corresponding dimers to study the role of π assistance in 

hydrogen bonds. It is concluded that we can reduce the DNA bases to smaller equivalents with similar 
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sp2 front atoms without affecting the hydrogen bond energy, except for guanine. The reduction of the 6-

membered ring of guanine leads to a slight deviation from planarity and a weakening of the hydrogen 

bond energy. 

In conclusion, both computational approaches, the delocalization indices and the molecular orbital 

theory with the corresponding energy decomposition analyses, show that the π electrons are not 

responsible for the enhanced stability of the RAHB. The latter demonstrates that the better covalent 

interaction in hydrogen bonded sp2-hybridized dimers is responsible for the enhanced stability 

compared to sp3-hybridized dimers. 




