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Summary  

 This thesis deals with the quantum-chemical exploration of the cation affinity of Lewis 

bases from across the periodic table for various types of cations, using consistently one and 

the same state-of-the-art computational approach, namely, relativistic density functional 

theory (DFT). The main objective in this thesis is to unravel and understand the underlying 

physical factors that determine the computed trends in affinities.   

 In Chapter 1 provides a general introduction to the topic of this thesis work, alkali 

metal cation affinities of archetypal Lewis bases throughout the periodic table. These Lewis 

bases are the anionic and neutral maingroup-element hydrides, XHn–1− and XHn, with 

protophilic centers X from periods 1 - 6 and groups 14 - 18. Cations for which we analyze 

and/or discuss the cation affinity (CA) of the bases comprise the proton Y+ = H+ (proton 

affinity, PA), various alkyl cations Y+ = MemCH3–m+ (i.e., methyl, ethyl, i-propyl and t-butyl 

cation; alkyl cation affinity, ACA) and alkali metal cations Y+ = Li+, Na+, K+, Rb+ and Cs+ 

(alkali metal cation affinity, AMCA). The trends of the gas-phase as well as the condensed-

phase proton affinities (PA) and the trends of the gas-phase alkyl cation affinity (ACA) 

have been reported earlier but are reviewed in the introduction because they constitute 

important context for the new results on AMCAs. The vast collection of consistent data 

obtained and discussed herein allows for an accurate revelation and analysis of trends. 

 Chapter 2 describes our approach. All calculations in this thesis were performed with 

the Amsterdam Density Functional (ADF) program using the aforementioned relativistic 

DFT at ZORA-BP86/QZ4P//ZORA-BP86/TZ2P. The bonding analyses have been carried 

out in the conceptual framework of Kohn-Sham molecular orbital (KS-MO) theory in 

combination with a quantitative energy decomposition analysis (EDA). In this model, the 

overall bond energy between the cation and the Lewis base is made up of two components: 

strain energy and interaction energy. The latter can be further analyzed using three 
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interactions terms: electrostatic attraction, Pauli repulsion, and (attractive) orbital 

interactions. 

 The core of this work is the quantum chemical exploration and detailed bonding 

analyses of alkali metal cation affinities (AMCAs) in Chapters 3, 4 and 5. The AMCAs of 

the anionic as well as neutral maingroup-element hydrides are significantly smaller than the 

corresponding PAs and MCAs. Yet, they show similar, although not identical, trends along 

the various Lewis bases. Throughout each period, the AMCA of the anionic maingroup-

element hydrides (XHn–1−) increases slightly from group 14 to 15 and then remains almost 

constant along groups 15, 16 and 17 while the AMCA of the neutral maingroup-element 

hydrides (XHn) decreases along the second and third-periods.  A significant change occurs 

in the affinity when one descends down the groups. Descending group 15, the AMCA of 

the neutral maingroup-element hydrides (XHn) decreases but, descending group 18, it 

increases. This causes the AMCA along higher-period bases to first increase and then to 

decrease. The same trend in the affinity is also observed in the PAs of the neutral 

maingroup-element hydrides (XHn) while it differs significantly from those of the anionic 

conjugate bases (XHn–1−) where the AMCA, as well as PA, of the anionic Lewis bases  

(XHn–1−) always decreases down a group.  

 The reason that AMCAs are smaller than other cation affinities is mainly the relatively 

high orbital energy and diffuse character of the alkali cation ns LUMO, which results in a 

large HOMO–LUMO gap and thus a weak HOMO–LUMO interaction of the Lewis base 

with the alkali metal cations. Another important difference in the bonding mechanism 

between AMCAs and PAs is the occurrence, in the former, of Pauli repulsion between the 

occupied orbitals of the Lewis base and the subvalence and core orbitals of the alkali 

cations. Such repulsion does not occur in the case PAs as the proton has no occupied orbitals 

at all. 
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 AMCAs become weaker along the alkali cations Li+, Na+, K+, Rb+ and Cs+. The main 

responsible factor behind this weakening is that the valence ns orbital energy of the alkali 

metal cations goes up at higher principal quantum number as one goes down group 1 of the 

periodic table.  

 In all cases, cation affinities of neutral maingroup-element hydrides XHn are weaker 

than the corresponding ones of the anionic maingroup-element hydrides XHn–1−. This 

difference is mainly, although not only, caused by the loss in electrostatic attraction in the 

former case. In the complexes of the anionic Lewis bases (XHn–1−), there is a strong 

Coulomb attraction that goes with the charge separation associated with heterolytic 

dissociation XHn–1Y → XHn–1− + Y+. Such charge separation does not occur for heterolytic 

dissociation XHnY+ → XHn + Y+ in the case of the neutral bases. 

 The fact that the bonding mechanism behind AMCAs and PAs shows a few qualitative 

differences (i.e., higher energy ns LUMO and Pauli repulsion in the former) also shows up 

in the mutual correlation between these quantities. Thus, there is a poor correlation between 

AMCAs and PAs of the anionic as well as of the corresponding neutral maingroup-element 

hydrides. At variance, there is an excellent linear correlation between AMCAs and LiCAs. 

This linear relationship may be employed for accurate estimates of AMCAs based on 

quantum chemical data that need to be computed only for the LiCAs. 

  


