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SUMMARY 
  

 Self-assembling supramolecular chemistry is a branch of chemistry that studies 

the spontaneous association of molecular species. Since its birth with the Nobel prizes 

Donald J. Cram, Jean-Marie Lehn and Charles J. Pedersen, chemists have exploited 

non-covalent interactions to obtain complex molecular structures with specific 

functions. This thesis studies different self-assembling systems based on 

melamine (M), cyanuric acid (CA) and some of their derivatives. The work 

focuses mainly on systems assembled via hydrogen bonds.  

 Within the overlap of supramolecular and organic chemistry non-covalent 

synthesis has arisen. The merging of this field of chemistry with areas such as 

materials science and nanotechnology has led to the obtaining of self-assembling 

materials. This new generation of materials, which is also inspired by the spontaneous 

processes of nature, has stimulated great interest for its potential technological 

applications. For instance, in bottom-up methods for the development of more 

efficient nanotechnology. Within this method, molecules are building-blocks to 

construct materials block by block. Thus, one of the main objectives of this thesis is 

to contribute to the understanding of the nature of self-assembling processes 

through the structural-electronic characterization of M and CA supramolecules. 

 On the other hand, behind experimentation and theory, simulation experiments 

represent the third pillar of science. The theoretical study of supramolecular systems 

has allowed researchers to explain many phenomena of this field and it has paved a 

very promising way for the rational design of materials. Therefore, another of the main 

objectives of this thesis is to obtain information about structure and energy that 

could lead to discern if a molecular system has better self-assembling capabilities 

than others. 

 For the characterization of the different molecular systems studied here, different 

electronic-structure analyzes have been carried out within the framework of the 

density functional theory (DFT). By using tools of the Quantum Theory of Atoms in 
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Molecules (QTAIM), an exploratory study of the electronic charge density was 

carried out. Charge transfer energies and electronic populations have also been 

analyzed using the Natural Bond Orbitals (NBO) method. Finally, within the Kohn-

Sham Molecular Orbital Theory, an exhaustive analysis of the interaction energies 

and their energy decomposition has been carried out along with Voronoi Deformation 

Density analyzes. 

 This thesis is organized as follows: 

 In Chapter I, a brief historical background of supramolecular chemistry and the 

specific terms of the field are introduced. The thermodynamics of the self-assembly 

process is also described. Then, the definition of the hydrogen bond is presented, along 

with its characteristics like strength, classification and nature. Finally, the aim and the 

objectives of this thesis are pointed out.  

 In Chapter II, a brief description of the used methods is presented. Firstly, the 

DFT methods and basis sets that were used in the thesis are presented. Then, basic 

concepts of the energy decomposition analyzes, and a summary of the QTAIM and 

the NBO theories are also covered.  

 In Chapter III, some hydrogen- and halogen-bonded supramolecules of M and a 

selected set of CA derivatives are explored. This includes the trithiocyanuric acid, 

mono-chlorinated and mono-brominated cyanuric acid. An analysis of the electronic 

charge density distribution in the framework of QTAIM and NBO analysis was 

performed in order to characterize their interactions and to investigate how the 

incoming monomers perturb M. Selected aromaticity indices were computed for the 

triazine ring of M. The study shows that the analogue with bromine can form 

complexes that are as strong as those of melamine and cyanuric acid. The interplay of 

intramolecular interactions is also revealed. 

 The molecular factors that govern the self-assembly process of the well-known 

rosette of CA and M are explored in Chapter IV. Through a thorough topological 

analysis we could observed that, despite the system does no show a net cooperative 

effect, some interactions are more strengthened than others. Our computations are in 
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line with crystallographic data and the finding of a new phase of these compounds in 

the solid state. 

 In Chapter V the self-assembling capability of CA is unveiled. It has been shown 

that the molecule itself can form different supramolecular arrangements when it is 

deposited as a monolayer, and they can coexist within the same layer. Through a 

QTAIM and NBO analysis we have shown that while one arrangement shows the 

presence of cooperativity, the other one shows larger binding energies.  

 When it comes to M, it is known that the gradual hydrolysis of this compound 

leads to the obtaining of CA. In Chapter VI, through an exhaustive energy analysis, 

we examine the self-assembling capacity of the first hydrolysis by-product of M, 

which is called ammeline (AM). The computations reveal that AM is superior than M 

as a self-assembling building block to form cyclic rosettes (hexamers). This outcome 

was proved not only by a greater pair interaction in AM but also the presence of a 

strong synergistic effect.  

 Given the relevance of M and AM rosettes, we then undertook a computational 

study of these systems and their interactions with monovalent cations and anions. In 

Chapter VII, we show that M and AM rosettes are potent supramolecules to 

selectively recognize ions.  

 Finally, even though every chapter has its own conclusion, in Chapter VIII the 

general conclusion of this thesis is exposed. 

 

 

 

 


