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Summary of the Thesis 

Carbon is able to form several allotropes with interesting medical, scientific, and industrial 

applications, among others. Particularly, fullerenes and carbon nanotubes have attracted the 

attention of many scientific research groups through the entire world since they were 

discovered by Kroto, Smalley, and Curl in 1985, and by Sumio Iijima in 1991, respectively. 

The understanding of chemical and physical properties of these carbon nanostructures is 

crucial for the development of applications such as the synthesis of biomarkers, construction 

of efficient organic photovoltaic devices, and design of materials with increased resistance 

to thermal deformation, chemical corrosion, and mechanical stress; among others. 

Accordingly, this thesis is aimed at the comprehensive, quantum-computational description 

of the chemical functionalization and charge transfer events susceptible to take place at 

(endohedral)fullerenes and carbon nanotubes; thus providing a systematic understanding of 

experimentally reported phenomena. 

The current manuscript contains a series of seven chapters distributed according to a 

compendium of publications. In Chapter 1, molecular structures and chemical 

functionalization of (endohedral)fullerenes and nanotubes are reviewed. In chapter 2, a 

revision of quantum-based theories, as well as methodologies used in the thesis, and the 

electron transfer problem is also introduced. In Chapter 3 the goals to reach in each one of 

the research projects included in this thesis are established; these latter ones are reported as 

a sequence of publications in chapters 4, 5, and 6. 

Chapter 4 develops the study of cycloaddition reactions to carbon nanostructures. The main 

subject of study is the chemo- and regioselectivity of the Bingel-Hirsch addition of dimethyl 

bromomalonate to the endohedral metallofullerene La@C2v-C82; a special case study because 

of the paramagnetic nature and the many nonequivalent carbon atoms in the cage. Then, the 

(2+2) and (4+2) cycloadditions of benzyne to fullerene C60 and a series of zig-zag single-

walled carbon nanotubes differing in diameter is analyzed in detail so as to account for the 

experimentally observed changes in reactivity; that is to say, (2+2) and (4+2) cycloadditions 

shall depend on the diameter and chirality of the carbon nanostructure. 

The potential applications of fullerene C60 in chemical reactions catalyzed by transition metal 

complexes are discussed in Chapter 5. The first study consists in the quantum-based 

development of a Suzuki-Miyaura-like reaction mechanism for the arylation of C60 with 

organoboron compounds catalyzed by a rhodium complex in the presence of water, which 

leads to an arylated hydrofullerene. After that, the catalytic capability of a ruthenium 

complex, which is linked to N-heterocyclic carbenes containing C60, is analyzed for olefin 

metathesis (ethylene in this study), wherein it is demonstrated that the inclusion of C60 in 

ruthenium-based catalysts improves the catalytic power. 



In Chapter 6, charge transfer events are studied for a fullerene dye-sensitized solar cell, the 

triphenylamine-C60 donor-acceptor conjugate is taken as the reference system. Excitons with 

neutral, strong charge transfer, and even with partial charge transfer character are carefully 

described so as to determine nonadiabatic rates of photoinduced charge transfer reactions in 

such materials. The proper estimation of electron transfer parameters from a quantum-

theoretical framework strongly influences the design of higher-efficient light-harvesting 

photovoltaic devices. 

In Chapter 7, the most relevant results of the former chapters are summarized following the 

sequence of chapters 4-6. Finally, in Chapter 8, the main goals achieved in the current 

research work are highlighted for the chemical functionalization of carbon nanostructures 

and their potential application in solar energy conversion. 

 

 

 

 

 

 

 

 

 

 

 

 


