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Chapter 3 

Objectives 

 

The main goals to be achieved in the current thesis by means of restricted, unrestricted, and/or 

time-dependent density functional methodology are highlighted as follows: 

1. Exploration of the chemo- and regioselectivity of a series of cycloaddition reactions 

to carbon nanostructures. Particularly, the Bingel-Hirsch addition of dimethyl 

bromomalonate to the endohedral metallofullerene La@C2v-C82 results in a relevant 

(2+1) cycloaddition reaction due to the paramagnetic nature and the many 

nonequivalent carbon atoms in this nanostructure. The target is to reach a complete 

study through the all 65 possible mechanistic pathways, which are originated from 

the combination of 24 nonequivalent carbon atoms and 35 different bonds present in 

the cage, so as to describe the thermodynamics and kinetics of the reactions under 

consideration. In view of that, the characterization of the experimentally observed but 

hitherto unidentified Bingel-Hirsch adducts is the main goal to achieve. After that, 

the (4+2) (1,4-addition) and (2+2) (1,2-addition) cycloadditions of benzyne to a series 

of carbon nanostructures are also investigated. The objective is the determination of 

the thermodynamics and kinetics of these cycloaddition reactions in order to 

characterize the cycloadducts formed in fullerene C60 and several zig-zag single-

walled carbon nanotubes with chiral indices (8,0), (9,0), (12,0), (13,0), and (18,0). 

The study encompasses an analysis of the effect of the curvature, a compilation of 

other experimental and theoretical results accounting for the (4+2) and (2+2) 

cycloadditions of benzyne to endohedral metallofullerenes and a series of armchair 

single-walled carbon nanotubes, and also an examination of the structural 

deformation and interaction of reactants at stationary structures through the reaction 

coordinate with the aim of reporting a complete, consistent exploration of these 

reactions in carbon nanostructures. 

 

2. Evaluation of chemical reactions catalyzed by transition metal complexes in which 

fullerene C60 is involved. In this regard, two studies were developed with the purpose 

of describing the thermodynamics and kinetics of chemical reactions with C60 as well 

as the role of the catalysts. In the first study, the main target is the formulation of a 

Suzuki-Miyaura-like reaction mechanism for the hydroarylation of C60 with 

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

The study is focused on the determination of the fundamental role of water and the 

catalyst through the reaction with the intention of explaining experimental 

observations. In the second study, olefin metathesis catalyzed by ruthenium 
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complexes containing N-heterocyclic carbenes and C60 is reported. The goal is the 

elucidation of the influence of C60 in the catalyst synthetized in silico which is 

evaluated from several frameworks such as energetics, steric impediment, amphoteric 

behavior, and conceptual theory (electrophilicity). Therefore, this theoretical study is 

aimed at the promotion of a new family of ruthenium-based fullerene catalysts. 

 

3. Investigation of charge transfer events that can occur in a donor-acceptor conjugate 

containing a fullerene moiety with the objective of identifying its potential 

applications in solar energy conversion. By making use of time-dependent density 

functional methodology combined with molecular dynamics, the main purpose is the 

description of stable bound exciton states susceptible to be accessed by either light 

absorption or dissociation of less-stable exciton states in the triphenylamine-C60 

donor-acceptor conjugate. The picture generated by detailed information of exciton 

states with neutral, partial charge transfer, or strong charge transfer character is used 

to evaluate electron transfer parameters according to the photoinduced charge transfer 

reactions occurring in the donor-acceptor conjugate under study. All the information 

collected in this study is focused on the estimation of rate constants of photoinduced 

charge separation and charge recombination reactions, which provide the evidence 

required to assess the potential of fullerenes as promising materials in the construction 

of organic dye-sensitized solar cells. 

 

The objectives exposed above are directed at the characterization and in silico synthesis of 

interesting adducts produced via (metal-catalyzed) chemical reactions involving carbon 

nanostructures, and their potential applications in the design of organic photovoltaic devices. 

 

 

 

 

 

 

 

 

 


