
Abstract

“Functionalization and application of carbon nanohorns and carbon onions”
Since the discovery of scanning probe microscope (SPM) in 1980 to that of fullerene, several Nobel 

Prizes have been awarded in Nanotechnology. Many companies are also currently working in this 

field such as IBM and Samsung. Government and corporations worldwide have invested over $ 4 

billion into nanotechnology in the last year alone. What is exactly Nanotechnology?

The word “Nanotechnology” is used to describe different types of research where the characteristic 

dimensions are in a nanometer range. Two main approaches are used to assemble materials at the 

nanoscale: “top-down” (from larger to smaller) and “bottom-up” (from smaller to larger). The first 

one consists in reducing the dimension of the structures until  nano levels.  The second one was 

proposed for the first time in 1959 by Richard Feyman in the annual congress of American Physical 

Society. It consists in using  nanometric structure, such as a molecule, and to create a mechanism 

larger through a process of assembly or self-assembly.

To characterize and manipulate nanostructures, sophisticated techniques are required. Presently the 

main  instruments  are  SEM  (Scanning  Electron  Microscopy),  TEM  (Transmission  Electron 

Microscopy), AFM (Atomic Force Microscopy), STM (Scanning Tunnelling Microscopy). 

Carbon nanoparticles such as carbon nanotubes (CNTs), fullerenes and recently carbon nanohorns 

and carbon onions, are considered good candidates in different nanotechnological applications. 

Carbon onions (multishell fullerene, CNOs) and carbon nanohorns (CNHs) are new allotropes of 

carbon.  Discovered  respectively  by  Ugarte  in  1992  and  by  Iijima  in  1999,  these  carbon 

nanoparticles start to attract the attention of many researchers. In the last three years, several studies 

have been reported about CNHs while CNOs are still largely unexplored. 

Pristine carbon nanohorns (p-CNHs) and CNOs  are not soluble in common solvents. In order to 

study their potential  applications in the field of material  science,  improving their  solubility was 

necessary. 

First I focused my attention on the functionalization and characterization of CNHs. An aminoacid 

was synthesized and used in 1,3-dipolar cycloaddition reaction. This functionalization leads to an 

increase  of  the  solubility  of  CNHs in  various  organic  solvents.  Using  other  reactions,  such  as 

amidation or nucleophilic additions,  two assemblies,  in which CNHs are electron acceptors and 

porphyrins the electron donors, were synthesized and the electron transfer between the porphyrins 

and the CNH core was studied. Then, CNOs either of 5 nm or 20 nm of diameter were synthesized, 

respectively by annealing of nanodiamonds and by arc discharge.  These two samples  of CNOs 

present different properties and reactivity. As CNOs produced by annealing of nanodiamonds are 

more  reactive,  they were used to  synthesize  a  new assembly,  in  which  CNOs are  the  electron 



acceptors and ferrocene the electron donors. For the first time, electrochemical and photophysical 

measurements of CNOs were performed.

The thesis is divided in four chapters. The first one provides an overview of carbon allotropes, in 

particular CNTs and fullerenes. Different techniques as arc discharge, laser ablation and chemical 

vapour deposition are briefly described. Finally three general approaches to functionalize carbon 

nanoparticles are reported in detail.

In  the second chapter  CNHs  are  introduced.  The properties  and the applications  are  shown. A 

comparison between CNTs and CNHs is also given. Then three different studies are presented:

• Functionalization by 1,3-dipolar cycloaddition to improve the solubility of CNHs;

• Functionalization by nucleophilic addition and coupling with porphyrin;

• Functionalization by amidation and coupling with porphyrin.

The electron transfer between the porphyrin and CNH core is discussed.

In the third chapter CNOs are introduced. Two different type of CNOs are described and compared 

in order to choose the more reactive nanoparticles. Then a study is reported:

• Functionalization by 1,3 dipolar cycloaddition and coupling with ferrocene carboxylic 

acid.

The interaction between the ferrocene moiety and the CNOs is discussed.

All the experimental details are given in the fourth chapter.
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