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Summary 
 
The research in the science of materials, besides paving the way to 
important technological advances, has also led to the discovery, in the last 
decades, of new classes of materials with unconventional (and potentially 
useful) properties, such as high-temperature superconductors, giant-
magneto resistive materials and organic conductors and semiconductors. 
The speculative investigation of these systems has given birth to a new 
branch of science known as “condensed matter” physics. 
Most of the properties of materials that we experience everyday and are 
familiar with (colour, mechanical properties, heat and electrical conductivity, 
magnetism) can be described within the context of simplified theories in 
which the basic ingredients are the interaction of valence electrons with the 
periodic potential of the lattice of ion cores and the mutual inter-electron 
repulsion (the latter treated within approximated schemes such as the 
Landau Fermi-liquid theory or the Hubbard model). All other interactions 
are usually considered small perturbations. As advances in condensed matter 
are made, however, it becomes clear that these assumptions are not 
sufficient to account for the properties of many new materials. This is the 
case of organic molecular solids such as those studied in this thesis, where the 
basic constituents are not atoms but (carbon-based) molecules, which have 
an internal structure and internal degrees of freedom which need be taken 
into account. Organic materials have a large potential for application due to 
their interesting opto-electronic properties, low cost and biocompatibility, 
and to the possibility of tailoring their properties by chemical design. 
The so-called fullerides, solid state compounds of hollow carbon-only 
molecules known as “fullerenes”, may be considered prototypical organic 
molecular materials, and understanding their very rich phenomenology is 
helpful to rationalize the features of organic solids in general. The existence 
of fullerenes was discovered only very recently, in 1991. The most famous is 
the “Buckminsterfullerene” C60 molecule, a hollow structure with the shape 
of a football. What makes C60 a nice “playground” to study organic solids 
are its simple chemical formula, its symmetric shape, and its ability to form 
many different compounds with other elements, especially alkali species 
which donate their valence electrons to the fullerene molecules to form 
ionic salts. Alkali fullerides display many exotic properties, such as 
transitions from metallic to insulating behaviour induced by pressure or 
temperature variations, carbon-based magnetism, reversible polymerization, 
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and superconductivity at relatively high critical temperatures. 
This PhD thesis is the result of experimental investigations on alkali fulleride 
thin films, aimed at understanding how their electronic properties arise from 
the degrees of freedom of their microscopic constituents. The thin films 
were grown in vacuum by condensation of sublimated fullerene and alkali 
vapours on suitable substrates. Besides being suited for application, the thin-
film form allows employing electron-based spectroscopic techniques, which 
are among the most direct experimental tools to investigate the electronic 
properties of solids and are most suited to study their surfaces. 
An important achievement of the work presented in this thesis is the 
development of a growth procedure for crystalline thin films of the 
polymeric Li4C60 fulleride. The crystal structure of Li4C60 consists of two-
dimensional rectangular networks of molecules bridged by intermolecular 
bonds, which are stacked in an ordered fashion. We have found that one of 
the two polymerization direction lies in the termination plane of the films. 
Our study identifies this material as a low band-gap semiconductor with 
possibly a strong coupling of electrons to low-frequency vibrations 
involving the Li atoms. We find that a partial charge transfer takes place 
from the Li atoms to the fullerene networks, which is the same regardless of 
the Li concentration. This result rationalizes the reported stability of the 
polymer phase over a wide range of stoichiometries. 
The largest part of the thesis focuses on another fulleride, RbC60. This 
material displays four different structural phases, two of which are 
characterized by intermolecular bonds, while two are monomer phases. We 
demonstrate a reversible transition between a phase characterized by 
intermolecular bonds and a monomer phase, of which the latter is present at 
lower temperature. This observation is interesting because it shows that 
intermolecular bonds in fullerides may be broken as the temperature is 
lowered, i.e., as energy flows out of the system, which is a rather counter-
intuitive result. One of the RbC60 phases is characterized by one-
dimensional polymer chains. As found also for the Li4C60 case, the electronic 
structure of polymeric RbC60 is not much different from that of monomeric 
phases. In the polymer phase of RbC60 a metal-to-insulator transition is 
observed at higher temperature than in the bulk. 
The surface termination of the film is a layer of fullerene molecules. Since 
RbC60 is an ionic solid, this termination is a polar termination and as such it 
is unstable. We show that electrostatic equilibrium is achieved by a rather 
uncommon mechanism, by which the electron density in the termination 
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layer of the film is reduced to half its value in the bulk layers. Due to the 
molecular character of fullerides, this half-integer electron density results in 
the coexistence of different (integer) molecular valence states. We find that 
the low temperature monomer phase of RbC60 is metallic, and show that the 
metallicity of this phase results from molecular charge fluctuations between 
different valence states. 
While confirming that electron-electron interactions are not negligible at the 
surface of fullerides, we show in the last chapter that such interactions are 
weaker in open-shell fullerides (such as RbC60 and Cs4C60) than in closed-
shell C60 and Cs6C60. The value of the interaction between two electrons 
sitting on the same molecule is surprisingly small at the surface of open-shell 
fullerides. This cannot be ascribed entirely to the effect of the polarization 
screening of molecular anions alone, suggesting that another efficient 
screening mechanism is available, presumably related to the presence of free 
charge carriers. We find that Coulomb interactions have the same magnitude 
in RbC60 and Cs4C60, and that the main difference between these salts is that 
the coupling of electrons to molecular vibrations (phonons) tends to favour 
charge fluctuations despite the inter-electron repulsion in the former, 
contrary to the latter where both couplings tend to suppress fluctuations. 
The combination of screening and electron-phonon coupling are probably 
the key ingredients which allow fulleride metallicity and superconductivity. 

 




