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Material science is a vast area of science devoted to the study of the properties of 
solid materials such as stability and durability in a given environment, elasticity, 
absorption, transmission or reflection of light, conductance of heat and electricity, 
magnetism. The optical, electric, and magnetic properties of suitable materials are 
the basis for our electrical and (opto-)electronic applications, that is, of the 
technology that has revolutionized our lifestyle in the last hundred years, from 
electricity and electrical engines, to radio and television, to computers, to (mobile) 
phones, to internet. 
It has been one of the fundamental successes of the physics of materials and of 
the solid state to explain the origin of such properties, in particular the electrical 
conductance of solids as metals, semiconductors and insulators, and predict to 
which class a certain material belongs. Our understanding of matter is based on a 
description in terms of microscopic constituents, the atoms. At the atomic scale 
(that is, at length scales of the order of the millionth part of a mm) the laws of 
physics that apply to our macroscopic world are replaced by a different set of 
laws which goes under the name of quantum mechanics. Physicists had to uncover 
these laws before they could achieve a coherent description of solid state 
materials. 
The discovery and understanding of the phenomena underlying electrical 
conductivity, magnetism and optics of solids has allowed us to apply and tune 
these properties into many different technologies. The research in this field has 
also led, in the last decades, to the discovery of new classes of materials with 
potentially useful properties, such as high-temperature superconductors, giant-
magneto resistive materials and molecular organic conductors and 
semiconductors. The speculative investigation of these systems has given birth to 
a new branch of science known as “condensed matter” physics. 
The dominant forces which keep an atom together, and allow the arrangement of 
atoms in the very different architectures and non-static ensembles which are 
observed in nature are interactions of electromagnetic origin. Atoms are 
composed of a positively charged central nucleus (itself composed of smaller 
constituents) surrounded by a cloud of negatively charged particles (electrons). 
Atoms of different elements have a different nuclear charge, which varies from 
+1 fundamental charge unit for the simplest element, hydrogen, up to about 
+100 for the heaviest elements such as uranium (nuclei with a high electrical 
charge are also heavier). Electrons carry a –1 charge (in fundamental units), and 
because opposite charges attract one another to form neutral ensembles, in an 
atom the nuclear charge is compensated by an equal number of electrons which 
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are smeared out in a cloud around the nucleus. This electron cloud is actually 
made up of different shells (or orbitals) closer to or further away from the 
nucleus, each of which can contain a maximum number of electrons. The 
electrons occupy preferentially the lowest energy shells closest to the nucleus 
(which have a lower energy); the outermost electrons (called valence electrons) are 
those which feel the most the presence of neighbouring atoms and determine the 
chemical reactivity of an atom and the type of structures that it will form with 
other atoms. Hence an atom can also be thought of as being composed by a 
positive core, made up of the nucleus plus the filled inner shells, and a number of 
outer valence electrons. Electrons carry not only a charge but also an intrinsic 
magnetic moment, called spin. The charge- and spin-density distribution of 
valence electrons is in last instance responsible for the electric and magnetic 
properties of atoms, molecules and solids. 
In a solid the constituent atoms lie very close to one another (the shortest 
distance is of the order of the atomic diameter), so that the valence electrons feel 
the attraction of various ionic cores, and may form clouds which are delocalized 
over few or many core ions or lie between two of them, thereby forming a 
chemical bond. Although the quantum-mechanical equations that govern the 
behaviour of each constituent are basically known, it is impossible to calculate 
the properties of a macroscopic solid by solving these equations, simply because 
there are too many interacting constituents: a piece of material such as a small 
coin contains something like 1023 or more atoms! 
Nonetheless, it is found empirically that the properties of solids can be described 
within simplified theoretical models which rely on a number of approximations. 
One was already mentioned: the identification of the constituents not in nuclei 
and electrons, but in core ions and valence electrons. The second is related to the 
existence of a local order and periodicity in the arrangement of the atoms of a 
solid (the so-called crystal lattice). This determines a particular shape of the cloud 
of the valence electrons, and also allows describing the thermal motions of the 
ions as waves of a specific form. These vibrations have a quantum-mechanical 
nature and are called phonons. The motions of the cloud of valence electrons are 
much faster than those of the core ions; hence one usually considers that the 
electrons clouds distribute themselves according to the periodic distribution of 
core ions, and treats the interaction between electrons and phonons as a small 
perturbation of this configuration. Finally, the electrostatic repulsion between 
valence electrons is either neglected (if the valence electronic clouds are much 
spread out, the interaction between two clouds is small) or treated as if it had a 
limited range of action. 
Most of the properties of materials that we experience everyday and are familiar 
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with (colour, mechanical properties, heat and electrical conductivity, magnetism) 
can be described with this simplified theory. As advances in condensed matter 
and material science are made, however, it becomes clear that these assumptions 
are not sufficient to account for the properties of many new materials. For 
example there may be other degrees of freedom which need be considered: this is 
the case of molecular solids such as those studied in this thesis, where the basic 
constituents are not atoms but molecules, that is, structured clusters of atoms 
with characteristic chemical formula, structure, and properties. In many 
interesting new materials, moreover, electron-electron and electron-phonon 
interactions are either very strong, or give rise to “collective” phenomena, such as 
for example subtle long-range correlations between the lattice, phonon, and 
electron (both charge and spin) degrees of freedom. Electron-electron and 
electron-lattice correlations underlie e.g. the insulating character of some oxides 
and the magnetism of iron, but also the more exotic magnetic and orbital 
ordering observed in some insulators, while electron-phonon correlation plays a 
fundamental role for superconductivity and giant magneto-resistance. The 
theoretical challenge to describe these solids lies in the difficulty of dealing with a 
large number of interactions. 
A class of materials with a very rich phenomenology and in which both electron-
phonon and electron-electron interactions play an important role is that of 
fullerides, solids based on hollow carbon-only molecules known as “fullerenes”. 
Fullerides are prototypical organic molecular materials, 
and understanding their properties is helpful to 
rationalize the features of organic solids in general, 
which 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 existence of fullerenes was discovered only very 
recently, in 1991. The most famous is the “Buckminsterfullerene” molecule (C60, 
shown to the right), 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, and superconductivity at relatively high critical temperatures. 
These salts have features which are characteristic of correlated electron systems, 
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but they also display a relatively strong electron-phonon coupling. This 
interaction plays a very important role in open-shell alkali fullerides in which the 
outermost valence molecular orbital of the fullerene molecules (which can 
contain up to six electrons) is only partially filled by the electrons donated by the 
alkali atoms. In such case, a suitable molecular distortion mediated by a phonon 
can effectively lower the total energy of the molecule, by a phenomenon known 
as “Jahn-Teller effect”: the distortion splits the outermost orbital in subshells of 
different energies of which only the lower energy ones are filled; if the elastic 
energy needed for the distortion is lower than the electronic energy gain due to 
the lowering in energy of the occupied states, then the distortion is favourable. 
Also other couplings play an important role in alkali fullerides, such as 
intermolecular interactions leading to crystal fields and polymerization. 
In this PhD thesis I present the results of experimental investigations on alkali 
fullerides, aimed at understanding the interplay of electron correlation with other 
molecular or lattice degrees of freedom, and the impact of inter-molecular 
bonding and of the film-vacuum interface on the electronic structure of fullerides.

 




