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Summary

Clusters fit somewhere between bulk material and atoms, having some hundreds
or thousands of atoms. When studying them, we find they have properties which
are quite different from the bulk material. Often we find that these properties
vary continuously with increasing number of atoms, until reaching the bulk
value. Also, there are certain behaviors that remind us very much of other
kinds of “clusters”— nuclei or atoms—the existence of a shell structure and
“magic numbers”, or the drops in the ionization potential due to closed shells.

In what follows I will go through some of the interesting properties of metallic
clusters described in the text

structure the arrangement of the atoms in a cluster is usually somewhat dif-
ferent from that of bulk matter. Furthermore, the addition of a single
atom causes a large change in the structure: the atoms tend to rearrange
much more substantially than they would in the case of bulk.

types clusters of different elements can behave quite differently, according to
bonding, and electron densities: atoms with closed-shell structure, such
as rare gases, haveweak atomic interactions and electrons are confined to
the atoms. In other cases clusters can best be described as a positive
background and itinerant electrons (as in bulk metal). Another posibility
is directional bonding between atoms. In still other clusters it depends on
size: larger clusters can be described with the itinerant electrons, while in
smaller ones structure begins to play a more important role.

analogy with nuclear and atomic physics •
• the shell structure, common to nuclear, atomic and cluster physics,

leads to the correct energy levels as well as other things, described
below

• magic numbers exist both in nuclear and cluster physics, and are
numbers of nucleons/atoms that result in closed shells, and therefore
an especially high stability of the nucleus/cluster

• the ionization potential as a function of cluster size (i.e number of
atoms N) drops abruptly after N ’s that represent closed shells, in
analogy to the behavior found in atoms.
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the jellium model the article focuses on metallic clusters that can be under-
stood with the jellium model: clusters with itinerant electrons. This model
makes an average potential out of the effect of the ion cores and their elec-
trons (uniformly distributed positive charge), and the (delocalized) elec-
trons interact with this potential. The electron-electron interaction is also
calculated using a local density approximation∗.

The jellium model cannot be used for all types of clusters, only those which
are “metallic” in nature: those whose valence electrons are delocalized.
There is good agreement between jellium results and reality especially in
the case of monovalent atoms, but discrepancies are found in Aluminum.

The confinement of the jellium and the electrons to the cluster region
leads to electronic shell structure. A model that uses a well structure
intermediate between the square well and the harmonic oscillator well
results in magic numbers: numbers of electrons for which the shell closes
show dips in total energy. The reason for this is that the quantum numbers
(n, l) on which the energy depends have no relative restrictions, since the
potential is not of Coulomb from (in which case l would have to be less
than n)

An advantage of the jellium model over others is that there is no size
limitation. In other methods (pseudopotential method, self-consisten-field
molecular-orbital methods, Hueckel molecular-orbital method, generalized-
valence-bond formalism∗) calculations become increasingly difficult.

In spite of assuming that the valence electrons always interact with spheri-
cally symmetric jellium—which is not the case in Na, for example—results
are still quite good. Also, in spite of what one might expect, the jellium
model also works quite well with smaller clusters (though it works best
for bigger ones), which shows that these small structures also show shell
structure and itinerant electrons.

Comentary

This article was an interesting read, and on a whole, understandable, although
there were a few things I was not familiar with, and questions I could ask. Also,
the origin of some formulas seemed somewhat vague.

• The total electronic energy can be found by a simple expression depending
only on the so called electron gas parameter rs (in units of the Bohr radius
a0), defined as the radius of the volume per electron: vol. of solid/no. of
e− = 4/3π(rsa0)3, which work

Does this refer to the total electronic energy according to the jellium
model?

• When we confine the jellium and the electrons in a well, what does it mean
to “include degeneracies in this model”?
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• Unfortunately I am not familiar with methods such as: pseudopotential
method, self-consisten-field molecular-orbital methods, Hueckel molecular-
orbital method, generalized-valence-bond formalism

• The discussion on local density approximation and excited states towards
the end.
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