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e Creation of complex figures (see publications and web site) using various programs:
Xmgrace, gnuplot, Mathematica, PGPLOT (Fortran library), ...

e Creation of MPEG animations from a sequence of figures.
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Research interests

The focus of my research is the influence and importance of quantum-size effects on var-
ious properties of nanoscopic metallic systems, and in particular of metallic nanowires. The
confinement of conduction electrons in one or more spatial dimensions induces a quantization
of the electronic degrees of freedom that influences not only transport properties, notably
through conductance quantization, but also cohesive properties, and thus the system stability,
structural dynamics, etc.

My first interest is to get a general understanding of quantum-size effects on various prop-
erties, rather than a detailled description of any particular system. With that in mind, I use
the nanoscale free-electron model [1, 6, 11], which treats the electron motion exactly, thus
capturing the quantum-size effects, while the atomic structure, which is taken to behave clas-
sically, is replaced by a continuum (Jellium model). This model includes the essential physics
while being simple enough to allow for the study of a wide range of phenomena in systems
of sizes ranging from just a few to several thousand atoms over long timescales; it is thus
complementary to more detailed models, such as ab initio methods, which are limited to small
systems and short timescales, of the order of a fraction of a nanosecond, while experimental
timescales of interesting collective phenomena [21] can be of the order of a second or longer.

The simplicity of the model allows studies of many properties of metal nanowires, using both
analytical and numerical methods, often with quantitative, or at least qualitative agreement

with available experiments:

e The perfect correlation between conductance jumps and tensile force oscillations [22]
is understood as coming from the elongation and breaking of extended metallic bonds

formed by the conduction channels [1];

e Numerical studies of disordered nanowires [2, 3|, using recursive Green function tech-
niques, show that the observed broadening and shift of peaks in conductance histogram
[23], as well as a suppression of shot-noise for wires with quantized conductances [24],

are due to backscattering by impurities and/or surface roughness;

e (Classically, metal nanowires are expected the undergo a Rayleigh instability due to their
large surface to volume ratio. Quantum-size effects are shown to stabilize cylinders of
certain “magic radii” [11], as well as a number of non-axisymmetric wires [7, 8]. The
sequence of most (meta)stable wires predicted by the model is in agreement with a

periodic series of peaks observed in conductance histograms for various metals [25, 26];

e Using a stochastic classical field theory derived from the nanoscale free-electron model,

lifetimes of stables nano-cylinders have been predicted. The escape barrier for the most



stable wires has been shown to be universal, while the escape process is found to undergo

a transition from uniform to instanton-like as a function of wire length [10, 19];

e Structural dynamics through surface self-diffusion, influenced by shell effects, is found
to lead naturally to the formation of long cylinders [6, 20] observed via transmission
electron microscopy [27]. A discrete wire thinning dynamics is found to be similar to

observations for gold wires [21], and involves a rich kink dynamics [14, 16].

Recently, we have been working on putting the atoms back in the model while keeping
track of the electronic shell effects. Simulated annealing simulations lead to interesting atomic

shell structures similar to those of carbon nanotubes.
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