Signature of clustering in Na nanocontacts
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Nowadays, systematic studies of electronic and mechanical properties of nanocontacts are possible
thanks to the mechanically controllable break junction (MCBJ) and scanning tunneling microscopy
experiments [1,2]. In particular, the MCBJ is very well suited for conductance measurements, providing
histograms for large sets of individual contact-breaking events as the basic input for further analysis.
The electronic (atomic) shell structures of nanowires could be demonstrated with this technique [1]
where the stable nanowire configurations are characterized by “magic radii” in analogy to the well-
known “magic numbers” of abundance in metal clusters of different sizes [3].

Ogando et al. reported the formation of cluster-like arrangements of atoms, preceding the breakage of a
stretched nanowire [4] using the ultimate jellium (UJ) model, in full agreement with previous first-
principles molecular dynamics simulations [5]. The system considered in the simulations is sketched in
the top of figure 1. It consists of two cylindrical UJ leads, whose potential is frozen after self-consistent
calculations for an infinite wire of stable magic radius, and a central deformable part between the leads.
Rearrangements upon stretching of the nanowire are only allowed in this central part. We have
compared two cases in which 5 and 10 electrons are considered initially in the deformable region (this
procedure is equivalent to the usual methodology followed in ab initio methods, where only a few atoms
are allowed to relax. In the second case we observe the formation of a stable cluster of 8 electrons
before the breakage.

Here we report on how the conductance of the elongated nanowire is affected by the formation of stable
cluster-like arrangements of atoms in the break junction, by using a combined approach where the
nanowire breakage is simulated with self-consistent electronic structure calculations within the density-
functional theory (DFT). These self-consistent calculations provide an input for a follow-up wave packet
propagation (WPP) study of the ballistic electron transport through the break junction [6,7].

We find that clustering leads to delayed and rounded conduction jumps upon the stretching of the
nanowire (figure 1(a)). The results are analyzed in terms of the evolution of the transmission
resonances originating from the cluster-localized electronic states [8]. The situation at hand then closely
corresponds to the electron transport through molecular junctions studied in great detail in the context of
molecular electronics, where the cluster would play the role of the molecular object. According to our
results the resonant character of the transmission reveals itself particularly clearly in the bias voltage
dependence of the differential conductance (figure 1(b)), suggesting experimental ways to evidence the
presence of clusters in the break junction.

The main conclusions and results reported in this work are not determined by the specific choice of the
nanowire material (Na) but rather by the very fact of the clustering at the break junction. The latter
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phenomenon is of quite general nature, as it not only happens for the stretched Na nanowires but has
also been reported for gold nanowires [9-11]. We hope that this work will stimulate further research on
various aspects of the cluster formation during the contact breaking, such as the cluster appearance
probability, stability and the effect on the conductance.
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Figure 1: (Up) Snapshots of the charge density during the stretching of a Na nanowire of magic radius 10.7 a,
and ten electrons initially in the deformable constriction for elongations AL= 0, 8a,, 14a,, 18a,, 21ay,
22a,, and 30ay. (a) Calculated conductance as a function of the nanowire elongation when 5 and 10 electrons are
considered initially in the deformable part, together with ab initio data by Nakamura et al. [12]. (b) Differential
conductance dl/dU map for the breakage of the same Na nanowire with ten electrons in the deformable
constriction. The results are shown as a function of the applied bias voltage and nanowire elongation.



