Chemistry in a Nanoscale Gap
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Abstract: In the realm of the Single-Molecule Electronics, a suite of advanced electrical
characterization approaches have emerged allowing measuring charge transport in an electric
contact made out of an individual molecule[1]. The field has (and is still) drawn(ing) an scenario
where individual molecules can be chemically modified to deliver a particular electrical function in
a nanoscale circuit, e.g. variable resistors[2], diodes[3], switches[4], etc. Along this excursion, we
have observed that single molecules trapped in a nanoscale tunneling junction experience
conformational structural changes and changes in molecule/electrode contact geometries, which
are usually accompanied by large conductance variations and can be easily detected electrically[1].
Such changes are induced by the imposed forces fields experienced by the molecules within the
nanoscale gap, namely, a mechanical force and/or an electric field. In the past decade, we have
learnt that under certain force field conditions, the individual molecules wired in a nanoscale
junction undergo chemical transformations. Here, we will present a couple of illustrative examples
of the use of single-molecule junction to study and control reactivity at the nanoscale using electric
fields, a concept that is inherent in the natural enzymatic molecular machinery[5]. Tunable, well-
oriented electric fields can be easily delivered along the main junction axis of a nanoscale electrical
device[6]. We exploited the latter to study; (1) a simple monomolecular cis-trans isomerization
reaction[7], and (2) a bi-molecular Diels-Alder reaction[8]. Along with the experimental design and
fundamental chemistry aspects, we will discuss the advantages these examples can bring to
possible technological applications.
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