Last advances in single-molecule electric contacts
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During the last decade, the first experimental demonstrations of the feasibility to build single-molecule
electric contacts [1,2] have led to a huge revolution in the field of Molecular Electronics. The possibility
to study charge transport through a single molecule bridged between two macroscopic metal beads has
placed this field in an unbeatable position to directly address fundamental questions on the relation
between the molecular structure and the charge transport behavior. For example, it has already been
described the impact that the presence of certain chemical groups in the single-molecule contact, such
as saturated linear chains [3], conjugated blocks [4], electron donor/acceptor groups [5] or redox
centers, has in the dominating charge transport mechanism.
In this contribution, we describe our latest advances toward the fundamental understanding of the main
parameters dominating the charge transport through organic scaffolds and we demonstrate how the
chemical structure can be tailored to achieve a desired electron transport profile in the single-molecule
device. In the first part, we will describe the last implemented technical methodologies to univocally
identify when a single-molecule contact is formed between two metal electrodes. The methodologies
are based on the introduction of small AC perturbations within the electrode-electrode gap separation
and the corresponding AC current response detection in the frequency space [6,7]. Together with the
AC methods, long pulling programs applied to the molecular contact are also performed at the end of
the experiment as a method to evidence the single-molecule nature of the junction. After this technical
description, two examples showing how to tailor the single-molecule electron transport through the
molecular design will be presented. The first case presents one of the first examples of rectification
behavior (diode effect) in a single-molecule device [8]. Here we demonstrate that it is possible to go
from a perfectly symmetric to a highly rectifying charge transport behavior by introducing small chemical
modifications within the molecular architecture (see Figure 1).

Figure 1: Representation of two singlemolecule devices with similar polyphenyl
molecular blocks displaying symmetric
(bottom) and diode (top) charge transport
behaviors.

The second case explores the feasibility to design single-molecule field effect transistors (FET) by using
a graphene-like molecular structure (coronene derivatives) through the exploitation of the previously
introduced electrochemical gate [9] (see Figure 2) in order to modulate the conductance of the singlemolecule contact and control the ON-OFF behavior as in conventional FET setups [10]. This last
example opens up a bottom-up approach for the future design of functional FET based on graphene
materials. The final part of this paper will describe another example of how to modulate the singlemolecule conductance in this case by using a mechanical perturbation. This last presented device
constitutes the first demonstration of single-molecule electromechanical effect [7].

Figure 2: Representation of a single-molecule FET built with coronene
derivatives and gated with a reference electrode in an electrochemical
configuration.
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