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Abstract

We have performed conductance measurements with a gold-molecule-gold junction employing the mechanically
controlled break-junction technique. The organic sample molecules form a stable covalent bridge between the
electrodes. Two molecules, which differ essentially by their spatial symmetry, showed discrete stable conductance
patterns (IVs), which reflect the symmetry/asymmetry of the sample molecules. A third molecule with an additional
tunnel barrier in the central axis shows a strongly suppressed conductance. The correlation between these obvious
properties of the molecules and the observed IVs unambigously shows that the junction is indeed formed of the
sample molecules. Vice versa, these observations demonstrate that IV characteristics can be appropriately designed
by a proper choice of molecules.
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The use of metal-molecule-metal junctions as a
building block for electronic devices provides inter-
esting advantages compared to traditional materials.
The possibility of self assembly may facilitate the pro-
duction process. A major advantage is, however, the
tunability of the electronic properties by an appro-
priate choice of molecules. This is demonstrated in
this paper. Conceptually, a junction containing only
one molecule is the simplest system which we try
to understand first. To provide sufficient stability of
the molecular junction, we chose an organic molecule
with functional end groups that form covalent bonds
to the gold electrode pair, realized by a mechanically
controlled break junction. Similar experiments were
reported in [1,2], but without convincing arguments
that indeed single molecules were observed.

The molecules are shown in Fig. 1. They are stiff, rod
like (length l = 2 nm) and have thiol endgroups. The
experimental procedure is described in [3,4]. Briefly,
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we use the self assembly of molecules in solution to
attach a sub-monolayer of molecules to the surface of
the electrode pair. After blowing away the solvent, the
measurement is done under vacuum conditions at room
temperature. As no direct imaging of the molecule in
between the electrode pair is possible, the only informa-
tion can be obtained by the conductance data. While
approaching the two electrodes, we apply a finite bias
voltage, which allows the molecule to be directed to-
wards the opposite electrode and allows further for cur-
rent measurements. In the tunneling regime ( 2 − 10
nm), the current is rising exponentially with the dis-
tance and is very unstable, indicating rearrangements
in the electrode gap. Suddenly, the current locks into a
rather stable state. In this state, the molecule bridges
the gap and it is possible to record IV characteristics
which are often well reproducible. This behavior is very
similar for the three different molecules investigated
here. This suggests a direct comparison of the IVs thus
observed.

Fig.2a) shows the IV observed in the locked-in
regime for molecule 1. The current has clearly a non-
linear form. Whereas at low voltage the current is
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Fig. 1. Scheme of a single molecule junction with gold elec-

trodes and the three molecules 1,2,3 investigated.

strongly suppressed, a step-like, strongly broadened
increase of the current is observed at ±0.3 V. This is
presumably due to an electron-transmitting molecular
orbital which contributes to the conductivity as soon
as the bias voltage is sufficiently high. Similar data
shown in [3] strongly suggest that we are sensitive to
single molecules. It should be mentioned, that even
identical molecules create varying IVs due to the high
sensitivity to microscopic details in the vicinity of
the molecule. Such sample to sample fluctuations can
barely be avoided when a single molecule is chemically
connected to an irregularly shaped surface.

Molecule 1 has a spatial mirror symmetry (see Fig.1)
and the conductance of the junction is expected to be
independent of the current direction. Hence one would
expect symmetric IVs (with respect to the bias sign).
This symmetry is broken for molecule 2 by two at-
tached side groups. For this molecule, asymmetric IVs
might be expected. Indeed, the IVs observed for the
molecules 1 and 2 are symmetric and asymmetric, re-
spectively (an additional case where asymmetric IVs
are observed is reported in [3]). In molecule 3, the
Pt atom in the central part intersects the conjugated
molecule into two weakly coupled parts [5]. It is ex-
pected to act as an additional tunnel barrier which sup-
presses the current with respect to molecule 1. Indeed,
the observed currents are reduced by four orders of
magnitude, compared with molecule 1. Furthermore,
the peak-like structure observed for 1 is not observed
in 3[6]. Instead, the current behavior can be well de-
scribed by a tunnel characteristic [7] with a barrier
height of ≈ 2.5 eV.

In conclusion, we have demonstrated that the con-
ductance properties of three different molecules can be
related to obvious properties of the molecular struc-
ture. This proves that electronic properties of molecu-
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Fig. 2. a)-c): Current-voltage data and differential conductance

dI/dU observed in the stability regime for molecules 1-3 (cf

Fig. 1), respectively.

lar junctions can be tuned by an appropriate design of
the molecule.
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