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Complex
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�Kavli Institute of Nanoscience, Delft University of Technology, P.O. Box 5046, 2600 GA, The Netherlands, and
�Nano-Science Center (Department of Chemistry and Niels Bohr Institute), University of Copenhagen,
Universitetsparken 5, DK-2100, Copenhagen, Denmark

ABSTRACT We demonstrate an electrically controlled high-spin (S ) 5/2) to low-spin (S ) 1/2) transition in a three-terminal device
incorporating a single Mn2+ ion coordinated by two terpyridine ligands. By adjusting the gate-voltage we reduce the terpyridine moiety
and thereby strengthen the ligand-�eld on the Mn-atom. Adding a single electron thus stabilizes the low-spin con�guration and the
corresponding sequential tunnelling current is suppressed by spin-blockade. From low-temperature inelastic cotunneling spectroscopy,
we infer the magnetic excitation spectrum of the molecule and uncover also a strongly gate-dependent singlet-triplet splitting on the
low-spin side. The measured bias-spectroscopy is shown to be consistent with an exact diagonalization of the Mn-complex, and an
interpretation of the data is given in terms of a simpli�ed effective model.
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The vision for single-molecule electronics and spin-
tronics applications is to tailor the electrical and
magnetic properties of a device already in the chemi-

cal synthesis of the molecule. This vision holds the promise
of unprecedented functionalization of the device in terms
of built-in mechanical, conformational, optical, and magnetic
properties of the isolated molecule. A molecule bridging two
electrodes does not, however, preserve all the well-charac-
terized properties of the isolated molecule. This is due to the
strong in�uence of the nearby electrodes,1-5 which at the
same time allows manipulations of the molecule that are
note possible by chemistry. In this letter, we report on
charge transport at low-temperature in three-terminal mo-
lecular junctions containing a Mn-transition metal complex.6

Leaving aside their vast importance in bioinorganic chem-
istry, transition metal complexes7,8 are particularly interest-
ing for molecular spintronics devices.9-12 With the present
�ndings, we demonstrate direct electrical control of the spin-
ground state of a single metal complex and show that the
gate electrode in these experiments can be conceived as an
electrically tunable external ligand.

Our devices are made by electromigration13 of a gold wire
in a solution of the molecules, using a feedback mecha-
nism14 combined with self-breaking15 (see Figure 1a for a
likely structure of the device). Details of our fabrication and
junction preparation are described in ref 16 and the mol-

ecule synthesis and characterization is described in section
S1 of the Supporting Information. We focus on a particular
Mn2+ junction with intermediate coupling to source and/or
drain electrodes and concomitant Kondo effects17-19 as well
as pronounced inelastic cotunneling lines.20,21 The transport
measurements are represented in Figure 2 in which we plot
the differential conductance as a function of the applied bias
and gate voltage showing the typical �diamond� signatures
of Coulomb blockade (CB). As we shall argue (cf. also Section
S2 of the Supporting Information), these data re�ect two
molecules in parallel: one (molecule B) giving rise to the two
sharp white crosses separating regions (I-III) and another
(molecule A) leading to the much broader cross separating
regions (1) and (2). In this letter, we focus on the more
strongly coupled molecule (A), which exhibits a pronounced
blocking of low-bias transport at the charge-degeneracy
point. This molecule (A) also gives rise to sharp inelastic
cotunneling lines, observed as faint edges within the black
background of Figure 2b, pervading all of region (2) and
revealing a marked gate dependence of the spin-excitations
on this molecule.

To resolve the spin-con�gurations in the two charge-states
(1-2) of molecule A, we have measured magnetic �eld
dependence of the inelastic cotunneling lines (Figure 3). In
a �eld of 10 T, the inelastic cotunneling lines in region (2)
are observed to cross at zero bias voltage for a gate voltage
VC denoted by an orange dot in Figure 3b. On the left-hand
side of this crossing, three equally spaced lines are observed
(red, blue, and green lines). On the right-hand side, blue and
green excitations become gate independent. This behavior
with magnetic �eld points at an interesting interplay be-
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