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Electron transport of a single-molecule magnet �SMM� device has been investigated using the
first-principles calculations. The SMM based device is constructed by a SMM MnCu
�MnCuCl�5-Br-sap�2�MeOH�� bridged between semi-infinite Au�100� electrodes with thiol groups
connecting the molecule and the gold electrodes. Our results exhibit crucial features of spin filtering
and Kondo resonance. The spin filtering remains robust, whereas the Kondo resonance highly
depends on the contact geometry. Specifically, this Kondo resonance can be switched on or off by
changing the contact distance. The mechanisms of these features are formulated in details. © 2010
American Institute of Physics. �doi:10.1063/1.3430063�

During the past few years, it has been demonstrated
that the single-molecule magnet �SMM� class1,2 is attractive
to molecular spintronics due to their particular characteris-
tics. Chemically, the rational design and tuning are allowed
in SMM-based junctions.3–8 Physically, SMMs display an
impressive array of quantum effects, ranging from quantum
tunneling of the magnetization9,10 to Berry-phase
interference11 and quantum coherence.12 These quantum ef-
fects have important consequence for the physics of spin-
tronic devices. Moreover, the Coulomb-blockade measure-
ment in an individual SMM Mn12 shows interesting effects
such as negative differential conductance and complete cur-
rent suppression.13,14 While the Kondo effect, related to
transport through a SMM strongly coupling to metallic elec-
trodes, is predicted based on model Hamiltonian,15,16 experi-
mentally it remains elusive in SMM-based junctions. The
reason may lie in the fact that the core states of SMMs
are almost not affected by the leads, thus Bogani and
Wernsdorfer17 proposed that the Kondo resonance might be
observable using small SMMs with the core states easily
affected by the proximity of electrodes. In this paper, the
smallest SMM MnCu �Ref. 18� is used to probe the Kondo
effect by first-principles calculations. Our calculations dem-
onstrate the robust spin-filtering effect and the tunable
Kondo effect with the change of the contact distance.

We consider the molecular junction with a SMM MnCu
bridged between two nanoscale Au�100� electrodes, as

shown in Fig. 1. Such nanoelectrodes have been adopted by
many authors in the study of molecular devices.19–21 The
magnetic core of the molecule is composed of Mn, Cu, and
the coordination atoms �O, N, and Cl�. Around the magnetic
core are two particular tridentate Schiff base ligands, which
establish the strong coupling between the magnetic core and
the electrodes. A large enough vacuum layer �with thickness
of 20 Å� around the electrode in the x and y direction is
chosen so that the device has no interaction with its mirror
images. Our calculations are performed by ATK program,22 in
which density-functional theory is combined with the
Keldysh nonequilibrium Green’s function �NEGF� formalism
to calculate the electronic and transport properties of nano-
scale systems. The exchange-correlation potential takes the
form of the Perdew–Burke–Ernzerhof parametrization of
generalized gradient approximation.23 Only valence electrons
are self-consistently calculated and the atomic cores are de-
scribed by standard norm conserving pseudopotential.24 The
valence wave functions are expanded by localized numerical
atomic orbitals,25 with the single zeta plus polarization basis
set for Au atoms and the double zeta plus polarization basis
set for other atoms. The Brillouin zone for the electrodes is
sampled by a 1�1�100 k-point grid.

In molecular electronics, contact geometries are typical
factors that greatly affect transport behaviors of molecular
conductors. We therefore examine the effect of the contact
distance on the equilibrium conductance of a SMM MnCu.
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FIG. 1. �Color online� The model structure of the scattering region: MnCu SMM is sandwiched between the two nanoscale Au�100� electrodes. The atom
species are identified by color. The two S atoms are used to establish the strong coupling between the molecule and the electrodes. The contact distances are
both equally taken as d while z direction is the transport direction.
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The evolution of the equilibrium conductance with the con-
tact distance is presented in Fig. 2�a�. For down spin the
equilibrium conductance is almost zero but for up spin strong
oscillation is observed in the whole distance region. Here, we
take the case of 2.4 Å as an example to examine the spin-
filtering effect. As shown in Fig. 3, at the Fermi level elec-
tronic states of up spin are almost distributed over the whole
system thus a large equilibrium conductance is obtained but
for down spin there are hardly any electronic states on cer-
tain atoms in the L and R regions. The projected density of
states �PDOS� on these atoms gives the quantitative proof of
spin-filtering behavior �see Fig. 4�d��. Therefore, the zero
equilibrium conductance for down spin arises from the fact
that on certain atoms in the L and R regions no down-spin
electronic states can mediate transport. The above under-
standing is also applicable to other contact distances of 1.7,
1.9, 2.1, and 2.2 Å. However, we should notice that the
PDOS on S atoms displays the obvious spin-filtering behav-
ior only in the case of 2.4 Å. Hence a general conclusion
could be made that mainly due to the spin-selective coupling
between the magnetic atoms and the surrounding organic
ligands, the spin-filtering effect is obtained in such system.

More importantly, the equilibrium conductance of up
spin exhibits a strong oscillatory behavior as the contact dis-
tance varies. Correspondingly, the transmission spectra are
reduced to two types for different contact distances. One type
is shown in Fig. 2�b� with a peak just being at the Fermi

level, and the other is in Fig. 2�c� but with a lower peak
below the Fermi level. In the following, this oscillation will
be shown to be the switch of Kondo resonance with the
change of the contact distance.

One evident feature for this switch of Kondo resonance
is that the total magnetic moment �see Fig. 5� of the central
molecule also oscillates strongly. It is noteworthy that this
oscillation of the magnetic moment is mainly determined by
Cu as well as the coordination atoms around it. When the
contact distance takes 1.7, 1.9, 2.1, 2.2, or 2.4 Å, the mag-
netic moment of Cu and its surrounding atoms �N2, O2, O3,
and O4� is almost zero. But for other contact distances, the
magnetic moment from these atoms even makes a total dif-
ference by nearly 1 �B. The above changes on the magnetic
moment could also be verified by the spin-polarized molecu-
lar projected self-consistent Hamiltonian energy spectrum. It
gives total magnetic moment 4 �B for 1.7, 1.9, 2.1, 2.2, and
2.4 Å, 3 �B for 2.5 and 2.6 Å, and 5 �B for 1.6, 1.8, 2.0,
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FIG. 2. �Color online� �a� The G-d curve: the effect of the contact distance
on the Fermi conductance. The inset �b� and �c� show the typical transmis-
sion coefficients for peaks and valleys, labeled by Peak and Valley in �a�,
respectively.

FIG. 3. �Color online� The spatially resolved density of states for up spin
and down spin at the Fermi level with the isosurface criterion of
0.02 states / �Å3 eV� for 2.4 Å: �a� for up spin and �b� for down spin. The
“L” and “R” denote the left and the right region, respectively, where a great
difference between spin up and spin down is shown.
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FIG. 4. �Color online� Spin-polarized DOS projected onto certain atoms in
the central region: �a�, �c�, �e�, and �g� correspond to the case of 2.0 Å and
�b�, �d�, �f�, and �h� correspond to the case of 2.4 Å.
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FIG. 5. �Color online� The magnetic moment vs the contact distance: �a� is
the total magnetic moment of the molecule, �b� for Mn, �c� for Cu, and �d�
for N2, O2, O3, and O4. The inset is the schematic of the magnetic core.
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and 2.3 Å. This oscillating magnetic moment of the molecule
could be qualitatively due to the particular tridentate Schiff
base ligands, which establish the strong coupling between
the magnetic core and the electrodes. The similar oscillations
of the conductance and the magnetic moment have been
shown in a quantum dot system,26 which can be switched
from a Kondo system to a non-Kondo system as the charge
on the dot is changed from odd to even. For SMMs, Romeike
et al.15 have shown that for SMMs with half-integer spin
�S�1 /2�, the Kondo effect could be observed in zero mag-
netic field. So for a switch of Kondo resonance it is obvious
to obtain 1 �B as the minimum change of the magnetic mo-
ment. The other notable feature in favor of Kondo resonance
is that the PDOS on the magnetic core takes the form of the
typical density of states for Kondo resonance �see Fig. 4�b��.
Here �0 is the equivalence of the magnetic impurity’s energy
level in the Anderson model for the Kondo effect and the
peak at the Fermi level is exactly the Kondo resonance.27

Although in this system the full-integer spin for the
Kondo effect is contradictory to that predicted by Romeike et
al., we believe that this discrepancy will not influence the
Kondo resonance and it could be attributed to the different
transverse symmetry of the magnetic anisotropy �TSMA�.
With the aid of the Berry phase interference this TSMA is
very important for spin tunneling in SMMs �Ref. 28� and a
special TSMA could make the Kondo effect possible for a
SMM with a full-integer spin �S�1 /2�.29 So we conclude
that the switch of Kondo resonance is responsible for the
oscillation in the equilibrium conductance with the change of
the contact distance.

In summary, we have investigated transport properties
through MnCu SMM sandwiched between two nanoscale
Au�100� electrodes by first-principles calculations. As the
contact distance varies, robust spin-filtering transport proper-
ties are obtained due to the spin-selective coupling between
the magnetic atoms and the surrounding organic ligands. We
have further demonstrated that the oscillating magnetic prop-
erties result in the switch of Kondo resonance, which is re-
sponsible for the oscillation of the equilibrium conductance.
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