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Negative magnetoresistance and spin filtering of spin-coupled di-iron-oxo clusters
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Spin-dependent transport has been computationally studied for an open-shell singlet di-iron-oxo cluster.
Currents and magnetoresistances have been investigated as a function of spin state within the nonequilibrium
Green’s function approach. The applied bias can be used to tune the sign of the observed magnetoresistance. A
colossal magnetoresistance has been determined for hydrogen anchoring. Applied biases lower than 0.3 V, in
conjunction with sulfur anchoring, induce a negative magnetoresistance due to lowering of the anchor-scatterer
tunneling barrier. The di-iron-oxo cluster displays nearly perfect spin filtering for parallel alignment of the iron
magnetic moments due to the energetic proximity, relative to the Fermi level, of its highest occupied molecular
orbitals.
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I. INTRODUCTION

Miniaturization of electronic devices can be aided by
innovations within two disciplines, namely, spintronics [1–3]
and molecular electronics [4–6]. Initially, these two disciplines
did not overlap significantly [7–9]. However, more recently, a
link has been established between spintronics and molecular
electronics as interest has grown in the use of magnetically
ordered molecular clusters for electronic transport [10–15].
For example, ferrimagnetic nanosized Fe- or Mn-based single-
molecule magnets (SMMs) [16–18], which have polymetallic
cores surrounded by organic ligands, have ground states
with large spin and can potentially serve as magnetically
functional units or logic devices [19–21]. Experimentally,
spin-polarized transport of SMMs was observed with scanning
tunneling microscopy and mechanically controllable break
junctions [22–25], although some results remain to be theoret-
ically clarified [26–28]. Herein, we perform computational
work to study spin-polarized transport through a different
and unexplored class of clusters, namely, di-iron-containing
open-shell singlets.

In contrast to the widely studied SMMs [29–31], electronic
transport by a different class of metal clusters has not
been studied. Namely, spin-polarized oxygen-bridged (μO)
bimetallic clusters [Fig. 1(a)] whose S = 0 ground state
arises from antiparallel ordering of their two metal-centered
magnetic moments. These systems are open-shell singlets
since their ground-state multiplicity is M = 2S + 1 = 1 but
their ground-state spin density, ρS(�r) = ρ↑(�r) − ρ↓(�r), is
finite and of opposite polarity in the proximity of each of
their metal centers [32], as shown in Fig. 1(d). Contrary
to SMMs and certain high-spin metal complexes [33], the
spin-polarized clusters studied here do not have an intrinsic
magnetic anisotropy barrier due to their overall S = 0 ground
state. Hence, we study the representative open-shell singlet
shown in Fig. 1(a), herein referred to as FeA

3+-(μO)-FeB
3+,

or a di-iron-oxo cluster [32,34], whose iron ions have a
nominal Fei

3+ oxidation state, Si = 5/2 spin (i = A,B), and
antiparallel (AP) magnetic moments leading to a net S =
SA − SB = 0 ground state. Computed iron moments are less
than their nominal 5μB value (Tables I and II) due to electron
delocalization, resulting in small pockets of spin density on μO

and their other neighboring atoms [Figs. 1(d) and 1(e)]. The
μO ligand mediates superexchange interactions [32] which
couple the iron atoms antiferromagnetically and provide a
main conductivity channel. Thus, each iron ion is a spin center
indirectly interacting with the other via their common μO
ligand. The lowest and highest eigenstates of the corresponding
Heisenberg Hamiltonian (HHB = J �SA · �SB) are shown in
Fig. 1(b), where J ≈ +242 cm−1 has been determined from
magnetic susceptibility [35].

In this work, we study spin-polarized transport properties
of the antiparallel magnetic-moment state as the cluster is
connected to gold electrodes via hydrogen atoms [36,37]. The
parallel moment (P) state is 15 J higher in energy, with a net
spin S = 5. Thus, it was also of interest to study the differences
in conductance for the low- and high-spin states. Importantly,
there is no crossover [38,39] between antiparallel (low-spin)
and parallel (high-spin) magnetic-moment states in the bias
range (see the Supplemental Material [40]). For comparison,
the cluster was also connected to gold electrodes via thiol
groups, which are commonly used to build strong chemical
links [41,42]. Our calculations show that parallel magnetic
configurations exhibit the spin-valve effect [43,44] for both
types of anchors. Finally, a negative magnetoresistance has
been determined below a bias of 0.3 V [45–47] which
originates in a reduced tunneling barrier.

The remainder of the paper is organized as follows.
Section II describes some computational and numerical details.
The main results and discussion are given in Sec. III, which
includes descriptions of computed magnetic moments, colos-
sal and negative magnetoresistances, and spin-valve effects.
Finally, Sec. IV provides a brief conclusion.

II. COMPUTATIONAL METHODS

A junction was constructed where the central scatterer,
FeA

3+-(μO)-FeB
3+, was modeled in both (AP and P) magnetic

configurations [Fig. 1(c)]. The di-iron-oxo cluster was placed
between two atomic-scale gold leads of finite cross section
along the (100) direction. Terminal atoms were symmetrically
anchored at the hollow site of the surface of two leads.
In the initial step, the system was partially optimized via
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FIG. 1. (Color online) (a) Side view of FeA
3+-μO(μ-O2CCH3)2-

FeB
3+(HBpz3)2 cluster. (b) Highest, |S = SA + SB = 5〉, and lowest,

|S = SA − SB = 0〉, eigenstates of the Heisenberg Hamiltonian.
(c) Top view of cluster in contact with gold electrodes. Atom colors
are iron, red; oxygen, green; nitrogen, purple; boron, gray; carbon,
yellow; hydrogen, blue. (d) and (e) are computed spin densities ρS(�r)
of antiparallel (AP) and parallel (P) spin states, respectively.

spin-polarized density functional theory [48] by keeping the
gold electrodes frozen. Only minor differences in the cluster’s
geometric structure were found upon optimization with hy-
drogen and sulfur anchoring. A double-zeta plus polarization
basis and the generalized gradient approximation parame-
terized by Perdew, Burke, and Ernzerhof [49] were used.
Geometrical convergence was achieved when the forces were
less than 0.03 eV/Å. Norm-conserving pseudopotentials [50]
were constructed and used with scalar relativistic terms and
core corrections following Troullier and Martins [51]. In
the second stage, electronic transport was calculated with
SMEAGOL [52], which combines density functional theory
with the nonequilibrium Green’s function formalism (see
Supplemental Material) [53–56].

III. RESULTS AND DISCUSSION

A. Magnetic moments of isolated and interacting clusters

As previously mentioned, FeA
3+-(μO)-FeB

3+ is an open-
shell singlet with overall ground-state spin S = 0. Its spin
density ρs(�r) is finite and of opposite polarity in the proximity
of each of its two iron centers. Each of the two iron ions has
a nominal Fei

3+ oxidation state and nominal Si = 5/2 spin
(i = A,B) corresponding to magnetic moments of 5μB .
However, spin density functional theory (SDFT) calculations
capture valence electron delocalization effects, for example,
towards the bridging oxygen atom (O3). As a result, the
computed moments for each iron ion acquire values below
their nominal value, whereas the moments of some adjacent
atoms, such as O3 (Fig. 2) in the P configuration, become
non-negligible and finite. The magnetic moments of selected
atoms, computed within the Mulliken framework, are shown in

FIG. 2. (Color online) Geometric structure and atomic labels of
the di-iron-oxo cluster. Gold and hydrogen atoms not shown. The
central (bridging) oxygen atom is interchangeably labeled μO and
O3 in this work.

Tables I and II as a function of applied bias. As shown in the ta-
bles, regardless of applied bias, the sum of the atomic moments
associated with the iron atoms and those atoms (five in each
case) chemically bound to them (partial total) approach the
nominal values of 0 and 10, corresponding to antiparallel (AP)
and parallel (P) configurations, respectively. The remaining
minimal contributions (not shown) are localized on the other
atomic centers of the cluster. Importantly, for both hydrogen
and sulfur anchoring, the sum of moments for all gold atoms
in left and right electrodes is essentially zero.

Mainly due to FeA,B ↔ O3 valence electron delocalization,
the iron magnetic moments are greater than 4μB but lower than
their nominal value of 5μB . However, atoms chemically bound
to the iron atoms (O4-O7, N8-N10, N14-N16) concomitantly
carry small moments (≈0.03–0.85μB ) whose magnitudes are
slightly dependent on the cluster’s magnetic configuration
(AP or P), atomic chemical environment, and applied voltage.
The case of the bridging O3 is particularly interesting since
FeA,B ↔ O3 delocalization in the AP and P configurations
has opposite effects on its net magnetic moment. In the
AP configuration the nominal C2v symmetry of the di-iron-
oxo cluster ensures equal degrees of electron delocalization
associated with FeA ↔ O3 and FeB ↔ O3 but opposite spin
polarity. As a result, for the AP state the computed moments
of O3 are nearly zero. By contrast, in the P configuration, the
delocalized electron densities corresponding to FeA ↔ O3 and
FeB ↔ O3 are of the same spin polarity, and their combined
contributions lead to an O3 moment of ≈0.6μB .

The magnitude of the moments remained nearly the same
with increasing bias except in the 0.8–1.0 V bias range,
where some decrease in magnitude is seen (Fig. 3). This
effect is particularly true for the P states. The iron moments
corresponding to P states were slightly larger than those of AP
states. The magnetic moments of each metal in the di-iron
cluster with H anchoring were slightly greater than those
corresponding to S anchoring. This behavior is consistent with
stronger cluster-electrode electronic coupling for S anchoring,
which favors greater electron delocalization between the
electrodes and the cluster.

B. Colossal and negative magnetoresistances

Spin-polarized currents were self-consistently calculated
within the nonequilibrium Green’s function approach with the
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TABLE I. Selected atomic magnetic moments for antiparallel (AP) and parallel (P) spin configurations as a function of applied bias for H
anchoring (units of μB ).

0.0 V 0.2 V 0.4 V 0.6 V 0.8 V 1.0 V

Atom AP P AP P AP P AP P AP P AP P

O3 (μO)a +0.003 +0.653 −0.001 +0.648 −0.005 +0.637 −0.009 +0.624 −0.013 +0.609 −0.018 +0.58
Fe1 +4.145 +4.269 +4.146 +4.269 +4.148 +4.264 +4.148 +4.257 +4.149 +4.248 +4.151 +4.217
O4 +0.050 +0.083 +0.049 +0.084 +0.049 +0.083 +0.048 +0.083 +0.049 +0.082 +0.048 +0.080
O5 +0.049 +0.083 +0.049 +0.082 +0.048 +0.083 +0.048 +0.083 +0.048 +0.082 +0.048 +0.079
N8 +0.032 +0.038 +0.032 +0.038 +0.033 +0.039 +0.033 +0.039 +0.034 +0.039 +0.034 +0.037
N9 +0.050 +0.055 +0.051 +0.055 +0.051 +0.055 +0.051 +0.056 +0.051 +0.056 +0.051 +0.055
N10 +0.050 +0.055 +0.050 +0.055 +0.051 +0.055 +0.051 +0.055 +0.051 +0.056 +0.051 +0.054
Fe2 −4.147 +4.271 −4.145 +4.265 −4.144 +4.257 −4.141 +4.250 −4.139 +4.242 −4.136 +4.218
O6 −0.051 +0.082 −0.052 +0.083 −0.052 +0.083 −0.051 +0.082 −0.052 +0.082 −0.052 +0.081
O7 −0.051 +0.082 −0.051 +0.082 −0.052 +0.082 −0.051 +0.082 −0.051 +0.082 −0.052 +0.080
N14 −0.049 +0.053 −0.049 +0.053 −0.048 +0.053 −0.048 +0.052 −0.048 +0.051 −0.047 +0.050
N15 −0.048 +0.052 −0.048 +0.052 −0.047 +0.052 −0.047 +0.052 −0.047 +0.051 −0.047 +0.050
N16 −0.031 +0.036 −0.031 +0.035 −0.030 +0.035 −0.029 +0.034 −0.028 +0.034 −0.028 +0.032
Partial totalb −0.045 +9.812 +0.000 +9.801 +0.002 +9.778 +0.003 +9.749 +0.004 +9.714 +0.003 +9.613
All Au (LE)c −0.005 −0.012 −0.007 −0.055 −0.000 −0.015 −0.003 −0.011 −0.001 −0.012 −0.001 −0.016
All Au (RE)d +0.000 −0.011 +0.001 −0.011 +0.001 −0.010 +0.001 −0.012 +0.005 −0.010 +0.001 −0.008

aThe central (bridging) oxygen atom is referred to as both μO and O3 in this work.
bSum of moments of the (13) atoms shown above. Does not include all atoms in the di-iron cluster.
cSum of moments of all gold atoms in the left electrode (LE).
dSum of moments of all gold atoms in the right electrode (RE).

voltage-dependent Landauer-Büttike formula,

Iσ = e

h

∫ μR

μL

Tσ (E,V )[fL(E − μL) − fR(E − μR)]dE,

where σ = ↑ or ↓, fL,R(E) = 1/(1 + e
E−μL,R

kB T ) are the Fermi-
Dirac distributions, and μL,R are the chemical potentials

for the left and right electrodes, respectively. Tσ (E,V )=
Tr[Im(�r

L)GrIm(�r
R)Ga] are the spin-dependent transmis-

sion coefficients. Self-consistent currents for the AP and P
configurations of FeA

3+-(μO)-FeB
3+ in contact with gold

electrodes with hydrogen and sulfur anchoring are shown
in Figs. 4(a) and 4(b), respectively. The currents of the
higher-energy P states were about two (hydrogen anchoring)

TABLE II. Selected atomic magnetic moments for antiparallel (AP) and parallel (P) spin configurations as a function of applied bias for S
anchoring (units of μB ).

0.0 V 0.2 V 0.4 V 0.6 V 0.8 V 1.0 V

Atom AP P AP P AP P AP P AP P AP P

O3 (μO)a +0.007 +0.654 +0.003 +0.654 −0.001 +0.651 −0.006 +0.643 −0.011 +0.627 −0.015 +0.616
Fe1 +4.090 +4.247 +4.091 +4.249 +4.091 +4.249 +4.092 +4.244 +4.092 +4.230 +4.091 +4.197
O4 +0.056 +0.085 +0.055 +0.084 +0.055 +0.085 +0.055 +0.084 +0.054 +0.083 +0.054 +0.084
O5 +0.055 +0.082 +0.054 +0.081 +0.054 +0.081 +0.054 +0.081 +0.053 +0.079 +0.053 +0.080
N8 +0.035 +0.045 +0.036 +0.046 +0.036 +0.046 +0.037 +0.047 +0.037 +0.047 +0.037 +0.048
N9 +0.054 +0.062 +0.054 +0.062 +0.055 +0.062 +0.055 +0.063 +0.055 +0.063 +0.056 +0.063
N10 +0.053 +0.060 +0.053 +0.061 +0.053 +0.060 +0.054 +0.061 +0.054 +0.060 +0.054 +0.062
Fe2 −4.092 +4.251 −4.092 +4.248 −4.091 +4.244 −4.089 +4.238 −4.087 +4.225 −4.085 +4.193
O6 −0.057 +0.080 −0.056 +0.081 −0.057 +0.080 −0.057 +0.080 −0.057 +0.080 −0.057 +0.081
O7 −0.058 +0.084 −0.057 +0.084 −0.058 +0.084 −0.059 +0.084 −0.058 +0.084 −0.059 +0.083
N14 −0.051 +0.058 −0.051 +0.057 −0.050 +0.057 −0.050 +0.057 −0.050 +0.056 −0.050 +0.056
N15 −0.054 +0.061 −0.054 +0.061 −0.053 +0.061 −0.053 +0.060 −0.053 +0.060 −0.053 +0.060
N16 −0.036 +0.045 −0.035 +0.044 −0.034 +0.043 −0.034 +0.042 −0.034 +0.041 −0.033 +0.041
Partial totalb +0.002 +9.814 +0.001 +9.812 +0.000 +9.803 −0.001 +9.784 −0.005 +9.735 −0.007 +9.664
All Au(LE)c +0.002 +0.002 +0.001 −0.001 +0.001 +0.001 −0.001 −0.002 +0.000 −0.009 +0.000 −0.005
All Au(RE)d +0.002 +0.003 +0.003 +0.002 +0.002 +0.003 −0.001 +0.008 +0.002 +0.007 +0.001 +0.007

aThe central (bridging) oxygen atom is referred to as both μO and O3 in this work.
bSum of moments of the (13) atoms shown above. Does not include all atoms in the di-iron cluster.
cSum of moments of all gold atoms in the left electrode (LE).
dSum of moments of all gold atoms in the right electrode (RE).
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FIG. 3. (Color online) Magnetic moments of iron atoms in P and
AP magnetic-moment states with hydrogen and sulfur anchoring
in the bias range of [0, 1] V. The red line with solid dots (H-P)
corresponds to moments of each iron atom in the parallel states
with hydrogen anchoring. The black line with solid squares (H-AP)
represents the moments of each iron atom in the antiparallel state
with hydrogen anchoring. The green line with inverted triangles (S-P)
represents the moments in parallel states with sulfur anchoring. The
blue line with triangles (S-AP) represents the moments in antiparallel
states with sulfur anchoring.

or one (sulfur anchoring) orders of magnitude larger than
those of their corresponding AP states for a 1.0 V bias.
Thus, overall, the parallel moment states displayed much
better conductivity. This is consistent with the high degree
of FeA ↔ (μO) ↔ FeB delocalization of the di-iron-oxo
cluster’s highest occupied molecular orbitals (HOMOs) in its
parallel configuration [32]. The development of spintronic
devices based on giant magnetoresistances (MR) [57–59]

FIG. 4. (Color online) Transport properties of Fe3+-(μO)-
Fe3+(HBpz3)2 in contact with electrodes. Current-voltage profiles
for AP (black line with solid squares) and P (red line with solid dots)
alignments with (a) hydrogen or (b) sulfur atoms as the anchoring
groups. (c) Magnetoresistance for sulfur (red line with solid dots)
and hydrogen (black line with solid squares) anchoring.

FIG. 5. (Color online) Logarithm of the spin-resolved (black
line, majority spin; red line, minority spin) transmission spectra for
(left) antiparallel and (right) parallel alignments of magnetization
with (a) and (b) hydrogen anchoring and (c) and (d) sulfur anchoring
under the zero bias.

has revolutionized the magnetic memory industry. From the
predicted current-voltage profiles we can infer a MR ratio
defined in terms of the currents associated with AP and P
states, MR = (IP − IAP )/IAP , which imposes no upper bound
and is shown in Fig. 4(c). For hydrogen anchoring, the MR
ratio increased from 0.2 to 0.6 V and reached a maximum
(∼6000%) at 0.6 V. Thus, the di-iron-oxo cluster displayed a
colossal MR effect. For sulfur anchoring, the MR ratio was less
than zero in the low-bias zone (0–0.3 V), and the di-iron-oxo
junction showed a negative MR effect, indicating that the
current associated with the AP state is greater than that of the P
state. Above a 0.3 V bias, the MR ratio tended to increase with
increasing bias for sulfur anchoring. However, the MR ratio for
sulfur anchoring was somewhat lower than that of hydrogen
anchoring, which quickly increased to a saturation value. The
colossal MR effect associated with hydrogen anchoring can
be explained in terms of the transmission spectra, as shown
in Figs. 5(a) and 5(b), and the cluster’s density of states (see
Supplemental Material).

The significant difference between the transport properties
of AP and P states may be rationalized in terms of their
transmission spectra. Figure 5 exhibits features which strongly
depend on the relative orientation (AP or P) of the magnetic
moments of the irons. For both magnetic configurations the
transmission probabilities decay rapidly when the energy
falls below that of the lowest unoccupied molecular orbital
(LUMO) or rises above that of the HOMOs. The molecular
orbitals are fairly localized within the di-iron-oxo cluster
because it is weakly coupled to the gold electrodes [60]. In
the weak-coupling limit, transport occurs when one molec-
ular orbital is shifted to the Fermi level Ef of the leads.
Experimentally, the molecular orbital energies can be tuned
by the gate voltage [61]. In the present system, such effect is
obtained by changing the relative orientation of the magnetic
moments of the iron ions. Parallel alignment, in conjunction
with hydrogen anchoring, decreases the HOMO-LUMO gap
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TABLE III. Energies of HOMO and LUMO for AP and P align-
ments for hydrogen and sulfur anchoring and the ratio of majority-
spin to minority-spin transmission, (Tmajority − Tminority)/Tminority,
computed at the HOMO energy.

H anchoring S anchoring

AP P AP P
HOMO (eV) −0.71 −0.14 −0.87 −0.30
LUMO (eV) +1.41 +1.01 +1.01 +0.76
Tmajority−Tminority

Tminority
4.29 × 10−2 2.35 × 104 1.65 × 10−1 5.50 × 104

from 2.12 eV (for AP) to 1.15 eV. Reminiscent of scanning
tunneling spectroscopy observations for Mn12 single-molecule
magnets [29], the electronic transport through the di-iron-oxo
cluster mainly occurs via the (P) HOMO, which is in energetic
proximity (−0.14 eV) to Ef (Table III). Accordingly, the P
configuration has much better conductivity properties than the
AP configuration, whose HOMO is at −0.71 eV. Therefore,
FeA

3+-(μO)-FeB
3+ shows an essentially perfect colossal MR

with potential use as a magnetic memory unit.
For sulfur anchoring, the P configuration leads to features

similar to those of hydrogen anchoring. Namely, the HOMO-
LUMO gap decreases from 1.88 eV in the AP arrangement
to 1.06 eV, and the HOMO level is shifted, relative to
Ef , from −0.87 to −0.30 eV [Figs. 5(c) and 5(d) and
Table III]. However, for sulfur anchoring, a negative MR
effect is observed which is not directly understood from the
transmission spectra alone. For density functional calculations,
the self-consistently calculated properties are dependent on the
exchange-correlation (xc) and other potentials. Therefore, to
rationalize the negative MR, one can consider the xc potentials
associated with majority-spin (V majority

xc ) and minority-spin
(V minority

xc ) electrons. The planar average potentials along the
transport direction are shown in Fig. 6. Compared to AP
alignments, the P configurations result in similar changes of
xc potentials when the di-iron-oxo cluster is anchored through
hydrogen or sulfur anchoring, as shown in Figs. 6(a) and
6(b). For the AP alignment, along the transport direction,
the difference xc potential (V majority

xc − V
minority

xc ) first meets
a shallow potential well and then a high potential barrier. By
contrast, for the P alignment, the difference xc potential first
meets a low potential barrier and then a deep potential well.
Therefore, for the P alignment, the majority carriers will scatter
on two potential wells around the iron ions during conduction.
In contrast, the minority carriers traverse through two potential
barriers. The absolute magnitudes of the main potential wells
and barriers are nearly the same for the AP and P configurations
due to the nominal C2v molecular symmetry.

The total potential includes, in addition to the Hartree (h)
and xc components, the pseudopotential (pseudo) representing
core electrons (VT = Vh + Vxc + Vpesudo). The negative MR
effect observed for sulfur anchoring may be attributed to
the corresponding total potential becoming more negative
(within the junction region) relative to hydrogen anchoring,
as shown in Fig. 6(c). The current through the molecular
junction not only depends on the intrinsic electronic structure
of the di-iron-oxo cluster but also on its anchor-dependent,
interfacial barrier. When hydrogen anchoring is replaced by

FIG. 6. (Color online) Planar average potentials in AP (black
line) and P (red line) states along the transport direction of
the di-iron-oxo molecular junction. (a) and (b) Difference in xc
potentials associated with majority- and minority-spin electrons,
V

majority
xc − V

minority
xc , for hydrogen and sulfur anchoring, respectively.

(c) Total potentials VT of the cluster in contact with the electrodes for
hydrogen and sulfur anchoring. Blue dots are at the locations of the
left anchoring atom, left iron, linking oxygen, right iron, and right
anchoring atom.

sulfur anchoring, the current increases (Fig. 4) due to the lower
total interfacial potential [62,63]. However, for AP alignment,
such an anchor-dependent potential decrease makes the current
increase by about one order of magnitude in the higher-bias
region (�1.0 V), up to ≈50 nA. For P alignment, in the
higher-bias region (�1.0 V), the same anchoring substitution
gives rise to a lesser relative increment in the current (about a
factor of 2) but to a much greater absolute increment, roughly
from 300 to 500 nA (Fig. 4). Relative to the low-bias region
(�0.0 V), the net increment in the current as a function of
bias is much more pronounced for AP → P realignment than
for H → S substitution. An AP → P reorientation of the iron
magnetic moments is concomitant with substantial changes in
the cluster’s electronic structure [32]. Therefore, the current is
dominated by the anchor-dependent tunneling barrier at lower
voltages and by the magnetic alignment (AP or P) at higher
voltages.

C. Spin-valve effect

Figures 5(a) and 5(c) show that near Ef the transmissions
for majority and minority spins are essentially equal for AP
configurations. This is true for either type of anchoring. For
parallel magnetic-moment states [Figs. 5(b) and 5(d)], how-
ever, the transmissions near Ef for majority spin dominate.
This effect is further illustrated by the ratios of majority-
spin to minority-spin transmission coefficients, (Tmajority −
Tminority)/Tminority, computed at the energy of the HOMO level.
Table III shows that these ratios for P configurations are orders
of magnitude larger than those of their AP counterparts. This is
consistent with plots of the partial density of states displaying
intensities closer to Ef for P states compared to AP states
(see the Supplemental Material). The previous features of
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FIG. 7. (Color online) Polarization of the current through Fe3+-
(μO)-Fe3+(HBpz3)2 as a function of bias for the AP or P alignment
for hydrogen and sulfur anchoring.

the transmission spectra point to preferential transmission of
majority-spin electrons and thus to effective spin filtering.
The polarization of the current can also be analyzed in terms
of the spin-injection factor η = (I↑ − I↓)/(I↑ + I↓) × 100%.
The polarization of the current as a function of the bias and
anchor is shown in Fig. 7. For AP states the currents are not

strongly spin polarized. However, η significantly increases
for P states, particularly for hydrogen anchoring, where η

is on the order of ∼95% in the bias range 0.1–0.9 V. This
indicates that FeA

3+-(μO)-FeB
3+ in its P configuration may

be used in the context of molecular spintronics to achieve an
excellent spin-filtering effect. This is particularly true at higher
temperatures, for which the P configuration is significantly
populated.

IV. CONCLUSION

Either colossal or negative magnetoresistances have been
computed for the sulfur-anchored di-iron-oxo cluster depend-
ing on the applied bias. A spin-valve effect has been predicted
for the parallel moment states, in particular for hydrogen
anchoring, for which the polarization of the current is on
the order of 95% over a range of applied bias. This suggests
achieving control of different transport properties of the same
molecular cluster by tuning the applied bias in the context of
molecular spintronic devices.
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[62] V. M. Garcı́a-Suárez, A. R. Rocha, S. W. Bailey, C. J. Lambert,
S. Sanvito, and J. Ferrer, Phys. Rev. B 72, 045437 (2005).

[63] I. S. Kristensen, M. Paulsson, K. S. Thygesen, and K. W.
Jacobsen, Phys. Rev. B 79, 235411 (2009).

235414-7

http://dx.doi.org/10.1103/PhysRevB.78.155403
http://dx.doi.org/10.1103/PhysRevB.78.155403
http://dx.doi.org/10.1103/PhysRevB.78.155403
http://dx.doi.org/10.1103/PhysRevB.78.155403
http://dx.doi.org/10.1103/PhysRevB.81.125447
http://dx.doi.org/10.1103/PhysRevB.81.125447
http://dx.doi.org/10.1103/PhysRevB.81.125447
http://dx.doi.org/10.1103/PhysRevB.81.125447
http://dx.doi.org/10.1103/PhysRevLett.92.137203
http://dx.doi.org/10.1103/PhysRevLett.92.137203
http://dx.doi.org/10.1103/PhysRevLett.92.137203
http://dx.doi.org/10.1103/PhysRevLett.92.137203
http://dx.doi.org/10.1063/1.1461363
http://dx.doi.org/10.1063/1.1461363
http://dx.doi.org/10.1063/1.1461363
http://dx.doi.org/10.1063/1.1461363
http://dx.doi.org/10.1021/jp8107667
http://dx.doi.org/10.1021/jp8107667
http://dx.doi.org/10.1021/jp8107667
http://dx.doi.org/10.1021/jp8107667
http://dx.doi.org/10.1021/ja00352a053
http://dx.doi.org/10.1021/ja00352a053
http://dx.doi.org/10.1021/ja00352a053
http://dx.doi.org/10.1021/ja00352a053
http://dx.doi.org/10.1021/ja00324a041
http://dx.doi.org/10.1021/ja00324a041
http://dx.doi.org/10.1021/ja00324a041
http://dx.doi.org/10.1021/ja00324a041
http://dx.doi.org/10.1103/PhysRevB.71.161402
http://dx.doi.org/10.1103/PhysRevB.71.161402
http://dx.doi.org/10.1103/PhysRevB.71.161402
http://dx.doi.org/10.1103/PhysRevB.71.161402
http://dx.doi.org/10.1103/PhysRevB.80.081407
http://dx.doi.org/10.1103/PhysRevB.80.081407
http://dx.doi.org/10.1103/PhysRevB.80.081407
http://dx.doi.org/10.1103/PhysRevB.80.081407
http://dx.doi.org/10.1103/PhysRevLett.109.257204
http://dx.doi.org/10.1103/PhysRevLett.109.257204
http://dx.doi.org/10.1103/PhysRevLett.109.257204
http://dx.doi.org/10.1103/PhysRevLett.109.257204
http://dx.doi.org/10.1103/PhysRevLett.108.017202
http://dx.doi.org/10.1103/PhysRevLett.108.017202
http://dx.doi.org/10.1103/PhysRevLett.108.017202
http://dx.doi.org/10.1103/PhysRevLett.108.017202
http://link.aps.org/supplemental/10.1103/PhysRevB.89.235414
http://dx.doi.org/10.1126/science.1087481
http://dx.doi.org/10.1126/science.1087481
http://dx.doi.org/10.1126/science.1087481
http://dx.doi.org/10.1126/science.1087481
http://dx.doi.org/10.1021/nl0508016
http://dx.doi.org/10.1021/nl0508016
http://dx.doi.org/10.1021/nl0508016
http://dx.doi.org/10.1021/nl0508016
http://dx.doi.org/10.1103/PhysRevE.76.026605
http://dx.doi.org/10.1103/PhysRevE.76.026605
http://dx.doi.org/10.1103/PhysRevE.76.026605
http://dx.doi.org/10.1103/PhysRevE.76.026605
http://dx.doi.org/10.1103/PhysRevB.84.035323
http://dx.doi.org/10.1103/PhysRevB.84.035323
http://dx.doi.org/10.1103/PhysRevB.84.035323
http://dx.doi.org/10.1103/PhysRevB.84.035323
http://dx.doi.org/10.1103/PhysRevLett.109.206601
http://dx.doi.org/10.1103/PhysRevLett.109.206601
http://dx.doi.org/10.1103/PhysRevLett.109.206601
http://dx.doi.org/10.1103/PhysRevLett.109.206601
http://dx.doi.org/10.1021/nl303871x
http://dx.doi.org/10.1021/nl303871x
http://dx.doi.org/10.1021/nl303871x
http://dx.doi.org/10.1021/nl303871x
http://dx.doi.org/10.1103/PhysRevB.62.3010
http://dx.doi.org/10.1103/PhysRevB.62.3010
http://dx.doi.org/10.1103/PhysRevB.62.3010
http://dx.doi.org/10.1103/PhysRevB.62.3010
http://dx.doi.org/10.1088/0953-8984/14/11/302
http://dx.doi.org/10.1088/0953-8984/14/11/302
http://dx.doi.org/10.1088/0953-8984/14/11/302
http://dx.doi.org/10.1088/0953-8984/14/11/302
http://dx.doi.org/10.1103/PhysRevLett.77.3865
http://dx.doi.org/10.1103/PhysRevLett.77.3865
http://dx.doi.org/10.1103/PhysRevLett.77.3865
http://dx.doi.org/10.1103/PhysRevLett.77.3865
http://dx.doi.org/10.1103/PhysRevLett.43.1494
http://dx.doi.org/10.1103/PhysRevLett.43.1494
http://dx.doi.org/10.1103/PhysRevLett.43.1494
http://dx.doi.org/10.1103/PhysRevLett.43.1494
http://dx.doi.org/10.1103/PhysRevB.43.1993
http://dx.doi.org/10.1103/PhysRevB.43.1993
http://dx.doi.org/10.1103/PhysRevB.43.1993
http://dx.doi.org/10.1103/PhysRevB.43.1993
http://dx.doi.org/10.1103/PhysRevB.73.085414
http://dx.doi.org/10.1103/PhysRevB.73.085414
http://dx.doi.org/10.1103/PhysRevB.73.085414
http://dx.doi.org/10.1103/PhysRevB.73.085414
http://dx.doi.org/10.1103/PhysRevB.50.5528
http://dx.doi.org/10.1103/PhysRevB.50.5528
http://dx.doi.org/10.1103/PhysRevB.50.5528
http://dx.doi.org/10.1103/PhysRevB.50.5528
http://dx.doi.org/10.1103/PhysRevB.63.245407
http://dx.doi.org/10.1103/PhysRevB.63.245407
http://dx.doi.org/10.1103/PhysRevB.63.245407
http://dx.doi.org/10.1103/PhysRevB.63.245407
http://dx.doi.org/10.1103/PhysRevLett.82.398
http://dx.doi.org/10.1103/PhysRevLett.82.398
http://dx.doi.org/10.1103/PhysRevLett.82.398
http://dx.doi.org/10.1103/PhysRevLett.82.398
http://dx.doi.org/10.1006/spmi.2000.0920
http://dx.doi.org/10.1006/spmi.2000.0920
http://dx.doi.org/10.1006/spmi.2000.0920
http://dx.doi.org/10.1006/spmi.2000.0920
http://dx.doi.org/10.1103/PhysRevLett.61.2472
http://dx.doi.org/10.1103/PhysRevLett.61.2472
http://dx.doi.org/10.1103/PhysRevLett.61.2472
http://dx.doi.org/10.1103/PhysRevLett.61.2472
http://dx.doi.org/10.1103/PhysRevB.81.165404
http://dx.doi.org/10.1103/PhysRevB.81.165404
http://dx.doi.org/10.1103/PhysRevB.81.165404
http://dx.doi.org/10.1103/PhysRevB.81.165404
http://dx.doi.org/10.1103/PhysRevB.82.184402
http://dx.doi.org/10.1103/PhysRevB.82.184402
http://dx.doi.org/10.1103/PhysRevB.82.184402
http://dx.doi.org/10.1103/PhysRevB.82.184402
http://dx.doi.org/10.1103/PhysRevB.76.224413
http://dx.doi.org/10.1103/PhysRevB.76.224413
http://dx.doi.org/10.1103/PhysRevB.76.224413
http://dx.doi.org/10.1103/PhysRevB.76.224413
http://dx.doi.org/10.1021/ja906234v
http://dx.doi.org/10.1021/ja906234v
http://dx.doi.org/10.1021/ja906234v
http://dx.doi.org/10.1021/ja906234v
http://dx.doi.org/10.1103/PhysRevB.72.045437
http://dx.doi.org/10.1103/PhysRevB.72.045437
http://dx.doi.org/10.1103/PhysRevB.72.045437
http://dx.doi.org/10.1103/PhysRevB.72.045437
http://dx.doi.org/10.1103/PhysRevB.79.235411
http://dx.doi.org/10.1103/PhysRevB.79.235411
http://dx.doi.org/10.1103/PhysRevB.79.235411
http://dx.doi.org/10.1103/PhysRevB.79.235411



