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Coherent transport through spin-crossover magnet
Fe2

Jing Huang,∗a,b Rong Xie,a Weiyi Wang,b Qunxiang Li∗b,c and Jinlong Yangb,c

As one of the most possible building blocks in molecular spintronics, spin crossover (SCO) com-
plexes have been attracted increasing attention due to their magnetic bistability between the high-
spin (HS) and low-spin (LS) states. Here, we explore the electronic structures and transport
properties of SCO magnets Fe2 with three different spin-pair configurations, namely [LS-LS], [LS-
HS], and [HS-HS], by performing extensive density functional theory calculations combined with
non-equilibrium Green’s function technique. Our calculations clearly reveal that the SCO magnet
Fe2 complexes should display two-step spin transitions triggering by external stimuli, i.e. temper-
ature or light, which confirm the previous phenomenological model and agree well previous ex-
perimental measurements. Based on the calculated transport results, we observe nearly perfect
spin-filtering effect and negative differential resistance (NDR) behavior integrating in SCO magnet
Fe2 junction with the [HS-HS] configuration. The current through the [HS-HS] SCO magnet Fe2

under small bias voltage is mainly contributed by the spin-down electrons, which is significantly
larger than that of the [LS-LS] and [LS-HS] cases. The bias-dependent transmissions are respon-
sible for the observed NDR effect. These theoretical findings suggest that SCO Fe2 complexes
hold potential applications in molecular spintronic devices.

1 Introduction
In the past years, molecular spintronics, which combines the con-
temporary exploitation of the electron and spin degrees of free-
dom at single-molecule level,1–4 has attracted considerable atten-
tion since it holds promise for the next generation of electronic
devices with enhanced functionality and improved performance,
especially in quantum computing and high-density information
storage.5–7Based on magnetic molecules, i.e. organometal-
lic wire, metal phthalocyanines, metal clusters, magnetic C28

molecule, and molecular magnets,5,8–11 various spin devices in-
cluding spin filtering, spin valves, and spin crossover (SCO), have
been successfully demonstrated in experiments or have been the-
oretically proposed.12,13

As one of the most possible building blocks in molecular spin-
tronics, SCO complexes have been attracted increasing attention
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due to their magnetic bistability.14,15 In general, SCO complexes,
containing a transition metal ion that can be switched between
a low-spin (LS) and a high-spin (HS) state by diverse external
stimulus, such as temperature, light, pressures, magnetic or elec-
tric fields or charge flow, have wide applications in information
storage and molecular sensor.16–20 Previous investigations mainly
focused on SCO complexes with a pseudo-octahedral mononu-
clear first-row transition metal ion, which has a d4-d7 electron
configuration21,22 Since the first discovered Fe dithiocarbamate
complexes in 1931,23 the mononuclear Fe family with the metal
coordinated to six N atoms (FeN6) has been extensively investi-
gated to display rather easy controlled spin-crossover electronic
and transport properties.24,25 The HS state in Fe(II) complexes
(d6)26–29 is described by a t4

2ge2
g electron configurations, while

the LS state has t6
2g configuration. Recently, special attention has

been paid to binuclear SCO complexes, which occupy a special
place among polynuclear spin transition systems.30–32 Although
the number of binuclear SCO complexes is very limited, their SOC
behavior has been investigated by several experimental and the-
oretical groups.33 Three different types of magnetic behavior in
binuclear SCO complexes, such as one step directly from [HS-HS]
to [LS-LS] spin-pair electronic configuration, two-step from [HS-
HS] to [LS-LS] via a plateau [LS-HS] configuration, and partial
[HS-HS]↔[LS-HS] spin transitions, have been revealed.34–36

However, electron transport experiments in binuclear SCO
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complexes at the single molecular level remain scarce so far,
mostly because depositing such complexes on surfaces with a
controllable anchoring contact is very difficult.37–39 Moreover, it
is still an important challenge to explore the origin of different
types of SCO in binuclear complexes since there is a simultane-
ous electronic and structural change of the molecule between
two different spin-state isomers. In this work, the electronic
structures and transport properties of SCO magnet Fe2, namely,
Fe(dpia)(NCS)2]2(bpac), dpia=bis(2-picolyl)amine, bpac=1,2-
bis(4-pyridyl)ethyne],36 with the [LS-LS], [LS-HS] and [HS-HS]
spin-pair configurations, are explored by performing extensive
spin-polarized density functional theory (DFT) calculations com-
bined with non-equilibrium Green’s function method. We clearly
reveal that SCO magnet Fe2 complexes should display two-step
spin transitions, which agrees with previous experimental mea-
surements and theoretical predictions. Moreover, we find that
nearly perfect spin-filtering effect and negative differential resis-
tance (NDR) behavior coexist in SCO magnet Fe2 junction with
the [HS-HS] configuration, whose conductivity is mainly deter-
mined by the spin-down electrons under small bias voltages.

2 Computational model and methods

Electronic structures and coherent transport properties of SCO
magnet Fe2 are explored by performing DFT calculations com-
bined with the non-equilibrium Green’s functional method, im-
plemented in ATK package,40,41 which has been successfully used
to explain many experimental results.42,43 In our calculations,
the generalized gradient approximation in the Perdew-Burke-
Ernzerhof form is used to describe the exchange and correlation
energy. The interaction between ionic cores and valence elec-
trons is modeled with Troullier-Martins nonlocal pseudopotential.
Double-zeta plus polarized basis sets are employed for all atoms.
An energy cutoff is set to be 150 Ry for the real-space grid on
which the Poisson equation is self-consistently solved. The spin-
resolved transmission coefficients of these molecular junctions are
obtained by

Tσ (E,V ) = Tr[ΓLGσ ΓRG+
σ ], (1)

where σ stands for the spin-up (↑) and spin-down (↓) chan-
nels. Gσ is the spin-dependent retarded Green’s function of
the extended molecule, ΓL/R is the coupling matrix between the
extended molecule and the left/right electrode. The current
through the molecular junction is obtained by

I(V ) =
e
h

∫
Tσ (E,V )[ f (E −µL)− f (E −µR)]dE, (2)

here, the f(E-µL(R)) is the Fermi-Dirac function for the left and
right electrodes with the chemical potential µL(R). Based on the
Landauer-Büttiker formula, the spin-up and spin-down electrons
are coherent, indicating that the length of the active channel is
less than the phase-breaking mean free path.

3 Results and discussion

We start with the geometric, electronic and magnetic properties
for the isolated SCO magnet Fe2 with three different spin-pair
configurations, which are rather difficult since the relative energy
difference between two isomers is sensitive not only to the choice
of exchange and correlation functionals but also to the atomic re-
laxation.44 In our calculations, the initial structures for the LS-LS
and HS-HS states is taken from the low-, and high-temperature
structures in experiments,36 respectively. And we suppose that
the isolated SCO magnet Fe2 structures with [LS-LS] and [HS-
HS] spin-pair configurations possess a center of symmetry. One
moiety of the departure structure of SCO magnet Fe2 with the
[LS-HS] configuration is taken from one half of the [LS-LS] one,
while another moiety from half of the [HS-HS] case, and then
fully relax all atomic positions to obtain the corresponding op-
timized structure. The calculated total energy results show that
the order of total energies of SCO magnet Fe2 is [LS-LS] < [LS-
HS] < [HS-HS] configuration. Namely, the [LS-LS] case has the
lowest energy, and the energy difference between [LS-LS] and
[HS-HS] configurations is predicted to be about 0.61 eV. In two
[FeN6] coordination cores of SCO magnet Fe2 with the [LS-LS]
and [HS-HS] configurations, the Fe-N distances are different and
fall within the range of [1.97, 2.09] and [2.04, 2.36] Å, respec-
tively, as shown Fig. 1. The average Fe-N distance is 2.23 Å in the
[HS-HS] configuration, which is longer about 0.20 Å than that of
the [LS-LS] case. The NCS groups in these complexes have nearly
linear geometry, and the Fe-Fe separation through the spacer lig-
and in the [HS-HS] and [LS-LS] spin-pair configurations is 14.25
and 13.79 Å, respectively. The relative longer Fe-N distances in
pseudo-octahedral coordination lead to the local relatively weak
FeN6 crystal field, corresponding to the [HS-HS] configuration.
The 3d6 electrons of Fe(II) cores in SCO magnet Fe2 with [LS-LS]
the and [HS-HS] spin-pair configurations can be described by two
t6
2ge0

g and t4
2ge2

g electron configurations, and correspond to two sin-
glet (S=0) and quintet (S=2) spin-states, respectively. The mag-
netic moments of SCO magnet Fe2 with the [LS-LS], [LS-HS] and
[HS-HS] configurations are predicted to be 0.0, 4.0 and 8.0 µB

(Bohr magneton). The spin density distribution illustrates that
the magnetism is mainly contributed by the HS Fe cations (Fig.
S1). These optimized Fe-N distances and predicted magnetic mo-
ments agree well with previous experimental results.36

Moreover, we find that the spatial distribution and the energy
positions of the frontier orbitals are dramatically different for two
different spin-pair configurations. The bottom panel of Fig. 1
(a) and (b) presents the spatial profiles of the highest occupied
molecular orbital (HOMO) and the lowest unoccupied molecular
orbital (LUMO) of SCO magnet Fe2 with the [LS-LS] and [HS-
HS] configurations, respectively. As for SCO magnet Fe2 with the
[LS-LS] configuration, the ground state of this isolated complex
is nonmagnetic. The HOMO localizes around the ligands, while
the LUMO delocalize over the entire complex, which lies at -4.07
and -3.57 eV, respectively. It is clear that for the [HS-HS] config-
uration, as shown in Fig. 1(b), SCO magnet Fe2 is spin-polarized
and two spin channels display different features. The energy gap
for the spin-up electrons is about 1.39 eV, which is remarkably
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Fig. 1 (Color online) The optimized structures and spatial distribution of
the HOMO and LUMO of SCO magnet Fe2, (a) for the [LS-LS], and (b)
for the [HS-HS] spin-pair configuration.

larger than the gap of the spin-down electrons (0.24 eV). The
HOMO and LUMO of the spin-down electrons locating at -2.97
and -2.73 eV are delocalized over the entire complex, while the
spin-up HOMO localizes around the ligands and the LUMO local-
izes around the central region, which locates at -4.00 and -2.61
eV, respectively. These observed remarkably differences in the ge-
ometric and electronic structures of SCO magnet Fe2 with differ-
ent spin-pair configurations suggest that they are possible candi-
dates for designing molecular spintronic devices with interesting
transport behavior.

Before investigating the transport properties of SCO magnet
Fe2 junctions, as shown in Fig. 2(a), we turn to explore the ef-
fective method to realize the spin transition from the [LS-LS] to
[HS-HS] configuration in SCO magnet Fe2, since many experi-
mental and theoretical investigations have revealed that various
external stimuli, such as temperature, light, pressure, magnetic
or electric fields, SCO complexes can be switched between two

Fig. 2 (a) Schematic illustration of the proposed junction, here, SCO
magnet Fe2 is sandwiched between two Au(100) electrodes. (b) Change
of the relative total energies (in eV) under bias voltages. The black, red
and blue symbol-lines stand for the averaged total energy difference
between [HS-HS] and [LS-LS], [HS-HS] and [LS-HS], and [LS-HS] and
[LS-LS] configurations, labeled with ∆E1, ∆E2 and ∆E3, respectively. (c)
Relative energies of the [LS-LS], [LS-HS] and [HS-HS] spin-pair
configurations, and the dashed lines indicate the average energy (0.32
eV) between the [LS-LS] and [HS-HS] configurations.

different spin-pair cases.14 Firstly, we calculate the influence of
an electric field (arising from the applied bias voltage between
the left and right electrodes) on the relative total energies of the
molecular junctions with three different spin-pair configurations.
Here, ∆E1, ∆E2, and ∆E3 is defined as the averaged total energy
difference between [HS-HS] and [LS-LS], [HS-HS] and [LS-HS],
and [LS-HS] and [LS-LS] configurations, respectively. We find
the influence of an electric field on the relative total energy dif-
ferences to be relatively small. As shown in Fig. 2(b), in the bias
voltage range of [0, 0.6] V, ∆E1, ∆E2, and ∆E3 is predicted to be
about 0.66, 0.47, and 0.19 eV, respectively, and all of them vary
within 0.05 eV. For example, a bias voltage of 0.6 V just modifies
∆E1, ∆E2, and ∆E3 only about 0.026, 0.042, 0.015 eV, respectively.
These observations imply that an electric field in these examined
molecular junctions can not directly induce the spin transition in
SCO magnet Fe2 complexes, although for electronic applications
it is more preferable to achieve a spin crossover transition purely
by electric field.18 Note that spin crossover transition by means
of an electric field can be achieved for Fe-based single-molecule
magnets and Co-based valence tautomeric compounds.21,24

From these calculated total energies for the SCO magnet Fe2

molecular junctions, we find that the mixed [LS-HS] one falls
in the energy gap between the [LS-LS] and [HS-HS] configura-
tions, as shown in Fig. 2(c). According to the phenomenological
model,34 its position relative plays an important role in the shap-
ing of the spin transition. To have a two-step spin transition, the
relative energy of SCO magnet Fe2 with [LS-HS] configuration
must be lower than the halfway point of the energy gap between
the [LS-LS] and [HS-HS] configurations. The averaged total ener-
gies between the [LS-LS] and [HS-HS] configurations is predicted
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to be about 0.32 eV, which is slightly larger than that of the rela-
tive energy (0.18 eV) of the [LS-HS] case. This observation agrees
well with the experimental observation,36 which means that the
SCO magnet Fe2 complexes should display two-step transitions.
Clearly, as for the SCO magnet Fe2, our calculated results confirm
the phenomenological model.34

Fig. 3 (a) At the GGA level, the relative total energies (in eV) of the
isolated SCO magnet Fe2 complexes with the [LS-LS] and [LS-HS]
configurations along the reaction coordinates, X. (b) The relative total
energies (in eV) for the [LS-HS] and [HS-HS] configurations along X.

To estimate the energy barriers of the two-step spin transitions
of SCO magnet Fe2 complexes, we calculate the total energies of
these isolated SCO magnet Fe2 complexes as a function of the re-
action coordinates (X), and plot them in Fig. 3(a) and (b). As
for the spin transition between the [LS-LS] and [LS-HS] configu-
rations, as shown in Fig. 3(a), X is interpolated between the [LS-
LS] (X=0) and the [LS-HS] (X=1) geometry for the two different
spin-pair configurations. Here, the reaction coordinate projected
out of the Hessian matrix is defined as the difference in the lo-
cal Fe-N distances via normal mode analysis. As expected, Fig.
3(a) clearly shows that the ground state of SCO magnet Fe2 is
low spin, corresponding to the [LS-LS] spin-pair configuration.
As X increases, originating from the weakening of the local FeN6

ligand field, there is a transition from the [LS-LS] to [LS-HS]
for X∼0.42, and the transition barrier is predicted to be about
0.61 eV. While for the spin transition between the [LS-HS] and
[HS-HS] configurations, the transition barrier is about 0.93 eV
at X∼0.7, as shown in Fig. 3(b). Two transition barriers have
relative large values, implying that the two-step transitions, from
the [LS-LS] to [HS-HS] via a plateau [LS-HS] configuration, can
be triggered by external stimuli, i.e. temperature or light. Such

transitions are accompanied with the geometrical structure modi-
fications, which, at the same time, alter the local FeN6 crystal field
strength.36 That is to say, the two-step spin transitions of the Fe2

complexes can be realized by changing the metal-to-ligand bond
distances via external stimuli. Then the weak and strong FeN6

crystal fields correspond to the Fe(II) magnetic bistablility of SCO
Fe2 complex with the [HS-HS] and [LS-LS] spin-pair configura-
tions, respectively.

Fig. 4 (a) The calculated I-V curve of SCO magnet Fe2 with the [LS-LS]
configuration. (b) The spin-resolved zero-bias transmission functions
and the spatial distribution of the LDOS at the perburbed HOMO and
LUMO, which is labelled with two upside-down triangles.

Since the exact anchoring configuration of molecular devices
in experiments is a ’blackbox’ so far, here, we propose several
SCO magnet Fe2 complex junctions with different anchoring con-
figurations to explore their transport properties. For example, to
model the molecular junction with one more different anchor-
ing groups, the SCO magnet Fe2 complex with the [HS-HS] and
[LS-LS] configurations are sandwiched between two Au(100) na-
noelectrodes via both thiol and thiocyanato end groups. Fig. S2
shows the proposed molecular junction and the corresponding
zero-bias transmission curves. To model the same electrode mate-
rial with different crystal surface and to simulate the SCO magnet
Fe2 monolayer case, Fig. S3 and S4 present the calculated results
of one SCO magnet Fe2 complex sandwiched between two peri-
odic Au(111) electrodes using 6×6 supercells and two SCO mag-
net Fe2 complexes connected to two periodic Au(100) electrodes
using 8×8 supercells, respectively. Note that such a anchoring
configuration of the SCO magnet Fe2 complexes sandwiched be-
tween two Au electrodes via thiol groups is commonly adopted in
molecular electronics, although the nature of the Au-S bond and
the reacting species involved in the connections need carefully
check.45

Here, as examples, SCO magnet Fe2 with different spin-pair
configurations are sandwiched between two Au(100) nanoelec-
trodes. Through calculating the adsorption energies, we find that
SCO magnet Fe2 prefers to adsorb on the hollow sites of Au(100)
surface via Au-S bonds, as shown in Fig. 2(a). The proposed two-
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probe systems can be divided into three parts, including the left
and right electrodes, and the central extended molecule contain-
ing the sandwiched SCO magnet Fe2 and two and three surface
layers of the left and right electrodes, respectively, where all the
screening effects are included into the contact region, and charge
distribution in the electrodes is the same as that of the bulk phase.
Here, the Au-S distance is fixed to be about 2.59 Å, which is close
to the adopted value in the previous investigations.46 Note that
the geometric and electronic structures of SCO magnet Fe2 are
slightly disturbed by the Au(100) electrodes. The magnetic mo-
ment of SCO magnet Fe2 junction with the [HS-HS] configuration
is predicted to be about 8.4 µB. The calculated partial density of
states of Fe 3d orbitals, as shown in Fig. S5, imply that the HS Fe
cation still has the t4

2ge2
g-like electron configuration.

Firstly, we examine the energetically preferring structure of
SCO magnet Fe2, namely, the complex has the [LS-LS] configu-
ration, which corresponds to the low-temperature structure ob-
served in experiments.36 The SCO magnet Fe2 junction is non-
magnetic since both local strong FeN6 crystal fields ensure spin-
pair states (two singlets, S=0). The calculate spin-restricted I-V
curve is shown Fig. 4(a). Here, at each bias voltage, the current
is determined self-consistently under the non-equilibrium condi-
tion. It is clear that the I-V curve displays nonlinear feature and
an obvious NDR effect. With increasing of bias voltage, the max-
imum current is about 0.54 µA at the peak position (Vbias =0.6
V), while the current reaches its minimum value (0.005 µA) at the
valley site (Vbias = 0.8 V), which leads to a large peak-valley rate
(PVR) of about 100. To explore the nature of transport behav-
ior of SCO magnet Fe2 with the [LS-LS] configuration, the zero-
bias transmission function and the local density of states (LDOS)
are plotted in Fig. 4(b). Here, two upside-down triangles stand
for the perturbed HOMO and LUMO due to the presence of the
Au(100) electrodes. Clearly, comparing with the spatial distri-
bution of the HOMO and LUMO of the isolated SCO magnet Fe2

complexes, as shown in Fig.1, the significant transmission peak
at 0.35 eV is mainly contributed by the perturbed LUMO, which
is delocalized over the whole complex. Due to the localization,
the perturbed HOMO does not lead to a transmission peak at all.
The energy separation between the perturbed HOMO and LUMO
is about 0.4 eV, which is slightly less than that of the energy space
(0.5 eV) between the HOMO and LUMO of the isolated SCO mag-
net Fe2 with the [LS-LS] configuration. As for the mechanism of
NDR behavior, we will address later.

As we discussed above, SCO magnet Fe2 with the mixed [LS-
HS] configuration is the intermediate structure for the two-step
spin transitions, as shown in Fig. 5(a), which mixes the geomet-
ric and electronic structures of the [LS-LS] and [HS-HS] spin-pair
configurations. In this case, one of two Fe(II) has the S=2 spin
state, while the other Fe(II) has the S=0 spin state. That is to say,
SCO magnet Fe2 with the [LS-HS] configuration is spin-polarized.
The spin-resolved I-V curves and the zero-bias transmission spec-
tra are calculated and presented in Fig. 5(b) and (c), respec-
tively. Under small bias voltage, the conductance of SCO magnet
Fe2 with the [LS-HS] configuration mainly transport through the
spin-down electrons. The transmission coefficients of the spin-
down electrons around the Fermi level are larger than that of the

Fig. 5 (a) The optimized geometric structure of SCO magnet Fe2 with
the [LS-HS] configuration, (b) The spin-resolved I-V curves. (c) The
zero-bias transmission functions and the spatial distribution of the LDOS
at the perburbed HOMO and LUMO for the spin-up and spin-down
electrons.

spin-up electrons, which results in an obvious spin-filtering effect
within a certain bias range, i.e. [-0.1, 0.4] V. Moreover, the NDR
behavior appears again. The maximum and minimum I↓ is about
0.16 and 0.02 µA, which locates at 0.35 and 0.5 V, respectively.
Note that the current through SCO magnet Fe2 with the [LS-HS]
configuration is slightly less than that of the [LS-LS] case.

Finally, we turn to explore the transport properties of SCO mag-
net Fe2 with the [HS-HS] configuration, in which two Fe atoms
locate in the weak FeN6 crystal fields due to the long Fe-N sepa-
rations. The high-spin state of two Fe(II) in this case is character-
ized by S=2. This results in the magnetic moment of SCO magnet
Fe2 with the [HS-HS] configuration is about 8 µB. Fig. 6(a) show
the spin-resolved I-V curves. Here, the the red and black lines
stand for the current through the spin-up and spin-down elec-
trons, respectively. The following features are observed.

(i) The current through SCO magnet Fe2 with the [HS-HS] con-
figuration is significantly larger than that of the [LS-LS] and [LS-
HS] cases. For example, at the bias voltage of 0.25 V, the current
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Fig. 6 (a) The spin-resolved I-V curves through SCO magnet Fe2 with
the [HS-HS] configuration. (b) The spin-resolved zero-bias transmission
functions for two spin channels and the spatial distribution of the
perturbed HOMO and LUMO. Here, the red and black lines stand for
spin-up and spin-down electron, respectively.

through SCO magnet Fe2 with the [HS-HS], [LS-HS], and [LS-LS]
spin-pair configurations is predicted to be about 1.77, 0.09, and
0.006 µA, respectively. That is to say, the former is larger about
two orders than the later two cases.

(ii) As shown in Fig. 6(a), the obvious spin-filtering effect is
observed for SCO magnet Fe2 with the [HS-HS] configuration.
At the bias voltage of 0.4 V, the calculated current is predicted
to be about 3×10−5 and 0.20 µA for the spin-up and spin-down
electrons, respectively. The current difference between two spin
channels under different bias voltage can be quantified by the ra-
tio of current defined as R(V)=I↓/I↑. The calculated R varies from
6500 to 32000 in the bias range of [0.1, 0.4] V. This conductiv-
ity dominated by the spin-down electrons has been observed in
many magnetic molecules, i.e. ironcyclooctatetraene (Fe−COT)
clusters and iron phthalocyanine (FePc).47,48

(iii) At the same time, NDR phenomena is observed for SCO
magnet Fe2 junction with the [HS-HS] configuration. When the
bias voltage is swept forward to 0.7 V from zero, the I↓ initially
increases linearly to about 1.77 µA at 0.25 V. Then, upon ap-
proaching to 0.45 V, the I↓ drops to 0.04 µA. This results in a
significant NDR behavior with a peak-to-valley ratio of about 25,
which is readily measurable in experiments.

(iv) Clearly, a dual functionality, nearly perfect spin-filtering ef-
fect and obvious NDR, is integrated in SCO magnet Fe2 junction
with the [HS-HS] configuration. Of course, this remarkably coex-
isting of spin-filtering effect and NDR in SCO magnet Fe2 junction

highlights its promising potential for molecular electronic appli-
cations, i.e. fast switch devices and logic gates.

To understand the nature of the observed spin filter effect in
SCO magnet Fe2 with the [HS-HS] configuration, it is useful to
look into the spin-polarized zero-bias transmission curves and
the spatial distributions of the perturbed HOMO and LUMO, as
shown in Fig. 6(b), in which, the filled upside-down triangles
stand for molecular projected self-consistent Hamitonian states.
It is clear that the transmission spectra of SCO magnet Fe2 for
two spin channels display remarkably different behaviors around
the Fermi level. The transmission coefficients of the spin-up chan-
nel are quite small in the energy region from -0.80 to 0.10 eV.
Two sharp and low transmission peaks locates are -0.95 and 0.35
eV, which is contributed by the localized HOMO and LUMO, re-
spectively, as shown in the right panel of Fig. 6(b). While for
the spin-down electrons, the delocalized HOMO and LUMO pro-
vide the near perfect conductance channels through the molecu-
lar junction, which lead to the transmission coefficients at -0.10
and 0.27 eV close to 1 G0 (G0 denotes the quantum constant and
equals to e2/h). The distinct difference of transmission spectrum
between two spin channels can be evaluated with spin filter effi-
ciency, SFE, defined as (T↑-T↓)/(T↑+T↓), at the Fermi level. Here,
T↑ and T↓ stands for the transmission coefficient of the spin-up
and spin-down electrons, predicted to be 1×10−5 and 0.87 G0

at the Fermi level, respectively. The calculated SFE at zero-bias
is 99.9 %, which indicates that conductance through SCO mag-
net Fe2 with the [HS-HS] configuration is mainly governed by the
spin-down electrons.

Fig. 7 The bias-dependent transmission functions for the spin-down
electrons in SCO magnet Fe2 with the [HS-HS] configuration. The black
short-dotted line points out the positions of the left and right chemical
potentials(µL and µR).

To elucidate the NDR mechanism for SCO magnet Fe2 with the
[HS-HS] configuration, we calculate the bias-dependent transmis-
sion spectra since their shape and position will change under the
applied bias voltage. Fig. 7 shows the transmission spectra under
the bias voltage range [0.0, 0.6] V for the spin-down electrons.
It is clear that the values of transmission coefficient change dra-
matically under the applied bias. With gradually increasing of the
applied bias voltage, two transmission peaks around the Fermi
level contributed by the HOMO and LUMO, which gives the dom-
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inant contribution to the current through SCO magnet Fe2, fuse
into a transmission peak at 0.15 V. Then it gradually becomes
narrow and small, and disappears at about 0.45 V. The current
through the sandwiched complex is determined by the integral
area under the transmission curve with the bias window. When
the bias voltage is less than 0.25 V, there is a relative large in-
tegral area due to the transmission peaks around the Fermi level
contributed by the HOMO and LUMO. The current increases with
increasing of the bias voltage. When the applied voltage continu-
ously increases, the fused transmission peak becomes narrow and
small, and results in the reduction of the current. So the NDR
behavior is observed. The I↓ initially increases, and reaches its
maximum (1.77 µA) at 0.25 V, Then it decreases and reaches its
minimum (0.043 µA) at 0.45 V. Such a bias-dependent transmis-
sion induced NDR behavior has been observed in other molecules,
i.e. phenalenyl and four-coordinate Fe complex.49,50

4 Conclusions
In summary, based on DFT calculations combined with non-
equilibrium Green’s function technique, we explore the electronic
and transport properties of SCO magnet Fe2 complexes with
the [LS-LS], [LS-HS] and [HS-HS] spin-pair configurations. We
clearly reveal that two-step spin transitions in SCO magnet Fe2

can be achieved by external stimuli, i.e. temperature or light,
which agrees well with previous experimental observations and
confirm the previous phenomenological model. The SCO mag-
nets Fe2 junction with the [HS-HS] configuration has high spin-
filtering efficiency and obvious NDR phenomenon. Under a small
bias voltage, the current through the [HS-HS] SCO magnets Fe2

is mainly contributed by the spin-down electrons, which results
in nearly perfect spin-filtering effect. The observed NDR phe-
nomenon originates from the bias-dependent transmissions. The-
oretical findings suggest that SCO Fe2 complexes hold the great
promising applications in molecular electronic devices.
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