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Density functional theory and non-equilibrium Green's function method are used to study the con-
tact geometry and electron transport properties of BN molecules coupled with Au (100) electrodes.
We calculated the conductance of four di�erent coupling morphologies to simulate the stretching and
breaking process of the Au�BN�Au molecular junction. The calculated results yield the equilibrium
distances of the four con�gurations as dz = 12.631, 9.844, 10.024, 6.424 Å; equilibrium conductances
are 0.228 G0, 0.975 G0, 0.813 G0, 5.201 G0, indicating that the BN nanojunction has good electron
transport properties. A key �nding is that within the voltage range from −1.6 to 1.6 V, the current�
voltage of nearly all junctions shows a linear relationship, indicating that the BN molecular junction
has metal-like properties under low bias voltage. The asymmetry of the I�V curves directly re�ects the
asymmetry in molecular structure and coupling morphology. These results con�rm that the conduc-
tance of BN nanojunctions is strongly in�uenced by the coupling morphology, electrode distance, and
external bias voltage of the electrode-connected BN molecules, with the metal-like transport behavior
and morphological asymmetry under bias emerging as critical characteristics.

topics: BN molecular junction, electron transport, equilibrium conductance, nonequilibrium Green's
functions

1. Introduction

Since the invention of integrated circuits, the
size of various electronic devices has continued to
shrink. In 1959, Richard Feynman �rst proposed a
physically feasible approach to further miniaturiza-
tion of devices, i.e., the use of single molecules, or
even atoms, to assemble functional electronic com-
ponents. This bottom�up strategy for construct-
ing electronic devices has opened up a new �eld
focused on building nanostructures, nanodevices,
nanocircuits, and nanointegrated systems using sin-
gle molecules. At the mesoscopic scale, techniques
such as the mechanically controllable break junction
(MCBJ) method [1], electromigration [2], and scan-
ning tunneling microscopy (STM) [3] for studying
the electron transport characteristics of the basic
unit of the molecule, thus designing and preparing
electronic devices with various functions such as in-
formation storage, transmission, conversion, detec-
tion, and processing, have opened up a new way
for the sustainable development of electronics. Since

then, domestic and foreign scholars have conducted
in-depth studies on the transport characteristics of
many molecular devices and discovered various in-
teresting phenomena, such as negative di�erential
resistance [4�8], conductance quantization [9, 10],
recti�cation function [11], etc. Therefore, molecular
electronics [12, 13] has become a hot topic in the
�elds of physics and materials science.
Using molecules or atomic clusters directly to

construct electronic devices has many advantages
due to their small size, wide range of materials,
low fabrication costs, and low energy consumption.
Intermolecular interactions can be used to achieve
self-assembly of di�erent structures. Various phys-
ical properties of molecules can also be manipu-
lated at will to achieve di�erent functions of the de-
vice. Among many molecules, the simplest diatomic
ones are directly connected to Au, Ag, Pt, Pd, and
other electrodes to form molecular junctions, and
their electron transport properties are studied to
obtain valuable results [1, 14�28]. For example, Smit
et al. [20] found that H2 molecules can form sta-
ble Pt�H2 molecular junctions with Pt electrodes
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Fig. 1. BN nanojunction models with di�erent coupling con�gurations: (a) top�top con�guration with the
B, N bonds axis separately parallel to the transport direction (top�top parallel), (b) hollow�top con�guration,
(c) top�hollow con�guration, and (d) hollow�hollow con�guration.

in a hydrogen-rich environment. At this time, the
conductance and current of the Pt�H2 molecular
junction have changed signi�cantly. Similarly, Thi-
jssen et al. [21] found that Ag electrodes and O2

molecules can form Ag�O2, and the conductance
of Ag�O2 molecular junctions is signi�cantly dif-
ferent from that of pure Ag molecular junctions.
Later, Strange et al. [22] found that Pt electrodes
can form Pt�CO�Pt molecular junctions with CO
molecules. They explained the transport mechanism
of molecular devices based on the electronic struc-
ture of the molecule. Yu et al. [16] calculated the
in�uence of di�erent coupling morphologies on the
electron transport properties of the S2 cluster, and
the results showed that the I�V curves of the four
con�gurations of S2 molecular junctions showed lin-
ear characteristics. Liu [23�26] studied the electron
transport properties of GaAs and small silicon clus-
ters and found that they all have electron transport
behavior similar to metals.
As an important III�V inorganic non-metallic

material, BN exhibits a series of excellent physi-
cal and chemical properties, and it has important
prospects for future applications in molecular de-
vices. The structures and properties of BN clus-
ters have also attracted the interest of many re-
searchers. At present, one-dimensional (1D) boron
nitride nanowires (BNNWs) [29, 30] have been suc-
cessfully experimentally synthesized, and the BN
chain has been successfully fabricated by irradiating
h-BN sheets with electron beams [31, 32]. Theoret-
ically, Zhang et al. [33] constructed a series of pe-
riodic three-dimensional (3D) BN molecular struc-
tures termed T-BxNx (x = 4n− 1, n = 1, 2, 3, . . . ),
and their density functional theory (DFT) calcula-
tions showed that these molecules have strong metal
properties. Based on the interest in these T-BxNx

molecular units with novel properties, Wang et
al. [34, 35] constructed 3D BN molecular junctions
and investigated their electronic transport char-
acteristics. Zeng et al. [36] used non-equilibrium

Green's function to study the electron transport
properties of a boron nitride chain between two-
dimensional (2D) metal boron�benzene electrodes.
They found that when the BN chain is coupled
with the 2D boron�benzene electrode, it exhibits
metallic characteristics and negative di�erential re-
sistance behavior. Although the BN nanostructures
and their quantum transport properties have been
studied, the electrical transport properties of nano-
junctions containing a single BN molecule have not
been revealed, including the coupling morphology
between the molecule and the electrodes, the elec-
trode distance, and the applied bias, which have not
been discussed in detail yet. Therefore, theoretical
understanding of the electrical transport character-
istics of the simplest BN clusters is crucial for their
application in electronic devices.
In this work, we focus on the in�uence of molec-

ular contact geometry on the conductivity and I�V
characteristics of BN molecules sandwiched between
two Au electrodes. We simulated the stretching pro-
cess of the Au�BN�Au junctions in four di�erent
anchoring geometries and obtained the I�V char-
acteristics of the nanojunctions at the equilibrium
position.

2. Computational details

In this work, we use the SIESTA [37] program,
based on DFT [38], to optimize the structures of the
molecular junctions and conduct theoretical calcu-
lations of the electronic structure. The TranSIESTA
module is used to study the properties of elec-
tronic transport. This method uses non-equilibrium
Green's function (NEGF) [39] to perform �rst-
principles quantum modeling of molecules. Our the-
oretical model consists of a single BN molecule
coupled with two semi-in�nite Au (100) metal elec-
trodes. The dual probe system can be divided into
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three regions: the left electrode, the right electrode,
and the central scattering area. The central scatter-
ing area contains BN molecules and seven layers of
Au atoms on the left and six layers on the right to
shield against the interference of molecules on the
electrodes [40].
For the Au�BN�Au molecular junctions, we have

investigated four possible coupling structures, as
shown in the respective panels in Fig. 1:

(a) a BN molecule connected to the atoms at the
top of the pyramid electrodes, forming a top�
top structure;

(b) a structure with the Au atom removed at the
tip of the electrode pyramid on the left and
BN connected to the hollow position on the
left and the top position on the right to form
a hollow�top con�guration;

(c) a structure with the Au atom removed at the
tip of the pyramid on the right side electrode
and BN connected to the top position on the
left and the hollow position on the right to
form a top�hollow con�guration;

(d) a structure with the Au atom removed at the
tips of the electrode pyramids on both sides,
and BN is connected to the hollow positions
on both sides to form a hollow�hollow con�g-
uration.

Electron transmission in all four con�gurations oc-
curs along the z-axis. Two semi-in�nite electrodes
are considered to be perfect crystals, and their
chemical potential is very close to that of a perfect
bulk electrode. For the central scattering region, the
electron potential is calculated self-consistently un-
der each applied bias [41�43]. The value of the cur-
rent �owing through the molecule can be obtained
from the Landauer�Buttiker [44] formula

I (V ) =
2e

h

∫
dE T (E, V )

[
f(E−µL)−f(E−µR)

]
,

(1)

where f is the Fermi�Dirac distribution function
and µL/R is the chemical potential of the left/right
electrode. The integration interval is [µL, µR], which
means [EF − eV

2 , EF + eV
2 ], where EF is the Fermi

level. The transmission T (E, V ) is related to the
electron incident energy E and the applied bias volt-
age V . When the system is in equilibrium and the
external bias voltage V = 0 V, the equilibrium con-
ductance G of the system can be obtained by mul-
tiplying the quantum conductance (G0 = 2e2/h) by
the transmission T (E=EF, V=0 V), namely

G =
2e2

h
T (E = EF, V = 0). (2)

In theoretical calculations, we use the local
density approximation (LDA) method, and the
exchange�correlation function adopts the parame-
terized functional in the Perdew�Zunger form [45].
The Troullier�Martins pseudopotential [46] and
the Kleinman�Bylander approximation [47] with

non-local mode conservation are used to describe
the inner electrons, and the linear combination of a
�nite range of numerical atomic orbitals is used to
describe the valence electrons. The valence electron
orbitals of Au atoms use the single ζ polarization
(SZP) basis set, and both the B and N atoms use the
double ζ polarization (DZP) basis set. The Au (100)
surface contains 3×3 atoms; the self-consistent cal-
culation cuto� energy is 300 Ry, and the energy
convergence standard is 10−4.

3. Results and discussion

3.1. Simulation of the stretching process

When the BN molecule is connected to two half-
in�nite Au electrodes, changes in atomic interac-
tions at the coupling interface alter the junction
structure, so the geometry of the junction should be
optimized before calculating the electron transport
properties. For the relaxation of the BN molecule
and pyramid-shaped Au atoms while keeping the
remaining electrode layers �xed, we de�ne the dis-
tance between the two pyramid bases, dz (as shown
in Fig. 1), and the binding energy

∆E = E(Au−BN−Au)− E(Au electrodes)

−E(BN molecule). (3)

The calculated ∆E�dz relationships for each con-
�guration are shown in Fig. 2. The relationships
∆E versus dz curves of all con�gurations show a
parabolic shape, which means that they all corre-
spond to the most stable equilibrium structures.
Figure 2 shows that the stable equilibrium positions
of the four con�gurations in panels (a)�(d) are, re-
spectively, dz = 12.631, 9.844, 10.024, 6.424 Å; the
binding energies ∆E of the corresponding junctions
are −8.311, −9.508, −8.816, −6.856 eV, suggesting
that the stability order of the systems is (b) > (c) >
(a) > (d). This stability trend exhibits distinct
characteristics compared to other III�V molecular
junctions reported in the literature. For instance,
Zhang et al. [48] investigated GaN molecular junc-
tions and found that their most stable con�guration
typically occurs at a larger inter-electrode distance
(≈ 11.5 Å for GaN in a top�top con�guration), with
a binding energy of ≈ −7.2 eV, which is weaker than
the energy of −8.311 eV observed in our BN top�top
con�guration (a). Similarly, studies on InN molec-
ular junctions [16] revealed a stability order dom-
inated by hollow�hollow con�gurations with bind-
ing energies around −5.9 eV, which is signi�cantly
lower than our BN hollow�hollow con�guration (d)
at −6.856 eV. This indicates that BN � despite its
smaller molecular size compared to GaN or InN �
forms stronger bonds with Au electrodes, likely due
to the higher electronegativity di�erence between
B and N (3.04 for N, 2.04 for B) enhancing charge
transfer at the interface [49].
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Fig. 2. The relationship between binding energy ∆E [eV] and conductance G [G0] with distance dz [Å]:
(a) top�top con�guration, (b) hollow�top con�guration, (c) top�hollow con�guration, and (d) hollow�hollow
con�guration. Here, dz represents the distance between the two Au electrodes along the transport direction,∆E
quanti�es the stability of the junction (a more negative value indicates stronger binding and higher structural
stability), and G characterizes the e�ciency of electron transport (G0 = 2e2/h).

At the same time, we calculated the bond lengths
of Au�B, Au�N, and B�N when each con�guration
is in a stable equilibrium position. For con�guration
(a), the Au�B bond length is 2.003 Å and the Au�N
bond length is 1.932 Å. The bond length of B�N
is 1.267 Å, which is shorter than the experimen-
tally observed B�N single bond length of 1.31 Å [31]
and the theoretically calculated 1.300 Å [50�52].
This di�erence may be due to the reduced coordi-
nation number in the BN structure of the diatomic
molecule and the complex hybridization between
the molecule and the electrodes [53]. For con�gu-
rations (b) and (c), B�N bond lengths are 1.298
and 1.317 Å, respectively, which are close to the ex-
perimental and theoretical calculations. In con�gu-
ration (d), the B�N bond is 1.393 Å. The B and N
atoms in this con�guration have the largest nearest-
neighbor coordination number, and the interaction
between the B and N atoms and the four Au atoms
on its side is highly intense. Notably, the variation
in B�N bond lengths across con�gurations contrasts
with trends in GaN molecular junctions. Zhang et
al. [48] reported Ga�N bond lengths in GaN junc-
tions ranging from 1.96 to 2.05 Å, with minimal de-
pendence on electrode coupling geometry � likely

due to Ga's larger atomic radius limiting struc-
tural �exibility. In contrast, our BN system shows a
10% variation in B�N bond length (1.267�1.393 Å)
across con�gurations, re�ecting stronger sensitivity
to interfacial geometry. This �exibility could be ad-
vantageous for tuning electronic properties, a fea-
ture less pronounced in heavier III�V counterparts
like InN [25].
We also calculated the equilibrium conductance

at di�erent distances dz during the stretching pro-
cess, as shown in Fig. 2. For con�guration (a), as the
structure stretches, the conductivity of the con�gu-
ration decreases from 0.341 G0 at dz = 11.431 Å
to 0.027 G0 at dz = 14.631 Å, which is the
breaking point of the Au�B bond. In con�guration
(b), the conductance decreases from 1.126 G0 at
dz = 9.364 Å to 0.085 G0 at dz = 12.164 Å, which
is the breaking point of the Au�B bond. For con�gu-
ration (c), the conductance decreases from 1.150 G0

at dz = 9.364 Å to 0.612 G0 at dz = 12.164 Å, and
then suddenly drops to 0.014 G0 at dz = 12.964 Å,
at which point the Au�N bond breaks. Finally,
for con�guration (d), as the distance increases, the
conductance gradually decreases from 5.288 G0 at
dz = 6.324 Å to 0.053 G0 at dz = 9.724 Å, which is
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the breaking point of the Au�N bond. The conduc-
tance values observed in BN junctions are signi�-
cantly higher than those reported for other III�V
systems. For example, GaN molecular junctions ex-
hibit maximum conductances of ≃ 0.5G0 [48], while
InP junctions [52] rarely exceed 0.3 G0. The peak
conductance of 5.288 G0 in our BN hollow�hollow
con�guration (d) is particularly striking, surpass-
ing even the high conductance of 2.1 G0 reported
for InAs junctions [53]. This suggests that BN's di-
atomic structure facilitates more e�cient electron
transport pathways compared to the larger, more
complex III�V molecules, where electron scattering
at bulk-like molecular orbitals reduces conductance.
Additionally, the conductance sensitivity to stretch-
ing (e.g., a 20-fold drop in con�guration (d)) is more
pronounced than in GaN junctions [48], where con-
ductance decreases by only 3�5 times over similar
distance ranges, highlighting BN's potential as a
highly responsive nanoscale sensor. Throughout the
whole process, it is not di�cult to see that, except
for some unstable points, the conductivity decreases
with the extension of the connection in the four con-
�gurations. This indicates that the conductance of
the junction is very sensitive to the contact dis-
tance between the two electrodes and the change
of the coupling morphology. In other words, it re-
veals the sensitivity of conductance to local atomic
rearrangements in the contact area [54]. This be-
havior is characteristic of the coherent transport
mechanism and a direct manifestation of the wave
nature of charge carriers. When the four con�gura-
tions (Fig. 1a�d) are in a stable equilibrium struc-
ture, their equilibrium conductances are 2.228 G0,
0.975 G0, 0.813 G0, and 5.201 G0, respectively.
Additionally, we focus on the spatial electron den-

sity di�erence when the structures break for the four
con�gurations, as shown in Fig. 3. The electron den-
sity di�erence is de�ned as

ρ′(r) = ρ(r)− ρatoms(r), (4)

where ρ(r) is the self-consistently calculated elec-
tron density of the junctions after structural break-
age, and ρatoms(r) is that of free atoms placed at the
same positions. Chemical bonds with electron den-
sity di�erences can be identi�ed by the positions
of electron accumulation or dispersion and atomic
coordinates. Figure 3 shows the uneven distribu-
tion of the electron cloud in the fractured struc-
ture. The charge is more distributed between the
B�N atoms, indicating that the B and N atoms
form a strong chemical bond. The minimum distri-
bution of electron di�erential density corresponds in
phase to the fractured chemical bond. The charge
accumulation patterns at breakage di�er markedly
from those in GaN junctions. In GaN systems [48],
charge depletion dominates at the metal�molecule
interface during fracture, re�ecting ionic bond char-
acter. In contrast, our BN junctions show persis-
tent charge accumulation between B and N even at
breaking points, suggesting covalent bond retention

Fig. 3. Spatial electron density di�erence around
the Fermi level of the BN molecule at the cor-
responding break point: (a) top�top con�guration
(dz = 14.631 Å), (b) hollow�top con�guration
(dz = 12.164 Å), (c) top�hollow con�guration
(dz = 12.964 Å), (d) hollow�hollow con�guration
(dz = 9.724 Å). The value of the isosurface is 0.03.
The yellow (blue) electron cloud indicates an in-
crease in charge density amount (reduction).

� a feature also observed in ab initio studies of BN
nanotubes [51]. This covalent stability likely con-
tributes to BN's higher conductance retention dur-
ing stretching compared to ionic III�V compounds.

3.2. Transmission spectrum and projected
density of states

In order to better understand the transport
characteristics and transport channels of the
Au�BN�Au junctions, we can analyze the transmis-
sion spectrum T (E, V=0) (see Fig. 4) and the pro-
jected density of states (PDOS) (see Fig. 5) of the
BN molecular junctions. As can be seen in Fig. 4a,
the transmission spectra of the four con�gurations
are relatively �at near the Fermi surface; this indi-
cates that the interaction between the BN molecule
and the electrodes is relatively strong, and the over-
lap of the electron cloud makes the molecular energy
level broaden, and the density of states becomes
a continuous distribution, so there are no obvious
peaks. This �at transmission spectrum near the
Fermi level contrasts with the sharp resonant peaks
observed in GaN [48] and InN [16] junctions, which
arise from discrete molecular orbitals weakly cou-
pled to electrodes. The absence of peaks in BN
suggests stronger molecule�electrode hybridization,
consistent with its higher conductance. A similar
�at transmission pro�le was reported for InAs junc-
tions [53], but with lower overall transmission coef-
�cients (≃ 1.2 in InAs vs 5.2 in BN). This indi-
cates that BN achieves both strong coupling and
high electron transparency. The strength of the in-
teraction can also be re�ected by the binding energy
of the central scattering region. From the results
in Fig. 2, it can be seen that con�guration (b) has
the largest binding energy, and con�guration (d)
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Fig. 4. Transmission coe�cients as a function of energy (relative to the Fermi level, E − EF, in eV) for BN
nanojunctions at their optimal stable positions (dz where the binding energy is most negative, indicating highest
structural stability) under di�erent external biases (0 V, ±0.4 V, ±0.8 V, ±1.2 V, ±1.6 V). The transmission
coe�cient quanti�es the probability of electron transport through the nanojunction at a given energy. Panels
(a)�(d) correspond to top�top, hollow�top, top�hollow, and hollow�hollow con�gurations, respectively.

has the smallest binding energy, which corresponds
to their transmission spectrum. The transmission
coe�cients of the four stable structures (Fig. 1a�d)
at the Fermi surface EF are: 2.228, 0.975, 0.813, and
5.201, respectively.
To better understand the transport channel, we

further analyze the projected density of states
(PDOS) of the molecular junctions. For con�gu-
ration (a), the transport channel is mainly formed
by the px and py orbital electrons of the B and N
atoms. For con�guration (b), due to the coupling of
the B atom and the hollow on the Au (100) surface,
the contribution of the px + py orbital electrons to
the transport channel is much smaller than that of
the N atom. For (c), the N atom is coupled with the
hollow, so its px+py orbital electrons contribute less
to the transport channel. For (d), due to its equilib-
rium distance dz = 6.424 Å, which is the shortest
among the four con�gurations, the electronic cou-
pling is the strongest, which leads to a signi�cant
broadening of the resonance, and the transmittance
becomes �at near the Fermi level. The transmis-
sion channels are mainly formed by electrons in the

px + py orbital of B and N atoms, and their pz or-
bital contribution is almost negligible. The orbital-
dependent transport in BN di�ers from GaN, where
pz orbitals dominate conduction due to Ga's larger
atomic size, favoring axial hybridization [48]. BN's
reliance on px/py orbitals aligns with its planar
symmetry, a feature shared with InP junctions [52],
but with higher orbital overlap e�ciency. This or-
bital selectivity could enable BN-based junctions
to exhibit direction-dependent conductivity, a prop-
erty less pronounced in bulkier III�V molecules.

3.3. I�V characteristic curves and
recti�cation ratio

It is well known that changes in transport char-
acteristics are related to the details of the frontier
orbitals of the BN molecule and the applied voltage.
The applied bias will change the Hamiltonian oper-
ator of the molecular junction and a�ect its con-
ductance. Figure 6 illustrates the current�voltage
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Fig. 5. Projected density of states (PDOS) of the BN molecule in BN nanojunctions at their optimal stable
positions. PDOS describes the distribution of electronic states (per unit energy) localized on the BN molecule,
with the energy axis referenced to the Fermi level (EF). Panels (a)�(d) correspond to top�top, hollow�top,
top�hollow, and hollow�hollow con�gurations, respectively.

Fig. 6. Current�voltage (I�V ) characteristics of
BN nanojunctions at their optimal stable positions,
showing the relationship between the current (I)
�owing through the nanojunction and the applied
bias voltage (V ) across the two Au electrodes. Pan-
els (a)�(d) correspond to top�top, hollow�top, top�
hollow, and hollow�hollow con�gurations, respec-
tively. The current is a direct measure of the nano-
junction's conductivity under external bias; note
that higher current indicates more e�cient electron
transport.

relationship of the four con�gurations in the bias
voltage from −1.6 to 1.6 V. It can be seen in Fig. 6
that the I�V curves of the four con�gurations are all
linear and exhibit metal-like characteristics within
the considered voltage range. This linearity is a key
novelty compared to other III�V systems. GaN [48]

and InN [16] junctions show strong nonlinearity
with voltage thresholds (≃ 0.5 V) due to their
semiconductor-like band gaps, while BN's metallic
behavior (linear I�V up to 1.6 V) resembles that of
metallic atomic junctions [54]. This suggests that
BN could bridge the gap between molecular elec-
tronics (typically semiconducting) and atomic-scale
metallic contacts, o�ering unique integration poten-
tial. Under the same bias voltage, the order of the
magnitude of the current is (d) > (c) > (b) > (a).
Considering the symmetry of the device, symmetri-
cal I�V characteristics are expected under symmet-
rical coupling [23, 55]. However, on the contrary, the
I�V curves we get for each con�guration are asym-
metric. In Fig. 6, for con�gurations (a) and (c), the
current at V < 0 is greater than that at V > 0; for
con�gurations (b) and (d), the opposite is true. This
asymmetry may arise from the inherent polarity of
the BN molecule and asymmetric coupling with the
electrodes, as has been con�rmed in other theo-
ries [25, 56, 57] and experiments [56]. The recti�ca-
tion ratios in BN (peaking at ≃ 2.5 in con�guration
(d)) are moderate compared to GaN's recti�cation
ratios of ≃ 5 [48], but are achieved without the band
gap dependence that limits GaN's operating range.
Importantly, BN's recti�cation persists at higher bi-
ases (1.6 V) than GaN (< 1.0 V), making it more
suitable for high-voltage nanodevices. The direc-
tionality of recti�cation (e.g., positive bias prefer-
ence in (b)/(d)) also di�ers from GaN's universal
negative bias preference [48], enabling complemen-
tary circuit design when combined with other III�V
junctions.
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Fig. 7. Recti�cation ratios of BN nanojunctions at
their optimal stable positions as a function of ap-
plied bias voltage. The recti�cation ratio is a key
metric for evaluating the recti�cation e�ect (uni-
directional conduction) of the nanojunction. The
designations (a)�(d) in the legend correspond to
the top�top, hollow�top, top�hollow, and hollow�
hollow con�gurations, respectively.

Another example is the study by Zhang et al. [48]
on the electrical transport properties of GaN molec-
ular junctions. Their research shows that the I�V
curves of GaN molecular junctions are nonlin-
ear and asymmetric, indicating semiconductor-like
properties of these junctions. The current asymme-
try can be quanti�ed by the reverse recti�cation ra-
tio of the molecular junction changing with the bias
voltage, which is de�ned as [58]

R(V ) =

∣∣∣∣I(−V )

I(+V )

∣∣∣∣ . (5)

Figure 7 shows the change curves of the recti�ca-
tion ratio of the molecular junctions with the bias
voltage. It can be seen in the �gure that the reverse
recti�cation ratios of con�gurations (a) and (c) are
greater than 1, which indicates that the current un-
der negative bias is greater than that under positive
bias. As the bias voltage increases, the recti�cation
e�ect is signi�cantly enhanced. The con�gurations
(b) and (d) are the opposite.
The above analysis shows that under a certain

bias, the current �owing through the molecular
junction is related to the structure and properties of
the molecule itself and the geometric contact con�g-
uration of the interface. The transport characteris-
tics of the molecular junction can be tuned through
appropriate molecular design to fabricate molecular
devices with speci�c functions.

4. Conclusions

In summary, we have applied density functional
theory and non-equilibrium Green's function meth-
ods to systematically study the electronic transport

characteristics of BN molecules sandwiched between
two semi-in�nite Au (100) electrodes in four dif-
ferent coupling morphologies. We have simulated
the stretching and breaking process of Au�BN�Au
molecular junctions and calculated the binding en-
ergies and conductances at di�erent tensile dis-
tances. The calculated stable equilibrium posi-
tions of the four con�gurations (Fig. 1a�d) are
dz = 12.631, 9.844, 10.024, 6.424 Å, respectively;
the corresponding binding energies are −8.311,
−9.508, −8.816, −6.856 eV, suggesting that the or-
der of stability of the molecular junctions is (b) >
(c) > (a) > (d). The equilibrium conductances are
0.228 G0, 0.975 G0, 0.813 G0, 5.201 G0, respec-
tively. It can be concluded that the conductance
of the molecular junction is very sensitive to the lo-
cal atomic rearrangement at the contact interface,
and the BN molecular junctions have good con-
ductivity. The B�N bond lengths are 1.267, 1.298,
1.317, 1.393 Å, respectively. In comparison, con�g-
uration (d) has the largest equilibrium conductance
and current; the wide and strong transmission peak
near the Fermi level indicates strong interaction be-
tween the BN molecule and the Au electrodes in
the hollow�hollow con�guration. We have also cal-
culated the relationship between the current and the
applied bias voltage in four di�erent con�gurations
(Fig. 1a�d). It has been found that the current in
con�gurations (a) and (c) under the negative bias
voltage is greater than the current under the posi-
tive bias voltage, while the opposite is true for con-
�gurations (b) and (d). This behavior shows that
the BN junctions have metal-like characteristics.
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