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We conduct the first principle calculation based on Density Functional Theory (DFT) and
Non-equilibrium Green Function (NEGF) approach using Generalized Gradient Approximation
(GGA). We have investigated the structural, electronic, mechanical, and electronic transport
properties of a one-dimensional monoatomic gold nanowire (AuNW). Plus, the influence of strain
in geometrical and electronic properties also investigated. The nanowire is stable with sustainable
cohesive energy of -1.52 eV. The chemical stability is due to the partly ionic and covalent
bonding between the gold atoms. The electronic band shows the metallic behavior of nanowire
with a conductivity of 1G0. Furthermore, the structural and electronic properties of AuNW
change significantly due to the external strain. The compressive strain decreases the bond length
conversely, tensile strain increases the bond length from the equilibrium length. Similarly, the
higher electronic energy states shift towards the Fermi level due to tensile strain. Furthermore, the
mechanical strength of the NW is calculated by finding the tensile stiffness of the nanowire which
found to be 30.31 eV/Å that is threefold less than carbyne. The transport property is studied by
designing the electrode-device-electrode regime by eliminating the current quantization effect due to
the contacts. We obtain the current-voltage (IV ) characteristics by varying the chemical potential
in the electrode region. The current-voltage profile shows AuNW follows Ohomic current-voltage
relation until current gets saturated. All these findings show that monoatomic AuNW is a potential
candidate for electronic, nanomechanical, and transport applications.

1. INTRODUCTION
The finding of reducing the dimension from three-

dimensional (3D) graphite to two-dimensional(2D)[1]
graphene suggests the further possibilities of low-
dimensional materials. Further, several 2D materi-
als like h-BN[2, 3], SiC[4], phosphorene[5], Transitional
metal dichalcogenides[6], MXenes[7] have been studied
theoretically and experimentally. Similarly, the Study
of Low dimensional carbon allotropes zero-dimensional
(0D) fullerenes[8] ,1D nanotubes[9] shows nobel results.
Moreover, recent studies show that by reducing the size of
the material, miniaturization of any technological device
is possible[10, 11].The 1D nanowires are a very good ex-
ample of the ultimate conductor miniaturization. These
nanoscale systems reveal novel electronic, optical, me-
chanical, and transport properties as a result of the ex-
treme carrier confinement. They are highly demanding
for technological applications due to their typical prop-
erties like negative magnetoresistance, low thermal con-
ductivity, quantum conductance, ferromagnetism, and
quantum size effects[12].But upon reduction of the size
down to nanometric scale, the design of new electronic
devices and atomic-size systems has been a challeng-
ing work in the manufacturing process. Additionally,
in a transport system, the junction impedance should
be optimal to obtain the maximal electric power trans-
fer, with no loss of information. Moreover, significant
progress has been made in the fabrication techniques such

∗ shambhubhandari789@gmail.com

as mechanically controllable break junction (MCBJ)[13],
transmission electron microscopy (TEM)[14], and scan-
ning tunneling microscopy(STM)[15]. With current ex-
perimental techniques, it is now possible the synthesis
of gold monoatomic chains as nano-contacts. The linear
monoatomic gold nanowire(AuNW) is one of the most
widely studied 1D systems. It is expected to use in nano
electro-mechanical systems(NEMS), very large-scale in-
tegration(VLSI) circuits, and ultra large scale integra-
tion(ULSI) circuits[16, 17]. Previously, Kondo et.al ex-
perimental studied the characterization of helical multi-
shell gold NWs[18]. Similarly, The effects of free surface
on the yielding of AuNWs were simulated by Diao et
al[19]. The density functional theory calculation of gold
cluster between linear and zigzag monoatomic AuNWs is
performed by Xiao et al[20]. Recently, Jariwala et.al has
reported linear temperature dependence calculations for
the AuNW in different topologies using the First princi-
ple calculations[21].

Although there is a number of theoretical and ex-
perimental studies to investigate several properties of
AuNWs. There are no specific study on the strain in-
fluenced electronic, structural properties. Additionally,
the electronic transport properties of monoatomic AuNW
have not been reported yet. Therefore, we have presented
the first principal calculation to fulfill the study gap and
present it systematically in this paper.

2. COMPUTATIONAL DETAILS

The structural, electronic, and mechanical properties
calculations are executed by using the density functional
theory as implemented in the Spanish Initiative for Elec-
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tronic Simulations with Thousands of Atoms(SIESTA)
code[22, 23]. Transport properties are performed within
the non-equilibrium Green’s function theory as developed
in the TranSIESTA[24] module. The pseudopotential is
constructed by using Troullier Martins Method[25]. The
generalized gradient approximation (GGA) function with
Perdew-Burke-Ernzerhof(PBE) [26] is adopted to treat
the effects of correlation and electronic exchange. In all
the calculations, we used the Double Zeta Plus polariza-
tion (DZP) as basis sets. Monkhrost pack [27] scheme
has been used for Brillouin zone integration by using
1x1x100. An energy cutoff of 300 Ry is used for the
expansion of the reciprocal space. The electron temper-
ature was set equal to 300 K with a Fermi surface broad-
ening. The atomic relaxation was achieved when the
force reached the value of 0.002 eV/Å using the standard
conjugate-gradient (CG) technique. The convergence cri-
teria for the energy of the self-consistent field is set to be
1.0x10−5 Å. The vacuum gap of 25 Å between adjacent
chains in x and y directions has been used to prevent in-
teractions between the adjacent unit cell. For transport
properties calculation, we have determined the current
through the scattering region sandwiched between two
semi-infinite electrodes at a finite bias voltage using the
Landauer-Bttiker formula[28].

T (E, V ) = tr
[
ΓR(E, V )GR(E, V )ΓL(E, V )GA(E, V )

]
Where, Γ denotes the coupling matrix for both side elec-
trodes and GA is the Green’s function of the device re-
gion. The electric current through the atomic scale de-
vice is given by integration of this transmission function,
which is calculated by using the following relation.

I (Vb) = G0

∫ µR

µL

T (E, Vb) [f (E − µL) − f (E − µR)] dE

where Vb is the bias voltage applied to the electrode. µL
and µR are the two electrochemical potentials on either
side of electrodes. T (E,Vb) is the transmission coeffi-
cient at energy E and applied bias voltage Vb. Similarly,
f(E) is the Fermi-Dirac distribution function.The elec-
tron transmission function and the current flow through
the AuNW at finite bias have been calculated using the
post-processing tool TBTrans which is included in the
TranSIESTA module.

3. RESULTS AND DISCUSSION

3.1. Equilibrium geometrical and electronic
properties

First, the fcc gold bulk (3D) structure is optimized by
using the conjugate gradient (CG) approximation inte-
grated into the SIESTA code. The optimized value of
the lattice constant for the fcc 3D counterpart of the
nanowire is found to be 4.10 Å which is very close to
the experimental measures. This ensures the accuracy of

the pseudopotential. A unit cell consisting of four gold
atoms is used for the electronic and mechanical proper-
ties calculation of AuNW. The optimized bond distance
between gold atoms in the linear chain is 2.51 Å. Fur-
ther, the cohesive energy of the nanowire is calculated
by subtracting the energy of the isolated atom from the
total energy of the system. The cohesive energy of the
AuNW is -1.52 eV/atom. Furthermore, the cohesive en-
ergy and the nature of the chemical bond are closely cor-
related. The nature of the bond is observed by the Mul-
liken charge density analysis (FIG.1). There is a small
distortion of the overlapped wave function at the center
of Au atoms. That indicates that the gold atom possesses
a partly ionic and partly covalent bond. These results are
in good agreement with previous studies[21, 29].
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FIG. 1. (Color online) Total charge density contour plot of
the unit cell of the AuNW (a) the zoomed view charge density
between two gold atoms (c) charge density index index

Further, to get insight into the electronic properties
of the nanowire, we execute the spin-independent elec-
tronic properties calculation. The band structure (FIG.
2(a)) shows that one band crosses the Fermi level that
indicates the linear AuNW is purely metallic. According
to the Landauer formulation, the amount of band which
is crossing over the Fermi level represents the amount of
quantum conductance or the number of conduction chan-

nel ’G0’ in units of G0 = 2e2

h [30] With this expression,
the quantum conductance can be evaluated from the elec-
tronic band structures. The quantum conductance G0

is associated with each state which is crossing over the
Fermi level. Therefore, overall quantum conductance is
given by nG0, where, n indicates the number of chan-
nels crossing over the Fermi level. Since only one band
is crossing the Fermi level, the quantum conductance is
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found to be 1G0. Additionally, there are a large number
of flat bands around the energy range in -0.5 eV and some
flat band appears around -2.1 eV of the valence bands.
These flat bands give rise to a variety of exotic many-
body phenomena. This result is in very good agreement
with the previous studies[31]. Further, the calculated
projected density of states FIG. 2(b) depicts that the 5d
orbital is mainly contributing in the valence band region
and conduction band minimum region closer to the Fermi
level. But the contribution is dominated by the 6s orbital
in the higher energy region of the conduction band. It’s
worth mentioning that a similar orbital contribution is
found fcc bulk counterpart[32].
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FIG. 2. (Color online) (a) Electronic bands (b) partial density
of states (PDOS) of gold nanowire.The dashed vertical line
represents the Fermi level set equal to 0 eV.

3.2. Strain-induced geometric and electronic
properties

After realizing the properties of a strain-free AuNW,
it’s always crucial to explore the structural and electronic
properties at a different range of strain loading condi-
tions. The strain is applied by varying the lattice con-
stants within the range of -12% to +12% at the step of

2%. The applied strain can be expressed as ε = (a−a0)
a0

where a0 and a are equilibrium and strained lattice con-
stant. The tensile and compressive strain is applied in
AuNW to investigate the strain effect on the nanowire.
The bond length between gold atoms linearly increases
by tensile strain and decreases by the compressive strain
(FIG. 3). The rate of change of bond length is almost
the same for both types of strain. The change in bond
length due to strain motivates to find its influence in elec-
tronic properties of the system. So, to get insight into
electronic properties influenced by the application of ex-

ternal strain(FIG. 4), we calculate the density of states
(DOS) in within the elastic range of 12% to +12% with
the increment of 2%. The maximum electronic state is
shifted towards the Fermi level when strain is applied
from -12% to 12% altering the electronic properties.
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FIG. 3. (Color online) Effect of strain on the bondlength
red(bond alteration due to compressive strain), black(bond
alteration due to tensile strain).
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FIG. 4. (Color online) Variation of DOS with the applied
external strain (-12% to +12%) around the elastic range.
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3.3. Mechanical properties

We investigate the mechanical strength of the nanowire
by applying a uniaxial strain. The 1D ultrathin system
is insufficient to find the tensile stiffness (C) in order to
estimate the mechanical strength. We have followed the
methodology of reference[33]. We have calculated the
tensile stiffness of the nanowire by varying the lattice
parameters within the range of -2% to +2% at the step of
0.5% . The tensile stiffness is the most basic mechanical
properties which are defined by C = 1

a
∂2E
∂ε2

Where a is the lattice constant, E is strain energy per
unit cell. The strain energy is the difference between the
energy of the strained and strain-free system. The ten-
sile stiffness is calculated by fitting the relation above the
equation. The fitted plot is shown in FIG. 5. The value
of the tensile stiffness is found to be 31.31 eV/Å.
It is worth mentioning that the linear chain of car-
bon atoms so-called ”carbyne” shows the tensile stiffness
95.56 eV/Å[33]. This confirms that the value of tensile
stiffness of AuNW is three-fold less than the carbyne.

FIG. 5. (Color online) Strain versus strain energy fit.

3.4. Transport Properties

To perform the transport properties calculation of ul-
trathin AuNW, we use a total of 17 Au atoms, out of
which 4 atoms on either side are considered as electrodes
and the remaining atoms in between have been chosen as
scattering region or device region (FIG. 6). The size of
the electrodes has been chosen to be the same in the left
and right regions, eliminating current quantization effects
due to contact electrodes. While designing the system for
transport properties calculation, it is considered that the
first electrodes size large enough to guarantee that or-
bitals within the unit cell only interact with one single

nearest neighbor and the scattering region large enough
to avoid interaction between the left electrode and right
electrode to avoid the non-physical results. Electronic
transmission function and the current flowing along the
wire at constant bias conditions is calculated with the
help of post-processing tool TBTrans of TranSIESTA.

FIG. 6. (Color online) Ballstick representations of the equi-
librium linear chain of Au with the three main components
for transport analysis: semi-infinite left and right electrodes
and scattering region (device).
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FIG. 7. (Color online) Current-voltage (IV) curves for the
linear Au chain

The electronic band structure, the density of state, and
transmission function (TF) for AuNW are shown in FIG.
8. The overall DOS and transmission function shape of
the AuNW decays toward high energies as is typical for
a one-dimensional system. Similarly, the current-voltage
characteristic is shown in FIG. 7. The different bias
voltage is applied to study the corresponding device cur-
rently. I-V characteristics are obtained by iterating the
process for different bias voltage. The voltage is increased
in steps of 0.1V within the range of -4V to +4V. The con-
verged density matrix of the previous state is used as the
initial guess for the next step as configured in the code
itself. The IV plot is symmetric in both forward and
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FIG. 8. (Color online) Electronic band structure, the density
of state, and Transmission function for Au nanowire.

reverses bias. First, the current increases linearly with
small fluctuation. Further, at a bias Voltage of 3.4 V,
the value of current saturates and constant current is ob-
served. Similarly, the current-voltage relation is reported
for the Aluminum chain in reference[34].

4. CONCLUSIONS

We have performed the first principle calculation with
the DFT-NEGF approach to study the gold nanowire.

The stability of nanowire is confirmed by the sustainable
value of cohesive energy. The linear AuNW is formed by
a partly ionic and covalent bond between gold atoms.
The electronic band structure has shown that AuNW
is metallic with multiple flat bands in different energy
ranges. Additionally, the structural and electronic prop-
erties are found to be influenced by the external strain.
Plus, the tensile stiffness value has confirmed the me-
chanical strength and stability of the wire. The current-
voltage plot has shown the Ohomic behavior until the
current gets saturated. The influence of external strain
on transport properties is not covered in this work. The
tuning of the current-voltage relation is also may be pos-
sible in the future. Hence, our finding confirms that
monoatomic ultra-thin gold nanowire is a potential can-
didate in electronics, nanomechanical, and transport ap-
plications.
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