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The torsional, bending and tensile mechanical properties of MogSg nanowire are examined by molecular dynamics
(MD) simulations with a first-principles-based reactive force field (ReaxFF). It is found that MogS¢g nanowire shows unique
mechanical properties such as high torsional and bending flexibility, high Young’s modulus and strength, and negative
Poisson’s ratio. The MogSg nanowire can be strengthened or weakened via twisting, depending on the twist angle. The
MogSe nanowire with a slight twist angle shows brittle failure, whereas it with a large twist angle exhibits ductile failure
and necking behavior. Twisted MogSg nanowires show a crossover in the negative Poisson’s ratio at critical strains, that is,
Poisson’s ratio first decreases but then increases, with a minimum value down to around —0.8 at the strain of 0.01 as the
twist angle is 21.0 °/nm. The negative Poisson’s ratio and the crossover are explained by the bond transform that makes

zero angles to the wire cross-section.
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1. Introduction

From fundamental science and technological application
points of view, low-dimensional materials have attracted much
interest because they exhibit a kaleidoscope of fascinating
properties. For example, two-dimensional (2D) graphene and
one-dimensional (1D) carbon nanotubes (CNTs) are reported
to show extremely high tensile strength,!!! high Young’s mod-
ulus and high thermal conductivity,?! as well as large carrier
mobility.’] Thereby, they find important applications in mi-
croelectromechanical systems (MEMS) and nanoelectrome-
chanical systems (NEMS) devices.[*>! Besides, 1D silicon
nanotube!®! and 1D diamond nanowires!”! also show unique
mechanical and thermal properties, and the elastic modulus of
linear carbyne crystals can be near the predicted bounds. 3%

Recently, MogS¢ nanowire (NW), as a new class of transi-
tion metal chalcogenide (TMC) NWs, has been fabricated un-
der diverse experimental settings. For example, using the Cu
(111) surface, the growth of MogSg NWs aligned with the sub-
strate directions was identified.!'!! Via an e-beam irradiation
process combined with high temperature heating, MogSe NW's
were formed in the edges of monolayer molybdenum disulfide
(Mo0S;).1"I The properties of MogSs NW were also reported.
For example, due to the hydrodynamics efforts, MogSg NW
possesses high thermal conductivity.['3] Because of its strong
hybridization between Mo d-orbitals and S p-orbitals, MogSg
NW shows uniaxial metallic characteristics,!!*! and its con-
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ductivity is better than CNTs.!"3! Subjected to torsional and
bending deformations, MogSg NW remains conductive. 0]
Mechanically, it was via first-principles calculations reported
that MogSg NW shows good tensile properties, for exam-
ple, with Young’s modulus and maximum tensile strength of
around 300 GPa and 19 GPa,[!”-!%! respectively. Using clas-
sic molecular dynamics (MD) simulations, it was found that
MogSe NW has Young’s modulus, fracture strength and frac-
ture strain of around 300 GPa, 56.4 GPa, and 0.29 GPa,[?0]
respectively. Under uniaxial loading, a novel phase trans-
formation was observed in MogSg NW. Furthermore, MogSg
NWs can be used to manipulate the electronic properties of the
nanowires by iodine doping.?!! Intriguingly, as it is critically
twisted, the transition of metal-to-semiconductor of MogSe
NW occurs.[192223] As a result, MogSg NW can be utilized
as cables to flexibly transfer information between electrome-
chanical switches through strain engineering and can be used
as novel building blocks for future nanodevices.

As a nanoscale electromechanical switch, the mechani-
cal characteristics of MogSg NW are of critical importance.
However, they remain largely unknown, particularly when it
is twisted. In the present study, the tensile and bending prop-
erties of twisted MogSg NW are comprehensively investigated
using the first-principles-based ReaxFF MD simulations. This
study provides new insights into the mechanics of 1D MogSg
NW, which contributes to its promising applications.

http://iopscience.iop.org/cpb http://cpb.iphy.ac.cn
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2. Model and methods
2.1. Atomic model of MogS¢ nanowire

Figures 1(a)-1(d) show the atomic structure of twist-free
MogSe NW from three aspects, which is constructed on the
basis of experimental characterization data.l'®! As shown in
Figs. 1(a) and 1(b), one unit-cell of MogS¢ NW comprises two
layers. The two layers of atoms are mismatched by 60° in the
axial direction. Each layer is composed of 3Mo + 3S atoms,
where Mo and S atoms are located in the inner and outer re-
gions of axial wire, respectively, as shown in Figs. 1(c) and
1(d). Each elemental atom has 4 neighbors with the other el-
emental atom, with 2 and 2 on the vertical and parallel axis,
respectively. The 6 Mo atoms in the staggered atomic trian-

(b)

i (e)
|

gles structurally form an octahedron, as shown in Fig. 1(d).
In this study, twisted MogSg NWs are generated by twisting
the wire along the axis, as illustrated in Fig. 1(b). The twist
angle is defined as @ = 6/L, where 0 and L are the twisted
angle and the axial length of a specific length of wire, re-
spectively. In order to achieve a wide range of o, MogSg
NW with 25 unit-cells is generated to achieve torsional de-
formation. Here, 7 twisted MogSg NWs with a = 10.5 °/nm,
21.0 °/nm, 31.7 °/nm, 42.4 °/nm, 53.3 °/nm, 64.2 °/nm, and
75.2 °/nm are generated. Figures 1(e) and 1(f) display the top-
views of MogSg NW with o« = 10.5 °/nm and 31.7 °/nm, while
figures 1(g) and 1(h) show the perspective view of MogSg NW
with ¢ =0 °/nm and 31.7 °/nm.

a=231.7 °/nm

Fig. 1. Schematic diagram of the structure of the MogSe NWs. (a)—(c) Three primary orthographic views of the MogS¢ nanowire, which are
front, side, and top views, respectively, in which the orange and blue polyhedrons are used to represent the octahedron composed of central
Mo atoms and outer edge S atoms, respectively. Panel (d) is the free perspective. Panels (e) and (f) are the top views of the torsion models
with oo = 10.5 °/nm and 31.7 °/nm, respectively. Panels (g) and (h) are the perspective of a representative twisted MogSs NWs of model with

o =0 °/nm and 31.7 °/nm.

2.2. MD simulations

Initially, structural optimization and relaxation are per-
formed to obtain stable configurations of twist-free and twisted
MogSe NWs. In the structural optimization, all studied MogSg
samples are quasi-statically optimized to a local energy-
favorable configuration by the conjugate gradient method, in
which the energy and force tolerances are assigned to be
1073 kcal/mol and 1073 kcal/(mol-A), respectively. In the
structural relaxation, MD calculations with a simulation time
of 1 ns are carried out at a given temperature and pressure
of 0 under the NPT (constant number of particles, constant
pressure and constant temperature) ensemble. Afterward, as-
relaxed MogSg NWs are uniaxially stretched with a constant
engineering straining rate of 107 s~! to examine their mechan-
ical properties. During the uniaxial stretching, the tempera-
ture and pressure in the transverse directions are controlled by
the Nosé—Hoover thermostat and Nosé—Hoover barostat meth-
ods with damping times of 100 timesteps and 1000 timesteps,
respectively. The velocity-Verlet integration method with a
timestep of 0.2 fs is adopted to integrate Newton’s motion in
the MogSg NW system. The global tensile stresses (o) are

computed as follows:

GZN/CBT+Z§V "'i'.fi’
\% dav

ey

where N, T, and V are the number of atoms, temperature, and
volume of the systems. kg is Boltzmann’s constant. r; and f;
are the position and force of atom i, respectively. Here, the
diameter of MogS¢ NW is chosen as 0.6 nm. 24

All the simulations are realized via the Large-scale
Atomic/Molecular Massively Parallel Simulator (LAMMPS)

open-source COde.[zS’26J

The first-principles-based ReaxFF
potential >’ is used to describe the atomic interactions in both
twist-free and twisted MogSg NWs. Chemical behaviors such
as dissociation and reformation of covalent bonds during MD
simulations can be described by the ReaxFF force field be-
cause it includes bond order-dependent covalent interactions
and non-bonded Coulomb and Morse interactions. To date, it
has shown that the chemical, mechanical and thermal behav-
iors of various Mo—S nanostructures can be predicted by the
ReaxFF forcefield.['3-28-301 [ this work, the ReaxFF force-
field developed by Alireza et al.!*! is employed to investigate

the mechanical characteristics of MogSg NWs.
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3. Results and discussion

This section is mainly divided into four subsections to in-
troduce the mechanical properties of MogSe NW. Firstly, the
structural properties such as lattice constant and structural sta-
bility of MogSg nanowire are displayed and the corresponding
discussion are made. Next, the torsional and bending proper-
ties are then discussed separately to derive their torsional stift-
ness in bending stiffness. Then, the axial tensile behaviors of
twist-free and twisted MogS¢ nanowire are displayed, in terms
of mechanical properties such as strength, modulus, fracture
mechanisms. Finally, the anomalous Poisson’s ratio of MogS¢
NW is studied and analyzed.

3.1. Lattice constant and structural stability

In this study, the axial length of the unit-cell of twist-free
MogSs NW (lattice constant) is predicted to be around 4.6 A,
which is slightly larger than the experimental data (4.5 +
0.005 A)I') and the first-principles calculations (4.4 A).l1ol
This indicates that the ReaxFF potential used in this study can
appropriately describe the atomic interactions in the MogSg
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NW system. Figure 2(a) shows the ratio of the lattice constant
of twisted-to-twist free MogSg NW as a function of &. As can
be seen, the normalized lattice constant of MogSg NW is al-
most linearly reduced with increasing ¢. This indicates that
MoeS¢ NW is axially shortened as it is twisted, originating
from the Poisson effect. From Fig. 2(a), it deduces that the
axial length (L;) and o of MogSg NW follow a linear function
of L, =115.07 — 0.0469¢.

The thermal stability of MogSg NW subjected to tor-
sional deformations is also investigated. Figure 2(b) shows
the upper-bound temperature tolerance (7;) of MogSg NW
as a function of . Here, the T, is defined as above which
bond dissociation occurs, accompanied by a sudden drop in
the potential energy (E,). Apparently, the 7;, of MogS¢ NW is
monotonically reduced with increasing o. However, there is
a critical angle range with intermediate value o ~ 31.7 °/nm
for the T, of MogSg NW. Below this, a linear function of
T, = —3.2a + 1915 can be fitted, whereas above which, T, =
—15.5a + 2300, the reduction in the 7, becomes more pro-

nounced.
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Fig. 2. (a) The relationship between the torsion angle & and lattice strain. (b) High-temperature tolerance of MogSg nanowire. The green/blue

region represents the low-temperature stable/damage.

3.2. Twist and bending stiffness

Figure 3 shows the variation in the difference of the AE,
between twisted and twist-free MogSg NW with a (Fig. 3(a))
and 0 (Fig. 3(b)). Here, the AE, is defined as E — E, where E,
E are the energies of the MogSg NW system when « is equal
to 0 and other finite values, respectively. It is observed that the
AE, becomes more pronounced with increasing . From an
elastic mechanics point of view, when a rod body is elastically
twisted around the longitudinal axis of the rod, the torsional
stiffness (k) of a wire can be computed as follows: 3!

N 92E;

~ L6 @

where L and N are the length and the atom number of the wire,
respectively. Eg is the normalized elastic energy per atom.
6 = oL is the applied torsional angle in the wire. Using the
data of Fig. 3(a), the k of MogSs NW is determined to be
around 3.26 x 10~* kcal/mol/nm/deg®. Table 1 lists the k of
MogSe NW, as well as other 1D nanostructures. By compari-
son, the k of MogSg NW is found to be 2 orders of magnitude
lower than that of (5,5) and (10,10) CNTs, 2! but 3 orders of
magnitude lower than that of Si NW,[*3! indicating its super-
high torsional flexibility.

For a value of bending angle (f), the loading curve is
quadratic and the bending stiffness (D) as defined in Ref. [31]
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is determined as follows:

_ N J’E;
T LB’

where B is the function of the radius (R) of MogS¢ NW. With
regard to the calculation of the D, MogSg NW with different
L, is uniquely deformed into ring-like structures. Figure 4(a)
plots the difference in the AU between the ring and bending-
free MogSg NW, AU subjected to various o as a function
of the radius of MogS¢ NW ring, as well as a representative
ring structure obtained from MogSg NW. Apparently, the AU
greatly depends on the radius (R) of MogSg NW, as well as the
o. From an elastic mechanics point of view, the deformation

3)

energy (AU) of a uniform nanowire under pure bending load
is expressed as follows:

1
AU = Esz)1e—2,

where S and R are the cross-sectional area and the radius of

“)

curvature of the nanowire, respectively. Using Eq. (4), the D
of silicon core/shell nanowires is obtained.*3 Similarly, the
D of MogSg NW subjected to different ¢ is also calculated on
the basis of elastic mechanics. Here, the cross-sectional area
of MogSg NW (S) subjected to different ¢ is given by S = T2,
where r = 0.3 nm. The R is defined as follows:

1 N

R=- Z Z(mi*mc)za

N m=x,yj=1

®)

where m. = (1/N)YY. m;, N is the total number of atoms in

MoS; nanotube (NT). Moreover, the D of MogSg NW is even

36,37]

significantly lower than monolayer graphene, monolayer

s34 and monolayer MoS,,*>! whose layer

black phosphoru
thicknesses are smaller than the radius of MogSg NW. This
indicates that MogS¢ NW possesses high bending flexibility.
Figure 4(b) shows the D of MogSg NW as a function of «,
in which the bond color code of the insets for the bonds is
on the basis of the values of the bond length. It is observed
that the D monotonically increases with increasing o, varying
from 1.81 kcal/mol to 6.65 kcal/mol. This indicates that the D
of MogSe¢ NW is effectively enhanced by twisting operations.
It is, however, observed a critical ¢ in the changing of the D
of MogSg NW. Below o ~ 53.3 °/nm, the increase in the D
becomes significant with increasing &, whereas above which,
the increase in the D becomes less significant with increasing
a. The insets in Fig. 4(b) and Fig. S1 indicate that, as MogSg
NW is bent with different bending curvature, it shows distinct
bond configurations.

Table 1. Comparison of torsional stiffness (k) of MogSg NW with other
1D materials.

Torsion stiffness (k)

Structure Refs.
(kcal/mol/nm/degz)
MogSg NW (R = 0.3 nm) 3.26%x 1074 this work
Si NW (R = 2.1nm) 2.35x 107! [33]
Single-walled CNT (5,5) 2.32x 1072 [32]
Single-walled CNT (10,10) 471%x1072 [32]

Table 2. Comparison of bending stiffness (D) of MogSg NW with other
low-dimensional materials.

Bending stiffness (D)

the MogSg ring NW. The NW radius R, is assumed to be the Structure (keal/mol) Refs.
radius of curvature R.. The D Of.MO(,SG NW .subj.ected to dif- CNT (R — 0.44 nm) 196 38]
ferent & can be obtained by fitting the data in Fig. 4(a). Ta- MoS, nanotube (R = 1 nm) 108-226 [39]
ble 2 lists the D of twist-free MogSg NW, as well as that of Graphene 27.7,32.3 [36,37]
other low-dimensional materials. 343! By comparison, the D Single layer black phosphorus 28.8,123.1 [34]
of MogSg NW is found to be 1 order of magnitude lower than Single layer MoS; 152.0-304.0 [35]
. M W (R=0. 1.81 his work
that of CNTs, but 2 orders of magnitude lower than that of 9656 NW (R = 0.3 nm) 8 this wor
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Fig. 3. The relationship between the torsion angle (a) «, (b) 6 and torsional strain energy.
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Fig. 4. (a) Bending energy as a function of the radius (R) of MogS¢ ring NW. (b) D as a function of the «. The bond colors in the subgraph are

colored by bond length.

3.3. Effects of twist on the loading response and deforma-
tion mechanism

Figures 5(a)-5(f) show the tensile stress—strain responses
of MogS¢ NWs subjected to different oc. From the responses,
three to five deformation stages can be identified, depending
on the value of &. When o < 31.7 °/nm, MogSg NW shows
three deformation stages, whereas 31.7 °/nm < o < 53.3 °/nm
and a > 53.3 °/nm MogS¢ NW exhibit four and five deforma-
tion stages, respectively. For all cases, the deformation stages I
and II are characterized by linear and nonlinear stress—strain
curves, during which it is elastically stretched. In the defor-
mation stage II, the increase in the loading stress becomes sig-
nificant with increasing axial strain, namely, the slope of the
tensile stress—strain curves is monotonically enhanced with in-
creasing strain. The deformation stage III of MogS¢ NW with
o < 53.3 °/nm is mainly described by a sudden drop of load-
ing stress to zero in the loading curves, signifying the axial
tension failure of MogSg NW. When o < 31.7 °/nm, the load-
ing stress remains zero with increasing strain, indicating their
brittle separation. For MogSg NW with o > 64.2 °/nm, the de-
formation stage Il is defined by the strain regime, which starts
from the turning point at which the increase of the loading
stress becomes less significant and terminates at the strain and
the maximum loading stress is achieved. In this deformation
stage, the turning point in the loading stress indicates the oc-
currence of structural transformation. Such structural transfor-
mation leads to a reduction of tensile stiffness. The deforma-
tion stage IV of MogS¢ NW with 31.7 °/nm < o < 53.3 °/nm
is characterized by re-risings and drops of loading stress in the
curves, indicating its large plastic deformations. The defor-
mation stages IV and V of MogSg NW with o > 64.2 °/nm
are similar to the deformation stages III and IV of MogSg NW
with 31.7 °/nm < a < 53.3 °/nm, respectively.

Table 3. Comparison of Young’s modulus of MogS¢ NW with other 1D
material.

Young’s modulus (Y)

Structure Refs.
(GPa)

MoS; nanotube (20,20) 1 K 125 [45]

MoS; nanotube (35,0) 1 K 110 [45]

MoS; nanotube (8 nm) 230 [46]

CNT (R = 0.4 nm-2.0 nm) 890-1040 [41]

TiO; nanotube 23-44 [42]

WS, nanotube 150-170 [44]

MoS; nanotube 170-250 [35]

BN nanotube 850 [43]
MogSe NW (R = 0.3 nm) 481 this work

As shown in Fig. 5(1), MogS¢ NWs with eight differ-
ent o show similar variation in the strength (0ax) and strain
(&) with . The gravimetric strength (0p_max) of those
MogS¢ NWs is listed in Table S1. It is revealed that as o
increases, the Op,x Or &, initially increases but then decreases,
in which the crossover occurs at ¢ = 21 °/nm-32 °/nm. It is
noted that the gravimetric Young’s modulus (Yp)[8‘10’40] can
be commonly utilized for mechanically characterizing low-
dimensional materials to avoid controversies in the defini-
tion of cross-sectional area. Here, the Y, is defined as the ¥
of a material (Y) divided by the original mass density (p):
Y, =Y/p. Figure 5(h) shows the Y and Y, of MosSs NW
with eight different «. Interestingly, the variations in the Y
and Y, with o are different from those of the ultimate stress—
strain. For example, with the increase of «, there is ini-
tial reduction tendency in the Y and Y, but then an increase
trend is identified. Table 3 shows the comparison of Y of
typical 1D materials.[3*10] Apparently, it is seen that the
twist-free MogSg NW is very competitive to those mechani-
cally robust 1D materials in terms of the Y. The gravimet-

ric strain—stress curves of MogSg NWs are shown in Fig. S2.
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As can be seen, due to the heavy-weight chemical composi-
tion, the ¥, of MogSg NW (62.5 GPa~g’1~cm3) is an order-
of-magnitude smaller than that of carbynes@CNT compos-
ites (356.4 GPa-g~'-cm®-906.8 GPa-g~!-cm?)[°! as shown in
theTable S2.

To further understand the deformational mechanisms un-
derlying the loading responses, the developments of molec-
ular configurations of twist-free and twisted MogSg NW are
recorded. As a representative, the snapshots of MogSg NW
with o = 0 °/nm, 42.4 °/nm, and 64.2 °/nm at critical axial
strains are displayed in Fig. 6, as well as their loading curves.
Note that the color code in the snapshots is on the basis of the
atomic shear strain. As shown in Fig. 6(b), the configuration
is uniformly stretched during the deformation stages I and II.
When the elongation is critically imposed, the configuration of
MogSe NW fails via brittle fracture. When 31.7 °/nm < o <

53.3 °/nm, the deformation mechanism is representatively il-
lustrated in Fig. 6(e). Prior to a sudden drop of loading stress,
it is uniformly elongated. As the axial stretching is critically
applied, bond dissociations nucleate at a local region to release
the strain energy. The releases of strain energy result in the
following re-rising loading stress. Intriguingly, as a result of
localized bond dissociation, necking occurs, similar to metal-
lic NWs.[471 Subsequently, an atomic chain formed, which is
also observed in stretched MoS, nanostructures!**3-39 and
stretched defective CNTs.[5'=3#! Finally, it completely frac-
tures at a large strain. When o > 64.2 °/nm, the deformation
mechanism is illustrated in Fig. 6(f). As is indicated, there is
a local structural transformation in the deformation stage III,
while the deformation behavior is similar to the case in MogS¢
NW with 31.7 °/nm < o < 53.3 °/nm.
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Fig. 5. (a)-(h) Mechanical stress—strain curves of eight MogSg NW torsional models at 300 K. (i) The failure stress and strain of eight MogS¢
NW torsional models. (j) The ¥ and gravimetric Y, of eight MogSs NW torsional models.

3.4. Negative Poisson’s ratios

In mechanics, Poisson’s ratio (i) is also a common way
to characterize the elastic properties of a material, and it is
defined by the negative of the ratio of the contraction strain
(transverse, lateral or radial strain, &) to the loading strain (or
axial strain, g), with formula of 4 = —¢&/€. Figure 7 shows

the variations in the Poisson’s ratio (i) of MogSg NW with
a. As shown in Fig. 6(a), all investigated MogSe NWs yield
apparent negative U as they are elastically stretched. Intrigu-
ingly, it identifies a flipped behavior in the negative p at criti-
cal strains. Below which, the pt value reduces with increasing
strain, however, above which, the u value is increased with
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increasing strain. The flipped behavior indicates the transfor-
mation of bond configurations subjected to critical straining.
However, the value of critical strain at which the flipped be-
havior depends on . The minimum p value can be down
to around —0.8 for MogS¢ NW when a = 21.0 °/nm, sug-

o (GPa)

0 0.02 0.04 0.06

e (m/m)

gesting strong auxetic behavior. To date, negative [ is iden-
tified in 2D materials,>>7 as well as artificially designed
nanostructures. 381 However, it is rarely observed in 1D ma-
terials with negative . This is one of the advanced mechanical
properties of MogSg NW.

0.06

Shear strain

S

ear strain

Sh
(o=}
‘@ -

R

Fig. 6. Representative snapshots of molecular configurations of MogSgs NWs with & = 0 °/nm, 42.4 °/nm, and 64.2 °/nm indicative of two
distinct failure patterns. For clarification, the atoms are rendered on the basis of the values of the shear strain.
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Fig. 7. The relations between the Poisson’s ratio and applied strain during
uniaxial tension of torsional MogSg NW.

To further provide atomic insights into the auxetic prop-
erty, the variations in the bond configurations with axial strain
are investigated. Figure 8 shows the average bond distances
(Lmo—s) of two critical oriented Mo—S bonds that make an-
gles of 0° and 90° to the axial direction of MogSg NW sub-
jected to different ¢ as a function of axial strain. Subjected to

global axial extension, the two critical oriented Mo—S bonds
in MogSg NW show distinct scenarios in the variations of
Lymo—s with axial strain. For the Mo-S bonds that make 0°
to the axial direction of MogSg NW, Lyjo—s is enlarged with
increasing axial strain. However, the enlargement of Lyjo—s
is nonlinearly increased but becomes less significant with the
augment of axial strain. This indicates that the elongation of
MogSe NW is locally dominated not only by the bond stretch-
ing but also by angular deformation. With regard to the Mo—S
bonds that make 0° to the lateral cross-section of NW, they
are lengthened when MogSg NW is axially stretched. Such
lengthening of the laterally-oriented Mo—S bonds is the ori-
gin of the auxetic behavior, namely, negative Poisson’s ratio.
However, there is an unusual strain-dependent lengthening of
the laterally-oriented Mo-S bonds. For example, there is a
flipped behavior of Ly,—g of all twisted MogSg NW at critical
axial strains. Below which, Ljj,—gs is monotonically elongated,
whereas over which, Lyj,—gs is monotonically shortened with
increasing axial strain. Such crossover of Lyj,—gs explains the
flipped behavior in the Poisson’s ratio-strain curves as MogS¢
NW is axially stretched.
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Fig. 8. (a)-(h) Average bond length of Mo-S as a function of tension strains, respectively. Here, two critical oriented Mo—S bonds that make 0°
and 90° to the wire axial direction are investigated for bond lengths, named axial and lateral, respectively.
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4. Conclusion and perspectives

The role of twist operation on the mechanical proper-
ties of MogSg NW is explored using the first-principles-based
ReaxFF MD simulations. The lattice constant and structural
stability of MogSg NW subjected to different torsional angles
is studied. The torsional and bending stiffnesses of MogSe
NW are calculated to be around 3.26 x 10~# kcal/mol/nm/deg?
and 1.81 kcal/mol, respectively, indicating its higher torsional
and bending flexibility than other 1D materials such as single-
walled CNT, Si NWs and 2D materials graphene, single-layer
black phosphorus, single-layer MoS,. The tensile mechanical
characteristics of twisted MogSg NW are comprehensively in-
vestigated. It is calculated that the tensile strength of MogSe
NW can be enhanced or reduced, relying on the . MogSq
NW with intermediate o shows the highest tensile strength.
Moreover, all twisted MogSg NWs show auxetic behavior, and
the value of negative Poisson’s ratios can be tuned by the «
and axial strain. The unique strain-dependent lengthening of
the bonds that make zero angles to the NW cross-section is the
origin of the negative and U type Poisson’s ratio with strain in
MogSg NW.
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