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Abstract

Magnesium oxide (MgO) nanostructures have garnered considerable interest
due to their distinctive characteristics, including a high surface-to-volume
ratio, enhanced chemical reactivity, and exceptional thermal and mechanical
stability. In this study, the thermal conductivity of MgO nanostructures was
systematically investigated across various simulation configurations by using
molecular dynamics study (MD) and Born–Mayer–Huggins potential. Two
sets of simulations were conducted: one involving nanostructures of varying
lengths with a fixed cross-sectional width, and another involving structures of
constant length with variable cross-sectional widths. The results demonstrate
a clear positive correlation between crystal length and thermal conductivity
at room temperature, with conductivity values approaching approximately
27W·m−1·K−1 for sufficiently long structures. In contrast, variations in
cross-sectional width were found to have negligible impact on thermal
conductivity (ranging from 11.9 to 12.5W·m−1·K−1), indicating that length
plays a more dominant role in heat transport within MgO nanostructures.
The data presented in this study may also exhibit up to a 5% deviation from
the actual values.

Nomenclature

K Thermal conductivity q Energy rate
T Temperature x Length
A Cross-sectional area of the MgO nano-

structure

1. Introduction

The thermal conductivity of materials is critically im-
portant for their application at high temperatures.
However, accurate measurement of thermal conductiv-
ity remains challenging [1]. Magnesium oxide (MgO),
a component of Earth’s mantle, exhibits an NaCl-
type crystal structure. Researchers have shown sig-

nificant interest in MgO and have employed various
methods to investigate its physical properties under
high temperature and high-pressure conditions. No-
tably, the thermal conductivity of MgO decreases from
30W·m−1·K−1 at room temperature to 8W·m−1·K−1

at elevated temperatures [2]. Magnesium oxide (MgO)
possesses both thermal and electrical insulating proper-
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ties, characterized by its cubic crystal structure. Inter-
atomic interactions at high temperatures, in conjunc-
tion with particle position alterations and phonon vi-
brations, have been demonstrated using molecular dy-
namics (MD) simulations [3, 4]. As electronic devices
become more compact and powerful, managing internal
heat becomes vital. Therefore, materials that combine
electrical insulation with high thermal conductivity, es-
pecially inorganic/polymer composites are increasingly
explored for efficient heat dissipation in microelectron-
ics and energy systems [5-8]. Magnesium (Mg) alloys
have emerged as leading sustainable engineering ma-
terials in the 21st century, owing to their rich natural
abundance, low density, excellent thermal and electri-
cal conductivities, and strong electromagnetic shield-
ing capabilities [9-11]. To enhance their mechanical
strength, alloying elements are commonly introduced
into the α-Mg matrix. However, while this approach
improves structural performance, it often comes at the
cost of reduced thermal conductivity, a trade-off that
poses challenges for applications requiring efficient heat
dissipation [9,12-14].

One-dimensional (1D) nano-structures, includ-
ing nanowires, nanorods, nanobelts, nanoribbons,
nanoneedles, and nanotubes, have garnered significant
interest owing to their distinctive and intriguing prop-
erties, along with their promising technological appli-
cations [15]. 1D nano-structures are increasingly rec-
ognized as essential components of nanoscale photonic
devices, including light-emitting diodes, photodiodes,
lasers, active waveguides, and integrated electro-optic
modulators. This is primarily due to their superior lu-
minescence efficiency [16,17]. Among the metal oxides
examined, magnesium oxide (MgO) has garnered par-
ticular significant attention. Characterized as a typi-
cal wide band gap insulator with a band gap of 7.8eV,
MgO exhibits appealing electronic and optical prop-
erties. Its low heat capacity and high melting point
further enhance its suitability for insulation applica-
tions [18]. Magnesium oxide (MgO) nanostructures
serve as protective layers for dielectrics in alternating
current (AC) circuits. Their application enhances dis-
charge characteristics and extends the service life of
panels. This improvement is attributed to their anti-
sputtering properties, high transmittance, and favor-
able secondary electron emission coefficient [19].

In work done by Cha et al., researchers developed a
lightweight, self-supporting MgO framework composed
of smooth-surfaced, thermally conductive MgO spheres
using the finite element method. The authors em-
phasized that the interconnected MgO spheres formed
continuous heat-transfer channels, minimizing inter-
facial thermal resistance and enhancing overall com-
posite performance. The results demonstrated a sub-
stantial increase in thermal conductivity for the 3D-
MgO/epoxy composite up to 1.56W·m−1·K−1, which is
more than three times higher than that of the randomly

dispersed MgO composite. These simulations con-
firmed that the 3D filler architecture facilitated more
efficient heat transfer across the composite. The re-
sults concluded that this strategy offers a scalable and
effective route for designing high-performance thermal
interface materials, especially for electronics and en-
ergy systems requiring efficient thermal management
[20].

Liu et al. developed humidity-stable submicron
magnesium oxide (MgO) particles to enhance thermal
conductivity in polymer composites while maintaining
performance under moist conditions. By modifying
the surface of MgO particles to resist water absorp-
tion, they achieved uniform dispersion and strong in-
terfacial bonding within the matrix, resulting in effi-
cient heat transfer pathways. Experimental measure-
ments showed thermal conductivity values reaching up
to 2.1W·m−1·K−1, significantly higher than those of
conventional MgO composites. Finite element simu-
lations confirmed that the improved filler architecture
and moisture resistance contributed to consistent and
elevated thermal performance, making these compos-
ites suitable for demanding thermal management ap-
plications [21].

Luo, Stevens, and Taylor measured the thermal dif-
fusivity of magnesium oxide reinforced with silicon car-
bide (SiC) particles using the laser flash technique over
a temperature range of 200–1000◦C. Thermal conduc-
tivity was then calculated by combining the diffusivity
data with measured density and specific heat. The re-
sults showed that adding SiC significantly enhanced
the thermal conductivity of the MgO matrix, espe-
cially at elevated temperatures. The authors also de-
veloped a modified Eshelby inclusion model to account
for porosity and particle interactions in the compos-
ite, providing a better fit to the experimental data.
This work highlights the potential of MgO/SiC com-
posites for high-temperature thermal management ap-
plications where both conductivity and structural sta-
bility are critical [22].

Rudajevová and Lukáč conducted experimental
measurements on several Mg-based alloys, including
pure Mg, AZ91, QE22, and Mg-Sc, using the laser
flash method to determine thermal diffusivity across a
temperature range up to 300◦C. Specific heat and den-
sity data were used to calculate thermal conductivity.
The results showed that thermal conductivity increased
with temperature for all tested alloys, with pure Mg
exhibiting the highest values. The presence of alloying
elements such as aluminum, zinc, and rare earths influ-
enced phonon scattering and microstructure, leading to
variations in thermal transport behavior. These find-
ings are relevant for applications in lightweight struc-
tural components and thermal management systems
where Mg alloys are exposed to elevated temperatures
[23].

This research aims to explore the thermal conduc-
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tivity of magnesium oxide (MgO) nanostructures by
utilizing molecular dynamics (MD) simulations. The
study focuses on varying the length and cross-sectional
areas of the nanostructures to assess their impact on
thermal conductivity. To obtain the thermal conduc-
tivity values, hot and cold bathes are established at
both ends of the MgO nano-structure.

2. Simulation Details

To investigate the thermal transport behavior of MgO
at the nanoscale, a computational framework illus-
trated in Fig. 1 was adopted for both modeling and
simulation purposes. The figure presents a represen-
tative nano-structure with a square cross-sectional ge-
ometry, precisely defined by a width of 3.3nm and a
longitudinal extension of 24nm. This configuration was
selected to capture the essential characteristics of MgO
when confined to nanoscale dimensions, where surface
effects, phonon scattering, and quantum confinement
begin to significantly influence thermal properties. The
structure serves as a prototype for exploring MgO’s
potential in advanced applications such as nanoelec-
tronics, thermal interface materials, and energy storage
systems, where efficient heat dissipation is critical.

The central aim of this study is to systematically
analyze how thermal conductivity varies with changes
in the nano-structure’s length and to quantify the in-
fluence of surface area modifications on heat transport
efficiency. By simulating multiple configurations with
varying aspect ratios and boundary conditions, the re-
search seeks to uncover scaling laws and interfacial
phenomena that govern thermal conduction in MgO
nanostructures. Detailed dimensional parameters used
in the simulations, including discrete values for length

and width, are comprehensively listed in Table 1 and
Table 2, providing a basis for comparative analysis and
reproducibility.

Fig. 1. Atomistic sample model of a MgO nanos-
tructure with a rectangular prism geometry, measur-
ing 24nm in total length and 3.3nm in both width and
height. The alternating red and blue spheres represent
Mg2+ and O2− ions arranged in a crystalline lattice.

Fig. 2 presents a schematic representation of the
MgO unit cell lattice, illustrating its fundamental ionic
architecture. Within this structure, magnesium ions
(Mg2+) are positioned at regular intervals, each paired
with oxygen ions (O2−) to form a highly ordered cu-
bic lattice. The +2 and −2 charges on the respective
ions generate strong electrostatic attractions, which
are central to the compound’s structural integrity and
thermal stability. These ionic bonds not only define
the crystalline arrangement but also underpin MgO’s
notable physical properties, including its high melting
point, electrical insulation capability, and relevance in
high-temperature and geophysical applications.

Fig. 2. Schematic representation of the unit cell of MgO, illustrating the cubic crystal lattice composed of
Mg2+ and O2− ions. The positively charged magnesium ions and negatively charged oxide ions are arranged in
a face-centered cubic (FCC) structure.
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To accurately determine the thermal conductivity
of the MgO nanostructure, a non-equilibrium molecu-
lar dynamics (NEMD) approach was employed. As il-
lustrated in Fig. 3, the simulation domain was divided
into three distinct regions: a central measurement zone
flanked by two thermal reservoirs. The right-hand side
of the structure was designated as the hot bath, main-
tained at a temperature of 320K (47◦C), while the left-
hand side served as the cold bath, held at 280K (7◦C).
These thermal regions, each with a fixed length of 1nm,
were implemented using Nose–Hoover thermostats to
impose and sustain the temperature gradient neces-
sary for heat flux generation. The central region of
the nanostructure, situated between the thermal baths,
was used to compute the steady-state thermal conduc-
tivity based on Fourier’s law. To minimize the influ-
ence of artificial reflections and periodic boundary arti-
facts, both ends of the nanostructure were extended by
5nm and kept fixed throughout the simulation. This
buffer zone ensured that the imposed temperature gra-
dient remained stable and that phonon transport was
not disrupted by boundary effects.

All simulations were conducted using the Large-
scale Atomic/Molecular Massively Parallel Simulator
(LAMMPS), a widely adopted molecular dynamics en-
gine for nanoscale thermal transport studies. A time
step of 1 femtosecond was chosen to resolve atomic vi-
brations with high temporal fidelity. The system was
equilibrated using the canonical ensemble (NVT), with
a temperature relaxation time of 100 picoseconds ap-
plied to both thermal reservoirs. This allowed the sys-
tem to reach a quasi-steady state before thermal con-
ductivity measurements were taken. The simulation
protocol involved monitoring the energy exchange be-
tween the thermal baths and the central region over
time, enabling the calculation of heat flux. Com-
bined with the imposed temperature gradient, these
data were used to extract the effective thermal conduc-
tivity of the MgO nanostructure. The Born–Mayer–
Huggins (BMH) potential was employed to simulate

the ionic structure of magnesium oxide. This poten-
tial effectively captures Coulombic interactions, short-
range repulsion between ions, and long-range electro-
static forces. A cutoff radius of 10 Å was used, and
periodic boundary conditions were applied in all three
spatial directions. The methodology provides insight
into how nanoscale confinement, surface effects, and
boundary conditions influence thermal transport in
ionic solids like MgO.

To analyze the spatial distribution of heat transfer
within the central region of the MgO nanostructure de-
picted in Fig. 3, this region was discretized into a series
of uniformly sized segments along the longitudinal axis.
The local temperature in each segment was computed
to construct a detailed temperature profile, enabling
the identification of steady-state gradients and poten-
tial non-linearities in thermal transport. This segmen-
tation approach facilitates a more accurate application
of Fourier’s law for calculating thermal conductivity,
particularly in nanoscale systems where temperature
fluctuations and boundary effects can be significant.

Table 1 outlines the total lengths of the MgO nanos-
tructures simulated in this study. The central region
length, isolated from the thermal reservoirs, defines
the domain over which thermal conductivity was eval-
uated. This region excludes the fixed and thermostatic
zones to ensure that the calculated values reflect intrin-
sic material behavior rather than boundary-induced ar-
tifacts.

Table 2 summarizes the range of cross-sectional
widths used in the simulations. Each width corre-
sponds to a square cross-section, and thus the cross-
sectional area was determined by squaring the width
value. This parameter plays a critical role in defining
the heat flux and, consequently, the effective thermal
conductivity. By varying both the length and width of
the nanostructures, the study systematically explores
the influence of geometric scaling on thermal transport
in MgO at the nanoscale.

Fig. 3. Side view of the MgO nanostructure used for thermal conductivity analysis, with dimensions of 24nm
in total length and 3.3nm in width. The simulation setup includes two thermal reservoirs: a hot bath at 320K
(red) and a cold bath at 280K (blue), each extending 1 nm after fixed length zones. The central region, where
temperature gradients are measured, is used to evaluate steady-state heat transport under imposed thermal
conditions.
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Table 1
Geometric configurations used for thermal conductivity calcula-
tions in MgO nanostructures. All simulations were conducted
with a fixed cross-sectional width of 3.3nm, while the central
length of the nanostructure was varied to assess its influence on
thermal transport properties.

Width Central Cross-sectional Number
(nm) length (nm) (nm2) of atoms
3.3 14 10.89 29696
3.3 28 10.89 55150
3.3 40 10.89 61440
3.3 50 10.89 86016
3.3 70 10.89 102400
3.3 80 10.89 110592

Table 2
Cross-sectional width configurations used for thermal conduc-
tivity calculations in MgO nanostructures. All simulations were
conducted at a fixed central length of 14nm, while the width was
varied to assess its influence on thermal transport behavior.

Width Central Cross-sectional Number
(nm) length area (nm2) of atoms
3.3 14 10.89 29696
6.5 14 42.25 118784
10 14 100 267264

3. Results and Discussion

According to the findings reported in [2], the thermal
conductivity of the magnesium oxide (MgO) nanos-
tructure at room temperature is measured to be ap-
proximately 30W·m−1·K−1, indicating its strong po-
tential for nanoscale heat dissipation applications. To
quantify this property, the study employs Fourier’s law
of heat conduction, which relates the heat flux to the
temperature gradient across a material. This relation-
ship is mathematically expressed in Eq. (1), where the
thermal conductivity K is derived from the ratio of the
heat transfer rate to the product of the temperature
difference and the cross-sectional area, normalized by
the length of the conduction path.

In the molecular dynamics (MD) simulations con-
ducted, a controlled temperature gradient is imposed
across the MgO nanostructure, and the resulting heat
flux is monitored over time. By evaluating the steady-
state energy exchange between the hot and cold re-
gions, the thermal conductivity is calculated in units
of watts per meter per Kelvin (W·m−1·K−1).

k = − q

AdT/dx
(1)

Fig. 4 illustrates the temperature gradient estab-
lished across the MgO nanostructure, extending from
the hot bath to the cold bath. The total length of
the structure in this configuration is 24nm, and the
figure clearly demonstrates a linear temperature pro-
file, indicative of steady-state heat conduction. This
linearity confirms the validity of the simulation setup

and supports the application of Fourier’s law for ther-
mal conductivity calculations. To quantify the tem-
perature distribution along the central region of the
nanostructure, the domain was discretized into uniform
segments, each measuring 0.5nm in length. The tem-
perature within each segment was computed by averag-
ing atomic velocities over the course of the simulation,
specifically at the 3-nanosecond mark, once thermal
equilibrium had been reached.

Fig. 4. Temperature distribution along the length
of the MgO nanostructure under steady-state condi-
tions. The linear gradient, spanning from 320K to
280K across a 14nm central length, reflects uniform
heat conduction. The slope of the given fit is -1.9547
and quality fit of 0.99%.

Based on the temperature profile illustrated in Fig.
4, the spatial temperature gradient dT

dx across the cen-
tral region of the MgO nanostructure (according to Fig.
3) was calculated to be 1.97K nm−1. This gradient is
a critical parameter for determining the thermal con-
ductivity using Eq. (1), derived from Fourier’s law of
heat conduction. Figure 5 presents the temporal evolu-
tion of energy exchange during the simulation, plotted
as a function of time. The energy-time plot captures
the cumulative energy transferred between the thermal
reservoirs and the central region, providing insight into
the steady-state heat flux established during the simu-
lation.

To quantify the heat flux, the energy values as-
sociated with the hot and cold baths were extracted
by subtracting the time variable from the cumulative
energy data. This yielded opposing energy distribu-
tions: qh = 57.45kcal/mol.ps for the hot bath and
qc = 57.43kcal/mol.ps for the cold bath. The near-
symmetry of these values confirms the stability and
accuracy of the simulation, indicating minimal energy
loss and consistent thermal exchange. These values
are subsequently used to compute the net heat flux q
in SI units, which, when combined with the tempera-
ture gradient dT

dx , enables the calculation of the thermal
conductivity K of the MgO nanostructure in units of
W·m−1·K−1.
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Fig. 5. Accumulated energy transfer from the hot
bath to the cold bath over the simulation duration
of 3ns. The linear and symmetric trends confirm
a steady-state heat flux, with final energy values of
qh = +57.45kcal/mol.ps and qc = −57.43kcal/mol.ps,
indicating consistent thermal exchange and minimal
energy loss across the MgO nanostructure.

To convert the given units of (kcal/mol.ps) into the
SI units, Eq. (2) is used as well.

qSI = qh,c×
4184J

1kcal
× 1

6.022×1023mol
× 1fs

10−15s
(2)

Using Eqs. (1) and (2), the thermal conductivity
Kof the magnesium oxide (MgO) nanostructure was
calculated for each configuration listed in “Table 1”
and “Table 2”. The required parameters namely the
temperature gradient dT

dx , the cross-sectional area A,
and the net heat flux q were obtained from molecu-
lar dynamics simulations. The cross-sectional area was
determined by squaring the width values provided in
Table 2, while the heat flux was derived from the energy
exchange between the hot and cold thermal reservoirs.
These inputs enabled precise computation of K in units
of watts per meter per Kelvin (W·m−1·K−1) for each
nanostructure geometry.

Fig. 6 presents the calculated thermal conductivity
values as a function of nanostructure length, based on
the configurations detailed in Table 1. Due to intrin-
sic computational uncertainties in molecular dynam-
ics simulations, the reported values may exhibit up to
5% variation. The data reveal a clear trend: as the
length of the MgO nanostructure increases, the com-
puted thermal conductivity values gradually approach
an asymptotic limit. This convergence suggests that
beyond a certain length scale, the influence of bound-
ary scattering and finite-size effects diminishes, allow-
ing the material to exhibit bulk-like thermal trans-
port behavior. The observed trend underscores the
importance of geometric scaling in nanoscale heat con-
duction. Shorter structures are more susceptible to
phonon-boundary interactions, which suppress thermal
conductivity, whereas longer structures allow for more
complete phonon propagation and energy transfer.

Fig. 6. Thermal conductivity of MgO nanostructures
as a function of length, based on molecular dynamics
simulations. The data show an increasing trend with
length, converging toward an asymptotic value of ap-
proximately 27W·m−1·K−1. calculated values have 5%
uncertainty.

To estimate the thermal conductivity of magnesium
oxide (MgO) nanostructures at infinite length where
boundary scattering effects are negligible, a two-step
extrapolation method was employed. The first step in-
volves plotting the inverse thermal conductivity (1/K)
against the inverse length (1/L) of the nanostructure,
as shown in Fig. 7. This approach is grounded in
the kinetic theory of phonon transport, where finite-
size effects cause deviations from bulk thermal behav-
ior. The linearity of the plot in Fig. 7 confirms that
the relationship between 1/K and 1/L can be approxi-
mated by a first-order regression model. From the lin-
ear fit, the intercept on the vertical axis represents the
inverse of the thermal conductivity in the limit of infi-
nite length (L → ∞). This extrapolated value accounts
for intrinsic phonon transport mechanisms, excluding
boundary-induced scattering. Based on the obtained
model, the slope of the fitted line is 0.1983 with an in-
tercept of 0.036. Furthermore, the quality of fit for the
plot in Fig. 7 is 0.857.

In the second step, the data from Fig. 7 are used
to reconstruct the direct relationship between thermal
conductivity Kand nanostructure length L, as illus-
trated in Figure 8. This plot provides a visual repre-
sentation of how thermal conductivity increases with
length and asymptotically approaches the bulk value.
The convergence behavior observed in Fig. 8 rein-
forces the validity of the extrapolation method and
highlights the importance of length-dependent scaling
in nanoscale thermal transport.

The results illustrated in Figure 8 reinforce the
trend observed in Fig. 6, demonstrating that the ther-
mal conductivity of MgO nanostructures increases with
length and gradually converges toward an asymptotic
limit. The extrapolated asymptotic thermal conduc-
tivity value determined in this study is 27W·m−1·K−1,
representing the effective conductivity in the limit of
infinite length.
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Fig. 7. Plot of inverse thermal conductivity ( 1
K ) ver-

sus inverse length
(
1
L

)
for MgO nanostructures. The

linear relationship enables extrapolation of thermal
conductivity in the infinite-length limit, where bound-
ary scattering effects are minimized. The fitted line
exhibits a slope of 0.1983 and an intercept of 0.036,
with a R2 of 0.857.

This value shows strong agreement with the exper-
imentally reported bulk thermal conductivity of MgO,
which is approximately 30W·m−1·K−1, as cited in ref-
erence [2]. The close alignment between simulation and
experimental data validates the modeling approach and
confirms the reliability of the extrapolation method
used.

Fig. 8. Thermal conductivity of magnesium oxide
nanostructures as a function of length. The graph
shows that thermal conductivity increases with length
and asymptotically approaches 27W·m−1·K−1 for suf-
ficiently long structures.

It also highlights the potential of molecular dynam-
ics simulations to accurately capture nanoscale thermal
transport phenomena and predict bulk-like behavior
under appropriate geometric conditions. These find-
ings underscore the importance of length-dependent
scaling in thermal conductivity analysis and provide
a foundation for optimizing MgO-based materials in
applications where heat dissipation is critical, such
as nanoelectronics, thermal interface layers, and high-
temperature insulators.

Fig. 9 illustrates the relationship between ther-
mal conductivity and the cross-sectional width of MgO
nanostructures, based on molecular dynamics simula-
tions. The analysis encompasses three distinct width

configurations 3.3nm, 6.5nm, and 10nm, each corre-
sponding to square cross-sectional geometries. The re-
sults indicate that variations in cross-sectional width
within this range exert minimal influence on the cal-
culated thermal conductivity values. This negligible
dependence suggests that, for MgO nanostructures of
sufficient length, thermal transport is predominantly
governed by longitudinal phonon propagation rather
than transverse dimensional constraints. The insensi-
tivity of thermal conductivity to cross-sectional width
can be attributed to the relatively short phonon mean
free paths in the transverse direction and the domi-
nance of boundary scattering effects at the nanoscale.
These findings imply that, beyond a certain thresh-
old, increasing the cross-sectional area does not signif-
icantly enhance heat conduction, making width a less
critical parameter in thermal design optimization for
MgO-based nano-devices.

Fig. 9. Thermal conductivity measurements of MgO
nanostructures with varying cross-sectional widths
(3.3nm, 6.5nm, and 10nm) at l=14nm length with devi-
ation of 5%. The results indicate that thermal conduc-
tivity remains nearly constant across the tested width
range, suggesting that transverse dimensions have neg-
ligible influence on heat transport under the given sim-
ulation conditions.

Moreover, the simulation results exhibit strong
agreement with experimentally reported trends, rein-
forcing the validity of the computational framework
and the reliability of the interatomic potentials used.
This alignment underscores the predictive capability
of molecular dynamics in capturing nanoscale thermal
phenomena and supports the use of MgO as a stable
and efficient thermal conductor in applications where
dimensional constraints are present.

4. Conclusions

In this study, the thermal transport properties of MgO
nanostructures were systematically investigated using
molecular dynamics (MD) simulations. The simula-
tion framework was designed to explore the influence
of geometric parameters, specifically length and cross-
sectional width, on the thermal conductivity of MgO
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at the nanoscale. Two sets of configurations were con-
sidered: one with varying total lengths of 24, 38, 50,
60, 80, and 90nm at a fixed width of 3.3nm, and an-
other with varying widths of 3.3, 6.5, and 10nm at a
constant length of 24nm.

The results reveal a pronounced dependence of
thermal conductivity on the length of the nanostruc-
ture. As the length increases, the thermal conduc-
tivity exhibits an asymptotic rise, ultimately con-
verging toward a saturation value of approximately
27W·m−1·K−1. This asymptotic behavior is consistent
with the suppression of boundary scattering effects in
longer structures, allowing for more complete phonon
propagation. Notably, the simulated saturation value
aligns closely with experimentally reported bulk ther-
mal conductivity values for MgO, which are typically
around 30W·m−1·K−1, thereby validating the accuracy
of the MD approach and the interatomic potentials em-
ployed.

In contrast, the influence of cross-sectional width on
thermal conductivity was found to be negligible within
the tested range. For widths of 3.3, 6.5, and 10nm, the
thermal conductivity values remained largely invariant,
suggesting that transverse confinement plays a minimal
role in heat transport for MgO nanostructures of this
scale. This observation underscores the dominance of
longitudinal phonon transport and supports the con-
clusion that thermal conductivity in MgO nanostruc-
tures is primarily governed by length-dependent scal-
ing. The findings of this study, along with prior re-
search in the field, suggest that introducing vacancy
defects into the ionic surface structure of magnesium
oxide enables a more realistic representation of its non-
structural behavior. This approach enhances the ac-
curacy of simulations and theoretical models. Fur-
thermore, integrating MgO nanostructures with other
ionic compounds such as NaCl may offer synergistic
effects, potentially improving material performance or
enabling novel functionalities. These findings provide
valuable insights into the design of MgO-based materi-
als for thermal management applications, particularly
in nanoelectronics and high-temperature environments
where efficient heat dissipation is critical.
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