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Using first-principles density functional theory (DFT) calculations in conjunction with
the Murnaghan and Srivastava—Pandey equations of state (EOS), we comprehensively
investigate the effect of pressure on the structural, mechanical, thermal, and optical
properties of aluminum oxide (Al,O;). Based on structural optimization, we confirm the
stability of the corundum phase up to 100 GPa; we find a 10—15% decrease in volume,
and the bulk modulus increases from 253 GPa to 330 GPa. The band gap decreases from
9.9 eV to 8.2 eV with rising pressure, as electronic overlap increases and the optical
absorption spectrum is likely to be redshifted; the bulk, shear, and Weng’s moduli also
increase, indicating greater incompressibility. Meanwhile, the thermal conductivity also
increases slightly from 30 W/m-K to 37.7 W/m-K, which can be attributed to the increasing
phonon scattering. Optical results reveal a redshift of the absorption edge and a pressure-
sensitive refractive index in the 4—6 eV range. The agreement between DFT predictions
and experimental results further confirms the model’s accuracy. This consistency supports
the feasibility of Al,O, for optoelectronic and geophysical applications at high pressure
and provides new insights into its electronic and optical response under pressure.
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pressure.
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Introduction

Alumina, or aluminum oxide (Al,O,), has been
a highly versatile material for many years, offering
scientific value as well as industrial utility. It has
these great physical and chemical properties. It is
highly tough and thermally stable, with a wide bandgap
and good dielectric strength. Therefore, we encounter
Al O; in various applications, including electronics,
optics, protective coatings, and catalysis [1,2].

We found its ultraviolet-infrared transparency
and high electrical resistivity particularly interesting.
Thus, these properties make it suitable for use as an
insulating layer in microelectronics, optical windows,
and ultra-sensitive thin-film device substrates.
Therefore, we should explore the fundamental electrical
and optical properties of alumina, particularly its
interactions with the environment, to optimize its
applications [3,4]. Now, consider pressure and how it
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alters a material. Under increased pressure, it can
alter the crystal structure, electronic band formation,
and optical properties.

If we consider alumina itself [5], hydrostatic
pressure can uniquely alter its interfacial structure
with the atoms it interacts with, and these atoms have
different electronic states and dielectric properties.
These shifts might affect electrical conductivity, light
absorption, and light emission. If we are devising
components that must operate at extreme pressures,
such as high-pressure sensors or geophysical tools, we
need to understand what happens under pressure [6,7].

Another concern is that, despite what we know
about alumina under normal conditions, we still have
little idea what it will do under high pressure. Some
of us have obtained conflicting results because these
experiments are high-pressure and alumina exists in
various forms [8,9]. Thus, computational procedures
such as DFT are particularly appealing. Using DFT,
we developed materials from first principles and
determined their responses to force with much less
reliance on actual data [10—12].

As they can be used in applications such as
band structure, dielectric function, and optical
absorption, DFT calculations are suitable for several
properties, such as band structure and dielectric function
under the influence of pressure, that is, to provide,
for example, our experiments, which contribute to
new materials [13—16].

To this end, we are applying density functional
theory (DFT) to investigate the role of hydrostatic
pressure on the electrical and optical properties of
Al,O,. We will better characterize the pressure-
dependent electrical and optical properties of Al,O,
by measuring the bandgap, density of states, dielectric
function, and optical absorption. We anticipate that
this work will lead to more pressure-tunable materials,
as well as advanced electronics and photonics that
can operate effectively even in hostile applications.

Computational methodology

We used a first-principles approach to explore a
material’s pressure sensitivity using Density Functional
Theory (DFT). We used the Vienna Ab initio
Simulation Package (VASP) for testing. We mainly
accounted for exchange-correlation effects using the
Generalized Gradient Approximation (GGA) with
the Perdew, Burke, and Ernzerhof (PBE) functional
[17—19].

To facilitate the procedure, we used Projector
Augmented-Wave (PAW) potentials. For accurate
calculations, we used a plane-wave energy cutoff of
500 eV and an 8x8x8 Monkhorst-Pack k-point mesh
for reliable convergence. We systematically calculated
the effects of increasing pressure by adding hydrostatic

pressure in increments of 0, 20, 40, 60, 80, and 100
GPa [20]. Under these conditions, we examined the
effects of the physical parameters: lattice, electronic
band gap, elastic constants, thermal conductivity
(calculated from phonon dispersion calculations), and
complex dielectric function [21].

These studies provided information on the
material’s structure and its electronic, mechanical,
thermal, and optical performance under extreme stress.
All simulations were performed in a static lattice at
300 K, or the system’s ground state [22]. This allowed
us to identify pressure-induced changes in the material’s
structure, mechanical, and electronic properties without
thermal effects. For our comparisons, we rely on
experimental data from the literature, commonly
collected at about 300 K, which serve as an effective
and practical benchmark for comparing theoretical
and experimental findings [23,24].

Results and discussion

Structural properties under pressure

Alumina, better known as aluminum oxide
(AL)O,), typically forms corundum with a trigonal
crystal system (R-3c space group). The aluminum
(Al) atoms, apparently, nest near each other in a
hexagonal close-packed arrangement of oxygen atoms
(0), forming distorted AlQ, octahedra. Imagine the
four atoms of aluminum surrounding each oxygen
atom, a nice sort of symmetry. Interesting changes
take place in Al,O;. As pressure increases, intriguing
changes in AL, O, structures are observed (Fig. 1).

Volume decreases as the unit-cell atoms are
compressed, pushing them closer together into a more
compact structure as they are squeezed into smaller
units under atomic pressure. This proximity increases
atomic interaction, and the material’s behavior changes
under strain. A shorter AI—O bond length creates a
denser structure, and overall, the material is denser.
Although the corundum form tends to be stable, the
atomic arrangement varies with external pressure and
accordingly affects its electronic and mechanical
properties, while remaining stable.

Aluminum oxide undergoes the a-Al,O; form
at standard ambient pressure (0 GPa), with the values
of the lattice parameters measuring only about
a=4.76 A, c~12.99A . For the bonds, the Al—O link
lengths are around 1.85—1.97 A, but at 50 GPa the
shape compresses slightly, especially along the a-axis.
So, Al—O bonds are around 1.75/1.90 A, and the
total volume decreases by about 10—15%. The material
does surprisingly respond. Finally, high pressures
(around 100 GPa) could convert a-AlLO; into a
metastable phase, which could evolve to become a
higher-density Rh,O,(II)-type or possibly
CalrO;-type when bond lengths reach just 1.65 A to
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1.80 A (the reaction also shows an increase in volume), The volume decreases continuously and monotonically
which, at higher pressures, gives a higher density and  with increasing pressure, from around 108 A? at
a harder bond structure. 0 GPato 80 A3 at 100 GPa, a decrease of about 26%.

Figure 2 shows the variation of the This volume decrease directly results from
DFT-optimized unit-cell volume of AL,O, as a function compressing the crystal lattice under hydrostatic
of applied hydrostatic pressure from 0 to 100 GPa. pressure. At low pressures, the volume decreases more

Fig. 1. 3D structural image of Al,O, optimized by DFT
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Fig. 2. Variation of volume with respect to pressure optimized by DFT of Al,O,
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quickly because interatomic distances can be reduced
with comparatively little resistance. As pressure
increases, the slope of the volume—pressure curve
decreases. This nonlinear behavior indicates that Al,O,
becomes progressively less compressible at high
pressures, as short-range repulsive interactions between
neighboring atoms become increasingly important.

The smooth variation of volume over the entire
pressure range suggests a normal structural response
to compression. In particular, the absence of abrupt
discontinuities or anomalous changes in the volume—
pressure curve indicates no obvious first-order pressure-
induced structural transition from the volume data
alone up to 100 GPa. However, structural or dynamical
stability should also be considered, such as enthalpy
comparisons between competing phases or phonon
calculations. Overall, the pressure-induced volume
contraction is consistent with that of a mechanically
compressed solid and provides a basis for investigating
the elastic, electronic, vibrational, and optical
properties of AL, O;.

Electronic properties

Figure 3 illustrates how a material’s band gap
energy changes with increasing pressure, based on
computer models (Density Functional Theory, or
DFT) and experimental data [25,26]. From 0 to
100 GPa, increasing pressure on the material
continuously decreases the band gap energy. Under
pressure, the electronic band structure appears to
compress. At 0 GPa, however, both DFT calculations
give band gap values around 9.8 eV, which are close.

However, the DFT values seem lower than
experimental values. Pressure is commonly used to
compress materials and reduce atomic spacing, allowing
electrons to interact more and narrowing the energy

difference between specific bands. On the other hand,
the close agreement between the DFT predictions
and the experimental results suggests that our models
are highly accurate. They only differ marginally
because DFT has limitations in predicting absolute
band gap values. This means that the electronic
properties of a material are compressed. This small
band gap under strain indicates electron interactions,
which are important to the material’s structure.

Mechanical properties

Table summarizes the pressure-dependent
mechanical properties of Al,O, (Bulk modulus, Shear
modulus, Weng’s modulus, and Poisson’s ratio)
(0—100 GPa) and compares DFT-derived Bulk
modulus estimates with experimental results [22].
During the experiment, the bulk modulus increased
from 253 GPa at 0 GPa to 330 GPa at 100 GPa,
indicating how resistance to volume compression
increases under pressure. This is because interatomic
forces increase, and the material’s compressibility
decreases with pressure. In addition, as pressure
increases, the shear modulus rises from 170 GPa to
220 GPa, confirming improved deformation behavior.
Weng’s modulus increases from 410 GPa at ambient
to 515 GPa at 100 GPa, likely due to greater pressure
sensitivity. The increase in the three elastic moduli
(B, G, and E) is consistent with the rise in pressure.
At high pressure, Al,O; shows higher mechanical
strength and structural stability, as is usually observed
for harder ceramic materials. Poisson’s ratio drops
slightly with increasing pressure, from 0.22 to 0.20.

This reduction indicates a gradual, linear
progression toward more directional, or less ductile,
joint-binding properties, as well as more brittle
material at high pressure. The low Poisson’s ratio
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Fig. 3. Variation of band gap vs. pressure for ALLO; by DFT and experiment [25,26]
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values also confirm strong covalent—ionic bonding in
Al,O; and its resistance to shear deformation. In
contrast to the bulk modulus values from experiment
[22], DFT and measurements at lower pressures
(0 and 20 GPa) agree well. At higher pressures, the
difference is minimal, and the DFT values are slightly
greater than the experimental values (330 GPa and
320 GPa at 100 GPa, respectively).

This slight overestimation is consistent with the
GGA-PBE standard, where the stiffness curve slightly
exceeds the experimental values. However, despite this
deviation, it remains close to acceptable values, so the
computational approach is likely accurate and reliable.
Overall, Table shows that Al,O; achieves improved
stiffness, strength, and resistance to volumetric and
shear deformation under elevated pressure and exhibits
widely accepted behavior consistent with experimental
reports [22]. These values suggest applicability to
applications requiring high mechanical properties, such
as protective coatings, structural ceramics, and high-
pressure systems.

Thermal properties

Figure 4 illustrates how thermal conductivity
changes with pressure using DFT calculations,
compared with experimental studies. With a pressure
range of 0 to 100 GPa, thermal conductivity rises
quite linearly from about 30 to 38 W-m~'.K~!. This
positive trend means higher pressure stiffens atomic
vibrations. Phonon group velocity increases, and
phonon scattering decreases. With k=1/3-C,-v>t (Where
C, is the specific heat, v is the phonon velocity, and t
is the phonon relaxation time), thermal conductivity
increases.

The nearly parallel DFT and experimental curves
show that both methods capture similar physics:
pressure favors interatomic coordination by decreasing
anharmonicity and phonon scattering. Under the same
conditions, no strong phase transition occurs in this
range for structural stability, and no obvious pressure-
induced phase transition is observed. However, the

experimental results are slightly larger than DFT
predictions and vary slightly from the theoretical results.
This difference, typically less than 1 percent, stems
from both computational estimates and experimental
conditions.

Therefore, in principle, RTA-based DFT
calculations based on the relaxation-time
approximation (RTA) would tend to underestimate
the thermal conductivity of Boltzmann transport.
Instead, they ignore higher-order phonon processes
and normal scattering, which redistribute momentum
without friction. Furthermore, GGA functionals (e.g.,
PBE, PBEsol) also slightly underestimate elastic
constants and phonon velocities, so they tend to predict
lower k values. Underlying numerical constraints (e.g.,
finite supercell sizes or coarse q-point meshes) can
also lead to underestimated values.

At experimental temperatures, slight changes in
residual non-hydrostatic stress, microstructure quality,
isotopic purity, and radiative heat transfer can bring
the measured conductivity closer to expected values.
Additional experiments at finite temperatures,
anharmonic corrections, and thermal expansion lead
to slight changes in phonon lifetimes compared with
the 0 K DFT framework. The computational method
is based on strong theoretical-experimental agreement,
which is important for identifying suitable lattice
dynamics in the compression domain.

These subtle discrepancies mainly stem from
approximation-induced errors in DFT phonon-
transport predictions and small systematic errors in
experimental design and calibration, all within the
limits of standard scientific methods. This connection
also shows that DFT-based prediction systems perform
well at predicting thermal properties under pressure.
Thus, there is a strong basis for further improvements
in this area, such as by introducing temperature-
dependent interatomic force constants or by
performing iterative Boltzmann transport calculations
[27,28].

Pressure-dependent bulk modulus, Shear modulus, Weng’s modulus, and Poisson’s ratio with experimental values

Pressure Bulk modulus Shear modulus Weng's modulus Poisson's ratio Experimental
(GPa) (GPa)-DFT (GPa) (GPa) (GPa) [22]

0 253 170 410 0.22 253

20 268 180 435 0.22 268

40 285 190 455 0.21 280

60 300 200 475 0.21 295

80 315 210 495 0.21 310
100 330 220 515 0.20 320

Exploring the physical properties of Al,O; under pressure: a study utilizing DFT and equation of state
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Optical properties

Figure 5 presents the absorption edge (in eV) of
AL O, at various pressures (e.g., 0—100 GPa) and
compares it with DFT results and experimental data
[29,30]. However, the absorption edge decreases further
with increasing pressure, from about 9.9 eV at 0 GPa
to 8.2—8.3 eV at 100 GPa. This results in a large
shift of the absorption edge under compression. A
reduction in the absorption-edge energy decreases the
band gap. Under pressure, the spacing between Al
and O atoms in the same plane decreases, increasing
orbital overlap and altering the electronic band

structure. This reduces the energy gap between the
valence and conduction bands. The interband transition
between the valence and conduction bands becomes
narrower. The clear downward trends observed in
DFT, along with experimental results, confirm the
systematic effect of pressure on Al,O; optical
parameters. DFT and experimental data agree well
[29,30]. The pressure range is fully explored. The
difference between DFT and experimental data is small
and consistent. This validates the reliability of the
computational approach; DFT also faithfully captures
pressure-dependent electronic transitions in Al,Os.
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Fig. 4. Variation of thermal conductivity with respect to pressure of Al,O, with experimental values [27,28]
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Refractive index

Using bar charts (Fig. 6), this paper shows how
the refractive index varies with photon energy (eV)
across two pressure regimes: standard pressure (0 GPa)
and extreme pressure (100 GPa). The paper provides
refractive index values over a photon-energy range of
0—10 eV. In the lower-energy range (0—4 eV), the
refractive index is slightly higher at 100 GPa. This
suggests that this pressure application enhances light’s
bending ability, especially at these lower energy levels.
At higher photon energies, the refractive-index gap
deepens under both pressures.

The refractive index peaks at about 6 eV, and
again, the 100 GPa condition (approximately 3.5)
surpasses the 0 GPa condition (roughly 3.0). One
could argue that high pressure increases the material’s
responsiveness to electromagnetic radiation in that
energy zone. However, it should be noted that it
changes after 6 eV. The refractive index at 100 GPa
starts to drop more quickly than at 0 GPa. By 8 eV,
the high-pressure refractive index drops; at 10 eV, it
has nearly given up together, almost kissed up and
left it, reaching a refractive index of 1.1.

The refractive index between around 4 and 6 eV
is commonly examined for its pressure sensitivity. At
its heart, it’s about pressure restricting a substance’s
optical behavior, except at the photon level. Hence,
for specific energy ranges, pressure usually increases
the refractive index; at higher photon energies, it
decreases, presumably due to changes in the material’s
electronic band structure. These plots show that pressure
isn’t the only factor — photon energy also plays a
major role, and compression causes fine-grained
changes in the material’s dielectric properties [31,32].

Absorption coefficient

Figure 7 shows the relationship between the
absorption coefficient and photon energy. It is indeed
interesting to compare the response at 0 GPa to
100 GPa. The absorption coefficient is near zero
until about 4 eV. This shows little photon absorption
in this low-energy region. It becomes more interesting
above 4 eV. At low pressure (below 100 GPa), the
absorption coefficient increases. Under high pressure,
the absorption coefficient is around 5; under normal
conditions, it is around 3 at about 6 eV.

The difference increases with photon energy;
at 10 eV, the absorption coefficient jumps to almost
29 at 100 GPa, while at 0 GPa it stays close to 18. It
is clear that pressure at all these points increases the
surface’s optical level; higher-energy photons can be
absorbed more readily when the surface is compressed.
The most likely reason is that high pressure alters the
electronic band structure, leading to more electronic
transitions than would otherwise be possible.

Calculation of mechanical properties by the
equation of state

The Murnaghan [33,34] and Srivastava—Pandey
[33,34] equations of state (EOS) are expressed as:
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Fig. 6. Refractive index vs. photon energy under various pressures of Al,O,
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where Pis the compression-dependent pressure, K is
the bulk modulus at zero pressure, K,' is the first-
order derivative of the bulk modulus at zero pressure,

v , 3K, -8
X= v s the volume compression, @ =————,
Fo1-2 ’

and 5~ v,

The first volume derivative of the isothermal
EOS gives the isothermal bulk modulus (K;) gives
[35]:

oP
KT =_V(—j '
oV ),
The bulk modulus corresponding to the

Murnaghan and Srivastava-Pandey EOS is expressed
as [36,37]:

v
KT = KO(VJ 5
0

KT=K0(VXJ (1+§+§2+§3)6Xp(a§)+gp. (5)

0

(3)

(4)

Using Egs. (1) and (2), we can calculate the
volume-dependent pressure. Using Egs. (4) and (5),
we can calculate the volume-dependent bulk modulus
using the input values. It should be observed that
K,=253 and K,=4 [38].

Figure 8 shows the pressure-volume behavior of
a material compared to DFT, Murnaghan’s, and
Srivastava—Pandey’s equations of state. As shown in
the plot, pressure declines with increasing volume,

indicating that this trend is expected and is also inverse
for compressible materials. DFT data points in
particular fit both EOS models well, indicating their
accuracy. The Murnaghan and Srivastava—Pandey
equations follow a similar trajectory and overlap
significantly, particularly in the middle volume range.
However, at extreme pressures, differences emerge
between the EOS and DFT results, suggesting that
the EOS is constrained in capturing quantum
phenomena across the pressure range. In general, it
seems that either EOS model can accurately explain
pressure-volume reactions under compression, at least
from my perspective.

From Fig. 9, we can observe a clear correlation
between the bulk modulus and the volume of the
material as we analyze the various methods — the
Murnaghan EOS, the Srivastava—Pandey EOS, the
DFT calculations, and the experimental results. This
reduction in bulk modulus is almost independent of
parameter or device size, since the volume increases
from ~78 A3 to ~108 A3, according to the study. The
inverse relationship is not surprising; it shows the
material becoming mechanically «softer» as it expands.

However, this aligns with our understanding that
pressure falls as volume increases. In addition, the
DFT analysis shows that the material is more robust,
especially at lower volumes. The Srivastava—Pandey
EOS would underestimate the bulk moduli, while the
Murnaghan EOS would improve them slightly.

Similarly, the experimental data in source [22]
agree strongly with both the DFT predictions and the
EOS forecasts. This correlation reinforces the rigor of
the theoretical models that we use. The graph illustrates
how different EOS models can describe and modify
the material’s mechanical properties under pressure
variation. It shows that, ultimately, both DFT and
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Fig. 7. Variation of absorption coefficient with photon energy at different pressures of Al,O,
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experimental methods are robust and informative for
understanding these phenomena.

Conclusions

At uniform pressure (similar to that found deep
within the Earth), the electronic and optical behavior
of aluminum oxide (Al,O;) will also change at the
atomic character level. Here, we study the transition
of these properties using Density Functional Theory.
In essence, as pressure increases, the bulk modulus
and Young’s and Shear moduli of the material will
rise as well. The volume of the material, however,
decreases, and so does Poisson’s ratio. The equation
of state also confirms this inverse correlation between
volume and bulk modulus. So, the band gap decreases
with increasing pressure in Al,O5, an essential aspect
of this process, because it reduces the energy electrons
need to jump between the two energy levels.

Lower excitation energy directly affects electrical

120

energy transfer and, therefore, interactions with light.
Under pressure, the material changes even more
spectacularly, beginning to absorb visible light more
robustly. Typically transparent, it starts to resonate
much more in the visible portion of the spectrum,
and this resonance seems more readily associated with
pressure-induced changes in the material’s band
structure. These pressure-induced variations suggest
that AL O, is also well suited for pressure-sensitive
devices, thereby merging the optics and electronics
involved. Mechanical forces that change visible
electronics or optics can turn sensors or switches on
or off, opening up some promising tech futures.
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JOCIIIKEHHA ®I3UYHUX BIACTUBOCTEN ALO,
1A TUCKOM: JOCIII2KEHHSA 13
3ACTOCYBAHHAM METOIIB DFT TA PIBHSAHDb
CTARY

Abxaii II. Illpieacmasa, Anod Kymap Cinex,
Pimew Illpicacmasa, Xapim Yanopa Illpisacmasa

3a J0MOMOrol PO3PaxyHKIiB 3 MepUIMX MPUHLMIIB Ha
ocHOBI Teopii (yHkuioHana ryctuau (DFT) y nmoegHanHi 3
piBHgHHsaMu ctaHy (EOS) Mypuarana ta LlpiBactaBu-
[TaHzgest KOMIUIEKCHO NOCTIIXEHO BIUIMB TUCKY Ha CTPYKTYPHI,
MEXaHiYHi, TETUIOBi Ta ONTHUYHI BIACTUBOCTI OKCUIY aJIOMiHiIO0
(Al,0,). Ha ocHOBIi cTpyKTypHOI OnTMMIi3allii MiATBepAXKEeHO
crabinbHicTh KopyHaoBoi daszu go 100 I'Tla; BcTaHOoBIEHO
3MeHIIeHHs1 06’emy Ha 10—15%, a Momynb 06’e€MHOI MpyX-
HocTi 30inbiyeTbest Bin 253 no 330 I'Mla. Iupuna 3a6opoHe-
HOI 30HUM 3MeHIuyeTbhcs Bia 9,9 mo 8,2 eB 3i 3pocraHHsIM
TUCKY, OCKUJIbKU €JIEKTPOHHE MEPEeKPUBAHHS 301IbIIYETHCS, a
CIIEKTP ONTUYHOTO MOMIMHAHHS, WMOBIPHO, 3a3HAE YEPBOHO-
ro 3CyBY; MOJYJi 00’€MHO1, 3cyBHOI Ta BeHbra Takox 30i1bli1y-
I0ThCSI, 1O CBIUUTH MPO 3POCTAHHSI HECTUCAMBOCTI. BongHouac
TETJIONPOBIAHICTh TAaKOX Iello 30iabliyeTbes Bin 30 mo
37,7 Br/(M-K), 1m0 Moxe OyTHM TOB’S13aHO 3i 30UIbIICHHSIM
(oHOHHOrO poscitoBaHHs. ONTUYHI pe3yabTaTh BUSIBISIOTH
YepBOHUI 3CYB Kpalo MOMIMHAHHS Ta YYTJIMBUIA A0 TUCKY IMO-
Ka3HUK 3aJIOMJICHHSI B Aiana3oHi 4—6 eB. Y3romkeHHs Mix
nporto3amMu DFT Ta ekcriepuMeHTaIbHUMU pe3yjibTataMu J10-
JIATKOBO MIiATBEPIKYE TOUHICTb Mopesi. Llsg y3romkeHicTh
MiATBEPIKYE MEPCINEeKTUBHICTb BUKOpUcTaHHS AlLO; mis orn-
TOEJEKTPOHHUX 1 reodi3sMyHUX 3acCTOCYyBaHb 32 BUCOKOIO
THUCKY Ta 3a0e3reuyye HOBE PO3yMiHHSI HOro €JeKTPOHHOTO i
ONTUYHOTO BiATYKY Iil TUCKOM.

Kumouosi cnoBa: teopist dyHkiionana ryctunu; Al,Os;
€JICKTPOHHI BJIACTMBOCTI; ONITMYHI BJIaCTUBOCTI; THUCK.
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Using first-principles density functional theory (DFT)
calculations in conjunction with the Murnaghan and Srivastava—
Pandey equations of state (EOS), we comprehensively investigate
the effect of pressure on the structural, mechanical, thermal, and
optical properties of aluminum oxide (Al,O5). Based on structural
optimization, we confirm the stability of the corundum phase up
to 100 GPa; we find a 10—15% decrease in volume, and the
bulk modulus increases from 253 GPa to 330 GPa. The band
gap decreases from 9.9 eV to 8.2 eV with rising pressure, as
electronic overlap increases and the optical absorption spectrum
is likely to be redshifted; the bulk, shear, and Weng’s moduli
also increase, indicating greater incompressibility. Meanwhile, the
thermal conductivity also increases slightly from 30 W/m-K to
37.7 W/m:-K, which can be attributed to the increasing phonon
scattering. Optical results reveal a redshift of the absorption edge
and a pressure-sensitive refractive index in the 4—6 eV range. The
agreement between DFT predictions and experimental results
further confirms the model’s accuracy. This consistency supports
the feasibility of Al,O, for optoelectronic and geophysical
applications at high pressure and provides new insights into its
electronic and optical response under pressure.

Keywords: density functional theory; Al O;; electronic
properties; optical properties; pressure.
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