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Abstract
LiMn204 shows an overlap of electron path which reveals the metallic properties whereas for
LiMnO4 there exists a band gap around 0.852 eV. From elastic tensor analysis anisotropic
behavior is observed. But for LiMn204, Linear compressibility shows complete isotropic
behavior. The contribution at the fermi level mainly comes from the O 2p and Mn 3d states.
The electron- and hole-like sheets make the complex multi sheet. The highest reflectivity
(~80%) was observed for LiMnO4 at ~ 17 eV in the IR-visible-UV region. The higher value
of heat capacity for LiMnO4 indicates that it is softer compared to LiMn204.
Keywords: DFT simulation; Electronic and optical properties; Vibrational properties;

Introduction

At present, the demand for reliable energy and renewable energy storage is dramatically
increasing due to fossil fuels and associated energy problems for environment. For a long
period, Lithium-ion batteries are the most attractive energy sources for their superior energy
density for electronic devices, especially for portable devices, for example, digital cameras,
laptops and cell phones, and so on. The emerging new technologies broadly dependent on the
development and application of lithium-ion batteries for the energy storage system to the next
generation [1-4]. For transportation and smart grids renewable energy sources are very much
important issues. For lithium-ion batteries, the lithium is transformed at the time of
charge/discharge processes between electrodes. The lithium battery is consisting of a graphite
with negative charged electrode, a liquid electrolyte, and a layered of LiCoQO2, positive
electrode. During this period of time, for charge compensation the electrons pass through the
external circuit. In the case of commercial application of lithium-ion batteries, LiCoO2,
LiFePO4, and LiMn204 are used as cathode materials whereas graphite is used as an anode
material [5-8]. For the practical use of cathode materials, every procedure some its advantages
and disadvantages. LiCoO2 as a cathode material has revolutionized for the use of portable
electronic devices like laptops, phones, and so on. At the same time, the use of LiCoO?2 is
highly safe, low cost, and toxicity concern which is prevented from being used of LiCoO2 in
broad-scale batteries and transportation systems to the next generation.
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In recent years, though the development of LiFePO4 has been observed in safety issues, the
high cost of carbon-coated nano-LiFePO4 limits its application for lithium-ion batteries [9, 10].
On the other hand, the LiMn204 has been attracted mostly as a cathode material for
transportation and large-scale batteries due to its minimum cost, environmentally benign,
excellent structural stability, and better -improved safety issues [11]. LiMn204 exists in the
spinel structure with the space group of F-d 3m. For this material the Li and Mn occupy at the
8a tetrahedral and 16d octahedral sites whereas the oxygen ions of the cubic close-packed,
respectively. Due to the edge-shared octahedral Mn204 host structure, this material is highly
stable and possesses a very intersecting tunnels formed by the face-sharing of tetrahedral
lithium (8a) sites and empty octahedral (16¢) sites. This type of tunnel allows the three-
dimensional diffusion of lithium ions for the charging and discharging process. In the case of
lithium-ion batteries, it was found that by using LiMn204 as LiMn20O4/carbon as a cathode,
the structural stability, rate of capacity, and cycling stability could improve. Up to date the
different nanostructures of LiMn204 have been developed and applied as the cathode materials
[12-22]. The above interesting properties motivated us to carry out further property calculations
using the first-principles method.

In the present study, we have studied the different properties of LiMn204 and LiMnO4 by
calculating minimum energy based on DFT implemented in the CASTEP code.

Research Methodology

The first-principles investigations have carried out by employing the plane-wave pseudo-
potential approach with GGA developed by Perdew—Burke—-Ernzerh within the DFT as
implemented in the CASTEP code. Plane-wave cut-off energy will be employed throughout
the calculations to determine the number of plane waves in expansion. The geometry
optimizations will be performed using the BFGS minimization technique. To fulfill this
purpose, successive geometry optimizations were performed with different cut-off energies,
keeping k-points constant. Again, with different k-points keeping cut-off energy fixed at a
particular k-mesh for LiMnO4 and LiMn204, respectively. We have used Monkhorst-Pack
(MP) grid 9 x 6 x 8 and 9 x 9 x 9, to sample the Brillouin zone LiMnO4 and LiMn204
respectively. The cut-off energy was fitted with 500 eV for both cases. The quasi-harmonic
Debye model implemented in the Gibbs program was employed to determine the
thermodynamic properties at ambient conditions. In this investigation, we have used energy-
volume data calculated from the third-order Birch-Murnaghan equation of state using the zero
temperature and zero pressure equilibrium values of energy, volume, and bulk modulus
evaluated from the present DFT calculations [23-35].

Structural Properties
Table 1. Calculated and available theoretical and experimental lattice parameters a, b,
and c (A) and unit cell volume Vo (A3) at zero pressure for LiMn204 and LiMnO4.

Compound a b co Vo Ref.
LiMnO4 5.0861 8.5032 6.563 294.453 This
5.514Fx 8.397 6.359  ---- [36]
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8.50 6.58 310.25 [37]

5.54Theo.

8.824EX' - - - [38]
LiMn204 8 247E% - - - (39]

8.662 459,662 This

The calculated values of fully relaxed equilibrium structural parameters of these phases are
presented in Table 1, along with the available experimental values and other theoretical results.
The comparison shows that our calculated results are in excellent agreement with both the
theoretical and experimental values. Fig.1 shows the crystal structure of our studied compound
LiMnO4 and LiMn204, respectively.
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Fig. 1: Standard View of Crystal Structure of 2-Dimensional LiMnO4 and LiM2nO4.

In the case of LiMnO4 the crystal structure (space group: Cmcm) is an orthorhombic structure
with the position 4a, 4c, 8f and 8g for Li, Mn, and O, respectively. The spinel structure of
LiMn204, (space-group: Fd-3m), Li in the 8 a site, Mn ions are located in the 16 d site, a cubic
close-packed (ccp) array of oxygen ions occupies the 32 e position. The Mn ions with the
oxygens have octahedral coordination, and the MnO6 octahedra share edges in a three-
dimensional host for the Li guest ions. The 8 a tetrahedral site is situated furthest away from
the 16 d site of all the interstitial tetrahedra (8 a, 8 b, and 48 f) and octahedra (16 ¢). The 8 a-
tetrahedron faces are shared with an adjacent, vacant 16 c site. This structural features in the
stoichiometric spinel compound executes a highly stable structure [36-42].

Mechanical Properties:

Elastic Constants, Cij and Mechanical Stability

Essentially, the elastic constants values of any solid allow us to obtain the mechanical stiffness
properties and they can be used to delineate the resistance of any crystal to an applied stress.
As a consequence of this, the mechanical behaviour as far as its elastic constants understanding
are essential to investigate of LiMnO4 and LiMn204 compounds. The elastic stability
conditions for each crystal system and Laue class, closed-form expressions can be found from
the below given approaches. For this purpose, the matrix formulated into the block diagonal
frame and the minors starting were expresses with the with the smallest blocks. Finally, we
have checked the results presented below through direct calculation with computer simulations,
the characteristic expanding in each case to the polynomial of the stiffness matrix, and factoring

Journal of Data Acquisition and Processing Vol. 38 (3) 2023 6468



MECHANICAL, OPTICAL, ELECTRONIC AND VIBRATIONAL PROPERTIES OF LIMNO4 AND LIMN204: DFT STUDY

it [43-46]. The calculated elastic constants of these compounds are presented in Table 2. The
tabulated data in Table 2, all of the elastic constants for the compounds bear the stability
criteria.

Table 2: Calculated elastic constants Cij (GPa) at 0 K temperature and 0 GPa pressure
for LiMnO4 and LiMn204.
Compounds C11 C12 C13 C22 C23 C33 C44 C55 C55 Ref.
LiMnOg4 53 30 18 90 29 112 25 20 21 This
LiMn204 129 27 - - - - 73 - - This

Elastic Tensor Analysis

Young’s modulus, Y (u) is a measurement of the stiffness of a structure under the uniaxial
strain to the unidirectional unit vector u. Shear modulus G (u, v) signifies the resistance to shear
stress of the plane perpendicular to v in the direction of u, Poisson’s ratio v (u, v) is the ratio of
transverse strain in the direction of v to the axial strain in the direction u under uniaxial
deformation stage. The compression along a direction u upon isostatic compression express the
Linear compressibility, K (= 1/B) (u) [47 - 50]. An absolute circle/sphere describe an isotropic
solid and conversely. From the elastic moduli analysis, the anisotropy stage can be understood
from the deviation of circular (for 2D) and spherical (for 3D) presentation.

Fig. 2 (a), in the case of xy plane the maximum value of Young’s modulus is at the vertical
axis whereas for the horizontal axis for all cases along xy, xz and yz axis there is a minimum
value exists. The deviation along vertical axis is higher compared to the horizontal axis. The
value reveals that all the planes are anisotropic. Fig. 4 (a) shows 3-D view of Young’s modulus.
Fig. 2. (b) shows the linear compressibility, K (1/B) of LiMnO4 for a 2-dimentional view
whereas Fig. 4 (b), shows a 3-dimensional view. In the case of linear compressibility along xy
and xz plane the behavior is almost the same. The deviation is minimum for the vertical axis
whereas the deviation is maximum along the horizontal axis.

Fig. 3. (a) shows the shear modulus, G of LiMnO4 for the 2-dimentional view whereas fig. 4
(c) shows the 3-dimensional view. The value of the shear modulus is different for different
plane. It is observed that the shear modulus shows anisotropic properties. Fig. 3. (b) shows the
Poisson’s ratio, v of for the 2-dimentional view whereas fig. 4 (d) shows the 3-dimensional
view. The value of Poisson’s ratio is randomly changed in the horizontal and vertical axis.
There exists a zigzag path. Hence, Poisson’s ratio represents anisotropic properties [51, 52].

@ - g q (®)

Fig. 2: The 2D plots of (a) Young’s modulus, Y and (b) Linear compressibility, K for
LiMnO4 compound, along xy, yz, and zx respectively.

Journal of Data Acquisition and Processing Vol. 38 (3) 2023 6469



MECHANICAL, OPTICAL, ELECTRONIC AND VIBRATIONAL PROPERTIES OF LIMNO4 AND LIMN204: DFT STUDY

~

Fig. 3: The 2D plots of (a) Shear modulus, G, and (b) Poisson’s ratio, v for LiMnO4
compound along xy, yz, and zx respectively.
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Fig. 4: The 3D plots of (a) Young’s modulus, Y (b) Linear compressibility, K, (c) Shear
modulus, G and, (d) Poisson’s ratio, v (right) for LiMnO4 compound.

Fig. 5 (a) shows Young’s modulus of LiMn204 for a 2-dimentional view whereas Fig. 7 (a),
shows a 3-dimensional view. It is observed that for Xy, xz, and yz plane there exists deviation
which shows anisotropic behavior. Fig. 5 (b) shows the linear compressibility, K (1/B) of
LiMn204 for the 2-dimentional view whereas Fig. 7 (b), shows a 3-dimensional view. Along
Xy, Xz, and xz plane the behavior is almost the same. There is no deviation for any axis along
horizontal and vertical. Hence, the linear compressibility shows perfectly isotropic properties.
Fig. 6 (a) shows shear modulus, G of LiMn204 for a 2-dimentional view whereas Fig. 7 (c)
shows 3-dimensional view. Shear modulus for all the cases is deviated for different plane. Fig.
6 (b) shows the Poisson’s ratio, v of for a 2-dimentional view whereas Fig. 7 (d) shows a 3-
dimensional view. The value of Poisson’s ratio is a little-bit changed in in the Xy, xz and yz
plane in both the horizontal and vertical axis. Both are representing anisotropic properties [51

- 55].
t t (b) “ “ “
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Fig. 5: The 2D plots of (a) Young’s modulus, Y for LiMn204 and (b) Linear compressibility,
K for LiMn204 compound, along Xy, yz, and zx respectively
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Fig. 6: The 2D plots of (a) Shear modulus, G for LiMn204 and (b) Poisson’s ratio, v for
LiMn204 compound, along Xy, yz, and zx respectively.
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Fig. 7: The 3D plots of (a) Young’s modulus, Y (b) Linear compressibility, K (c) Shear
modulus, G and, (d) Poisson’s ratio, v (right) for LiMn204 compound.

Electronic Properties

Band Structure and Density of States (DOS)

The energy bands in the first Brillouin zone of the high symmetry directions are shown in the
energy range from -5 to +4 eV for LiMnO4 whereas for LiMn204 the range was used -5 to +3
eV in Fig. 8 (a) and (b). At zero external pressure, the band gap of LiMnO4 was observed 0.852
eV. The previously reported band gap was 1.570 eV [37]. However, in the case of LiMn204,
it was observed that the bands overlap each other. The number of sates of each energy level
can be understand from the study of DOS in statistical and solid-state physics. Usually, a high
DOS at a specific energy level measure that there are more available states for electrons [56].
Figure 9 express the TDOS of LiMnO4 and LiMn204, respectively. For both cases, we observe
that the lowest energy bands lying between -7.0 eV and -2.0 eV arise mainly from the O 2p
and Mn 3d states with a small contribution from Li 2s and O 2s, 2p, Mn 4s states. On the other
hand, the energy bands from - 0.5 eV to the Fermi level are derived mainly from O 2p states
with small contributions from Mn 4s and 4p 3p, with Li 2s states. Hence, we can say that, at
the Fermi level, the main contribution to the total DOS comes from the O 2p and Mn 3d states
respectively in both cases.
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Fig. 8: Band structure of (a) LiMnO4 and (b) LiMn204.
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Fig. 9: Total density of states (DOS) of LiMnO4 and LiMn204.
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Fig. 10: Fermi surface of LiMnO4 (a), (b) and LiMn204 (c¢), (d) at zero temperature and

pressure.
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Fig. 11: The 2-D charge density of LiMnO4 and LiMn204 at zero temperature and pressure.

Fermi surface and Charge Density

The Fermi surface contour is obtained from the crystalline of its periodicity and symmetry of
lattice and the occupied electronic energy bands of the solid. The occupied and unoccupied
electron states which separates at zero temperature is formed in reciprocal space of the Fermi
surface. The vibrational and dynamical properties of any electron on the surface widely depend
on the position of an electron in the Fermi surface. Hence, the shape of the Fermi surface
concerning the Brillouin zone is a guideline of the electrical, magnetic, optical, and thermal
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properties of any materials [57 - 62]. The Fermi surface topologies of LiMnO4 and LiMn204
at zero pressure and zero temperature are shown in Figs.10 (a) to (d), respectively. The outer
and inner shapes of the Fermi surfaces are complicated and quite different with each other in
both cases. The electron-like pocket and hole-like pocket Fermi surfaces are existing for both
compounds. To realize the distribution concentrations of the electron density of LiMnO4 and
LiMn204, the valence electronic charge density maps (in the units of e/A3) have been depicted
in Figs. 11 (a) and (b), respectively. From the charge distributions it reveals that O atoms
exhibit a strongly directional bonding compared to Li and Mn atoms. The atom which has large
value of electronegativity (electric charge) attracts electron density towards itself [37]. As the
electronegativity difference is large, the electric charge around O (3.44) atom is greater than
around Mn (1.55) and Li (1.23) atoms. Also, the radius of the element is related with the charge
negativity. The radius of Mn and Li is 1.39A and 1.23 A, respectively [63].

For LiMnO4 and LiMn204 both the cases there contain covalent and ionic bonds (O-Li-O, Li-
Mn ionic bond, and Mn-Mn polar covalent bond). The localization of charge density around
the core region of the O and Li is spherical due to ionic bonds. In the case of valence band area,
there is a polar covalent bonding between Mn-Mn. There is also a covalent bond exist between
the Li-Li and O-O atoms itself. The crystallographic electronic charge densities in all planes
are showing its both the ionic and covalent bonds [64].

Optical Properties

The analysis of the optical functions of any solid helps us to give a better understanding of the
electronic structure. The optical properties study in modern physics, is very much interesting
because when electromagnetic radiation is incident on the materials, the materials respond in
different way. The optical properties of LiMnO4 and LiMn204, can be derived from the
comprehension of the complex dielectric function, g(w). Generally, there are two contributions,
namely, intraband and interband transitions for &(®). However, the latter contributions are vital
metals [65]. One can expressed the complex dielectric function as g(®w) = ¢ 1 (0)+ie 2 (®).
Within the selection rules, the imaginary part €2(w) is obtained from the momentum matrix
elements between the occupied and unoccupied wave functions. Using the Kramers—Kronig
relation, the real part €1(w) of the dielectric function can be derived from the imaginary part.
The comprehension study for both €1(w) and €2(w) permits to calculate the important optical
constants such as the refractive index n(w), extinction coefficient k(w), conductivity, optical
reflectivity R(w), absorption coefficient a(w), and energy-loss spectrum L(w) using the
expressions given in ref. [66]. The calculational approaches are well established and widely
available in chapter four and hence not be repeated here. The estimated optical properties of
LiMnO4 and LiMn204 at ground state are presented in Figs. 12 (a) to (h) for the photon energy
range up to 50 eV for the polarization vector [100].
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Fig.12: Absorption (a), Conductivity (b), Reflectivity (c), Loss function, Dielectric functions
(e, ) and refractive indices (g, h) LiMnO4 for and LiMn204 respectively at ambient
condition.

Fig. 12 (a) shows the absorption coefficient spectra of LiMnO4 and LiMn204, respectively,
which begin above 0.0 eV photon energy for LiMnO4 due to their band gap existence. On the
other hand, the absorption started from zero photon energy for LiMn204 which indicates there
is no band gap existence. We observed that the absorption coefficient spectrum with one peak
between 0.0 eV and 10.0 eV for both cases that rises and then sharply decreases at around 10.0
eV. But for both compounds, the absorption is highest at energy of about 20.0 eV. The
absorption rate is higher for the LiMn204 comparing to the LiMnO4. The nearly same feature
can be seen for both the materials under study from the energy range from above 25.0 eV.

The photoconductivity starts with the photon energy above zero for LiMnO4 whereas
photoconductivity starts at zero photon energy for LiMn204 Fig. 12 (b). This result shows that
there is no band gap for LiMn204. In contrasts, there is a band gap that is evident from band
structure calculations also for LiMnO4. We observe that the maximum optical conductivity
occurs at the energy of 6.0 eV for both cases. This implies that LiMn204 should be highly
electrically conductive than LiMnO4 when the incident radiation has energy within this energy
range. The photoconductivity reaches zero at about 25.0 eV LiMn204. In contrast at 22.5 eV
the photoconductivity reaches zero for LiMnO4. There is no photoconductivity were observed
for both the phases as the photon energy more than the 25.0 eV. We are not aware of any other
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optical properties investigations through theoretical calculations or experimental data of
LiMnO4 and LiMn204. Thus, for the further investigations, these results would provide a
useful reference study. The calculated optical reflectivity R(w) as a function of incident photon
energy is displayed in Fig. 12 (c) with equilibrium conditions. It is observed from the figure
that LiMnO4 has the maximum reflectivity (~80%) in the infrared region as well as in the
ultraviolet region. Hence, we may conclude that LiMnO4 compound under study may be used
as a coating to reduce the solar heating system.

The absorption and reflection are closely related with the loss function. The fast electron
moving through the materials reveals the Loss function. The figure clearly shows that that at
the time of electron traversing maximum reflectivity observes where the minimum absorption
takes place. The electron energy loss function L(w) is depicted in Fig. 12 (d) at equilibrium
conditions. The peaks in L(w) spectra represent the characteristic associated with the plasma
resonance and the corresponding frequency is the so-called plasma frequency, ®P, which
occurs at €2< 1 and €1 reaches the zero point [65-71]. The peaks of L(w) is located at 8.5 eV
and 9.5 eV to the corresponds of plasma frequency for LiMn204 and LiMnO4, respectively.
When the incident light has a frequency higher than the plasma frequency of the solid, it will
be transparent and will change the phases.

Dielectric function is the most general property of a solid, which modifies the incident
electromagnetic wave of light. Fig. 12 (e, f) shows the real and imaginary parts of the dielectric
function for LiMnO4 and LiMn204 for equilibrium and ambient pressure where band gap
overlaps for LiMn204 and there is a band gap exist for LiMnO4. The electronic band structure
analysis shows that LiMnO4 is non-metallic whereas LiMn204 shows metallic behaviour.
Therefore, Drude term correction is required to include the effect of metallicity. For all
calculations, we have used 0.5 eV Gaussian smearing. The real part €1 goes through zero from
below at about 16.5 and 2.5 and the imaginary part €2 approaches zero from above at about
120.0 eV and 0.0 eV for LiMn204 and LiMnO4, respectively. Metallic reflectance
characteristics are exhibited in the range €1 < 0. However, the range of both real and imaginary
parts shifted to zero at an energy of 25.0 eV. The electromagnetic wave propagation of an
through a solid is given by the frequency dependent complex refractive index N = n+ik, where
the imaginary part k, the extinction coefficient and the real part n is related to the velocity is
related to the decay or damping of the oscillation amplitude of the incident electric field.

The refractive index and extinction coefficient are illustrated in Figs. 12 (g, h) at equilibrium
and ambient conditions. The static refractive index n (0) is found to have the maximum value
at around 0.0 eV for the LiMn204 whereas for LiMnO4 it is found to be at an energy of 1.5
eV. The extinction coefficient, k shows the maximum value at 1.50 eV for LiMn204 whereas
for LiMnO4 6.5 eV then it decreases rapidly and turns to zero at about 25.0 eV, 23.0 eV for
LiMn204 and LiMnO4, respectively.

Thermodynamic Properties: Properties at Elevated Temperature and Pressure

The elastic parameters and analogous physical quantities like, internal energy, Debye
temperature, entropy, etc. allow an extensive knowledge of the interrelation among the
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mechanical properties of the solids and the electronic and phonon structure of materials. The
thermodynamic properties of the LiMnO4 have been investigated by applying the quasi-
harmonic Debye model, a detailed description of which can be found in the literature [72]. Here
we computed the Bulk modulus, Specific heat capacities, and Volume thermal expansion
coefficient at different temperatures and pressures. For this purpose, we have used E-V data
which is obtained from the third-order Birch—-Murnaghan equation of state [72-74] employing
zero temperature and zero pressure equilibrium values, EO, VO, B0, based on the DFT
calculations. The thermodynamic properties were calculated from 0 to 1000 K temperature and
0 to 70 GPa pressure range, where the quasi-harmonic Debye model remains valid.

Bulk Modulus

The temperature dependence of adiabatic bulk modulus, B for LiMnO4 and LiMn204 at P =0
GPa is shown in Fig. 13 (a) and (b). Our calculations exhibit that, BO value for LiMnO4
decreases rapidly for temperatures up to 1000 K in contrast Bs decreases slowly compared to
the BO. Similar properties were observed for LiMn204 also. For BO and Bs the values of
LiMnO4 decreases by 26.77% and 12.12%, respectively. In contrast, the values for LiMn204
changes by 11.61% and 5.59%, respectively. Also, the variation of bulk modulus at 300 K, 600
K, and 900 K temperatures with pressure is shown in Fig. 13 (b). It is observed from the figure
that the pressure dependences of bulk modulus increase at 523.03%, 477.57%, 441.37% and
421.01% with constant temperature 0 K, 300 K, 600 K and 900 K, respectively from 0 to 70
GPa. Almost the same properties were found for LiMn204 material also. The inset figure
shows the clear variation with temperature and pressure.

@

erwan TX

Fig. 13: Temperature (a) and pressure (b) dependent bulk modulus.

Specific Heat Capacities
Fig. 14 and 15 represent the estimated results on the temperature dependence of constant-
pressure Cp, of LiMnO4. As the temperature increases, phonon thermal softening occurs and
hence heat capacities increase. The difference between CP and CV for LiMnO4 due to the
thermal expansion caused by anharmonicity effects [75] and also which can be explained by
the relation between C_P and C_V as follows:

Cp — Cy = ai (T)BVT
Where aV, B, V, and T are the volume thermal expansion coefficient, bulk modulus, volume
and absolute temperature, respectively.
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The specific heat exhibits the Debye T3power-law behavior at the low-temperature limit, and
at temperature more than room temperature (T>300 K), the anharmonic effect is suppressed on
heat capacity, and CV approaches the classical asymptotic limit C_ V = 3nNkB = 144.0
J/mol.K and C_ 'V =3nNkB = 168.0 J/mol.K for LiMnO4 and LiMn204, respectively. These
results exhibit the fact that at low temperature the interactions between ions in LiMnO4 have a
large effect on heat capacities. The calculations of Fatmi et al [75] for a similar type of
compound coincide with our results. To evaluate the electronic contribution to specific heat
through the Sommerfeld constant, y within the free electron model: y= (1/3)n"2 [nk] "2
BN(EF), we can use N(EF) from the investigated DOS for the three alloys. The specific heat
capacities are decreases with increasing pressure. It is observed that the Cp decreases at 300 K,
600 K, and 900 K are (43.75 %, 20.0%), (16.0%, 7%) and (14%, 6%) for LiMnO4 and
LiMn204, respectively. It is clear that at a lower temperature, the change is higher.
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Fig. 14: Temperature (a) and Pressure (b) dependent specific heat capacity, Cp.
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Fig. 15: Temperature (a) and pressure (b) dependent on specific heat capacity, Cv at different
temperatures.

7.3 Thermal Expansion Co-efficient

The temperature dependence volume thermal expansion coefficient, oV reflects at constant

pressure: o= 1/V (dV/dT) . Fig.16 (a) depicts the temperature dependence of oV at P =0

GPa. The coefficient, oV increases sharply as the temperature rises up to ~300 K and then

gradually reaches a linear increase with enhanced temperature and the propensity of increment
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goes to moderate state, which means that at high temperature a._V is very relatively very small.
For a given temperature, the coefficient decreases exceedingly with the increase of pressure.
The pressure dependence of oV at different temperatures is presented in Fig.16 (b). The
stronger the inter-atomic bonding, the smaller is the thermal expansion. The value of oV are
found to be 7.93x10"(-5) K*(-1) for LiMnO4 and 3.63 x107(-5) K*(-1) for LiMn204 at P =0
GPa at T = 1000 K. For a given temperature, the coefficient oV sharply decreases with the
increase of pressure. At low temperatures, the value of thermal expansion co-efficient varies
very sharply whereas, at the high temperature, it decreases very slowly. The higher value of
LiMnO4 indicates that it is softer compared to LiMn204. Up to now, there are no experimental
or other theoretical investigations are found for the thermal properties of LiMnO4. Our
investigations may serve as a guide for future works. Another fact is that the change is lower
for LiMn204 compared to LiMnO4.
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Fig. 16: Temperature (a) and pressure (b) dependent thermal expansion coefficient, a.

Conclusion

The observed equilibrium lattice parameters of LiMnO4 and LiMn204 are found to be in
excellent agreement with available theoretical and experimental results. The independent
elastic constants (Cij) satisfy the Born stability criteria, indicating the mechanical stability of
LiMnO4 and LiMn204. In the case of tensor analysis, a common thing is present for LiMnO4
and LiMn204; all the elastic moduli are to be anisotropic. In contrasts, the linear
compressibility of LiMn204 was found to be isotropic. At the equilibrium condition, there
exists a band gap (0.852) for LiMnO4. On the other hand, there was a band overlap for
LiMn204. The characteristic pseudogap around the Fermi level shows the presence of
directional covalent bonding. From electronic charge densities map both ionic and covalent
bonds in nature were observed in all crystallographic planes. The reflectivity is high (~80%) in
the IR-visible-UV region was observed for LiMnO4, showing that this material can be
considered as a possible coating material to avoid solar heating. The specific heat exhibits the
Debye T3power-law behavior at low temperature range and at high temperature (T>300 K),
the anharmonic effect is suppressed on heat capacities. The higher value of LiMnO4 specifies
that it is softer compared to LiMn204.
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