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Abstract

Halfmetallic characteristics of inverse Heusler alloy with formula Ti:MnSb were
investigated using WIEN2k based on density functional theory (DFT). Structure stable in an
inverse Heusler alloy — TioMnSb, with face centered cubic structure. The value of total
magnetic moment was 2up at optimized lattice constant a, = 6.33A via energy vs volume
curve for ferromagnetic case. Ti2MnSb shows a half metallic ferromagnetic (HMF) behavior
with an electronic energy band gap of 0.77eV in the minority spin of electronic band
structure as well as in electronic density of states (EDOS). The electronic band structure,
spin polarization, band gap and magnetic moment have been studied with effect of pressure
in terms of lattice parameter variation using DFT under generalized gradient approximation
(GGA). The optical characteristics at equilibrium lattice constant are presented within
photon interaction of infrared, visible and ultraviolet energy in between 0 to 13.6 eV. These

properties indicate the potential of TiMnSb for spintronic applications.

Keywords: Inverse Heusler alloys, electronic band structure, Ferrimagnetism, Optical

Conductivity, Dielectric function.

1. Introduction

Nowadays, optoelectronics and electronics-based spin devices are important research areas
for the development of next-generation memory, sensing, and data-storage technologies.
Calculations of the electronic structure which established the HMF and Heusler alloy such

as NiMnSb by Groot in 1983, prompted interest in these materials for application in



spintronics devices [1]. Ti, Mn based Heusler alloys have attracted considerable research
interest because of their diverse functional properties, including half-metallicity and spin-
gapless behavior, as well as their potential applications in spintronic and related
technologies [2-6]. Skaftouros et al. reported that Ti-based compounds can crystallize in the
Hg.CuTi-type inverse Heusler structure, in which the two Ti atoms occupy distinct
neighboring sites [7-8]. Along this TioMnZ with Z = Ga, Al, In, zero magnetic moment
along with almost spin gapless behavior was reported by Jia et al [9]. Yadav et al. have
employed the effects of lattice parameter variation as well as of the effect of cobalt addition
on magnetism, spin polarization and optical properties of Fe>.xCoxMnAl Heusler alloy for
spintronics and photovoltaic device applications. Their results indicate all the alloys to be
HM and ferromagnetic character at various ranges of lattice constants [10]. Deviations from
the ideal lattice parameter and lattice distortions also occur on synthesis of materials for
practical technological use in spintronics. Lattice variation study is thus important because
during the alloy film preparation lattice variation occurs which may destroy the nature of
HMF. Yang et al. reported results for TioMnAl compound studied under pressure-strain
condition using theoretical methods [11]. Yadav et al. reported that ball milling as well as
pressure dependent in terms of lattice variation can affect the nature of HMF of Fe;MnSn
Heusler alloy incorporation in the value of spin polarization, bandgap and magnetic moment
for application in spintronics devices [12-13]. Birsan et al. predicted Ti2CoSi to exhibit as
HMF by first principles calculation [14] for Co based alloys as their magnetic moment
becomes high. Mn based alloys show better magnetic characteristics such as magnetic
anisotropy, high curie temperature, high magnetic moment, magneto-optical effects in Feo.
xCoxMnAl, FeoMnZ alloys by Jain et al. [15-16]. Recent study on Mn based Heusler alloys
shows phase transition between structural behalf as well as magnetism part [17-22].
Similarly, Ti based alloys shows various structure phase such as inverse Heusler phase,
tetragonal phase, cubic phase in quaternary Heusler, half Heusler and full Heusler alloys for
prominent applications in thermoelectric devices, spintronics as well as optical devices [23-
30]. Previous studies of Rakesh et al. showed HMF in Ti2MnSb alloys [31]. Zhang et al.
employed a pseudopotential-based CASTEP method to investigate the structural, electronic,
and magnetic properties of Ti2MnZ (Z = Si, Ge, Sn, Sb, and Bi) compounds [32]. Although
the electronic and magnetic properties of Ti-MnSb have been reported previously, the
present work focuses on a systematic investigation of its half-metallic, magnetic, and optical
characteristics, with particular emphasis on the stability of half-metallicity under lattice-

parameter variation. In addition, the optical response is analyzed over a broad photon-energy



range through the calculated optical conductivity, absorption coefficient, dielectric function,
refractive index, extinction coefficient, reflectivity, and energy-loss function. The combined
analysis provides a broader description of the electronic and optoelectronic response of

Ti2MnSb and its sensitivity to lattice variation.

“In the present work, the electronic band structure, magnetic properties, and optical
characteristics of the Ti-MnSb inverse Heusler alloy are investigated using the WIEN2k
method. We also report the variation in the magnetic property, HMF and electronic band gap
due to a change in the lattice parameter for potential applications in spintronics devices. Ths
study also includes optical conductivity, absorption coefficient, dielectric-function
components (¢ and &), refractive index, extinction coefficient, reflectivity, and energy-
loss function. These quantities highlight different aspects of the interaction between
electromagnetic radiation and the electronic structure of Ti-MnSb. For example, the
absorption coefficient emphasizes photon-energy-dependent absorption, € and & describe
the dispersive and absorptive dielectric response, while reflectivity and the energy-loss
function provide information about surface reflection and collective electronic excitations,
respectively. The present work is positioned as a systematic combined electronic,
magnetic, lattice-variation, and optical investigation rather than as the first theoretical

study of this compound.

2. Computational details

WIEN2k code based on DFT using the self-consistent and FP- LAPW method was used to
determine the optoelectronic and magnetic characteristics such as band structure, magnetic
moment, optical conductivity and dielectric functions etc [33-34]. The exchange correlation
correction was done using the GGA given by Perdew—Burke-Ernzerhof [35]. The core
and the valence energy threshold was set to —6.0 Ry between the
states, Fourier expansion (Guw) was 12 (a.u.)!. The parameter for basis size
control expansion, multiplication of muffin tin radius (Ry7) and maximum magnitude of
reciprocal lattice vectors (Kuax in interstitial region) used to be 8 in the plane-wave cutoff.
The charge convergence criteria was set to be 10* e and 107° Ry was set as the energy
convergence criterion. 3000 k-points were set to be for the full Brillouin zone (BZ) to

integrate the BZ.



3. Result and Discussions
3.1. Structural properties
Figure 1(a) shows a crystal lattice view and figure 1(b) shows primitive cell view of the
Ti2MnSb inverse Heusler alloy from XCRYSDENSE. The Ti[A] and Ti [B] are at nearby as

first nearest neighbor with position at (0,0,0) and (0.25, 0.25, 0.25) respectively, position of
Mn at (0.5, 0.5, 0.5) and position of Sb at (0.75, 0.75, 0.75) in space group of 216 F43m.

The internal energy, E(V), is found by integration of the pressure using Birch-Murnaghan

Equation of state [36]:
3 2
9VoBo | [ (Vo\2/3 , Vo\2/3 Vo\2/3
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The third-order Birch- Murnaghan isothermal equation of state is given by

=2 - ()71 204 1] >

P is the pressure, Vo is the reference volume, V is the deformed volume, By is the bulk
modulus, and Bo' is the bulk modulus derivative with respect to pressure. Typically, fits to

E(V) = E, +

experimental data yield the bulk modulus and its derivative, which are specified as

Bo=v(5),, 5= 5),., ®

Figure 2 shows the curves between volume vs converged energy for non-magnetic (NM),
ferro-magnetic (FM) cases and antiferromagnetic (AFM) phase. These curves show that
optimized lattice volume for Ti;MnSb in the Hg,CuTi-type inverse Heusler structure is
apparent that the FM phase configuration has a minimum converged energy as compared to
the NM and AFM phases. The value of conserved energy is -18699.88725 Ry in the NM
phase, -18699.90241 Ry in FM phase and -18699.87160 Ry for AFM phase. The energy
difference for NM and FM phase is reported as 0.01516 Ry, 0.01565 Ry between NM and
AFM phase and the energy difference for AFM and FM phase is 0.03081 Ry as the
convergence criteria is set to be 0.00001 Ry in SCF cycle.

The value of the equilibrium lattice parameter is 6.33 A in FM phase and the reported value
by 6.33 A by Rakesh et al. [31] and Zhang et al. as 6.31 A for TizMnSb [32]. While the
optimized lattice parameters are 6.311 A in the AFM phase and 6.320 A in NM phase.

The calculated value of the bulk moduli is 141.4 GPa in FM phase, 150.43 GPa in NM phase
and 276.57 GPa in AFM Phase.



The value of the pressure derivative of bulk moduli is 5.2 GPa in FM phase, -5.87 GPA in
AFM phase and 4.58 GPa in NM phase. Its negative value in AFM shows unusual
behaviour: an approaching phase transition where the atomic lattice becomes unstable and
also causes elastic softening as the material's resistance to compression decreases as
pressure increases [37]. While its positive value in FM and NM phase show that materials

become harder to compress when pressure increases and stable phase.

By use of the equation (4) given below, the energy of formation (Eformation) has been
calculated from which the stability of alloys has been examined.

-2 ETi_ EMn B ESb (4

Eformation - ET i2MnSh

Here, E Ti:Mnsh 1S the equilibrium total energy of TioMnSb and E7i for Ti; Emn for Mn; Esp for

Sb per atom of the pure bulk structures respectively for Ti, Mn, Sb. Here we take the
conversed energy as Eri= -1707.63570 Ry, Emn= -2317.29187 Ry, Esp=-12967.14386 Ry in
equation 4. Value of Eformation is observed to be -2.45 eV for FM, -2.66 eV for FM and -
2.24 eV for AFM phase. The minimum energy of formation is observed in FM phase as a
stable ground state phase for further calculations of electronic and optical properties.

Table 1: Energy of formation of the system for TizMnSb in NM, FM and AFM phase.

Phase | E (Ry) ETi(Ry) Evin (Ry) Es» (Ry) Eformation | Eformation
(Ry) (eV)
NM | -18699.88725 [-1707.63570 |-2317.29187 | -12967.14386 | -0.18012 | -2.45
FM [ -18699.90241 |-1707.63570 |-2317.29187 |-12967.14386 |-0.19528 | -2.66
AFM [ -18699.87160 |-1707.63570 |[-2317.29187 |[-12967.14386 | -0.16447 | -2.24

The energy vs volume curve confirms the ground-state FM phase over the NM and AFM
structure, though mechanical and dynamical stability remain unproven by these calculations
alone. Elastic constants must be evaluated against Born criteria to determine mechanical
stability, whereas phonon spectrum calculations are needed to verify dynamical stability.
Such investigations lie outside the purview of this paper and call for further theoretical as
experimental

well as exploration.



Figure 1(b) Primitive cell view of inverse Heusler alloy Ti2MnSb
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Figure 2 Volume and energy graph for non-magnetic (NM), farro-magnetic (FM) and

antiferromagnetic structure in TizMnSb

3.2. Electronic structure properties

The electronic density of states (EDOS) and electronic band structure for both minority and
majority spin bands are shown in Figure 3. The predominant spin band is found to exhibit
metallic characteristics in both the band and DOS and to be aligned with one another.
Nonetheless, both band structure and DOS minority spin bands exhibit the semiconductor

feature.

Values of the electronic energy gap for half metallic (Enm) calculated using equation 5, and

band gap (Eg) of the minority spin band calculated by equation 6 are shown in Table 2.

EumErEypym ()
Eo=EcemEvem (6)



The least energy needed to convert a minority-spin electron transition between the majority-
spin Fermi level and VBM is known as the spin flip-gap for HMF (Eum), and this energy
level exhibits a spin-flipping gap. The band diagrams of the Ti>MnSb Heusler alloy show
the presence of an indirect energy band gap in the minority electronic spin bands, which has
been calculated along the I'" point and L point. The value of indirect energy band gap is
determined 0.77 eV in minority spin with the Fermi level located 0.52 eV above the VBM
since the CBM is 0.25 eV above the Fermi level. The genuine HM character of TioMnSb is
indicated by the value of Enm as 0.52 eV in the minority spin electronic band structure.
Reported value of E; 0.80 eV and Enm 0.58 eV by Zhang et al. [32] at equilibrium lattice
constant of 6.31 A.

Total electronic densities of states (TEDOS) for TioMnSb and partial electronic densities of
states (PEDOS) computed for Ti at A and B sites with Mn and Sb atoms for the contribution
of s, p, and d electrons are displayed in Figure 4. According to the TEDOS, majority spin
shows metallic characteristics, whereas minority electronic spin presence semiconducting
properties. While the p electronic states of Sb primarily dominates to the energy region in
between -3.4 eV to -6.3 eV, the s electronic state of Sb adds to the range of energy from -
10.2 to -11.4 eV below the level of Fermi Energy, which corresponds to the lowest energy
zone. The 3d electronic states of Mn, Ti[B] and Ti[A] predominate in the area close to the
Fermi level in both the valence and conduction bands (the numbers within the square
brackets relate to the A and B sites in the Heusler structure). The contribution to the majority
electronic spin band at the level of Fermi energy from 3d electronic states of the Ti[B] is

less than that from 3d electronic states of the Mn and Ti[A].
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The impact of lattice change on the TDOS is depicted in Figure 5 (a). Combine lattice
variation TDOS, which is also depicted in Figure 5 (b), for more clarity. The growing peak
height in the TDOS of Figure 5 (b) clearly illustrates how the number of electronic states per
unit volume grows as the cell volume of the unit increases due to a rise in the lattice
parameter. As the lattice parameter increases, TDOS peaks in the valence energy band and
conduction energy bands move toward the levels of Fermi energy. The majority and
minority spin band structures from 6.20 A to 6.45 A are displayed in Figure 6 in relation to
DOS to explore the HMF nature as well as to calculate the value of Eg and Enm. Majority
spin band structure shows metallic behavior, while minority spin shows band gap and
semiconductor behaviour for all the studied range of lattice parameters. Figure 7 shows the
shift in the CBM and VBM with lattice variation is displayed to show the HM stability in
minority spin. In the second part of this figure, change in band gap with lattice variation is
shown. For a lattice variation from 6.20 A to 6.45 A of the lattice parameter of Ti,MnSb, a
variation in the minority spin electronic gap E, is also observed from 0.85 eV to 0.69 eV as

mention in Table 2.

Table 2: Electronic energy gap for half metallic (Eum) and band gap (Eg) of the minority

spin band with lattice variation

a(A) Exmi (cV) Ee(cV)
6.20 -0.58 0.85
6.25 -0.56 0.82
6.30 -0.54 0.798
6.33 -0.52 0.77
6.35 -0.51 0.75
6.40 -0.5 0.73
6.45 -0.48 0.69

However, the sample loses its HMF nature for values of lattice parameters beyond 6.50 A.
Similarly, the value of Exwm varies from 0.62 eV to 0.46 eV in 6.20 A to 6.45 A respectively
for flipping the spin as shown in figure 7. The electronic structure calculations were
performed within the GGA-PBE approximation. Although semilocal DFT may
underestimate absolute band-gap values and may not fully account for localized d-electron
correlation, the present calculations are primarily used to investigate the half-metallic
character and its stability against lattice-variation. At the equilibrium lattice parameter of

6.33 A, a minority-spin indirect band gap of 0.77 eV is obtained, while the majority-spin




channel remains metallic. The minority spin electronic gap varies from 0.85 to 0.69 eV over
the lattice-parameter range of 6.20—6.45 A. Therefore, the present results establish the PBE-
level electronic and magnetic trends of TiMnSb. More advanced approaches, such as
DFT+U, meta-GGA, or hybrid-functional calculations, would be useful in future work to

assess the quantitative dependence of the band gap on exchange-correlation treatment.
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3.3. Magnetic properties

The calculated total magnetic moment for the TioMnSb using the Slater-Pauling rule given

in equation (7):
Mot = N — 18 (7)

According to the Slater—Pauling rule, the total magnetic moment of Ti2MnSb can be
estimated from the total number of valence electrons. Ti contributes 4 valence electrons, Mn
contributes 7 valence electrons, and Sb contributes 5 valence electrons, giving a total of N =
2 x4 + 7+ 5 =20 valence electrons. Therefore, the expected total magnetic moment is 20 —
18 = 2 ug per formula unit. Atomic moments at individual values for Ti[A] and for Ti[B] are
1.235 pug, 0.512 pug respectively with parallel aligned to each other, while for Mn is -0.216 pug
antiparallel aligned both Ti[A] and Ti[B] with Sb and negligible for Sb as 0.013 ug with
interstitial moment 0.450 ug in total moment calculations. Because Ti[A] and Ti[B] have
distinct nearest neighbors and next nearest neighbors, the value of magnetic moment of
Ti[A] is seen to be nearly double that of Ti[B]. These results confirm the half-metallic and
ferrimagnetic nature of Ti2MnSb as previously reported with magnetic moment as 1.82 ug
for Ti[A],0.88 ug for Ti[B] ,—0.6 us for Mn[C] , —0.14 us for Sb[D] [32].

Figure 8 illustrates how changes in lattice constant affect the total value of magnetic moment
and moments of individual atoms for Ti,MnSb. The total value of magnetic moment is
essentially constant in the examined lattice range from 6.20 A to 6.45 A; it starts at 1.94 ug
and thereafter approaches 2.00 pug. The moments of individual atoms of Ti[A] and Ti[B]
grow as the lattice parameter increases. In the region under study, the value of magnetic
moment of the atoms of Sb is nearly negligible, while the magnetic moment of the atom of
the Mn as the lattice parameter increases. Its ferrimagnetic behavior is preserved in the
examined lattice range because the negative sign of Mn moments also supports the opposite

alignment to Ti[A] and Ti[B] moments.
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3.4. Optical Properties

Behaviors of Optical characteristics of TizMnSb with variation in energy of photon incident
on alloys as shown in figure 9. Conductivity of Optics shown in Figure 9 (a) which is the
material's ability to react to an electromagnetic energy—that is, photon-induced charge
carrier excitation—is referred to as optical conductivity. Optical conductivity increases
dramatically at low energies (IR region), suggesting free carrier (metallic-like) behavior.
Interband electronic transitions are suggested by a prominent peak at ~1-2 eV. Beyond this,
conductivity exhibits oscillations and progressively declines in the UV region, suggesting a
lower chance of transformation at higher energy. This interpretation shows that Ti-MnSb 1is
the absorption spectrum is evidence of strong light—matter interaction in the visible-UV
energy range. The frequency-dependent optical characteristics of Ti2MnSb were computed
via the PBE-GGA formalism, employing the complex dielectric function. This function is

expressed as equation 8 [38]:

e(w) = &1(w) +igz(w) 3



Where &, (w) and &,(w) demotes the real as well as imaginary components of the dielectric
function, correspondingly [39,40], can be derived by the subsequent relation via equation 9:

g(w) =1+ %fooo 14220 ez(wz)dw’

w'?-w
€))
The imaginary component €1 (®) depicts the material's competence for absorbing along with
losing energy, whereas the real part of dielectric function & (w) generates its photonic
reflection.

The absorption coefficient, a(w), that measures the effectiveness of solar energy conversion

is written as equation 10 [40]:

() = "”‘T‘" (10)
Coefficient of Absorption of Ti2MnSb is shown in figure 9(b) which represents the
material's strength of light absorption is measured by its absorption coefficient. The
absorption coefficient of Ti2MnSb is low in the infrared region and increases substantially in
the wvisible and ultraviolet regions, indicating strong interaction with incident
electromagnetic radiation. These results characterize the optical response of Ti2MnSb over
the investigated photon-energy range. However, the calculated optical absorption alone does
not establish photovoltaic absorber functionality or solar-cell performance. Therefore, the
present study restricts the interpretation to the optical response of the half-metallic Ti2MnSb
alloy.

Dielectric Function's Real Part (1) in figure 9(c) depicts the polarization response and
dispersion. Strong polarization is indicated by high positive values at low energy. It crosses
zero and turns negative about 2-3 eV. Plasma frequency is correlated with the zero-crossing
point. In that area, metal-like reflectivity behavior is shown by a negative €. However,
Dielectric Function's Imaginary Part (g2) in figure 9(d) represents the absorption of energy as
a result of electronic changes. It displays a prominent peak about 1-2 eV, which is indicative
of interband transitions. Its value gradually drops with higher energies. This interpretation as
the strong optical absorption caused by electron excitation is confirmed by high & in the
visible region.

The polarizability of the material can be expressed by the equation below, and it is the most

important factor which determines the refractive index, n().
1

2
&1+ ’(g%+g%)

n(w) = . (11)



The value of n of a material is frequency dependent and can be used as suitability of the
materials for use in optical devices such as dispersion. This is an optical parameter which
relates the proportion of the incident light reflected at an interface to the conditions under
which total internal reflection occurs, such as the critical angle. The amount that light bends
inside a substance is indicated by its refractive index (n) in figure 9 (g). it shows high value
(~7-8) for low energy, which gradually drops as energy increases. It becomes comparatively
low in the ultraviolet spectrum. It shows that strong light-matter interaction is suggested by a
high refractive index in the visible spectrum. It is beneficial for waveguides and optical
coatings.

Here k is the extinction parameter, which is represented by the following relation as

equation 12 [40],
2
/(ef+£§)—el
k(w) = +— (12)

2

Coefficient of Extinction (k) in figure 9 (h) symbolizes the material's internal light
attenuation. It peaks at about 2 eV before progressively declining which has a similar
tendency to €. This correlates and verifies significant absorption corresponds to energy of

the visible spectrum that decreases in the energy of the ultraviolet region.

The normal-incidence reflectivity is related to n and k through equation 13 as:

(n—1)2+ k2
(n+1)2+ k?

R(w) = (13)

Reflectivity (R) is the amount of light reflected from a surface as indicated by reflectivity in
figure 9 (f). Its value begins at a moderate level (~0.55), declines in the visible area, and then
exhibits oscillations. It increases once more at higher energies (~0.7 in UV). Partial
transparency/absorption balance due to moderate reflection in the visible range. Increased

UV reflectivity leads to increased protection against high-energy radiation of this alloy.

The function for energy loss describes the transferred energy by a primary electron as it
traverses material. This function can be expressed in terms of the complex dielectric
function using the following relation by equation 14 [38]:

Eloss(w) = _Im(g_l) = 2

2 (14)

&2 +¢2

The maxima in the energy loss function, commonly referred to as plasmon resonances, occur

when the value of &1 approaches zero while the value of & remains below unity (Figure



7).Function of Energy Loss (L) in figure 9 (e) represents the energy lost when rapid
electrons move through a substance. It shows a prominent peak around ~12 eV. The plasma
resonance, or plasma frequency, is represented by this peak and shows aggregate electron
oscillations, or plasmons. The calculated optical functions are mutually related through the
complex dielectric function and therefore exhibit correlated spectral features. For
completeness, the principal optical quantities are presented and discussed in terms of their
distinct physical significance. Rather than treating these quantities as independent evidence,
their common spectral features are used to provide a consistent description of the
electromagnetic response of Ti:MnSb. Particular attention is given to the absorption
behavior, dielectric response, reflectivity, and energy-loss function, which provide
complementary information regarding photon—electron interactions and collective electronic
excitations. The present study is based entirely on first-principles calculations and does not
include experimental synthesis or characterization of Ti-MnSb. Therefore, the calculated
structural, electronic, magnetic, and optical properties should be regarded as theoretical
predictions. Experimental studies are required to verify the formation and stability of the

predicted inverse Heusler phase and to validate the calculated physical properties.
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Figure 9 Optical Properties with variation of incidence photon energy



4 Conclusion

The optoelectronic and magnetic characteristics of Ti2MnSb, an inverse type of Heusler
alloy with the Hg2CuTi type, were computed and studied using DFT implemented using the
WIEN2k algorithm. Ti2MnSb was determined to be a HM and ferrimagnetic with an
electronic energy gap of 0.77 eV in the minority-spin at 6.33 A, the equilibrium value of the
lattice constant and total value of magnetic moment of 2 ug. In the examined lattice range of
6.2 to 6.45 A, the total magnetic moment is nearly constant. While the band gap ranges from
0.69 eV to 0.85 eV in this range of lattice constant, HMF nature of TioMnSb is shown to be
consistent over a range of investigated lattice parameters from 6.2 to 6.45 A. Ti2MnSb is
appropriate for spintronics because of all these characteristics. The electronic structure was
calculated using the GGA-PBE exchange-correlation functional. The calculated minority-
spin indirect band gap of 0.77 eV at the equilibrium lattice parameter of 6.33 A should
therefore be regarded as a GGA-PBE-level theoretical value. The quantitative band-gap
value and the positions of the transition-metal d states may depend on the choice of
exchange-correlation treatment. More advanced approaches, such as GGA+U or the
modified Becke—Johnson (mBJ) potential, could be employed in future work to further
examine the quantitative electronic structure of Ti-MnSb.

Ti2MnSb shows strong absorption in the visible-UV region and metal-like behavior in the
infrared. It exhibits plasma resonance in the high-energy region and a high refractive index
at low energies. The present calculations establish the optical properties of Ti2MnSb—such
as optical conductivity, absorption coefficient, dielectric response, refractive index,
extinction coefficient, reflectivity, and energy-loss function. A limitation of the present first-
principles investigation is that comprehensive thermodynamic, mechanical, and dynamical
stability analyses have not been performed. In particular, formation energies relative to
competing phases and convex-hull analysis are required to establish thermodynamic
stability, while elastic constants and Born stability criteria are necessary for a complete
assessment of mechanical stability. Phonon dispersion calculations would further be
required to examine dynamical stability. Therefore, the present results establish the
calculated electronic, magnetic, and optical characteristics of the proposed TiMnSb inverse
Heusler structure but do not by themselves demonstrate its thermodynamic or dynamical
stability. Experimental synthesis and further theoretical stability investigations are necessary

to assess its feasibility for practical spintronic and optoelectronic applications.
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