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ABSTRACT

We report a novel half-Heusler semiconducting compound, VVPtIn, from first-principles Density Functional
Theory (DFT) calculations. The electronic structure was obtained from Full Potential-Linearized
Augmented Plane Wave method (FP-LAPW) using the Generalized Gradient Approximation (GGA). The
compound is a non-magnetic semiconductor with net zero magnetic moment. A direct narrow band gap of
0.3 eV was observed along the X-high symmetry point. The partial density of states plot reveal that 3d-
states of V atom dominate the band edges. Furthermore, the highly dispersive nature of conduction band
indicates large charge carrier concentration and enhanced mobility. These characteristics of the electronic
structure make VPtIn a potential candidate for green energy applications, particularly in thermoelectric and

optoelectronic devices.

Keywords: Half-Heusler, Density Functional Theory, Electronic Structure, Density of States, Band

Structure, FP-LAPW

INTRODUCTION

Half-Heusler (HH) alloys are one of the most actively
studied families of intermetallic compounds due to
their remarkable structural stability and a wide range
of tunable physical properties, including
semiconducting, half-metallic and topological
behaviour (Oxley et al., 1963; Graf et al., 2011,
Parzer et al., 2024; Souza et al., 2023). Heusler
compounds were first reported by Friedrich Heusler
in 1903, who observed ferromagnetism in Cu2MnAl
despite the absence of intrinsically magnetic elements
(de Groot et al., 1983). Subsequent research has since
identified over 1500 Heusler systems exhibiting
functional properties valuable in spintronics,
magneto-electronics and energy conversion devices
(Katsnelson et al., 2008; Joshi et al., 2019). The
general chemical formula of a HH compound is XYZ,

where X and Y are transition metals and Z is a main-
group element. They crystallize in the MgAgAs-type
structure with space group F-43m (No. 216),
consisting of three interpenetrating face-centered
cubic sublattices with one Wyckoff site vacant (Ma et
al., 2017). The electronic and magnetic character of
HH compounds is predicted through the Slater—
Pauling (S-P) rule (Galanakis et al., 2002; Abdullah
et al., 2025), which relates the magnetic moment M
to the total number of valence electrons Z by M = Z
— 18 for HH compounds. Accordingly, compounds
with valence electron count of 18 are therefore
expected to be non-magnetic semiconductors with a
zero net magnetic moment, a prerequisite for
piezoelectric and thermoelectric applications (Sekhar
etal., 2021).
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In this work, we report a new vanadium-
platinum based HH compound, VPtIn. The present
study is a part of broader investigation on the VPtX
(X=Al, Ga, In, TI) HH series, undertaken to
understand its electronic and thermoelectric
evolution. Among these, VPtin was particularly
found to display promising semiconducting
behaviour, motivating the detailed study reported
here. To the best of our knowledge, no detailed
theoretical or experimental investigation of VVPtIn has
been reported and therefore no direct study is
available for comparision. Motivated by this, herein
we perform a rigorous DFT investigation of the
structural stability and electronic structure of this
previously unexplored HH compound, determining
its most stable structural configuration and
calculating its electronic structure, including the total
and partial density of states and the electronic band
structure. The remainder of this paper is organized as
follows: Section 1l describes the computational
methodology; Section Il presents and discusses and
results and Section IV summarizes our conclusions.

METHODOLOGY

The electronic structure calculations were performed
using the Full-Potential Linearized Augmented Plane
Wave (FP-LAPW) method (Blaha et al., 1990)
implemented in the WIEN2k code (Blaha et al., 2020;
Singh, 1994), within the DFT framework (Hohenberg
& Kohn, 1964; Kohn & Sham, 1965). The exchange-
correlation energy was treated using the Generalized
Gradient Approximation (GGA) in the Perdew-
Burke-Ernzerhof (PBE) parametrization (Perdew et
al., 1996), which provides reliable structural
parameters and  band-edge  positions  for
semiconducting HH compounds (Borlido et al.,
2020). It should be noted that GGA functionals
typically underestimate band gaps of semiconductors;
the reported band gap is therefore a lower-bound
estimate. The energy cutoff separating core and
valence states was set to —8.0 Ry. The plane-wave
basis was defined by the cutoff product RMT X Kiax
= 8, where RMT is the smallest muffin-tin sphere
radius and Kmax is the maximum reciprocal-lattice
vector. The charge density in the interstitial region
was expanded in a Fourier series up to Gmax = 12 and
the maximum angular momentum inside the spheres
was Imax = 10. Self-consistency was achieved using a
dense 20 x 20 x 20 k-point mesh in the irreducible
part of the Brillouin zone, with convergence criteria

of 10° Ry for the total energy and 102 e for the
charge density. Semi-core states were treated semi-
relativistically. A denser k-mesh of 50 x 50 x 50 was
employed for the DOS and band structure to ensure
super fine resolution around the band edges. All
calculations were performed in the non-spin-
polarized mode after confirming that the spin-
polarized solution converges to zero magnetic
moment.

RESULTS AND DISCUSSION
Structural Properties

The compound crystallize in the MgAgAs-type
structure with space group F-43m (No. 216),
consisting of three interpenetrating face-cantered
cubic sublattices with one Wyckoff site vacant
(Figure 1a). To find the most stable configuration for
VPtIn we choose the structures with minimum total
energy, for each combination of Wyckoff positions 4a
(0,0,0), 4b (Y2, ¥, %), 4C (Ya, Ya, Ya) & 4d (Y4, Y4, ),
which is 24 configurations. We choose the one among
24 with least total ground state energy. The least
ground state energy is obtained for V: 0, 0, 0; Pt: 0.75,
0.75, 0.75; In: 0.5, 0.5, 0.5. Lattice constant a = 6.13
A is obtained from the energy vs volume plot, using
the third-order Birch-Murnaghan equation of state
(Angel, 2000), shown in figure 1b and is given by:

_ 9 B 2 _ 1\3p* 2 _
E=Eo+ 16 (14703.6) Vol(n DB+ (n

D26 — 4n*)] (i)
The structural parameters are tabulated in
Table 1.

Table 1

Structural Parameters of VPtIn. Lattice constants (a)
in A, Bulk modules (B) in GPa and pressure
derivative of bulk modules (B’) obtained using Brich-
Murnaghan’s equation of state.

Compound a B B’ Previous
Work

VPtiIn  6.13 140.85 7.184
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Figure 1: (a) Unit cell structure and (b) Volume
optimization plot for VVPtIn.

Electronic Structure

The total and partial Density of States (DOS) plot is
shown in figure 2 a and b. The valence region is
shown from -5 eV to 0 eV and the conduction region
starts from just above the Fermi level at 0 eV. The
missing DOS states around the Fermi level indicate
the semiconducting nature of the compound. V atom
shows the highest contribution to the DOS around the
band edges, in both the valence and the conduction
region, with small contribution from Pt atomic states.
The In atom has almost negligible contribution to the
total DOS. The sharp DOS peaks indicate high
density of electronic states near the band edges and
would lead to enhanced Seebeck coefficient in these
compounds. The lower valence region is dominated
by the 5d states of Pt atom, whereas the conduction
region remains entirely dominated by 3d states of V
atom. The profound DOS peaks near the valence band
maximum and the conduction band minimum is a
notable feature of the DOS plots. The sharp peaks are
due to the localized nature of the V 3d orbitals. Such
steep variation in DOS near the band edges is highly
favoured for thermoelectric applications.
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Figure 2: (a) Total Density of States and (b) orbital
resolved partial Density of States for VPtlIn.

The formation of band gap in VPtIn can be
understood from the orbital resolved partial density of
states shown in figure 2b. The crystal field splitting
on the d orbitals of V and Pt atoms give rise to the eq
and ty; components. The valence band edge is
dominated by V tyy state and the conduction band
shows mixed contribution from V eq and tyq states.
The lower valence region is dominated by Pt e states.
From the DOS plots it is evident that the d-d-
hybridization is responsible for the formation of band
gap. The valence band is composed of V 3d states
with small contributions from Pt 5d orbitals. The

........................................... Pokhrel & Joshi



ISSN: 2961-1989
Academia Researcih Jouwrnal

Research Management Cell (RMC), Mahemdra Multiple Campus, Nepalgunj

Volume: 5 Issue: 2, Year: 2026

conduction band is dominated by the unoccupied V
3d states. The interaction between the occupied
bonding states and the unoccupied antibonding states
is the primary reason for opening of band gap. The d-
d hybridization leads to the splitting of bonding and
antibonding d electronic states, shifting the
unoccupied antibonding states above the Fermi level.
The weak contribution of other electronic states near
the band edges makes the band gap to be governed by
transition metal d orbitals.

Figure 3 shows the band structure of the
compound plotted along the W-L- 7-X-W-K high
symmetry direction of the first Brillouin zone. A
direct band gap of 0.3 eV is observed along the X
symmetry point, confirming the semiconducting
nature of the compound. It is well known that GGA
underestimates the band gap, therefore hybrid
functionals have to be employed for accurate
determination of band gap values. The absence of
bands near the Fermi level (Eg) is consistent with the
zero DOS states at Er. The valence band maximum
and the conduction band minimum is both located at
the X symmetry point making it a direct band gap
material. Such direct band gap nature is highly
favourable for photovoltaic and solar cell
applications. The conduction band is observed to be
highly dispersive along the 7-X direction, leading to
reduced electron effective mass and high carrier
mobility. In contrast, several valence bands are
relatively flat bands, reflecting high hole effective
mass. Such a combination of dispersive conduction
band and flat valence bands are favoured for
thermoelectric applications. However, a qualitative
analysis of figure merit is required to confirm the
claim.
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Figure 3: Band structure plots for VPtIn
calculated using the GGA exchange-correlation
functional.

A notable feature of the band structure plot is
the presence of flat valence band along the X-W high
symmetry direction, just below the Fermi level. The
band indicates a relatively large hole effective mass
and localized electronic state. As DOS is inversely
proportional to band dispersion, this flat band arises
from the sharp DOS peaks just at the valence band
edge. The coexistence of this flat band along with
other dispersed band in the band structure increases
the overall electronic conductivity of the material and
may be beneficial in achieving high thermoelectric
power factor.

CONCLUSION

We have performed a detailed electronic structure
calculation of VPtIn half-Heusler compound from
first-principles Density Functional Theory. The
lattice constant obtained for the compound was 6.13
A and it crystallizes in cubic symmetry with space
group number 216. The sharp DOS peaks near the
band edge are transition atom d orbital dominant and
the band gap in the compound arises due to d-d
hybridization. The band structure revealed the
compound to be a narrow direct band gap
semiconducting material. An energy gap of 0.3 eV
was obtained from GGA functional along the X high
symmetry point. The combination of a narrow direct
gap, sharp DOS peaks near the band edges, and a
dispersive conduction band indicates that VVPtIn is a
promising candidate for further investigation as a
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thermoelectric  and  optoelectronic ~ material.
Quantitative transport and optical calculations,
together with stability analyses, will be the subject of
future work.
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