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systems [1]. Hence, the dimensionality of
TMDC are also plays a significant role in

1. Introduction their basic physical properties [1]. The study

of structural and electronic properties of
Studies of Transition Metal Dichalcogenides material gives a basic understanding of the
Compound  (TMDC)  have  shown materials [2]. Fang et al. [3] have reported ab-
considerable attention during last many initio band-structure based calculations for
years. Layered transition metal bulk, single slab, and thin films of TiX2 (X=S,
dichalcogenides (LTMCDs) have Se) using the localized spherical wave
applications in various areas including method. The density functional theory (DFT)
lubrication, catalysis, photovoltaics, based formulation are found more useful for
supercapacitors, and rechargeable battery computing the structural and electronic

properties of materials [4-11]. The guest 3d
atom have transferred the charge from
transition metal Fe-atom to the self-
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intercalated compound like TiS2 reported by
Friend and Yoffe [12]. The generalized
chemical formula for TMDCs is M Xz, where
M represents the Transition metal of group
IV, V and VI of the periodic table and X is
the chalcogens element. Therefore, the
TMDCs have shown more than 40 different
combinations and have shown distinctive
properties too.

Generally, in TiSz, the layer of Ti atom is
sandwiched between two Sulphur layers.
Both atoms are attracted with very weak van
der Wall’s force and having a very small
indirect bandgap between them. Because of
this, the guest Fe atom can be easily
intercalated into pure TiS2 compound. Hence,
the Fe-S bonds are much stronger than the Ti-
S bonds in such FeTiSzcompound [13]. In
both materials, the strong hybridization
occurs in the 3d-states of Fe, 3d-states of Ti
and 3p-states of S, respectively [14-19]. In
electronic property calculation,the FeTiS2
has a spin polarized fully relativistic band
structure. In which, the energy bands of TiS:
are not overlapped near the Fermi region
while in the case of theFeTiS2, they are
overlapped near the Fermi region. According
to this, the TiS2 has a semiconductor nature
while FeTiSz has a metallic nature.

2. Computational Methodology

All the calculations of structural and
electronic properties are performed under
DFT environment by wusing Quantum
Espresso code [20] with Burai [21] in our
computational laboratory. The structural
optimization and the electronic properties
such as band structure, density of states
(DOS), partial density of states (PDOS) and
total density of states (TDOS) of the
aforementioned materials are reported using
Generalized Gradient Approximation (GGA)
[22] with Perdew—Burke—Ernzerhof (PBE)
[23] and ultra-soft pseudopotential [24].

3. Results and Discussion
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3.1 Structural optimization

Both the TiS2 and FeTiS2 compounds are
having Cdl2-type layer structures. In which,
the layer of Ti is sandwiched between two
layers of Sulphur and the unit cell contains
four atoms. In the unit cell the position of Ti
is a 1a and those of two S atoms are in 2d
(1/3, 1/3,0.2501) and (2/3,1/3,-0.2501),
respectively. Therefore, the construction
consists of S-Ti-S sandwich type structure,
which is shown in Fig. 1. It is separated by in
Z direction from the van der Wall’s gap [18].
In a very weak van der Wall’s attraction
between the interlayers of Tiand S, the guest
3d atom like Fe can be easily intercalant in
pure TiSz. Therefore, the Fe atom having a
lattice position is 1b (0, 0, 0.5) in the structure
and formulate the hexagonal crystal structure

with space group P3ml [164] as shown in
Fig. 2. In FeTiSz, the lattice parameters are a
= 3.4395A and ¢ = 5.9303A. The Brillouin
zone (IBZ) for hexagonal crystal structure is

shown in Fig. 3.
Lo

Fig. 1 — Crystal structure of TiSz
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Fig. 2 — Crystal structure of FeTiS:
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HEX path: T-M-K-T"-A-L-H-A|L-M|K-H
Fig. 3 — Brillouin zone for hexagonal
structure

3.2 Electronic properties

In electronic properties, the energy band
structure, density of states (DOS), total
density of states (TDOS) and partial or
projected density of states (PDOS) of the
studied are reported.

3.3 Band structure

The energy band structures for TiS2 material
are plotted in Fig. 4 with the path of the k-
points is taken on the high symmetry points.
Such path is of the order of
'-M—>K—>I'->A. The energy band
structures of TiSz are displayed in the energy
range of -10.0 eV to 10.0 eV. The k-path of
the band structure is highly symmetric
directions with the irreducible Brillouin zone
(IBZ). Generally, the energy band lines are
not overlapped near at the Fermi region.
Hence, the TiSz band structure has a
semiconductor nature with small indirect
bzir(;dgap [17].
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Fig. 4 — Electronic band structure of TiSz
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Fig. 5 — Electronic band structure of FeTiS2
spin up
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Fig. 6 — Electronic band structure of FeTiS2
spin down

The energy band structures of FeTiS:2
material are shown in Figs. 5 and 6. Here, the
energy band lines are overlapped near at the
Fermi region. Therefore, the conduction band
and valance band are crossed over to each
other near at the Fermi region in the energy
range of -5.0 eV to 5.0 eV. Hence, we
conclude that the FeTiS2 intercalated
compound has a metallic characteristic
whereas TiSz has a semiconductor
characteristic. Also, according the spin up
and spin down band structures of FeTiSz, the
ferromagnetic nature of the said compound
are observed.

3.4 Density of States (DOS)

From the partial or projected DOS, the
contributions from the individual orbitals like
s, p, d and f of dissimilar materials are studied
[25]. Here, we have applied the tetrahedral
method for taking integration over the
Brillouin zone to compute the DOS of the
materials.

Figs. 7 and 8, show the TDOS and PDOS for
TiS2 compound. It is plotted in the energy
range between -10.0 eV t0 10.0 eV. In TDOS
below the Fermi region, the electron density
maximum at 9.0 states/eV at a point -3.0 eV.
While, above the Fermi region, the electron
density maximum at 7.0 states/eV at a point
2.0 eV, respectively. The DOS at the Fermi
region is shown minimum. The 3d-states of
Ti and 3p-states of S are drawn in the graph
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of PDOS of TiSz. Here, the 3d-states of Ti are
mainly contributed to the conduction band,
while 3p-states of S are mainly contributed to
the valance band only, which can easily be
observed from the figure of PDOS.
Therefore, the TiS2 shows a semiconductor
nature.

DOS (states/eV)

O FHF N WAL O N®O®O
T T T T T T

A

-14 -12 -10 -8 -6 -4 -2 0 2
Energy (eV)

Fig. 7 — Total DOS of TiS2
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Fig. 8 — Partial DOS of TiS2

The TDOS and PDOS of FeTiS2 material are
shown in Figs. 9 and 10. It is planned in the
energy range between -10.0 eV to 10.0 eV in
spin up and spin down energy states. In
TDOS below the Fermi region, the electron
density found maximum at 6.0 states/eV at a
point -2.0 eV in spin up DOS and 3.5
states/eV at a point -4.5 eV in spin down
DOS, respectively. While, above the Fermi
region, the electron density maximum found
at 2.0 states/eV at a point 3.5 eV in spin up
and 4.5 states/eV at a point 2.5 eV in spin
down DOQOS, respectively. The DOS at the
Fermi region is shown at 2.5 states/eV.
Similarly, in PDOS of FeTiS: the 3d-states of
Fe and Ti are mainly paid to the conduction
band, while 3p states of S are mostly
contributed to the valance band only. Hence,
the metallic nature of FeTiS2is easily seen.
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Fig. 9 — Total DOS of FeTiS2
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Fig. 10 — Partial DOS of FeTiS2

Conclusion

Finally, we conclude that, the structural and
electronic properties of intercalated TMDC
compounds are successfully caried out using
Quantum Espresso code with Burai software
under DFT environment with GGA-PBE and
ultrasoft pseudopotential. From the electronic
band structure data, the semiconducting or
semimetallic behaviour of TiSz and metallic
nature of their interacted compound such as



BIBECHANA 19 (1-2) (2022) 97-101

FeTiS2 are easily observed. Also, from the
spin  up and spin down electronic
configuration, it is noted that the FeTiS:2
exhibits ferromagnetic nature.
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