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Abstract: Investigation of the Structural, Electronic, Magnetic and Mechanical properties of the Fe,.,Co,TiSi (x = 0.0, 0.5, 1.0, 1.5,
2.0) compounds in both the Hg,CuTi and Cu,MnAl-type structures using the first-principles density functional calculations, were
studied by the augmented waves method. The exchange and correlation potential is treated by the generalized gradient approximation
parameterized by Perdew-Burke-Erzerhof (GGA-PBE) and GGA- PBE+U scheme is used based on Dudarev’s approach. The results
show that the Cu,MnAl-type structure is energetically more stable than the Hg,CuTi-type structure for the Fe,TiSi and Co,TiSi
compounds at the equilibrium volume. The substitution of Co atom in Fe,TiSi for Fe, changes the semiconducting behavior to half
metallic behavior in Fe; sCoy5TiSi, Fe; o Co1oTiSi, FegsCo15TiSi and Co,TiSi. The magnetic properties for this full Heusler alloys upon
substitution approach remains largely unexplored. It is worth noting that Fe,TiSi alloy becomes magnetized after the introduction of Co
atom. The mechanical properties of bulk modulus, shear modulus, Young’s modulus E, anisotropic ratio, Poisson’s ratio m and B/G

ratio are also investigated to explore the ductile and brittle nature of these compounds.

1. Introduction

Experimentally, both Fe,TiSi and Co,TiSi based alloys were
analysed [1-4] and it was found that Fe,TiSi is non magnetic
semiconductor and Co,TiSi is half metallic ferromagnetic
material. Voronin et al. [2] analyzed thermal properties of
Fe,TiSn; Siy.

The electronic properties of Fe,TiSn,, Siy investigated. Bhat
et al. [5] predicted the semiconducting behavior in Fe,TiSi
Heusler alloys with the band gap of 0.38 eV. Jong et al. [6]
investigated the electronic properties of Fe,TiSi and Fe,TiSn
alloys under pressure and they predicted that both the alloys
are semiconductors.

The variation of band gap is analyzed by substituting Sn for
Si in Fe,TiSi (Fe,TiSi;,Sn,) using first principles
calculations [7]. Yabuuchi et al. [8] have studied the
electronic structure of full Heusler alloys with valence
electron count of 24 (Fe,TiSi and Fe,TiSn) and these alloys
were predicted as semiconductors. Sharma et al. [10]
predicted that Co,TiSi, Co,TiGe and Co,TiSn compounds
are half metallic ferromagnetic materials with the magnetic
moment 2 pg. The magnetic and electronic properties of
Co,TiSi and Co,TiSn Heusler alloys were analysed using
LSDA+U method by Zayed et al. [11].From the above
mentioned literature, it is seen that there is no substitution
approach in the concerned Fe- based full Heusler alloys (i.e.,
Fe,TiSi). Fe,TiSi is found to be non- magnetic.

A solid body which is subject to external forces, or a body in
which one part exerts a force on neighboring parts, is in a
state of stress. If such forces are proportional to the area
of the surface of the given part, the force per unit area
is called the stress. The stress in a crystalline material is a
direction dependent quantity and therefore, it is in general

described by the stress tensor Ojj - If all parts of the body

are in equilibrium and body forces are absent, the condition
90,
OX
the cartesian axes. The deformations of the solid caused
by the exerted stress are described by the strain tensor. If u;

is the displacement of a point x; in a deformed solid, the
strain tensor is then defined as

L[ ouj  Oj

gij = +
2 6Xj 6Xi

=0 must be fulfilled. The symbols x; denote

The diagonal componentsé&;y, £,, and &z, are called

tensile strains, whereas the other components are usually
denoted as shear strains. Both stress and strain tensors
are symmetrical Hence I investigate the structural stability,
electronic and magnetic properties of Fe,.,Co,TiSi (x = 0.0,
0.5, 1.0, 1.5, 2.0) full Heusler alloys.

2. Computational Details

The ab initio calculations are performed using density
functional theory within the generalized gradient
approximation parameterized by Perdew-Burke-Erzerhof
(GGA-PBE) [12-14] as implemented in the VASP code [15-
17]. The interaction between the ion and electron is
described by the projector augmented wave method [13].
Ground state geometries are determined by minimizing
stresses and Hellmann-Feynman forces using conjugate-
gradient algorithm with force convergence less than 10° eV
A1 and the Brillouin zone integration is performed with a
Gaussian broadening of 0.1 eV. The Khon-Sham orbitals are
expanded using the plane wave energy cutoff of 500 eV.

The Brillouin zone integrations are carried out using
Monkhorst—Pack K-point mesh [18] with a grid size of 6 x 6
x 6 for the total energy calculation. The valence electron
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configurations are Fe 3d® 4s?, Co 3d’ 4s% 3d? 4s%, Ti and 3s*
3p® of Si atoms. In order to correct the effect of strong
correlation of 3d orbital of Fe, Co and Ti atoms, GGA-
PBE+U scheme is used based on Dudarev’s approach (Ues =
U - J) to address the onsite Coulomb interaction. The U-
parameter value corresponding to minimum energy is found
to be U= 1.8 eV for Fe, U= 2.0 eV for Co, U = 2.05 eV for
Ti and exchange parameter J =0.73 eV.

3. Result and Discussion

3.1 Structural Properties

The structural properties of the full Heusler alloys X,YZ,
with the combination of 3d elements of transition metals X=
Fe, Co, Y= Ti and main group element Z= Si are analyzed.
The total energies are computed for L2; and XA phases of
Fe,TiSi and Co,TiSi Heusler alloys. The structural stability
between L2; phase and XA phase is analyzed by plotting
total energy (eV) values against cell volume (A% for (a)
Fe,TiSi and (b) Co,TiSi, in Figure 3.1.1 and Figure 3.1.2. It
is found that L2, phase has the lower energy compared to
XA phase. Thus, L2, phase is predicted as the stable phase
for both the alloys. Subsequently, all the total energy
calculations are performed for Fe,,Co,TiSi (x = 0.0, 0.5,
1.0, 1.5, 2.0) with L2; phase. Table 3.1.3 shows the
calculated ground state properties of Fe ,.,Co,TiSi (x = 0.0,
0.5, 1.0, 1.5, 2.0) in L2; structure with GGA- PBE and
GGA- PBE+U calculations in addition to the available
experimental and theoretical results [1,2, 4-6].
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Figure 3.1.1: The structural stability between L2; phase and
XA phase is analyzed by plotting total energy (eV) values
against cell volume (A®) for Fe,TiSi

-wa\ Co,Tisi

dJ
)
2114
£ \
=4
(] \\\
420} - B v
150 200 250

Cell volume(A)’

Figure 3.1.2: The structural stability between L2, phase and
XA phase is analyzed by plotting total energy (eV) values
against cell volume (A®) for Co,TiSi

Table 3.1.3 calculated lattice parameters a (A), equilibrium volume V, (A%), formation enthalpy AH (eV), bulk modulus B
(GPa) and its derivatives B, of Fe,..Co,TiSi of considered L2, structure using GGA- PBE and GGA PBE+U method.

Method A A E IH E, E,
Fe.Ti51 GGA-FEE 3.6002 18474 | -130.426312 | 0.824217 | 20367 | 33786
GGA-PBE+U 5.7200 187.24 | -124.137768 | -8.252056 | 19790 | 353878
5,638, 5.70°, 5,658 23484° [ 4510
3.683¢ 232,098

Fe,.Co,.TiSi| GGA-PBE 3.6003 185.14 | -127.546708 | -10.438665| 19873 | 33808
GGA-PBE+U 5.7376 188.88 | -122.939203 | 9311789 | 10064 | 353791
Fe,Co, Ti8%i| GGA-PBE 3.7022 185.41 | -124.520830 | -11.056570| 19002 | 353800
GGA-PBE+U 3.7562 100.73 | -119.922308 | -9.906040 | 18640 | 353792
Fe,.Co,.TiSi| GGA-PBE 37172 196.87 | -122.168800 | -11.962444| 10250 | 353811
GGA-PBE+U 3.7575 100.85 | -117.520125 | -10.663018| 17046 | 353810

5.7260
Co.Tisi GGA-PEE 5.7803 187.74 | -119.695878 | -12.559081| 19460 | 353842
GGA-PBE+U 5,743, 103.13 | -113.050861 | -10.897827| 18652 | 353778

5.760,

5.6393"

*Ref [1] Expt, "Ref [5] Theo, ‘Ref [6] Theo, “Ref [7] Theo, °Ref [8] Theo, 'Ref [3] Expt, °Ref [9] Theo, "Ref [11] Theo

3.2 Electronic Properties

The electronic structure of full Heusler alloys Fe,TiSi,
Fe,5C0oy5TiSi, Fe,oCoqTiSi, FeqsCoy5TiSi and Co,TiSi is
investigated by computing the spin polarized total and
partial density of states (DOS) with GGA- PBE and GGA-
PBE+U approach. The density of states computed with
GGA- PBE scheme indicates semiconducting behavior for
Fe,TiSi  [1,5-8] and half metallic nature for
Fel_5C00.5TiSi,Fellocol_oTiSi,Feol5C01_5TiSi and C02T|S| [9-
11] full Heusler alloys. When, Co is substituted in Fe,TiSi,
the half metallicity is observed in

Fel_5C00.5TiSi,Fellocol_oTiSi,Feo'5C01.5TiSi and C02T|S| The
energy gap and spin flip gap values are enhanced while
calculated using GGA- PBE+U scheme.

Hence, the total density of states (DOS) of Fe, ,Co,TiSi (x =
0.0, 0.5, 1.0, 1.5, 2.0) Heusler compounds computed with
GGA- PBE+U scheme at normal pressure is presented in
Fig. 3.2.1 (@) to (e). It is observed that Fe,TiSi is a
semiconductor material which is consistent with the results
of Bhat et al. and Jong et al. [5-7]. The Co- substituted full
Heusler compounds Fe,TiSi exhibits an energy gap at the
Fermi level Er in the spin down states. The majority and

Volume 8 Issue 1, January 2019

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20194610

10.21275/ART20194610

1595



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
Impact Factor (2018): 7.426

minority states are slightly shifted to a lower energy range
with respect to the Fermi level. However, the change in
minority states is so obvious. It is seen that energy range ~ 5
eV to ~ 7.5 eV (around the Fermi level) has a great impact
on s and p state electrons of main group element. Mainly, it
should be noted that peak around the Fermi level is due to
the hybridization of d- state electrons. The spin flip gap (E,)
observed in Fe; 5 Cog5TiSi, Fe; o CoqoTiSi, FegsCo15TiSi and
Co,TiSi are 0.397 eV, 0.629 eV, 0.646 eV and 0.783 eV
respectively.
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3.2.1 Density of State and Partial Density of State at Low
pressure (a) Fe,TiSi (b) Fey 5C0osTiS (€) FeyqCorgTiSi(d)
FegsCo,5TiSi (e) Co,TiSi

In order to understand the half metallicity and energy
hybridization in detail, the partial density of states (PDOS)
near the Fermi level of Fe,,Co,TiSi (x=0.0, 0.5, 1.0, 1.5,
2.0) at normal pressure is shown in Figure 3.2.2 (a) to (e). In
Fe,«Co,TiSi (x = 0.0, 0.5, 1.0, 1.5, 2.0) compounds, Fe and
Co atoms present a strong spin-splitting with antibonding
states centered about ~5 eV to ~7.5 eV, in the spin states
leads to the formation of spin flip gap. The conduction state
in d® and d’ states of Fe and Co atoms are not fully occupied
in the spin down state.
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3.2.2 Density of State and Partial Density of State at High
pressure (2) Fe,TiSi (b) Fe;sCoqsTiSi (C) FeroCoyoTiSi (d)
FeosCo15TiSi (€) Co,TiSi

As a result, an occupied 3d state in a spin down channel is
mixed with sp state of main group element Ge and shows the
spin flip gap. On the other side, majority spin channel shows
the metallic nature. So, these d-states hybridization
recognized the half metallic gap in the spin down state.
Finally, the effect of substitution of Co atom in Fe site
originates the appreciable changes in the electronic structure
of Fe,TiSi. This change is due to the vicinity of d- state
electrons of Co-atom hybridized with Fe-atoms.

3.3 Magnetic Properties

To inspect the magnetic properties of Fe,,Co,TiSi (x = 0.0,
0.5, 1.0, 1.5, 2.0) full Heusler alloys for their potential
applications in spintronics and quantum computing, the spin
polarized calculations are carried out. The ability of a spin
polarization at Fermi energy (Eg) of a full Heusler alloy is
calculated by the formula [9]:

pTE)-plE)
oo o1 E) o)
where p T (E;)and p ¥ (E,)are spin electron density

of states of majority and minority states near the Fermi
energy level. For the complete spin polarization, any one of
the electron densities, either spin up p'(E;) or spin down p*
(Ey) equals zero, and it is called true half metallic behaviour.
The studied full Heusler alloys
Fel_5COO.5TiSi,Fellocol_oTiSi,Feo_5C01.5TiSi and COzT|S| are
half metals at normal pressure. In these full Heusler alloys,
the electron density near the Fermi level in the minority spin
channel (p* (E)) of all the compounds (except Fe,TiSi) are
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zero at normal pressure. Hence, it is worthwhile to note that
the spin polarization of the full Heusler alloys Feis
C00_5Ti8i, Feio COl_oTiSi, Feol5C01.5TiSi and C02T|S| is
100% at the normal pressure.

For practical purposes, the ferromagnetic order of Heusler
compounds must be maintained beyond ambient condition.
In this regard, the total energy is calculated for non-magnetic
and ferromagnetic states of Fe,,Co,TiSi (x = 0.0, 0.5, 1.0,
1.5, 2.0) full Heusler alloys to predict the magnetic ground
state and it is observed that ferromagnetic state is more
stable for these alloys except Fe, TiSi which are accredited to
their lowest energy.

L)

* Co,TiSi
* Fo, Co, TisI

* Fe, Co_ TiSi
" F:u1 Ll::o, ;l'iSl

Magnetic Moment (bg)
-

(=]

L+ Fo,TiSi

Effect of substituition of Co atom

Figure 3.3.1: Magnetic moment (uB) versus effect of
substitution of Co atom curve of Fe,,CoxTiSi (x=0, 0.5, 1,
1.5, 2) full Heusler alloys

For practical purposes, the ferromagnetic order of Heusler
compounds must be maintained beyond ambient condition.
In this regard, the total energy is calculated for non-magnetic
and ferromagnetic states of Fe,,Co,TiSi (x = 0.0, 0.5, 1.0,
1.5, 2.0) full Heusler alloys to predict the magnetic ground
state and it is observed that ferromagnetic state is more

stable for these alloys except Fe,TiSi which are accredited to
their lowest energy. In Table 3.3.2 and 3.3.3, the total and
the interstitial spin magnetic moments in the unit cell of Fe,.
«Co,TiSi (x = 0.0, 0.5, 1.0, 1.5, 2.0) full Heusler compounds
using GGA- PBE and GGA- PBE+U approach are given.
The implementation of Hubbard parameter (GGA PBE+U)
to the host material has little impact on the magnetic
moment. Interestingly, the total magnetic moment of the
Fe,TiSi alloy is zero. But when Co atom is substituted, Fe; s
C00_5TiSi, Feio COl_oTiSi, F80,5C01,5TiSi and C02T|S| have
the magnetic moment. Hence, the effect of doping induces
the magnetism. The strong magnetism of Fe,.,Co,TiSi (x =
0.0, 0.5, 1.0, 1.5, 2.0) in the ferromagnetic state is due to the
unfilled 3d sub-shell, since the magnetic effects of electrons
in the incomplete 3d orbit do not cancel each other as they
are present in a complete sub-shell.

Table 3.3.2 Calculated total magnetic moment (ug) for Fe 5
Co,TiSi (X=0, 0.5, 1, 1.5, 2)in L2; structure

Compound  |Method Total Magnstic
Moment (p)
Fe,T151 GGA-PBE o
GGA-PBEU [0
Fe, .Co,.Ti51 |GGA-FBE 0.781
GGA-PBEAU [0.736
Fe, (Co,,Ti51 |GGA-PEE 1.027
GGA-PBE+U |1.034
Fe,.Co, .-TiS51 |GGA-PBE 1.507
GGA-PBE+U [1.336
Ce.Ti81  |GGA-PBE 1.987
GGA-PBEHU [2.001
1.63°, 2.00°, 1.900- 160024

Table 3.3.3. Calculated total magnetic moment (ug) of individual atoms in for Fe ,.,Co,TiSi (X=0, 0.5, 1, 1.5, 2) full Heusler

alloys
Compound Method [T W, [T Ls; Totzl hagnstic Moment
(P
Fe,Ti51 GGA-PEE 0 1] 0 0 0
GGA-PEBE+U 0 0 0 0 0
Fe .Coy.Ti%1  |GGA-PEE 0.196 0.638 0073 0 0.781
GGA-PBE+U | 0.189 0.669 -0.072 0 0.736
Fe,iCo,T151 |GGA-PEE 0634 0.370 -0.178 0.001 1.027
GGA-PBE+U | (0844 0378 -0.188 0 1.034
Fe,.Co,.Ti%1  |GGA-PEE 0.807 0.837 0154 0.017 1.507
GGA-PBE+L | 0.827 0.343 0.133 0.016 1.336
Co,TiS1 GGA-PEE 0 1.906 -0.040 0.031 1.087
GGA-PEE+U 0 2.004 0,032 0.029 2001
1.03%, 0,020, | 0.007", 2000, 1.999° 1 .9002¢
0083 | 00325 | 0.0004¢
1.180 |-0.1723

3.4 Mechaical Properties

The elastic constants and elastic moduli are fundamental
materials parameters providing detailed information on
the mechanical properties of materials. The knowledge of
these data may be used to predict mechanical behavior in

many different situations. The parameters O, and gpr

are symmetric and have only 6 independent elements,
hence the number of 81 elastic constant is reduced to 21

by symmetry arguments. The elastic energy density U,
which is defined as the total energy per volume, is
obtained from the stress tensor (force per unit area) by
integration of Hooke's law

E 1

U= V = Ecmnpr Emn 8pr

The strain tensor has been considered as a tensor of order
two of the form
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1 1
l+e, Eexy Eexz
|1 . 1
E= Eeyx +eyy Eeyz
1 1
Eezx Eezy :|.-|-eZZ
In the convenient matrix-vector notation, the 6
independent elements of stress and strain are

represented as vectors (denoted here as ¢ and g with i,
j running from 1 ... 6 according to the sequence xx, vy,
2z, yz, xz, Xy) and the fourth order tensor Cpnpr are can be
rewritten as a 6x6 matrix cj;, then

E 1

Taking into account additional symmetry arguments
imposed by the crystal lattice, the number of elastic
constants further decreases. In particular, for a cubic
lattice only three independent elastic constants, Cyq, C1p, Cas
are sufficient. In order to calculate the elastic constants of a
structure, a small strain is applied on to the structure and its
stress is determined. The energy of a strained system [1, 2]
can be expressed in terms of the elastic constants Cj; as:

E(V,&)= E(\/0,0)+V026:aiei [Zc”e,ej}o S —

i,j=1

The elasticity tensor has three independent components (Cyy,
Ciz, Cy4) for cubic crystals. A proper choice of the set of
strains {e; , i=1,2,....... ,6}, in Eq.(5.6) leads to a parabolic
relationship between AE/V, (AE = E-Eg) and the chosen
strain. Such choices for the set {&;} and the corresponding
form for AE are shown in Table 5.1 for cubic lattices [3].
For each lattice structure, the lattice was strained by 0%,
+1%, and +2% to obtain their total minimum energies E(V).
These energies and strains were fitted with the
corresponding parabolic equations of AE/V, as given in
Table 3.4.1 to vyield the required second-order elastic
constants. While computing these energies all atoms are
allowed to relax with the cell shape and volume fixed by the
choice of strains {e;}.

The independent elastic constants should satisfy the Born-
Huang elastic stability criteria [4] given by:

C,>0 C,> |C12|, C,,+2C, >0 for the stable

cubic structure. The strain energy 1/2C;e;g; of a given crystal
in equation (5.8) must always be positive for all possible
values of the set {e;}; for the crystal to be mechanically
stable. As per this work the calculated elastic constants are
positive for all the phases and obey the necessary
mechanical stability conditions. The bulk modulus (B) and
shear modulus (G) for the cubic crystals are determined
using Voigt — Reuss — Hill (VRH) averaging scheme [5-7].

Table 3.4.1: Strain combinations in the strain tensor for
calculating the elastic constants of cubic structures
Cubic crystals

Parameters
(unlisted e;=0)
1 e;=e,=5, 5= (1+3)>-1
2 €1=€= 93:8
3 e5=0, e5=5°(4-89)

Strain AE/V,

3(C11'C12)52
(3/2)(C11+2Cy,)8?
(1/2)C48°

Young modulus refers to longitudinal stress and strain. The
shear (or rigidity) modulus is the tangential force per unit
area divided by the angular deformation. The ratio of the
lateral strain to the longitudinal strain is known as Poisson’s
ratio. It was first introduced by Simeon-Denis Poisson
(1781-1840). Anisotropic denotes a medium in which certain
physical properties are different in different directions.

The mechanical properties such as Young’s modulus (E),
shear modulus (G) and Poisson’s ratio (v) are important
physical quantities, especially for engineering and
technological applications. The hardness of the
polycrystalline material can be investigated by computing
the Kleinman parameter. These parameters are calculated
using the following relations [8]:

0BG
FIB+G

C z
C,, +C,.
- G, +8C,
N 16, +26,

204
Cu—C2
The calculated mechanical parameters for Fe,.,Co,TiSi (X=
0,0.5, 1, 1.5, 2) with considered phases of

E_=

V=

L2, structure using GGA-PBE and GGA-PBE+U is
presented in Tables 3.4.2. Young’s modulus is often used to
provide a measure of stiffness of a solid, i.e., larger the value
of Young’s modulus, stiffer is the material. The computed
Young’s modulus values indicate that Fe,TiSi is the stiffest
material. The Poisson’s ratio is associated with the volume
change during uniaxial deformation, and it reflects the
stability of the crystal against shear. The v =0.25 and 0.5 are
the lower and upper limits, respectively, for central force in
solids [7]. It is observed that Poisson’s ratio for Fe, ,Co,TiSi
(x=0, 0.5, 1, 1.5, 2) full Heusler alloys is in the range of
0.3-0.4, which indicates that the bonding is more ionic in
nature.

The ratio of bulk modulus to shear modulus (B/G) is used to
estimate the brittle or ductile nature of materials. A high B/G
value is associated with ductility, while a low B/G value
corresponds to the brittle nature. The critical value which
separates ductile and brittle materials is about 1.75. The
ratios of B/G values of these full Heusler compounds is
greater than the critical value 1.75 indicating that they are
ductile materials in their stable L2, phase. The Zener
anisotropy factor (A) measures the degree of anisotropy in
the solid structure. The value of A=1, represents completely
elastic isotropy, while values smaller or larger than 1
measure the degree of elastic anisotropy. The calculated
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values of A predict that all the alloys are not close to the
value of 1, which indicates that these full Heusler alloys has
complete elastic anisotropy.

The Debye temperature (6p) is an important parameter
closely related to many physical properties of materials,
such as specific heat, elastic constants and melting
temperature. The Debye temperature is calculated from the

elastic constants data using average sound velocity v - by
the following common equation [8]:

1.3
fi s N
ED=—r fm‘n—"‘p Vg
kg M

) -1/3
12 11
Vg ==l —+—7= 1|
m 3[\ **’:: ""|: )ll
where

I |
=| | and v=—|
| | t

(B +0.75G
v, _—
p

are the velocities of longitudinal and transverse sound waves
respectively. The calculated Debye temperature values for
Fe ,x Co,TiSi (X= 0, 0.5, 1, 1.5, 2) using GGA PBE are
listed in Tables 3.4.2 respectively.

For materials, usually, the higher Debye temperature
indicates the larger thermal conductivity and microhardness.
From Table 3.4.2, it is seen that Fe,TiSi has the highest
Debye temperature (748.69 K using GGA- PBE and 727.91
K using GGA- PBE+U) which exhibits the strong covalent
bond and high thermal conductivity among the studied Fe,.
«Co,TiSi (x=0, 0.5, 1, 1.5, 2) full Heusler alloys.

Table 3.4.2 Calculated elastic constants Cy4, Cyy, C44 (GPa) for Fe ., Co,TiSi (X=0, 0.5, 1, 1.5, 2) in L2, structure. Total
energy E (eV), formation enthalpy AH (KJ/mol), bulk modulus B, (GPa) and its derivative By’ for Fe ,., Co,TiSi (X=0, 0.5, 1,
1.5, 2) in L2, structure

Tiethod ., C.. C.. | B G [BG | E v A B ()
Felioi GGA-PBE | 436.13 17880 | 87.84| 2315011427 |2.0250| 204 30| 03000|05707|  148.60
GGA-PBE+U | 42839 12483 | 82.47|226.08|110.23 | 2.0509|284.47|0.3121|0.5420| 72781

442920, | 130.80%, |161.16+232.1° [158.7° | 1.463%,| 387.7 [ 0.221° 705, 703.17¢

4577 4624 119°, | 152%¢|237.0¢ | 158.6° | 1.406- | 38%
124.5¢

Fe, .Co,.TiSi| GGA-PBE | 33503 156.12 | 105.23[215.76 | e8.02 [2.1811]257.43[03225|1.1761]  703.78
GGA-PBE+U | 34299 14461 | 110.37)210.74 | 105.89 | 1.9901 | 272.11 | 0.3068 | 1.1127|  720.72
Fe, Co, TiSi| GGA-PBE | 360.76 153.36 | 78.63|225.63 ] 00.43 |2.4050] 230.32[03434 07275 67210
GGA-PBE+U | 313.36 15835 | 99.91|210.19| 91.05 |2.3085|238.68|0.3316(1.2849| 677.96
Fe,.Co,.TiSi| GGA-PBE | 33828 16004 | 06.04|220.05| 03.00 |2.3638] 2447603353 10831 68573
GGA-PBE+U | 310.80 150.36 | 08.80|200.87| 80.64 |2.3412{235.40|0.3338|1.3052| 66145
CoTiSi | GGA-PBE | 37287 143.82 | 87.78(220.17| 98.47 |2.2358(257.10|0.3265 | 0.7664|  696.80
GGA-PBE+U | 34477 12875 | 75.37|200.75| 88.43 |2.2701|231.32|0.3290| 0.6978| 65005

4. Conclusion

The electronic structure and magnetic properties have been
calculated using the first principles augmented plane waves
(FP-APW) method for the Fe, ,Co,TiSi (x =0.0,0.5, 1.0, 1.5,
2.0).The spin polarized calculations showed that the Co,TiSi
Heusler compound is half-metallic with a magnetic moment
of 2 uB. Fe,,Co,TiSi (x = 0.0, 0.5, 1.0, 1.5, 2.0) revealed
that the Full Heusler alloys have a perfect half-metallic
character and 100% polarization which making them as
good candidate in spintronics applications. The values of
B/G indicates that all the Fe, ,Co,TiSi (x=0, 0.5, 1, 1.5, 2)
full Heusler alloys are ductile in nature and also the
Poisson’s ratio for full Heusler alloys is in the range of 0.3—
0.4, which indicates that the bonding is more ionic in nature.
The computed Young’s modulus values indicate that stiffest
material. The value of anisotropy factor indicates that this
full Heusler alloy has complete elastic anisotropy. The high
value of the Debye temperature for Fe,TiSi indicates its
thermal conductivity.
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