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Abstract: In the present research work, we have investigated density of electronic states, electronic band structure,
magnetic structure, optical spectra and temperature dependent thermodynamic characteristics of thallium rare
earth sulphides, TIRES, (RE: Th-Er) using FP-LAPW method and PBE-GGA exchange correlation within DFT.
The electronic structure pointed out that TIRES, compounds show half metallic character. The magnetic moment
and spin polarization calculations prove that TIRES; are fully spin polarized compounds with ferromagnetic nature.
Optical spectra show that intraband transitions occur in infrared (IR) regime due to half metallic character of
TIRES; and behave as opaque in ultraviolet (UV) region. High refractive index in IR regime also show metallic
character and high peak in UV regime show slow propagation of light in UV regime. The reflection coefficient is
found maximum (~50-60%) in UV regime. Greater energy loss has been seen on the higher energy side, which
corresponds to the stimulation of plasmons by electrons moving through the compounds. Plasma resonances lead
to the frequent peaks at ~ 6.0 eV, 11.0 eV, and 12.0 eV. According to calculations made using the quasi-harmonic
Debye model, TIRES; compounds are dimensionally less stable (i.e., much hard), have poor thermal conductivity,
and experience faster-than-average disorder with increasing the temperature.

Keywords: half metallics; electronic structure; optical properties; thermodynamic properties

1. Introduction

Half metals are the substances that act as a conductor to one type electron spin orientation (either spin up or
spin down) and acts as semiconductor or insulator to the opposite type of spin orientation and considered as hybrid
of metals and semiconductors [1, 2]. Most of the half metallic materials are fully spin polarized and show the
ferromagnetic character [3]. These characteristics motivate us to look for new, appropriate spin-dependent
materials that may be used to make electronic and magnetic devices, such as spin valves, giant magneto-resistance,
tunnelling magneto-resistance, and non-volatile magnetic random access memory [4, 5].

The study of optical properties of metals/half metals shows that absorption of free carrier is important in half
metals for which intraband transitions occur in infrared regime [6]. However, in semimetals the carrier densities
are almost independent of temperature but high mobility of carriers provides the large optical conductivity [7].
Half metals basically show metallic characteristics towards the thermodynamic properties but they are generally
less conductors of heat and electricity compared to the metals and they are usually malleable and ductile [8].

The research here looked at thallium rare earth sulphides, TIRES; (RE = rare earth elements: Th, Dy, Ho,
Er,) have been chosen for the electronic, magnetic, optical and thermodynamic properties. The basic structural
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parameters of TI(Th/Dy/Ho/Er)S; have been displayed | Tablel. Table 1 indicate that, thallium rare earth
disulphides materials adopt a-NaFeO. type rhombohedral structure with space group R-3m and consist of
magnetic ions layers separated by three layers of non-magnetic ions [9, 10]. In the present study, electronic and
magnetic structure reveal that TI(Tb/Dy/Ho/Er)S; are half metallic materials with 100% spin polarization at Fermi
level. All TIRES; compounds show ferromagnetic character. Thus, studied compounds, TI(Th/Dy/Ho/Er)S; may
be considered as half metallic ferromagnets. These compounds may be good alternatives of conventional half
metallic materials that may be used in making new magnetic/electronic device applications. They may show also
important characteristics towards the optical properties for new optical device applications. Thus,
TI(Th/Dy/Ho/Er)S, compounds have been chosen for electronic, magnetic, optical and thermodynamic studies for
better understanding towards further applications.

Table 1. Unit Cell Parameters (A), Space Group, structure type and atomic coordinates of TIRES,, RE=Th-Er

Unit Cell Parameters Unit Cell Parameters
A) A) Space Group _ .
Compounds (Expt) [21] (Calculated) and Structure  Atomic Coordinates
Type
ao Co ao Co
TITbS2 4.020 2.224 4.000 2.210 R-3m TI:(0, 0, 0)
TIDYS: 3.998 2241 3.974 2233 ‘*"\gggoz RE:(0.5, 0.5, 0.5)
o =p=90 RE = Nd, Th, Dy,

TIHoS: 4011 2.249 4.001 2.232 Ho, Er, Tm, Yb
TIErS: 3.961 2.244 3.932 2.2301 =120 Te:(0.23344,

0.23344, 0.23344)

In accordance with the literature, three compounds with the same crystal structure such as thallium
gadolinium chalcogenides TIGd(S2/Se2/Te,), have been examined by Gautam et al [11] for their electronic,
magnetic, thermodynamic, and transport characteristics. They found that TIGdS; is an indirect wide band gap
semiconductor with bandgap 1.86 eV and it has Seebeck coefficient ~89uV/K and electrical conductivity ~ 267
Qcm ™ [11]. Sankar et al studied the thermoelectric properties of TIGd(S2/Sex/Te,) [9]. Duczmal et al. investigated
the structural and magnetic characteristics of TIGd(S2/Sex/Te2) [12, 13]. Guseinov et al. [14] investigated the
physical properties of various rare earth and thallium based chalcogenides.

In our present study, our objective and effort is in the same direction to explore the systematic characteristics
of electronic band structure, electronic density of states, magnetic, thermodynamic and optical properties of
TIRES; for further understanding and controlling the properties for different applications.

2. Computational method and structural details

The FP-LAPW / PP-PW technique [15] under density functional theory (DFT) [16] as implemented in the
WIEN2k and VASP code, respectively [17, 18] have been used in this study to examine the electronic, magnetic,
thermodynamic, and optical characteristics of thallium rare earth disulphides. The calculations have been done
using the exchange-correlation potential, PBE-GGA based on Perdew et al. [19]. Within the non-overlapping
muffin-tin spheres enclosing the atomic sites, Kohn-Sham wave functions [20] were enlarged in terms of spherical
harmonic functions. We have used the plane wave cut off (RmrKmax) = 6 under convergence limit for the calculation
where Knax iS the plane wave cut-off energy and Rwr is known for the smallest radii of all atomic spheres. The
calculations have been made with an energy accuracy limit of 0.0001 Ry and the cut-off energy —6.0 Ry. The
density of the 1,000 k-points has been selected in the Brillouin Zone to determine the electronic, magnetic,
thermodynamic, and optical characteristics of TIRES, compounds.

The optical properties of the compounds promote for the development of new optoelectronic devices. The
complex dielectric function ¢ (w) is a unique approach for the investigation of optical properties. It explores the
linear response of compounds with an external electromagnetic field [20-24]. The complex dielectric function is
sum of real and imaginary part of dielectric function (i.e., sum of &; (@) and &, (w)) which gives the information
about the dispersion and absorption behaviour of material respective complex dielectric function is expressed as
[21-25].

g(w)=¢(w)+ie,(w)
Random phase approximation provides the imaginary part of the dielectric function which is expressed as;
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Here M represents the dipole matrix element and fi indicates the Fermi distribution function in it state. E;
show the energy of electron in the i states.
Kramers-Kronig relation gives the real part, ¢1(w) of dielectric function, represented as [21-25]:
2 T we, (0
g (w)=1+ —Pj(z#dw

T sz—wz) )

Here, P implies the principal value of the integral.

The following equations may also be used to get residual key optical properties like as the absorption
coefficient, a (w), refractive index, n(w), reflectivity, R(w), extinct coefficient, k(w), and energy loss, L(w); [21-
25]:

1,

a(w) = \/Z[\/glz (o) + gzz(a)) - gl(a))J ’

®)

_(n-1)"+K’

Rle (n+1)>+k?' @)

Where, n and k stand for the real and fictitious portions of the complicated refractive index.

\/elz(a)) + 822(6()) + gl(a))g

7(w) = NG (5)

1’8 2 (CO)"‘ & 2 (a)) - 81(0))12
k(w)=-"— JE )
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3. Results and discussion

3.1 Electronic and magnetic effects

Densities of states (DOS) and band structure play an important role in determining the physical behaviour
such as metallic/semiconducting/insulating behaviour of crystalline compounds. The total DOS of TIRES; (RE:
Tb - Er) have been explored in the Figures 1(a—d) in which dotted line at 0 eV shows the Fermi level. It is clear
from Figures 1(a—d) that spin up channel of TIRES, compounds show a wide gap between valance states and
conduction states (i.e. spin up states show insulating character) whereas significant density of states of spin down
channel are crossing the Fermi level (i.e. spin down states show metallic character). Thus, TI(Tbh/Dy/Ho/Er)S;
compounds show half metallic nature.
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Figure 1. Total density of states for (a) TITbS, (b) TIDyS, (c) TIHoS, (d) TIErS,

To describe which atom mainly take a part in half metallic character of the compounds, total and partial
density of states for separate constituent atoms of TITbS; have been shown Figures 2(a—h) (The DOS plots for
TI(/Dy/Ho/Er)S; have not been demonstrated in this manuscript because they consists of similar features as that
of TIThS,). It can be seen from Figures 2(b) and 2(g) that at the Fermi level, Th-f states have contributed mainly
to give metallic character to TITbS; (with dominancy of spin down channel of Tb-f states or RE= (Dy/Ho/Er)-f
states atoms in the compounds TI(Tbh/Dy/Ho/Er)S,). These states are also responsible for magnetic moment in
TITbS; (or TIRES,) as Tb-f (or RE-f) states are existed at different positions of energy for opposite spins (at ~ -
5.0 eV for spin up and between 0 tol eV energy region for spin down states). Thus, in TI(Tbh/Dy/Ho/Er)S,
compounds f-orbital electrons of RE= Th/Dy/Ho/Er atoms provide the half metallic character as well as magnetic
character to TIRES, compounds.
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Figure 2. Total and partial density of states for (a) TITbS; (b) TI-Total and Th-Total (c) S-Total (d) TI-s and Tl-p orbital (e) TI-d orbital (f)
Th-s and Th-p orbital (g) Th-d orbital and Th-f orbital (h) S-s and S-p orbital

In order to verify the half metallic nature and magnetic character of TIRES,; band structure diagram for spin
up and spin down bands for TITbS, have been shown in Figures 3(a, b). The band structure diagrams of
TI(/Dy/Ho/Er)S; have not been displayed because they contain similar character as that of TITbS,. It is clear from
Figures 3(a, b) that TIThS, show a band gap between Fermi level and spin up conduction bands while there is
zero gap for spin dn bands at the Fermi level, verify half metallic character and justify also our DOS calculations.
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Figure 3. Electronic band structure along the high symmetry directions I', H, N and P for (a) TITbS,-up (b) TITbS,-dn

The magnetic character viz. magnetic moment, electron spin polarization of the compounds can be extracted
from the spin polarized DOS calculations. The calculated total and partial magnetic moment on constituent atoms
of TIRES; and electron spin polarization have been displayed in Table 2. It can be observed from Table 2 that
magnetic moment of interstitial region, Tl and S atoms is negligible compared to the magnetic moment of
corresponding RE atoms, indicate dominant contribution of corresponding RE atoms in total magnetic moment
of TIRES; compounds.

The calculated total magnetic moment has been compared with available experimental values [26] only for
TIErS, compound because no experimental values [25] of total magnetic moment for other compounds viz.
TI(Th/Dy/Ho)S, has been reported in the literature. It is clear from Table 2 that calculated values of magnetic
moment for TIErS, compound is nearly close to available experimental values, justify our magnetic calculations.

Table 2. Magnetic moment, pg Magnetization, M (ug) Fermi energy E, (eV) at equilibrium condition (at 0 K) for TIRES,, RE=Tb-Er using

PBE-GGA
Com poun ds PBI nterstitial H?’TI LBTNd/Gd/Tb/Dy/Ho/Er/Tm/Yb LBS wtotal
TITbS2 0.0712 0.0024 7.8789 0.0252 79777
TIDyS2 0.0570 0.0021 7.8904 0.0421 7.9916
TIH0S: 0.0582 0.0049 8.9044 0.0440 9.0115
TIErS: 0.0589 0.0056 7.8645 0.0610 7.9900 (9.52)*

*Duczmal, Marek, Structure, magnetic properties and crystal field in triple lanthanide chalcogenide and thallium TILnX2 (X = S, Se or Te),
Publishing House of the Wroctaw University of Technology, Wroclaw 2003

Now, electrons spin polarization, o can be calculated by the formula [27]:
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Where, 5 T and & 1 displays the density of states for spin up electrons as well as the spin up electrons at
the Fermi level.

The calculated value of & using equation (8) is found to be 1 for all TI(Th/Dy/Ho/Er)S; compoundsas & T

= 0 for TI(Th/Dy/Ho/Er)S, compounds at the Fermi level. Again, it is noticeable here that unit value of & leads
to 100% spin polarization [27] at the Fermi level i. e., TIRES; compounds are fully spin polarized which is basic
condition of half metallic compounds [27].

3.2 Optical effects

Dielectric function, g(®) is an important parameter which describes the optical behavior of a material under
an external electromagnetic field. It consists of two parts: real part, €1(®) and imaginary part, €2(®). Real part,
€1(®) describes the dispersion of electromagnetic radiation when it is propagated in the material i.e., polarization
of light. Imaginary part, e2(®) represents the absorption of energy of incident photons into the material i.e., l0ss
of energy [23, 24, 28]. Figures 4(a—d) show the variation of real part of the dielectric function with photon energy
(hv) along two different crystallographic x- and z-directions, calculated for the TIRES, (RE=Tb-Er) compounds,
respectively. It is well known that intraband transitions are effective in IR region for metallic materials [23, 24,
28]. It is clear from Figures 4(a—d) that presence of &1(®) values close to 0 eV in IR region (0.01 eV-1.7 eV) are
owing to intraband transitions that confirm the half metallic character of TIRES; due to spin down states near the
Fermi level. Now, &1(®) starts to increase from visible region (1.7 eV-3.3 eV) and maximize at ~ 4.0 eV, in near
ultraviolet (UV) region indicate that TIRES, compounds have highest optical response in UV region. Furthermore,
after 4.0 eV, €1(®) decreases and become negative at around 5.0 eV for all the compounds. The negative value of
€1(w) after ~ 5.0 eV represents the opaque region for the electromagnetic radiation. The variation of €1(®) also
demonstrate that anisotropy is maximum at either 0 eV or at ~ 4.0 eV in g1(®) > 0 region and at ~ 6.0 eV in g1(®)
< 0 for all TIRES; compounds.
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Figure 4. Variation of Real part of dielectric function, &;(®) along x- and z- directions for (a) TITbS, (b) TIDyS; (e) TIHoS; (c) TIErS,

Imaginary part of the dielectric constant, e2(w) represents the loss part of incident photons energy or energy
absorbed by the material [28]. The variation of &;(w) with photon energy have been shown Figures 5 (a—d) for
TIRES; compounds along x- and z-directions. It is clear from Figures 5(a—d) that first probable loss occurs close
to 0 eV in IR region for TI(Th/Dy/Ho/Er)S,; compounds, implies metallic character (which indicates transition of
intraband by using the incident low photon energy) which are well correlated to density of states and band structure
calculations. The most probable highest peaks in energy range 3.0 eV-6.0 eV along x- and z-axis and at ~ 5.0 eV
along z-axis show interband transition of electrons among occupied to unoccupied energy levels. Furthermore,
however some peaks with low intensity were observed below 3.0 eV and above 6.0 eV but the maxima peaks
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(highest peaks) have been found in near ultraviolet region (above 3.3-7.0 eV). Thus, these materials can be
supposed to make more useful in optoelectronic devices for near ultraviolet light.
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Figure 5. Variation of imaginary part, ex(®) of dielectric function along x- and z- directions for (a) TITbS; (b) TIDyS, (e) TIHoS; (c)
TIErS,

Figures 6(a—d) display the variation of refractive index, n (@) with photon energy for TIRES, materials. It is
clear from the Figures 6 (a—d) that refractive index, n (o) has large value at 0 eV and in region less than 1.0 eV.
This is due to existence RE-4f electrons of spin down states that are attributed to metallic character of
TI(Th/Dy/Ho/Er)S,. Beyond 1 eV, n (w) increases in the visible range and a highest peak appears in the near UV
region at around 4.0 eV along both the x- and z-axis, confirm slow propagation of velocity of light in UV region.
The Penn Model links the real component of the dielectric constant e1(w) to the refractive index, n (w) by the

relation 772 (0) = &, (0) [29]. It can be seen from Table 3 that our estimated values of refractive index, n ()
satisfy the Penn model, authenticate the accuracy of our calculations for the compounds.
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Figure 6. Variation of refractive index, n(w) with photon energy along x- and z- directions for (a) TITbS; (b) TIDyS, (e) TIHoS; (c) TIErS,

Table 3. Refractive index, n(®) calculated using spectra and Pen model along x- and z- direction for TIRES,, RE=Tb-Er using PBE-GGA

Compounds By using Spectra By using Pen model
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1%(®) n*4(o) %) n*(o)

TITbS: 5.4 3.9 5.02 3.67
TIDyS: 6.5 4.20 6.24 412
TIHOS: 3.3 3.20 3.31 3.16
TIErS: 4.8 4.6 4.47 4.79

Figures 7(a—d) show variation extinction coefficient, k(w) which is an imaginary part of refraction function.
Extinction co-efficient, k(w) is related to refractive index and dielectric constants as; n?> — k% = e1(w) and 2nk =
&2(w) [30]. For metallic materials, n (w) is much lower than extinction coefficient in the low energy range due to
free electron carriers’ effect [29]. The high peak of £ (w) at ~ 4.0 eV and 6.0 eV shows maximum absorption of
photons in UV region as k(w) also show the absorption of incident radiation.

3 3
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Figure 7. Variation of extinction coefficient, k(®) with photon energy along x- and z- directions for (a) TITbS, (b) TIDyS; (e) TIHoS; (c)
TIErSz

Figures 8(a—d) show how the reflection spectra change along the two distinct crystallographic axes as a
function of photon energy. The high values of static reflection coefficient ~50% to 60% for TI(Th/Dy/Ho/Er)S;
give attention that these compounds are half metallic. Furthermore, reflectivity is larger along z-direction
compared to x-direction in energy range ~3-8 eV and reverse effect is obtained beyond 8.0 eV. The highest peaks
of reflection coefficient (50%-60%) in ~3-8 eV energy regime show large reflectance in UV region.
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Figure 8. Variation of reflection spectra, R(®) with photon energy along x- and z- directions (a) TITbS; (b) TIDyS; (e) TIHoS; (c) TIErS,

Absorption coefficient measures the rate of decrease in intensity of light when it propagates in to the material.
Figures 9(a—d) show the variation of absorption coefficient, a(w) with photon energy. It can be observed from
Figures 9(a—d) that absorption edge for TI(Th/Dy/Ho/Er)S; begins from low photon energy in IR regime (indicate
metallic nature of TIRES;). After IR regime, a(w) rises up in the visible region and maximize in ultraviolet regime
(UV) at ~6.0 eV. In the IR domain, the low value of a(w) reveals that TIRES; are less absorbent and behave as
transparent materials, but the high value of a(w) at 6.0 eV in the UV regime demonstrates that these materials are
more absorbent and behave as opaque materials.
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Figure 9. Variation of absorption coefficient, a(®) with photon energy along x- and z- directions (a) TITbS, (b) TIDyS, (e) TIHoS; (c)
TIErS,

The variation of optical conductivity, o(w) with photon energy for the studied compounds have been shown
in Figures 10 (a—d), along two different crystallographic x-and z-directions. These graphs demonstrate that
variations in conductivity exhibit the same pattern as the imaginary portion of dielectric constants because o(w)
and &2(w) are connected by the following equation: o(w) = (w/47)&>[31, 32]. Sharp peaks in the energy ranges of
~3-6 eV and ~ 7-10 eV have been seen in both directions, and these peaks are due to these materials transition
from occupied to unoccupied states. The abrupt high peak at 5.0 eV shows that the examined compounds are more
photon absorbent in the UV region and exhibit their greatest photon absorbent behaviour at this energy.
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Figures 11(a—d) give variation of energy loss of fast moving electrons through the studied materials [32].
The several peaks in energy range 0-14 eV at ~ 7.0 eV, ~8.0 eV, 11.0 eV and ~ 12.0 eV along x-direction and at
~9.0eV, 11.0 eV and 12 eV along z-direction are correspond to excitation of one or more Plasmons by electrons
passing through the materials. The peaks at ~ 7.0 eV, 8.0 eV, 11.0 eV and ~ 12.0 eV along x-direction and at ~
9.0eV, 11.0eV and 12 eV along z-direction are due to plasma resonances associated with the collective oscillation
of the electrons in the valence band [32].
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Figure 11. Variation of energy loss, L(w) with photon energy along along x- and z- directions for ((a) TITbS, (b) TIDyS, (e) TIHoS; (c)
TIErS,

3.3 Thermodynamic Properties

Under a particular model known as the quasi-harmonic Debye (QHD) model, the impact of temperature on
the thermodynamic parameters such as bulk modulus (B), specific heat (Cv), entropy (S), and Debye temperature
(D) was investigated. Gibbs function, according to QHD, may be expressed as [33, 34];

Gx((V,P, T)=E\V)+PV+A@ (V) T) 9)
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Where total energy per unit cell, vibration Helmholtz free energy, and Debye temperature are referred to as
E(V), Avib and Gp, respectively.

Under equilibrium condition, various physical thermodynamic parameters can be achieved by minimizing
the Gibbs function, expressed in equation (9) with respect to volume of the unit cell at constant pressure and
temperature. Here, it is for remembering that we have displayed temperature dependent thermodynamic properties
only for TIThS; and thermodynamic properties for other compounds viz. TI(Dy/Ho/Er) have not been displayed
because they show same variation with temperature as that of TIThS,. Only the quantitative differences mentioned
by Table 4 distinguish them from one another.

Table 4. Thermodynamic parameters viz. volume, Bulk modulus, Debye temperature, thermal expansion coefficient (at 300K) for TIRES,,
RE= Th-Er using PBE-GGA

Compounds  a c V (A3 (G%a) 3 /rggl K (@ /mSoIK) 00 (K) @ (10°° J/molK)
TITbS: 4.020 2224 731 50.30 95 100 234 5.5
TIDyS2 3.998 2241 7265 48.75 95 160 229 6.5
TIHo0S: 4011 2249 7215 50.2 95 160 230.5 6.0
TIErS: 3.961 2244 7150 49.25 95 160 229.5 5.5

The fluctuation of unit cell volume, V, with change in temperature is shown in Figure 12 (a). As can be
observed from Figure 12 (a), the volume of a unit cell grows as temperature rises since the atomic distance likewise
rises with temperature (i.e., expansion of the unit cell's dimensions happens with temperature).

The variation of bulk modulus, B, with change in temperature is seen in Figure 12 (b). Bulk modulus of a
material expresses the elasticity of a material and inversely shows the compressibility of a material [35]. It can be
observed from Figure 12 (b) that B decreases with temperature. The decrease in bulk modulus with temperature
can be explained as: Bulk modulus is the ratio of infinitesimal stress to volumetric strain. When temperature
increases, the molecules of the compounds vibrate at faster rate due to which atomic force decreases and hence
bulk modulus decreases with temperature. As bulk modulus decreases with temperature, the compressibility
increases i.e., TIRES; compounds become more compressible with increasing the temperature.

Figure 12 (c) shows the variation of specific heat at constant volume, (Cy) with temperature. It can be seen
from the Figure 12 (c) that Cv increases almost linearly upto T ~ 100 K and then starts to squash. At T ~ 150K,
Cv become almost constant. It indicates that atoms/molecules of studied compounds absorb more heat in the low
temperature range (T~0-150K) (follows Debye T2 Law) for vibration. Beyond 150K, the average kinetic energy
of atoms/molecules become saturated so that Cv become saturate (approaches to Dulong-Petit law). The estimated
maximum value of C, were found to be ~ 95 J mol~*K™1, indicate good absorber of thermal heat in low temperature
[36].

Figure 12 (d) represents the variation of entropy (S) with respect to temperature for TIThS,. Entropy of a
system measures the disorder of the system. Entropy directly depends upon the heat given to the system. As
temperature increases by giving the heat to the system the molecules vibrate at faster rate and hence produce more
disorder. Thus, entropy increases with temperature. In our case of TITbS2 (or TIRES2), the entropy (disorder)
was found to be increases at faster rate.

Figure 12 (e) represents the variation of Debye temperature (6p) with temperature. The variation of Debye
temperature shows decrement in 6p with temperature at slow rate, indicates hardness of TIRES.decreases at slow
rate with temperature. It can be seen from Table 2 that TIRES, compounds have Debye temperatures in range
223-237K (not so large enough), indicate that TIRES,, are no so hard enough and they have low thermal
conductivity [37]

Figure 12 (d) shows the variation of thermal expansion coefficient, a with temperature. It can be observed
from this figure that a increase with temperature, indicate increase in fractional volume of the TIRES, compounds
with temperature. It can be seen from Table 4 that « ranges from 2 <1075 J/molK to 8.5 %107 J/molK. The large
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value of « indicate low dimensional stability with respect to temperature i.e., TIRES2 are not so hard materials
[38].
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Figure 12. Temperature dependent variation of (a) unit cell volume (b) bulk modulus (c) specific heat (d) entropy (e) Debye temperature (f)
thermal expansion coefficient for TIThS,

4. Conclusions

A scheme FP-LAPW + lo using PBE-GGA has been applied to study the electronic, magneto-optical spectra
and thermodynamic properties of TIRES; compounds. Electronic structure and magnetic characteristics show that
TIRES; (RE: Tb - Er) are the half metallic ferromagnets with dominant character of spin down orbit electrons for
TI(Th/Dy/Ho/Er)S; at the Fermi level. TIRES, compounds show 100% spin polarization of electrons at the Fermi
level which is basic condition of half metallic compounds. Optical spectra show that intraband transitions occur
in infrared (IR) regime due to metallic character of TIRES; and they behave as opaque in ultraviolet (UV) region.
High refractive index in IR regime also show metallic character and high peak in UV regime shows slow
propagation of light in UV regime. The maximum reflection coefficient ~50-60% is found in UV regime. Higher
energy sides that correlate to the stimulation of one or more Plasmons by electrons travelling through the
compounds been discovered to have significant energy loss. Plasma resonances lead to the frequent peaks at ~7.0
eV, 9.0eV, 11 eV, and 12 eV. The quasi-harmonic Debye model has been used to calculate the thermodynamic
characteristics of TIRES,. Thermodynamic properties show that TIRES, compounds are dimensional less stable
(no so hard enough) with low thermal conductivity and disordered with temperature at faster rate.
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