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Phase transformation analysis of ScS and ScSe, including temperature effects, is reported in this in-
vestigation. The theoretical exploration by means of the Realistic Interaction Potential Approach (RIPA)
model is carried out. A volume collapse occurs in the transition phenomena. This transformation is de-
scribed in a high-temperature range of 0-900 K. The consequences of this investigation demonstrate gener-
ally very good agreement with the available reports. In addition, the elastic behavior and pressure deriva-
tives are premeditated. The performance of bulk modulus for the present compounds as a function of tem-
perature and pressure is accounted for. Innovation estimates are made for the elastic assets of the current
compounds. Various moduli of elasticity of these compounds are reported with temperature as well as
pressure variations. The temperature and pressure behavior of the present compounds is in good agree-
ment with the previously published results. This study confirms the phase transformation from NaCl to

the CsCl structure of these compounds.
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1. INTRODUCTION

Monochalcogenides of rare earth (RE) metals have
been deliberated lengthily to make use of high-
temperature thermoelectric relevance. In solid-state
physics, the study of their peculiar electronic, optical,
phonon, and magnetic properties are significant. The
occurrence of 4f-electron in these compounds is essen-
tially accountable for these inquisitive physical posses-
sions. Among these compounds, some chalcogenides
show non-integral valence. This is due to f-electron
hybridization at ambient temperature and pressure.
They demonstrate metallic temperament when the rare
earth ion is in a trivalent state and semi-conducting in
the case of a divalent state [1-4].

Amongst scandium is a grave raw substance that is
vital for its potential application in enabling technolo-
gies such as fuel cells and lightweight resources. The
scandium monochalcogenides belong to the wide class
of binary rare-earth compounds with the NaCl-type
structure, which has been the least, studied material.
The pressure applying deeds of these have been scruti-
nized up to 300 kbar experimentally using high-
pressure X-ray-diffraction techniques [5]. The experi-
mental high-pressure X-ray diffraction examination
demonstrates an inconsistent decrease in volume with
pressure in present chalcogenides [6]. This is predicta-
ble to the 4f-5d electronic transition. Maachou et al. [7]
stated the high-pressure structural (Bi— B2) phase
transition (PT) and the elastic properties of ScSe using
the FP-APW + LO computation method.

ScS and ScSe fall into place in six-fold synchronized
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NaCl-type composition with space group symmetry
Fm3m (225) and distorted into CsCl-type (B2) composi-
tion with space group symmetry Pm3m (221). To the
best of our comprehension, not a bit of the study we
found about these chalcogenides deals with the devel-
opment of their properties at high temperatures by
means of model calculations. We have deliberated
structural high pressure and temperature exploration
of these compounds hypothetically through the Realis-
tic Interaction Potential Approach (RIPA) together with
temperature effect. To acquire enhanced comparability
of theoretical outcomes, we have taken into account
room temperature in pressure to stimulate approxima-
tion in view of the fact that the majority of the calcula-
tions are accomplished at zero temperature. In the
subsequent section 2, we symbolize the technique of
computation. Section 3 presents the fallouts attain for
present chalcogenides. As a final point, section 4 finish-
es the paper with a summing-up of present outcomes.

2. TECHNIQUE OF COMPUTATION
2.1 Computations of Structural Assets

The function of pressure implies an amendment in
the volume of the crystal, and accordingly, it modifies
the charge allocation of the electron shells. Accordingly,
a bend of the overlapping electron shells of the adjacent
ions takes place which leads to an augmented charge
transfer (or three-body interaction (TBI)) [8]:

f(r) =fyexp(-r/ p). (1)
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Here, fo is a constant.

This commenced in the terminology of Gibbs free
energy to attain the immovability stipulation. These
Gibbs free energies planned for rock-salt (NaCl, B1) and
cesium-chloride (CsCl, Bz) configuration at 7'=300 K
are given by:

Gp(r) =Upg (r)+ PV, () -TS, , )

Gpo(r)) =Upy(r') + PV, (r) =TS, (3)

with V1 = 2.00r3 and Va2 = 1.54r3 as unit cell volumes,
AG=AH-TAS. 4)

The first terms in (2) and (3) are lattice energies for
B1 and Bz configurations and are articulated as:

U, (1) =

—ozmz2e2 (12amzer ry)y |C D
- ——=+= |+
r r ré
+6bp3; exp[(r; + 1, —1)/ p+6bB; exp[(2r; ~1.414r)/ p]+ (5)

+6bp;; exp[(2r; —1.414r)/ p]

, fa'mzzez (16a'mze2f(r')) cC' D

+8bf; expl(r; + 1, — 1)/ pl+3bp; exp[(2r, ~1.154r") / p] + ()
+3b;; exp[(2r; —1.154r") / p]

where the symbols have their usual meanings [9, 10].

At present, the differences in entropy in the last
terms of equations (2) and (3) can be predicted in the
formulation of our earlier work [9]:

_ _2 Cl_CZ
§,-5, - {{T } ™
¢, - 1PVB, ®
Vi

Here, the Gruneisen parameter () can be calculated
by the well-known formula as follows [9]:

y =1, 16[U" )/ U'(y)]. 9)

The current prospective model has three model pa-
rameters [b, p, f(r)]. They are computed by means of the
subsequent conditions [10]:

[%U} -0, (10)
T dr=r
B +B,=-1.165Z,2. (11)

Here, Z, 2 = Z(Z+12f(r)) .
By means of these model parameters and the mini-

mization technique, PT pressures of the current com-
pounds have been computed.
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2.2 Calculations of Elastic Assets

Elasticity is an essential asset of a material. Elastic
properties of a material are significant as they transmit
to an assortment of elementary solid-state properties,
such as interatomic potentials, equation of state, and
phonon spectra. Accordingly, it is imperative to estab-
lish the elastic constants of the material. The terminol-
ogy for the second-order elastic constants (SOECs) was
approved in our earlier work [9].

3. RESULTS AND DISCUSSION
3.1Structural Assets

In the beginning, we assess the key factors and af-
ter that estimate the model parameters of current com-
pounds. These inputs [7, 11] and output parameters are
prearranged in Table 1. These parameters are used in
underhanded the structural and elastic possessions of
these compounds. The structural and allied assets are
illustrated by means of calculating the lattice energies
of the B1 and Bz configurations. The PT is deliberated
via minimizing the Gibbs free energies for the equilib-
rium lattice parameters ro and ro' corresponding to the
Bi- and Bz-structures. The lattice energies UB:1 and
UB: are obtained to calculate the Gibbs free energy
difference AG = (GB1 — GB2) at different pressures.

Table 1 — Input parameters and computed model parameters
for ScS and ScSe

Solid Inpuot parameters Model parameters
ro(A) | B(GPa) |[B(10-2ergs)| p(A) f(r)

ScS 2.5992 | 115.33> 14.3106 0.275 {0.0020

ScSe 2.6992 | 95.92b 12.0584 0.252 10.0021

a—ref [11], b —ref [7]

We designed this energy change AG as a role of
pressure in Fig. 1 and Fig. 2 for ScS and ScSe, respec-
tively. From the figures, it is noticeable that at P =0 all
the compounds lie in the B: configuration, demonstrat-
ing the fact that the B: configuration is the ground
state structure for these compounds. Gibbs free energy
differences AG are plotted at different temperatures (0-
900 K). The structural PT is associated with an abrupt
change in the arrangement of atoms at high pressure.
An abrupt volume collapse with a change in pressure is
acquired as in the phase diagram. The relative volume
changes VIVy are also observed at different pressures
and planned alongside the pressure in Fig. 3 for both
ScS and ScSe.

The deliberated consequences of PT and volume col-
lapse are abridged in Table 2 all along with the hypo-
thetical outcomes. The outcomes of PT are 86.8 GPa
and 52.5 GPa, and volume collapses are 5.78 % and
5.63 %, respectively, for ScS and ScSe, which is in good
agreement with other theoretical results [7]. For study-
ing the temperature behavior of PT pressure, we have
computed the values of PT pressure at temperatures.
This variation is plotted in Fig. 4 for the temperature
range 0-900 K. It is perceptible from this stature to
facilitate the PT pressures decrease with increasing the
temperature for together the compounds.
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Fig. 3 — Variation of volume change V¢/Vy with pressure for
ScS and ScSe

3.2 Elastic Assets

The comprehension of second-order elastic con-
stants (SOECs) and their pressure derivatives is im-
perative for the indulgence of the interatomic forces in
solids. The values of these SOECs are given in Table 3.
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Our results are similar to those values with other ob-
tainable experimental [12] and theoretical [7] data for
ScS and ScSe. These constants are computed at high
pressures. The pressure variation of SOECs at T=0K
is presented in Fig. 5 for ScS and ScSe, respectively. In
both cases, the SOECs of ScS and ScSe increase with
increasing pressure. The pressure variation in Ci1 is
large, because Ci1 corresponds to elasticity in length.
While in the case of Ci2 and Cas this variation is small,
because they are related to the elasticity in shape,
which is a shear constant. These results have been
compared with the FP-APW + LO [7].

Table 2 — Phase transition and volume change of ScS and
ScSe

Solid PT pressure (GPa) Volume collapse, %
Present Others Present Others
ScS 86.8 87.252 5.78 5.292
ScSe 52.5 53.652 5.63 5.242
a —ref [7]
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Fig. 4 — Variation of PT pressure with temperature (in K) for
ScS and ScSe

Table 3 — Calculated values of SOECs (Ci1, Ci2, Css in GPa),
bulk modulus (B in GPa) and its pressure derivative (B') for
ScS and ScSe

Solid Cn Ci2 Cy B B
ScS Present | 272.50 | 26.89 | 114.35 | 108.59 | 3.24
Others |287.072|29.462 | 126.832| 115.332 | 3.512

Expt. — — — 103£11>| —
ScSe Present | 238.00 | 21.55 | 98.85 93.70 | 3.56
Others |[239.762 | 23.992 | 104.502 | 95.922 | 3.642

a—ref [7], b —ref [12]

Bulk modulus is a combination of elastic constants
that describe the elastic properties of a solid when it is
under pressure on all surfaces. The formula for calcu-
lating the bulk modulus and its pressure derivative is
given in Eq. (12). The calculated values of bulk modu-
lus and its pressure derivative of the present com-
pounds are summarized in Table 3. It is apparent from
these results that ScSe is more compressible than ScS.
Furthermore, to study the high-temperature behavior
of bulk modulus (B) we have plotted its variations with
different temperatures up to 900 K for S¢S and ScSe,
which are represented in Fig. 6. At the same time, as
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temperature increases, the bulk modulus of both com-
pounds decreases monotonically. Our results have been
equated with the first-principles calculations in differ-
ent temperature range [7].
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Fig. 5 — Variation of elastic constant and bulk modulus with
pressure for ScS and ScSe

The shear modulus G can be defined by the subse-
quent equation:

G=(Gy,+Gg)/2, (12)

where Gy =(2C+3C,,)/5 and G, =15(6/C+9/C,,)"

with C=(C11 - C12)/2, Gv is the Voigt shear modulus
and Gr is the Reuses shear modulus.

We have also calculated the Young modulus Y,
which is related to the bulk modulus B and the shear
modulus G by the following equation [13]:

Y =9BG(3B+G). (13)

The cubic crystal has elastic anisotropy as a result
of a fourth rank tensor property of elasticity. We have
calculated the elastic anisotropic parameter of scandi-
um compounds, using the following relation:

ae 2 (14)
Cll _C12

As the Poisson ratio is an important property to
know the properties of compounds, it influences the
speed of propagation and reflection of stress waves. We
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have calculated the Poisson ratio (o) of the present
chalcogenides, the expression of o can be given in the
following form:

o=3B-2G (15)
6B +2G
The calculated values of shear modulus G, Young
modulus Y, anisotropic parameter A and Poisson ratio
o of ScS and ScSe are illustrated in Table 4. It is clear
from the table that our values of G, A, Y, and o for the
present compounds agree well with other results [13].
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Fig. 6 — Variation of bulk modulus with temperature for ScS
and ScSe

Table 4 — Calculated values of Young modulus (Y in GPa),
shear modulus (G in GPa), Poisson ratio (o) and anisotropy
factor (A)

Solid G Y A o
ScS Present | 117.66 259.32 0.931 | 0.105
Others 127.622 | 279.692 | 0.982 | 0.0952
ScSe Present | 102.49 225.33 0.913 | 0.099
Others 116.652 | 149.00* | 0.772 | 0.072
a —ref [7]

4. CONCLUSIONS

We have pertained the Temperature Interaction Po-
tential Realistic Approach (TIPRA) model to explore
the structural, mechanical, and thermophysical assets
at elevated temperature of the scandium compounds.
The outcomes are abridged as go after:
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Existing rare earth compounds recline in the NaCl-
type configuration (B1) under ambient conditions,
they transform to the CsCl-type configuration (Bs).

At the phase transition pressure from the NaCl to
CsCl configuration, the occurrence of an abrupt vol-
ume collapse identifies the occurrence of the first-
order phase transition.
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Y nmocimimxeHH] TIpejacTaBiieHO aHATI3 da3oBoi Tpamcdopmarrii ScS 1 ScSe, BKIOUYAYM TeMIIEpPaTypPHIL
ederxru. IlpoBemeHo TeopeTMuHe DOCTIMKEeHHs 3a momomorold momesi Realistic Interaction Potential
Approach (RIPA). ¥V mepexinaux sBumax BigdyBaerbes Kojamc o0'emy. e mepeTBopeHHs OMMCAHO OIS BU-
cokoremrmeparypHoro giamasony 0-900 K. Pesynbsratu mocitipreHHA 3arajioM JeMOHCTPYIOTh [ysKe TapHe y3-
TO[PKEHHA 3 HAABHUMHM IOBimoMJIeHHsAMH. KpiM Toro, mpyskHA IOBeJiHKA Ta IMOXIOHI THCKY € 3as3malieriab
obaymannmu. BpaxoBaHo XapaKTepUCTHKKA MOYJIst 00'€MHOI IIPYsKHOCTI ISl CITOJIYK, IO PO3TJIANAIOTHCS, SIK
QyHKIIII TeMIepaTypu Ta TUCKY. IHHOBAIIIMHI OIIHKNA 3pO0JIeH] /I eJIaCTUYHUX AKTUBIB CIOIYyK. [loBigoMm-
JIAIOTHCA PI3HI MOJIYJIl IPYSKHOCTI CIIOJIYK 13 3MIHOIO TeMIlepaTypy Ta THUCKY. [loBeaiHKa TeMIiepaTypu Ta TH-
CKY CIIOJIYK JT0Ope y3ropKyeThCs 3 paHile oryoikoBaHuMY JaHuMu. [Ipencrasiiene TOCTIIPKeHHS MiATBEP-
mrye dasose meperBoperts Big NaCl mo crpyrrypu CsCl miux crosyk.

Kmouori ciosa: Cranpiit, ®asose nepersopenns, Kpucramiuaa crpykrypa, Temmeparypa, Tuck.
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