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ARTICLE INFO ABSTRACT

Keywords: The double perovskite type oxides are deemed to be an eloquent materials to be used for applications in efficient
Optical properties optoelectronic devices/transducers. In order to explore physical properties of MaYVOg; (M = Mg, Sr) perovskites
Optoelectronics

Full potential Linearly Augmented Plane Wave (FPLAPW) method is used in the frame work of WIEN2K code.
LDA + U functional has been preferred here for getting an accurate and systematic results associated to the
electronic and optical response of these compounds. These compounds fall into semiconductor category showing
direct energy band gap of 1.45 eV (MgaYVOg) and 0.82 eV (SraYVOg). Appearance of the energy states of
different level in the conduction regions of both compounds fortify the view point that the valence electrons may
jump to these states while enhancing conductivity of such devices (i.e., solar cells) whichever are fabricated for
producing eternal energy. Projected density of states (PDOS) confirm the presence of Mg+ /Sr**, Y3+, V5+, 02~
in the M2YVOg where M = Mg, Sr. In addition to it, optical analysis shows that these materials reflect very little
electromagnetic radiations when fall on their surfaces. SroYVOg holds relative bond stiffness greater than its
standard value of !, while it is less than half for Mg,YVOe. Phonons analysis shows few soft modes of frequency in
case of Mg,YVOg which might be due to particular orientation of monoclinic phase of the crystal structure,
whereas no imaginary modes of vibrations are observed for Sr,YVOg. It looks very fabulous to claim that these
compounds might be an appealing ones for optoelectronic applications due to their huge absorption rate/optical
conduction ability, which also declares them very suitable materials for devising transducers.

Dynamical stability
Photonic energy

1. Introduction

Within the long history of materials, double perovskite (DP) oxides
had been appealing to the researchers from the long past. They have
stoichiometric formula as A;B'B"O¢ wherein A-cited large cations may
be divalent or trivalent metals and B-cited (B, B” ) small cations can be
heterovalent transition metals. The crystal structure and space group of
double perovskites mainly depend on the arrangement of B'Og and B”Og
octahedra, especially their ordering and tilting [1-3]. Some physical
properties like structural, electronic and thermodynamic behavior of
tungstate based double perovskite oxides BaoXWOg¢ (X = Mg, Ni, Zn)
were explored in 2013 where these compounds have been found to be
semiconducting materials [4]. However, their band gap values were
reported 10% less as compared to the formerly reported experimental

values, the inconsistency in their values to the extent of 10% might has
been occurred due to the implementation of an inappropriate density
functional/simulation code. Literature reveals that experimental efforts
were also vested on a series of lead free double perovskites (LnaNiMnOg;
Ln = La, Eu, Dy, Lu) to shed some light on their applications in photo-
voltaics [5]. One compound amongst our considered series, MgaYVOg
was characterized experimentally very first time in 2015 by Su et al. [6]
to the extent that they have deliberated its microwave dielectric
behavior only in tetragonal phase through X-Ray Diffraction Analysis.
Later, in 2019 Alsabah et al. [7] who got inspired from the work of Su
et al., have extended discussion about two perovskites, i.e., A,YVOg (A
= Mg, Sr) and synthesized their structural and optical properties for the
first time while using solid state reaction methods.

As per literature about DP, renowned international journal (Energy
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& Environmental Science) of Royal Society of Chemistry in 2019 had
attributed the work of Yin et al. [8] and recognized high efficiency of
converting light into electrical energy through diverse range of pro-
cesses such as photocatalysis, photovoltaics etc. which could merely
been established if double perovskites are used to devise such devices. In
very recent past 2020, Kangsabanik and co-workers [9] has also estab-
lished a theoretical view point in their study on NayXIOg (X = Bi, In) that
double perovskite oxides may be chosen as promising materials for
devising photovoltaics and photo-electrochemical cells. Moreover, three
years earlier from now, it was interpreted that double perovskite oxides,
where A-site cations are small in size, not only exhibit unusual charac-
teristics at ambient pressure and temperature, but also unveil their ve-
racity of being utilized in diverse domain of optoelectronic applications
[10]. History of DPs is not only full of glamorous results in miscellaneous
fields of physics but in materials chemistry as well. So none of us can
refute their importance. The values of energy band gap calculated for
our combinations of double perovskites are approximately close to the
magnitude of the gaps formerly reported for different combinations
BasErTaOg (2.50 eV) and Ba,TmTaOg (2.40 eV) [11], which in fact
endorse consistency in our results. Another study about DP oxides have
clued that these are best semiconductors which have been potential
materials for diverse range of applications, particularly, these are
deemed fit for wasted energy regeneration due to their significant figure
of merit [12]. Also the study on periodates such as NayBIOg (B=Bi, In) in
monoclinic phase vested by J. Kangsabanik and his co-worker [13]
strongly corroborates the researcher’s general perception and
strengthen our narrative that DPs may be an alternative materials to
substitute the prevalent ones being used for devising optoelectronic
devices. Apart from the studied characteristics, previously various
combinations of DPs have not only been deliberated to the extent of
some selected physical properties, but also their magnetism is found to
be discussed numerously [14,15].

In the literature heretofore no researcher had made his exclusive
efforts towards exploration of the considered combinations (MyYVOg; M
= Mg, Sr) while using WIEN2K, a versatile simulator. Nonetheless,
experimental efforts were put into some extent for questing their
structural and dielectric properties only. Which however seem insuffi-
cient for any material to be explored prior to its commercialization. Also,
endorsement of the results (whether based on experiments or theories)
of any material through a series of different approaches has always been
a mystified challenge to the researchers; which is ought to be endorsed
for the considered compounds as well. This plausible challenge has
motivated us to systematically discuss these two combinations
(M2YVOg; M = Mg, Sr) from the perovskites’ family to determine their
structural, optoelectronic, bond stiffness and phonon frequencies by
using FPLAPW in the framework of WIEN2K.

2. Computational approach

The physical properties of MaYVOg; M = Mg, Sr (DP) are envisioned
by using DFT based WIEN2K simulator with auxiliary assistance of
FPLAPW method for consistency and accuracy [16]. The wave function
within the sphere was taken up to 1,5 = 10.0. In order to determine size
of matrices (size of basis sets), the value of Ry,:Kmax Was set as 7. As per
provision in the WIEN2K code, lattice parameters were got optimized
while reducing muffin radius by 7.5% by using PBE-GGA along with
Hubbard (LDA + U) functional. The exchange integral J was set to zero,
whereas the Hubbard ‘U’ values was set to Uegs = U-J such as 2.0 eV and
2.5 eV for ‘d’ orbitals of yttrium and vanadium elements, respectively.
Here we took 1000 sampling k-points in the 1st Brillouin Zone (BZ) of
the studied compounds for extracting numerical data to predict their
physical behavior. Cutoff energy was fixed as —9.0 eV. Gaussian
smearing value was fixed to 0.1 eV in order to reduce noise/variations
and seeking legible peaks/electronic behavior [17,18]. Convergence
energy equal to 1.36 eV was set to achieve stability and convergence of
the considered many body systems. Kramers-Kronig [19,20] relations

Materials Science in Semiconductor Processing 152 (2022) 107050

Table 1
The unit cell dimensions of optimized monoclinic crystal structure of MyYVOg;
(M = Mg, Sr) with P2;/n space-group symmetry.

Elements X y z
Mg*t/sr** 0.50000 0.97660 0.25000
0.50000 0.02340 0.75000
0.00000 0.47660 0.25000
0.00000 0.52340 0.75000
Y3+ 0.00000 0.00000 0.00000
0.50000 0.50000 0.50000
A 0.00000 0.00000 0.50000
0.50000 0.50000 0.00000
o* 0.28800 0.77620 0.96812
0.71110 0.22380 0.03188
0.21110 0.27620 0.53188
0.78890 0.72380 0.46812
0.22380 0.28890 0.96812
0.77620 0.71110 0.03188
0.27620 0.78890 0.53188
0.72380 0.21110 0.46812
0.06380 0.01210 0.25640
0.93620 0.98790 0.74360
0.43620 0.51210 0.24360
0.56380 0.48790 0.75640
Table 2

It presents value of the optimized lattice constant ao(f\), bulk modulus B,(GPa),
derivative of the bulk modulus with respect to pressure (B,), the ground state
energy Eo(Ry) and volume (V,) at equilibrium state at zero pressure by using
LDA + U.

Parameters Mg2YVO6 Sr2YVO6

a, () a=5.3226 a=6.2576
b =5.3290 b =6.2651
¢ =7.5277 c = 8.8501

Cell angles a =y =90° a =y =90°
B = 90.022° B = 90.022°

B,(GPa) 154.45 139.53

B, 491 4.33

EgleV) 1.45 0.82

E,(Ry) —20750.50 —44587.50

Vo (a.u.s) 1672.29 1831.27

which inter-link the real and imaginary components of any complex
function were computationally assisted to envision an optical response
of MaYVOg; M = Mg, Sr. Density-functional-perturbation-theory (DFPT)
[21] approach has been used in order to hunt for dynamical stability.

3. Results and discussion
3.1. Structural properties

Here the monoclinic phase of the crystal structures of MaYVOg; M =
Mg, Sr (double perovskites) has been discussed within their symmetry
phase of P2;/n. Wyckoff positions of their constituent atoms, i.e., Mg?*/
sr2t, Y3, V5" and 0% are 4e, 2a, 2b and 4e respectively. The unit cell
dimensions of optimized monoclinic crystal structures are summarized
in Table 1. The cell parameters (f\) are summarized in Table 2. The
single-point calculations approach is entrusted for both unit cells in
order to get their optimized lattice constants at the ground state. While
ignoring effects of polarization and other interactions in the systems, it is
noticed that the cell parameters/sizes increase from Mg to Sr in line with
the size of cations Mg?"(0.86 A) < Sr?*(1.32 A). The cell size and ionic
radii of the said cations are found to be associated excellently. The
optimized unit cell dimensions for Mg>YVOg are found to be ‘a = 5.3226
A, b=5.3290 A, ¢ = 7.5277 A’ and while for SryYVOg these are noted as
‘a=6.2576 A, b = 6.2651 A, ¢ = 8.8501 A’ where & =y = 90°& p =
90.022°. The B angle is found very close to the right angle (90°).
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Fig. 1. Optimized crystal structure of MoYVOg; (M = Mg, Sr), where Turquoise,
Grey, Light Gray and red spheres represent Mg?*/Sr?*, Y3*, V>* and 02~ ions
respectively.

However, previous literatures [22] endorse deviation up to 0.05° in
monoclinic # angle of 90°. The minor deviation in
(i.e.0.022° in our cases) might has been noticed owing to large ionic
radius of A-cations which may further be attributed to the slight dis-
tortions of the octahedral. In the present report, the lattice parameters
follow an increasing trend ie. ¢ > a > b which can also be visualized
from the optimized crystal structure, displayed in Fig. 1. Also we have
determined ground state quantities, i.e., bulk modulus in order to
observe resistance/hardness of the studied compounds under pressure,
derivative of the bulk modulus which is customary a dimensionless
quantity [23]. The negative sign with the ground state energies Eq(Ry)
for both compounds signifies and ensures their structural stability and
their magnitude reveals that these are chemically reasonable com-
pounds. Moreover, bigger value of E,(Ry) for Mg2YVOg (—20750.50 Ry)
shows that it would require large amount of energy to break the bonds
between its constituents than it required (—44587.50 Ry) for its coun-
terpart SroYVOg. Thus MgyYVOg can be declared harder than its coun-
terpart, which can also be confirmed from greater value of its bulk
modulus (154.45 GPa). So far as the volume V, (a.u.®) calculated for
both these compounds at equilibrium state shows similar increasing
trend as par the size of their constituent A-cations Mg>"(0.86 A) <
Sr?t(1.32 Io\). The tolerance factor () is indicator to seek suitability of
combinations of cations in perovskites. It was calculated for Mg2YVOg
and Sr,YVOg by the standard formula as reported by Alsabah et al. [7],

/
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Leng et al. [24] and Borchani et al. [25] in their recent work. For our
compounds the magnitude of 7 ~0.7 fulfils the stability condition of the
crystal structure with the phase symmetry of monoclinic (P2;/n) (see
Fig. 2).

T4 +Io

__mtro &)
V2[5 + % +10)

T=—

wherein r, presents the ionic radii of A-cited large cations, ry /rp: de-
notes the ionic radii of B-cited (B'/B") small cations with ro the ionic
radii of oxygen anion. Moreover, the cohesive energy per atom is a
measure of the force strength that binds atoms together in the solid state.
Also it can signify the structural stability of any material. It can be
calculated with the following relation [11,12]:

Effvvo, — (2 Ejf +b Y +c By +d ES)
a+b+c+d

Econ= — (2

isolated

here E\f' vy, is the total energy of the optimized crystal structures where

M = (Mg, Sr), EiY, EY', E¥'and Eg' describe the total energy calcu-
lated for isolated constituent atoms in the compounds. The constant
parameters a, b, ¢, d denominate the number of atoms in M = (Mg, Sr), Y,
V and O elements, respectively. It is worth to state that cohesive energy
is calculated after ensuring the structural optimization of these struc-
tures. Our results obtained for cohesive energy are noted to be 5.90 eV/
atom for Mg;YVOe and 6.20 eV/atom for Sr,YVOg. Positive values of
Econ for both perovskites corroborate strong atomic bonding between
their constituents. Whereas, the higher value of E.,, measured for the
later compound unveils that it is structurally more stable material to be
preferred for optoelectronic applications.

3.2. Vibrational properties

The phonon analysis express not only vibratory behavior of the
atoms but also interpret thermal conductivity and stability of the solid
materials. Herein, DFPT approach is used in order to hunt for dynamical
stability [21]. Then phonon modes (Raman and Infrared (IR) active) of
vibration for MaYVOg; (M = Mg, Sr) perovskites are also determined.
The plots of phonon dispersion curve with G-Z-Y symmetry points of the
BZ and phonon density of states for MaYVOg; (M = Mg, Sr) are shown
side by side in Figs. (3 and 4). Unfortunately for MgoYVOg few imagi-
nary/soft modes of frequency are found up to —185.09 cm ™! (as shown
in Fig. 3(a)), which might be associated with its instable outlook to the
extent of dynamics in particular orientation of monoclinic phase of the
crystal structure. Such type of wacky behavior of perovskite oxides can
generally be found in various former reports [26,27]. Nevertheless,
SraYVOg is found free from imaginary frequencies ensuring its dynam-
ical stability as claimed by Baskurt and co-workers [28] in their former
study about VI3 (see Fig. 4).

The vibrational analysis/some important IR active and Raman active
modes of vibrations for MaYVOg; (M = Mg, Sr) are summarized in

-44587.0 7
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Fig. 2. Energy versus volume optimization graphs for (a) Mg,YVOg and (b) Sr,YVOe.
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Fig. 4. The plots of phonon dispersion curves and density of phonon states vs frequency for Sr,YVOg perovskite.

Table 3. In our both cases Mg2YVOg and SroYVOg, out of 60 modes of
vibrations (3 N), each compound contains three acoustic phonon modes
of vibrations at zero frequency near G symmetry point. Here N repre-
sents number of atoms in unit cell structure. In case of MgsYVOg
remaining 57 modes (associated to the optical modes of vibrations) are
found to be split into 33 IR active modes and 24 Raman active modes of
vibrations. So far as 57 optical modes of vibrations for Sr,YVOg, 33 are
IR active while merely 05 modes are Raman active, remaining 19 modes
of vibrations are inactive. As presented in Table 3, the lowest optical
modes are found to be IR active at 43.41 cm ™! and 55.33 cm ™ fre-
quencies, while the highest optical Raman active modes of vibrations are
noticed at 728.28 cm ™! and 965.29 cm ™! frequencies for MgoYVOg and
SrYVOg, respectively. Concentrated phonon density of states has been
observed in the frequency range from 101.50 cm ™! to 540.770 cm ™! for

Mg>YVOg, while these states are found to be maximum from 75.31 cm !

to 536.25 cm ! for SraYVOg perovskite.

3.3. Electronic properties

The band structure plots for the studied compounds are shown in
Fig. 5 (a & b). It is noted from band structure of Mg>YVOg that valence
band maxima (VBM) and conduction band minima (CBM) are coincident
at the gamma (I") symmetry point of the BZ, resulting direct energy gap
having value ~ 1.45 eV energy. Similarly for Sr,YVOs, VBM and CBM
are happened at I' symmetry point of the BZ with different value of the
band gap, i.e., ~0.82 eV. It shows similar decreasing trend as reported
experimentally by the former researchers for these compounds [7].
However their dissimilar values of energy band gap may have been
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Table 3
Some important phonon modes for M,YVOg; (M = Mg, Sr) perovskite oxides.

Sr. Mg,YVOg SryYVOe

No. Frequency IR Raman Frequency IR Raman

(cm’l) active active (cm’l) active active
modes modes modes modes

1 43.41 Yes No 55.33 Yes No

2 128.80 Yes No 142.68 Yes No

3 195.00 Yes No 165.48 Yes No

4 245.96 - Yes 195.29 Yes No

5 272.99 No Yes 247.17 Yes No

6 282.39 Yes No 287.05 Yes No

7 292.73 No Yes 373.57 Yes No

8 335.34 Yes No 436.56 Yes No

9 408.65 Yes No 472.84 Yes No

10 437.04 No Yes 554.03 Yes No

11 451.91 Yes No 685.83 Yes No

12 489.45 Yes No 706.00 Yes No

13 495.21 No Yes 726.93 Yes No

14 526.88 Yes No 731.90 No Yes
15 540.16 No Yes 739.77 No Yes
16 564.55 Yes No 868.24 No Yes
17 666.30 No Yes 950.80 No Yes
18 728.28 No Yes 965.29 No Yes

noticed owing to different space group (Pp/m) as reported in former
studies, but we have opted (P2,/n) for our calculations. It divulges that
in our latter case (SroYVOg), the energy states in the conduction band
have been happened comparatively close to the Fermi level, which may
require less amount of energy to encroach these states. In fact, transition
distance for valence electrons is reduced on increasing the ionic radius of
A-site cations of our compounds. Moreover, SroYVOg may holds
comparatively small energy band gap owing to the similar decreasing
tendency of the bond strength between Sr—O as compared to Mg-O [29].

The accumulative behavior of the energy states of the studied com-
pounds within the energy interval —8 eV-15 eV, while using LDA + U
approach, is displayed in Fig. 6(a) and 7(a), whereas Figs. 6(b) & 7(b)
represents contribution at elemental level to foresee the element which
is contributing more efficiently and effectively in conduction mecha-
nism. One can also affirm formation/contribution of constituents by
comparing their peaks appearing in (a) and (b) parts of each Figs. (6 and
7). The PDOS for Mg2YVOg and SraYVOg are shown in Fig. 6(c—f) & 7(c-
f) respectively, which highlight contribution of the orbitals [30] of each
constituent element of the considered compounds. It is noted from Fig. 6
(c) that Mg-s states have appeared around 6.20 eV energy along with its

10 = —
8 .
]
6- .
Y
>
1))
P :
5 (a)
0

Energy(eV)
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‘p’ states which are observed in higher energy span of the conduction
band between 7.5 eV and 11.5 eV. Besides, few s/p states of magnesium
atoms are found in valence band. As regard pseudo-states ‘d’ of the
yttrium elements (Fig. 6(d)) are found to be contributing more effec-
tively in conduction band with its 1st prominent peak/highest state
appeared at 8.80 eV followed by various other large range of the energy
states between 9.60 eV and 12 eV. Although minimal contribution of ‘Y’
can also be seen in lower energy range/valence band. The large number
of pseudo-states ‘d-orbital’ of the vanadium elements (Fig. 6(e)) are
found to be present around 2.20 eV in the conduction region near the
Fermi level, which have been disappeared in between 2.57 and 4.80 eV.
However, around 5.40 eV these states are reappeared with less density.
In line with formerly reported quite obvious facts regarding anions of
different perovskite oxides [27,31-34], O-p states in the considered
compounds are found to be contributed in rein of the valence band
adjacent to the Fermi level as displayed in Fig. 6(f).

As depicted in Fig. 7(c), localized p states of Sr are appeared near Fg
in the valence band between —0.40 and —1.96 eV energy with its sub-
sequent occurrence around 12.60 eV in far region of the conduction
band having divergent number of states. However, s states of Sr are
embedded away from Fg in the conduction region with their negligible
presence in the valence band. Its highest energy states are located at
8.89 eV energy. And that Y-d states (Fig. 7(d)) are found maximally
around 6.13 eV with significant 2nd highest peak of d-states around
9.55 eV energy range in the conduction region. Whereas Fig. 7(e) unveils
that the pseudo-states of vanadium are positioned in lower energy range
(at ~ 1.15 eV) of conduction band where the ytterbium and strontium
states are either absent or insignificant. The vanadium states are also
noticed in higher energy (around ~ 2.42 eV). Also the presence of sig-
nificant pseudo-states of vanadium in the valence band around —2.33 eV
manifest importance of these compounds. As obvious from our former
studies, major contribution of O-2p states (Fig. 7(f)) is reported in the
valence band near the Fermi level. Thereby, availability of the localized
energy states in the conduction regions for both these compounds fortify
the view point that the valence electrons may jump to these states while
enhancing conductivity of such devices (i.e., optoelectronic, solar cells)
whichever are fabricated for producing eternal energy. In addition, it
has been noticed from Figs. 6(a) & 7(a) that the valence as well as the
conduction regions of SraYVOg hold greater number of localized elec-
tronic energy states than its counterpart (MgzYVOg). Thus SraYVOg,
being more stable, may contribute more effectively in conduction
mechanism.

105
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Fig. 5. The band structures plots for (a) Mg>YVOg (b) SroYVOg double perovskite oxides.
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3.4. Bond stiffness

Generally the deformation of any classical spring may be associated
directly to the load/deforming force as obvious from the Hooke’s law
[35]. It is anticidated that cognate relation may subsists for chemical
bonding, where bond strength can be determined by computing the
bond stiffness. Also one can envisioned a fascinate shrinkage in lattice
parameters on increasing the pressure systematically. The calculation of
interatomic distance/bond length ‘d’ between various constituent atoms
of any compound as a function of pressure is found to be an intriguing
and appropriate panacea for assessing the bond stiffness. A significant
reduction in interatomic distances as a function of pressure can be found
in former report as well [36]. The ratio of bond stiffness (k) of the
weakest bond to the strongest one may also be adjudicated for hunting
whether or not the material is stiffer prior to its commercialization. To

this intent, relative/normalized bond length (d%) has been calculated as
function of the pressure where dy represents the bond length at zero
pressure. It is then gone-through second order polynomial fit (Y = Co +
C1x + Cox?), generally whose slope delineates the 1/k (where k is bond
stiffness).

d
Z = Cy+CiP+C,P? 3
dy
-1
k= (4 —1C +2C,P| ! @
dpP ! :

where Cy, C; and Cy are coefficients of the polynomial fit. The total bond
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stiffness of the compound may be calculated by the general expression

such as ki = an k; [32]. Table 4 portrays the bond length (A) deter-
i=1
mined amid different constituent atoms of the MyYVOg; (M = Mg, Sr) at
various pressure from 0 to 60 GPa with the group of 10 GPa. In
consistent with our general acuity regarding the effect of pressure, the
bond length is noted to be decreased on increasing pressure systemati-
cally from 0 GPa — 60 GPa. The bond length between V>* & 02~ atoms
like 02-V2, 08-V2,011-V1, O5-V1 of Mg2YVO¢ dwindled by 5.24% on
escalation of the pressure merely from 0 GPa (1.92193 A) to 10 GPa
(1.82131 A), followed by further 1.56% demesne on growing pressure
from 10 GPa (1.82131 A) to 20 GPa (1.79292 A) and so on. Similar
consistency in reduction of the bond lengths among different atoms has

-5 0 5 10 15 also been forecasted for SroYVOg. It is evident from the results sum-
Energy (eV) marized in Table 4 that the bond length may strongly be associated to
0.2 ionic radii of A-cited divalent large cations (Mg2+/Sr2+) since compar-
’ ’ I s ) ' ative magnitudes of the bond length between different Sr** and 0%~
() : =S | atoms (010-Sr2 — 2.56925 A, 02-Sr4 — 2.57230) is found greater than
0.1p : their counter parts (02-Mg4 = 2.20325, 012-Mg3 = 2.24894) at 0 GPa
M due to occurrence of the similar anomaly in their ionic radii (Sr2+ >
O.g ; —— Mg?"), and similar amenable trend can be observed at higher pressure as
= L
3, (d) ! Y-s
o 2} 1 :
% | P Table 5
@ 1 1 Y-d Coefficients (Co, Cq, C2) of second order polynomial fit of relative bond length
% 0 semef 4 Lo (d/dp) as a function of pressure P (GPa) and bond stiffness (k) for MoYVOg; (M =
v 12} (e) | s Mg, Sr) double perovskite oxides.
& 1
8 8t | — V-p Compounds Bonds Co C1 X Cy x k Relative
-3 -5 .
E al I V-d 10 10 (GPa) stiffness
0 . Ny , , Mg,YVOs 08-Mg2  0.9863 -520 543 192 0.32
24 | 012-Mg3 0.9890 —5.18 5.15 193 0.32
4 () s 011-Y2 09859 -382 403 262 043
o 03-V1 0.9940 —3.65 3.66 274 0.45
1.2} P 05-010  1.0000 -1.64 038 610 1.00
06-07 0.9945 —2.74 2.18 365 0.60
0.0 N . N 1N
: .5 0 5 10 15 Sr2YVOs 08-sr2 09977 324 209 354 0.52
Energy (eV) 012-Sr4 0.9955 -3.21 2.07 358 0.53
011-Y2 0.9986 —1.98 1.38 587 0.88
. . . . 03-V1 0.9991 -1.71 1.09 670 1.00
Fig. 7. (a-b) plots of to'tal d§n51ty of states (c—e) partial density of states of 05-010 09999  —1.61 0.41 654 0.98
Sr,YVOg double perovskite oxide. 06-07 0.9994 —1.71 0.85 649 0.97
Table 4
Summary of the various bond lengths as a function of pressure ranging from 0 GPa to 60 GPa for MYVOg; (M = Mg, Sr) double perovskite oxides.
Bonds Bond length A)
0 GPa 10 GPa 20 GPa 30 GPa 40 GPa 50 GPa 60 GPa
Mg,YVOg
02-V2 08-V2 011-v1 05-V1 1.92193 1.82131 1.79292 1.79000 1.78019 1.76936 1.74665
09-V1 06-V2 03-V1 012-v2 2.06659 1.97078 1.92293 1.90539 1.88172 1.87578 1.86750
04-Mg4 07-Mgl 01-Mg3 010-Mg2 2.10297 2.06194 2.06000 1.97467 1.95032 1.92633 1.92376
05-Mg3 08-Mg2 011-Mg1 02-Mg4 2.20325 2.02936 1.97538 1.94852 1.92370 1.91585 1.89585
06-Mgl 09-Mg4 03-Mg2 012-Mg3 2.24894 2.08440 2.02659 1.98923 1.95798 1.94287 1.92748
011-Y2 08-Y1 02-Y1 05-Y2 2.45428 2.29308 2.24346 2.23522 2.22449 2.21669 2.18880
01-Y1 010-Y2 07-Y1 04-Y2 2.58199 2.38351 2.38028 2.35000 2.32567 2.28092 2.26703
04-011 02-07 01-08 05-010 2.75523 2.70699 2.69972 2.62038 2.59678 2.54099 2.53635
01-06 03-04 09-010 07-012 2.68385 2.65730 2.63921 2.58943 2.56155 2.56096 2.53397
06-07 03-010 01-012 04-09 2.93415 2.81433 2.79036 2.73363 2.71073 2.67675 2.66099
Sr,YVOg
02-V2 08-V2 011-V1 05-V1 1.91191 1.88092 1.86242 1.84069 1.82222 1.80642 1.79589
09-V1 06-V2 03-V1 012-v2 1.91830 1.88555 1.85598 1.83655 1.82263 1.80754 1.79330
011-Y2 08-Y1 02-Y1 05-Y2 2.38826 2.33733 2.30055 2.27214 2.25281 2.23369 2.21685
01-Y1 010-Y2 07-Y1 04-Y2 2.40895 2.36114 2.32783 2.30045 2.27966 2.25903 2.24718
04-Sr4 07-Srl 01-Sr3 010-Sr2 2.56925 2.49322 2.43148 2.38274 2.34204 2.30318 2.27352
05-Sr3 08-Sr2 011-Sr1 02-Sr4 2.57230 2.48022 2.41705 2.36864 2.32166 2.28634 2.25622
06-Sr1 09-Sr4 03-Sr2 012-Sr3 2.61517 2.55071 2.48454 2.43705 2.39472 2.36940 2.32815
06-07 03-010 01-012 04-09 2.74810 2.69857 2.66111 2.62974 2.59610 2.56608 2.54921
01-06 03-04 09-010 07-012 2.72620 2.67802 2.64185 2.61334 2.59424 2.57701 2.55741
04-011 02-07 01-08 05-010 2.74371 2.69633 2.66293 2.62747 2.57904 2.54438 2.52222
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Fig. 8. Normalized bond length (d/d,) as a function of external pressure from
0 to 60 GPa for (a) Mg2YVOg (b) Sr2YVOe.

well. It basically indicates that Mg?t & O 2 carry stronger bonds than
Sr?* & 0% This clue dully reinforces our results pertaining to bulk
modulus as summarized in Table 2, where Mg>YVOg is claimed to be

0 2 4 6 8 10 12 14
Energy (eV)
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harder than its counterpart. To get further insights as claimed in the
preceding work [37], our results pertaining to the energy band gap and
bond length (summarized in Table 2 and 5) agree excellently with the
fundamental understanding that the material of higher band gap may
have short interatomic distances.

Table 5 illustrates coefficients of the second order polynomial fit of
the relative bond lengths (d/dg) as a function of pressure, and bond
stiffness for MaYVOg; (M = Mg, Sr). Each C; holds negative value while
C, is positive which may be attributed to some deep abstraction that
deformation resistance, in both our compounds, upsurges with pressure.
Comparatively, the value of relative bond stiffness for SroYVOg is found
greater than ', whereas it is less than % for MgzYVOe, which demon-
strates that latter one could be an appropriate material for optoelec-
tronic applications and that SroYVOg seems equally useful for ceramic
applications. Interestingly, the relative bond stiffness for similar atoms
(0-0) in either case is found greater than }. As shown in Fig. 8(a and b)
the deepest slope (the red and black lines) is in consistent with the re-
sults tabulated in Table 4 that Mg/Sr-O bonds are longer (weaker) than
the respective bonds appeared between Y/V and O atoms (stronger).
Fig. 8(a and b) display the behavior of d/dy as function of pressure,
where it can be noted for both our compounds that bond strength up-
surges rapidly on increasing pressure, whereas an effective diminution
in bond length has been noticed rigorously.

3.5. Optical properties

This class of characteristics of the studied materials describe how the
sun-light interacts with the materials whenever falling on their surfaces.
Here we discuss various optical parameters like complex dielectric
function, absorptive behavior of the material, energy losses, complex
refractive indices, optical trends and finally reflectivity of the light
through the materials has been discussed.

3.5.1. Dielectric function

The dielectric function comprises the two parts, one recognized as
real part to specify degree of polarization and the second one measures
the energy losses/absorption which is known as imaginary part [38]. As
illustrated in Fig. 9(a), comparatively the static value (6.71) pertaining
to real dielectric function &; (0) for Mg2YVOg is noted to be slighter than
the related value (9.00) for SrpYVOg, therefore later compound is
appeared to be more apposite if used for manufacturing high-value
aided capacitors. Additionally, the values of real dielectric function for
Mg,YVOg remains positive up to 10.0 eV photonic energy, however,
thereafter it penetrate into the negative expanse where it reveals its
metallic like character. So far as the value of ¢ (@) for SraYVOe, it
encroached into negative region initially for very short span in lower
energy (from 1.61 eV to 1.92 eV) articulating its metallic behavior,
which, however, reinstate behaviorally to positive region in higher

15
(b) ——Mg,YVO,
Sr,YVO,
10
3
S
w(‘l
5k
0 1 1 1 1 1

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

Fig. 9. The plots of (a) real and (b) imaginary dielectric constants drawn for M,YVOg; (M = Mg, Sr) double perovskite oxides.
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Fig. 10. The plots of (a) real refractive index and (b) imaginary refractive index (extinction coefficient) drawn for M,YVOg; (M = Mg, Sr) double perovskite oxides.

energy till 7.15 eV. Far flung to this energy edge it adopts similar leaning
fashion toward negative energy rein as observed for Mg;YVOeg.

The values of imaginary dielectric function e;(w) for both these
compounds are observed to be null till the energy approaches to their
corresponding band gaps, because no transition takes place during this
energy spell. Subsequently in higher energy, the values associated to
e2(w) grow strongly where 1st highest peak (8.42) for MgyYVOe
appeared at 3.05 eV, while for SroYVOg it has been noted as 14.21 at
1.47 eV energy. After appearing 1st peak, plethora of the fluctuations
are observed till 13.60 eV energy, which might be associated to varia-
tions in inner band transitions. Particularly, decrement in values of &3 (®)
beyond 10.0 eV energy endorse our viewpoint narrated about ¢ (®)
(Fig. 9(a)) that these compounds may have metallic like behavior in this
peculiar expanse since they portray insufficient absorption of electro-
magnetic radiations in this energy spell.

3.5.2. Refractive index and extinction coefficient

The dimensionless and frequency dependent index of refraction
(n(w) = c¢/v), where c is the speed of light in vacuum and v is its phase
velocity, could be an effective remedy to determine the speed of light
passing through the material [38,39]. The static value n(0) (2.60) noted
for Mg2YVOg is smaller than the value (3.0) for SraYVOg (Fig. 10(a)). In
fact, greater magnitude of the refractive index lessen the angle of
refraction, which further endorses our viewpoint that Sr,YVOg is more
absorbent material. Additionally, rather to depict unique behavior, the
values of n(w) exhibit trend similar to &; (w) (Fig. 9(a)) which initially
increase to some extent (3.07 for MgaYVOg and 3.91 for Sr,YVOg), while
following the plethora of the fluctuations in higher energy range a
robust reduction in refractive indices of both compounds has been
noticed.

Whereas the imaginary component of the refractive index (usually
recognized as an extinction coefficient k(w)) is most closely related to

240

—— Mg, YVO,

(a)
Sr,YVO,

200

aw)(1 o“cm'1)
o R o
o o -

B
S
T
N

Energy (eV)

0 2 4 6 8 10 12 14

what extent the light absorbs in surface of the material, quite similar to
the distinctive attributes as reflected by the imaginary dielectric func-
tion (Fig. 9(b)). As shown in Fig. 10(b), k(w) remains zero till the
threshold frequency is attained by the incident photons to knockout the
energetic free electrons from the material’s surface. In consistent with
the above results obtained for ¢;(w), highest value (1.77) of k(w) noted
for Mg2YVOg at 5.62 eV is found to be shorter in magnitude as compared
to its corresponding value (2.38) at 1.59 eV photonic energy for
SraYVOe. Fig. 10(b) also ratifies ample absorption of light rays in lower
energy range as well.

3.5.3. Absorption coefficient and energy loss function

Fig. 11(a) depicts the behavior between frequency dependent ab-
sorption coefficient a(w) and photon energy ranging from 0 to 14 eV,
which reflects no absorption initially owing to low frequency and
lethargic photons falling on surfaces of the studied compounds. In
nutshell, for semiconductors, a(w) should be zero at the light frequency
equal to the band gap. Therefore absorption of incident rays for our both
compounds has merely been noticed as and when photons get energy
equal to their work function. On increase of photonic energy beyond the
limit of band gap, values of the a(w) for these compounds upsurge
drastically. However, certain fluctuations have been observed due to
different rate of inner-band transitions. Providentially, incredible
amount of a(w) has been noticed at 13.60 eV energy for both com-
pounds, i.e., 1.88 x 10°cm™! for Mg,YVOg and 1.29 x 10°cm™! for
SroYVOe. Apparently, the both compounds seem absorptive and
appropriate candidate to be used for optoelectronic applications.

The loss function L(w) versus photons energy graph is represented in
Fig. 11(b), where L(w) exhibits increasing trend on growing photonic
energy to higher level. Nonetheless, the highest value of the loss func-
tion for both cases is very small, which apparently seems very small (i.e.,
1.25) as compared to the absorption of light rays (1.88 x 106cm™! for

1.5
b) —Mg,YVO,
b
Sr,YVO,
w 1.0F
7]
o
>
2
[
c
Wosl
0.0 1 A A 2 A 2
0 2 4 6 8 10 12 14

Energy (eV)

Fig. 11. The plots of (a) absorption constant and (b) loss function for MoYVOg; (M = Mg, Sr) double perovskite oxides.
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Fig. 12. The plots of (a) optical conductivity and (b) reflectivity for M3YVOe; (M = Mg, Sr) double perovskite oxides.

Mg,YVOg and 1.29 x 10%cm™! for SryYVOg) into the surface of these
materials.

3.5.4. Optical conductivity and reflectivity

Optical response of any material can be envisaged by optical con-
ductivity (¢ = anc /4z), which also depends upon ‘a’ due to its direct
relationship with frequency dependent o, here n = refractive index, ¢ =
speed of light. Absorption of incident light rays solely depends upon the
optical conductivity, no matter how slow the absorption is it. In our
cases, initially the conduction seems to be zero at the light frequency
equal to the band gap (Fig. 12(a)). 1st optical peak 3.50x

103(ohm cm) ™! appeared at 3.09 eV for Mg,YVOg can be seen as 2.81 x

103(ohm cm)™' at lower energy (1.48 eV) for SryYVOg. A reasonable
agreement has been noticed among the trends followed by the optical
response and imaginary dielectric function (Fig. 9(b)). 2nd maxima
appeared at 5.51 eV and 2.93 eV for MgsYVOg and SraYVOg, respec-
tively may attributes the hybridization of V-3d localized energy states
with pseudo states of anions. Subsequently, the highest density of ¢ such
as 5.65 x 103(ohm cm) ' for Mg,YVOg reflects the response of Mg-4p
states and 4.11 x 103(ohm cm)™! for SroYVOg is associated with the
hybridization of Sr and Y pseudo-states at photonic energy 10.10 eV and
6.71 eV, respectively.

Reflectivity response of the incident radiations from surfaces of the
considered perovskites shown in Fig. 12(b) unveils very small values
such as ~0.20 (Mg2YVOg) and ~0.25 (SroYVOg) of the static reflectivity
R(0), thereby endorsing our claim that major portion of the incident
rays, if fall on the surface of the studied materials, could be absorbed
rather to reflect. Prompt decline which has been observed around 5.24
eV for SrpYVOg is associated to plasma resonance. Moreover, the
appearance of magnitude of the reflectivity less than unity is an utter
evidence that absorption can be happened on large scale ~10% cm ™.
Henceforth, the series of double perovskite oxides, i.e., MoYVOg; (M =
Mg, Sr) may be reckoned an appropriate candidates to be employed for
technological applications while devising optoelectronic appliances.

4. Concluding remarks

Here M2YVOg (M = Mg, Sr) double perovskites oxides are simulated/
modeled by using DFT based WIEN2K package in order to perform
structural, optoelectronic and phonon calculations, wherein FPLAPW
method has been opted for accurate calculation. The band structures of
these compounds show that Mg»YVOg have direct energy gap of 1.45 eV,
whereas it has been noticed as 0.82 eV for SryYVOg. So these materials
fall into the category of the semiconductors. The diminution of energy
band gap for SryYVOg may be attributed to the weak bond strength
between Sr—O as compared to Mg-O. The various electronic states
originated in conduction region at certain energy levels have revealed
an effective contribution of the pseudo-states’d’ of the yttrium elements,

10

V-d and Mg/Sr-p states of Mg>YVOg and SrYVOg. The value of relative
bond stiffness for SrYVOg is found greater than 5, whereas it is less than
Y, for MgaYVOe. As far as phonon’s analysis have shown few soft modes
of frequency for Mg>YVOe while no imaginary modes of vibrations are
observed for SryYVOg. Insignificant amount of the reflectivity with
bountiful optical conduction/absorption of the electromagnetic radia-
tions as determined through the optical analyses have stimulated us to
declare that these compounds plausibly be an appropriate candidates for
optoelectronic applications, if these are synthesized experimentally by
the future researchers.
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