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The structural, elastic, mechanical, electronic, and optical properties of KPaO3 and RbPaO3; compounds are investi-
gated from first-principles calculations by using the WIEN2k code in the frame of local density approximation (LDA) and
generalized gradient approximation (GGA). The calculated ground state quantities, such as lattice constant (ag), ground
state energy (E), bulk modulus (B), and their pressure derivative (Bp) are in reasonable agreement with the present analyt-
ical and previous theoretical results and available experimental data. Based on several elastic and mechanical parameters,
the structural stability, hardness, stiffness and the brittle and ductile behaviors are discussed, which reveal that protactinium-
based oxide series of perovskites is mechanically stable and possesses weak resistance to shear deformation compared with
resistance to unidirectional compression while flexible and covalent behaviors are dominated in them. The analysis of
band profile through Trans—Blaha modified Becke—Johnson (TB-mBJ) potential highlights the underestimation of bandgap
with traditional density functional theory (DFT) approximation. Specific contribution of electronic states is investigated
by means of total and partial density of states and it can be evaluated that both compounds are (I'-I") direct bandgap
semiconductors. All fundamental optical properties are analyzed while attention is paid to absorption and reflection spectra
to explore extensive absorptions and reflections of these compounds in high frequency regions. The present method rep-
resents an influential approach to calculating the whole set of elastic, mechanical, and opto—electronic parameters, which
would conduce to the understanding of various physical phenomena and empower the device engineers to implement these
materials in flexible opto—electronic applications.
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1. Introduction

The class of compound with the chemical formula ABO3
is known as perovskite-type oxide. Here A is usually alkali,
alkaline or rare earth metals while B is supposed to be transi-
tion, post transition, and non-transition metals although anion
is represented by X that are oxides and halides.!'! Nowadays
material scientists are paying attention to fabricating faster,
efficient, and flexible opto—electronic devices. Among the
perovskite-type oxides, KPaOs3, and RbPaOs which has been
reported as an ideal cubic perovskite-type structure,[’! have re-
ceived considerable attention because of their mechanical flex-
ibility, good optical quality, high catalytic activity, and high
melting point. These XPaO3; (X = K, Rb) compounds can
possibly be used for fabricating flexible perovskite solar cells
for optical pathways,®! as high-performance broadband pho-
todetectors for color-sensitive photodiodes, ™! as flexible neu-
ral recording devices for medical diagnoses, ! and as liquid
crystal displays (LCD), ionic conducting, luminescence ca-
pacitor UV detectors as well as light emitting diodes (LED)
for integrated devices.[!!:1?]

From the above literature it is clear that the XPaO3 (X =
K, Rb) compounds are technically sound but even then, lit-
tle scientific work has been reported on them, which moti-
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To the best of our
knowledge, there has been no computational study on these

vates us to investigate them in detail.

compounds so far. To address significant properties, in the
present work, we investigate structural, elastic, mechanical,
electronic, and optical properties of cubic XPaO3; (X = K,
Rb) perovskite compounds at ambient pressure by using the
ab-initio full potential-linearized augmented plane wave (FP-
LAPW) method. The rest of this paper is organized as follows.
In Section 2, the methods and some computational details of
calculations are given. In Section 3, the results and discus-
sion of structural, elastic, mechanical, electronic, and optical
properties of XPaO3; (X = K, Rb) compounds are presented.
Finally, in Section 4, all results are compared with previous re-
sults available and the main conclusions of the work are drawn,
which enlighten future prospective research.

2. Method of calculation

The present first principles study is carried out on the
basis of density functional theory (DFT) which is imple-
mented in WIEN2k code!!3! to solve Kohn—Sham equation!'#!
within full potential linearized augmented plane wave (FP-
LAPW) method!">-!7! for appropriately computing the elec-
tronic states and optical response of XPaO3; (X = K, Rb) com-
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pounds. For structural optimization and elastic properties, the
exchange—correlation approximation is treated with the gener-
alized gradient approximation (GGA)!!®! and local density ap-
proximation (LDA)!! while for electronic and optical proper-
ties recently bugged GGA plus Trans—Blaha modified Becke—
Johnson (TB-mBJ) potential is employed.*"!

In order to enhance accuracy in calculation, valence elec-
trons are treated semi-relativistically and core electrons are
treated fully relativistically.
achieved with a cut-off RytKmax = 8.5, which is product of
smallest muffin-tin (reduced muffin-tin (RMT) ) radius and the
largest plane wave vector Kp,x. The Brillouin zone (BZ) inte-

Convergence in basis size is

gration is done with 56-K point by using the modified form of
tetrahedron method.>!! The calculations are self-consistently
converged when total energy and charge are stable within
1073 eV respectively. However, the calculation of optical
properties requires a dense mesh of uniformly distributed K-
points along the Brillouin zone (BZ). In addition to it, accu-
rate values of bulk modulus are calculated by fitting volume
versus energy curve within Birch—-Murnagahan’s equation of
state (EOS)[??! and by calculating elastic constants through
using Eq. (8) as mentioned in Table 1 and Table 3 respectively.

3. Results and discussion
3.1. Structural properties

Ternary oxide perovskites KPaO3 and RbPaO; crystal-
lize into ideal cubic structure with space group Pm3m (#221).
Figure 1 illustrates the crystal structure and total energy as a
function of unit cell volume in which sites of Wyckoff coor-
dinates occupy la (0 0 0), 16 (1/2, 1/2, 1/2), 3¢ (0, 1/2, 1/2)
for X (X = K, Rb), Pa and O respectively. In order to cal-
culate structural properties of XPaO3 (X = K, Rb) the energy
minimization process is employed, where the total energy (E)
and the corresponding equilibrium cell volume (Vp) are cal-
culated by taking a series of different lattice parameters. The
calculated equilibrium lattice constant (ag), ground state en-
ergy (Ep), bulk modulus (By), and pressure derivative of bulk
modulus (Bp) by generalized gradient approximation (GGA)
as well as local density approximation (LDA) exchange corre-
lation schemes are presented in Table 1.

It can be analyzed from the data that lattice constant of
the KPaOs3 is smaller than RbPaOs. It can be easily explained
by the following relation: R (K) = 2.43 A > R(Rb) = 2.65 A.
Lattice constants are also calculated by two analytical meth-
ods. The first is ionic radius method while the second method
is predicted by Verma and Jindal. The first method employs

the following formula: 3!

ao=a+ B (ry +ro) + YA (rp, +10), (D

where o (0.06741), B (0.4905), and ¥ (1.2921) are constants,
ry is the ionic radius of K (1.64 A) or Rb (1.72 A), T'p, 18

the ionic radius of Pa (0.90 A) and r is the ionic radius of
O (1.35 A). Verma and Jindal model is based on the number
of valence electrons and average ionic radius that uses the fol-

lowing relation(*!]

ao = K(VxVpaV0) ray, (2)

where Vx, Vp,, and Vg are valence electrons in X, Pa, and O
that are 1, 2, and 6 respectively; K (2.45) and S (0.09) are
constants for cubic system; r,, is the average ionic radius
of XPaO3 system. The lattice constants calculated by using
Egs. (2) and (3) are presented in Table 1. The calculated lattice
constants via density functional theory (DFT) and I. R meth-
ods show deviation within 2%-3% while V. J method shows
deviation within 7%—-8% which is due to the dependence of
Eq. (2) on the number of valence electrons. However, the re-
sults from the density functional theories (DFT) and experi-
mental results are found to be consistent with each other. In
addition to it we use the lattice parameters calculated by gener-
alized gradient approximation (GGA) for investigating elastic,
mechanical, electronic, and optical properties. The value of
bulk modulus represents good crystal rigidity. >33 From Ta-
ble 1 it is clear that KPaOs3 has a higher value of bulk modulus
than RbPaO3; compound. Furthermore, Table 1 depicts con-
trary relation between lattice constant and bulk modulus to the
trend of other perovskite compounds, which are mentioned in
Refs. [34] and [35].
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Fig. 1. Variations of the total energy (E, in unit Ry, the unit 1 Ry =
13.6056923(12) eV) with unit cell volume (V, in unit (a.u.)?) for
(a) KPaOj3 and (b) RbPaOs.
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Table 1. Comparisons of calculated values of the bond length, equilibrium lattice constant (¢ in unit A), ground state energy (Ey in unit
Ry), bulk modulus (B in unit GPa), and its pressure derivative (Bp) with experimental and other theoretical results for XPaO3; (X =K,

Rb) compounds.

Compound Present work Present work Pr:csent . Experimental Ot.her
analytical work  analytical work work theoretical work
GGA LDA I. R method

KPaOj3

ap/A 4.37 4.32 4.29 4342 436>,  4.349,4.329 4.18°,
4.38¢ 4.24f 4238

Ey/Ry —56260.653  —56260.713

By/GPa 203.51 203.63

Bp/GPa 3.99 3.98

Bond-lengths

K-0/A 2.51

K-Pa/A 3.23

Pa-O/A 1.81

RbPaO3

ap/A 4.42 4.35 4.32 4.37%,4.40°,  4.364,4.379, 4.27¢,
4.39° 4.26f, 4.268

Eo/Ry —60982.210  —60982.279

Boy/GPa 146.58 146.65

Bp/GPa 4.122 4.291

Bond-lengths

Rb-O/A 2.61

Rb-Pa/A 3.81

Pa-O/A 1.82

aRef. [23], bRef. [24], °Ref. [25] (experimental work), dRef. [26], °Ref. [27], fRef. [28], 8Ref. [29] (other theoretical work).

The analyses of chemical trends are performed with the
help of chemical bonding where bond length is an average dis-
tance between centers of two bonded atoms and which can be
used to estimate structural symmetry in terms of tolerance fac-
tor. In Table 1 (Pa—O) and (X-O) are the average bond lengths
between (Pa, O) and (X, O) atoms respectively. Bond length
between X and O increases as K approaches to Rb and this in-
crease is due to lesser size of Rb than that of K compound. A
similar trend is observed between bond lengths of Pa and X.
The calculated bond lengths can be used to evaluate tolerance
factors for KPaO3 and RbPaO3; compounds. 136]

~0.707(X-0)

= pe0) 3)

where (X-O) and (Pa—O) represent the average bonds lengths
of Pa and O and X (X = K, Rb) and O respectively. The
calculated tolerance factors for both perovskites are presented
in Table 2, while both compounds satisfy good tolerance fac-
tor criterion for cubic perovskites which lies within the range
0.93-1.02.137]

Table 2. The calculated values of the tolerance factor for XPaOs
(X =K, Rb).

Tolerance Present work Present work
Other work
factor  Bond length formula Goldschmidt’s formula
KPaO3; 0.985 0.992 0.9932
RbPaO3 1.014 1.018 1.019*

4 Ref. [29]

3.2. Elastic properties

Elastic property of solid can play a significant role in ex-
plaining the valuable information about the structural stability

¢.381 For a cubic system, there

and the binding characteristi
are three independent elastic constants Cjy, Ci2, and Cy4 that
are summarized in Table 3. Unfortunately, as far as we know
for comparison neither experimental nor theoretical values for
elastic constants have been available. It is found that all calcu-
lated elastic constants fulfill mechanical stability criteria be-
cause it cannot be ensured that a particular crystal structure is
in a stable or metastable phase unless its elastic constants obey
traditional mechanical stability condition at (P = 0 GPa), i.e.,
Ci1—Ci2>0,C11 >0,C44 >0, and Cy; +2Cq2 > 0 and also
satisfy the cubic stability condition, i.e., C;» < B < C}, which
indicates the stabilities of these compounds in cubic phase.*°!

Generally, the C;; which reflects resistance to unidirec-
tional compression along the principle crystallographic di-
rection, is higher for KPaO3 and lower for RbPaOs, which
confirms that KPaO3 retains weak resistance to unidirectional
compression. Similar results of Cy; are observed in Ref. [40],
which agrees well with behaviors of our compounds. Similarly
the results of Cy44 indicate that XPaO3; (X = K, Rb) compounds
possess higher resistance to the compression than to shear de-
formation.

3.3. Mechanical properties

Using data of single crystal elastic properties we calcu-
late poly crystalline elastic properties such as Hill’s modulus,
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Voigt’s modulus, Reuss’s modulus, Young’s modulus, bulk
modulus, shear modulus, elastic stiffness coefficients, Pois-
son’s ratio, and melting temperature according to some pro-
posed relationship as mentioned in Ref. [41]. The bulk mod-
ulus and shear modulus are equally engaged to measure hard-
ness of material. Here Voigt—Reuss—Hill (VRH) approxima-
tion is used to explore shear modulus (Gy) and bulk modulus
(B) as follows: #2431

1
Gv:g(C11*C12+3C44), “)
5C44(C11 —C12)
Gr = ; )
R 4Cu +3(Cr —Cn)
Gv+G
G=NEOR (©)
2
The bulk modulus B can be explained by the following
equation: (4]
1
B= g(Cn +2C12). (N

From Table 3 it can be observed that for bulk modulus
and shear modulus, RbPaO3; has smaller value (146.98 GPa,
69.48 GPa) than KPaO3 (20378 GPa, 70.25 GPa) respectively.
In order to define response of a material to linear strain, the

empirical formula of Young’s modulus is given as follows: ]
9BG

= 8

Y= 3B+ G) ®

KPaOs3 has higher values of Young’s modulus Y, bulk modu-
lus B, and shear modulus G, which implies higher sharing of
charge transfer among anion and cation than RbPaOs.

Table 3. Calculated values of elastic constants (Cyj, Cj2, and Cyq in
GPa) , bulk modulus (B in GPa), Young’s modulus (Y in GPa), Voigt’s
shear modulus (Gy in GPa), Reuss’s shear modulus (Gg in GPa), Hill’s
shear modulus (Gy in GPa), and B/G ratio for XPaO3; (X = K, Rb)
compounds.

Sr. No. Parameters KPaOs3 RbPaOj3
1 C 432.182 311.413
2 Cip 89.586 64.767
3 (o 34.816 46.377
4 By 203.785 146.982
5 Gy 89.408 77.155
6 GRr 51.101 61.802
7 Gy 70.254 69.478
8 Y 189.038 180.06
9 By/Gu 2.901 2.120

Pugh’s index of ductility (B/G), Cauchy’s pressure, and
Poisson’s ratio (v) are the factors, which give information
about flexible/brittle nature of a material. Pugh’s B/G ra-
tio is related to resistance to plastic deformation. Value of
B/G < 1.75 refers to the brittle material, while B/G > 1.75
the ductile or flexible material.[*®! Our compounds fulfill the
second criterion of B/G ratio (as mentioned above) which de-
picts strong ductile or flexible nature of XPaO3; compound.

The Cauchy’s pressure is defined as the difference be-
tween the two particular elastic constants and serves as an in-
dication of flexibility. If the pressure is positive (negative), the

material is expected to be flexible (brittle). 448!

C"=Cip—Cus. 9

B/G > 1.75 and Cauchy’s pressure C” > 0 for both com-
pounds imply that each of them is flexible and contains high
directional bonding. Poisson’s ratio (v) delivers the infor-
mation about the flexibility characteristics via the following

equation: 4]

(3B—2G)
" T 2(BB+G) (10)
According to Frantsevich er al.,’°! the critical value of mate-
rial is 0.26. If the Poisson’s ratio is less than 0.26 then the
material will be brittle otherwise the material will be flexible.
With reference to all the above literature XPaO3; (X = K, Rb)
compounds possess dominant flexible nature.
Another parameter is shear constant that can be defined
as follows: 21921

1
C'=(Cn—Cn). (11)

In fact, the covalent compounds have high values of shear
constant. Under investigation, compounds have high values
of shear constant, which confirms covalent behaviors in these
compounds.

In manufacturing disciplines, the elastic anisotropy pa-

rameter A plays a vital role. It is expressed as>3)
2C
A= 4 (12)
(Ci1 —C12)

The crystal is characterized as being completely isotropic if
the value of A is equal to 1. Table 4 shows that the calculated
elastic anisotropic factor deviates from unity, which indicates
that none of these compounds are elastically isotropic. In ad-
dition, based on the empirical formulal®* the melting temper-
ature T, of KPaOj3 shows higher tendency than RbPaO3; com-
pound.

Tm = 6074 9.3B+555. (13)

Table 4. Calculated values of shear constant (C'), Cauchy pressure
(C"), Lame’s coefficients (A and p), Kleinman parameter (¢ in GPa),
anisotropy constant (A in GPa), Poisson’s ratio (v in GPa), and the melt-
ing temperature (7, in K) for XPaO3 (X = K, Rb) compounds.

Sr. No. Parameters KPaOj3 RbPaO3
1 C’ 171.29 123.32
2 c’ 54.77 18.39
3 v/GPa 0.35 0.30
4 A/GPa 0.20 0.38
5 &/GPa 0.36 0.36
6 A 156.77 100.04
7 u 70.27 69.52
8 Tm/K 3057 2529
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3.4. Electronic structure and density of states (DOS)

The electronic properties of protactinium-based oxide
perovskite compounds are described by calculating energy
band structure and total and partial density of states (TDOS
and PDOS) whereas bonding nature is evaluated by the elec-
tron density plots through using Trans—Blaha modified Becke—
Johnson (TB-mBJ).[>! The bandgap is compared with those
from other density functional theory (DFT) exchange and cor-
relation schemes as shown in Table 5. The calculated band
structures along highly symmetric directions in the Brillouin
zone (BZ) are shown in Fig. 2. At zero pressure, these com-
pounds reveal (I'-I") direct bandgaps of 3.60 eV and 3.14 eV
for KPaO3; and RbPaO3; compounds respectively. Unfortu-
nately, there is a lack of experimental data to make a reason-
able comparison. However, these compounds can work well
in the ultraviolet (UV) region of the electromagnetic spec-
trum because the material with a bandgap larger than 3.1 eV
can work well in the ultraviolet region of the electromagnetic

spectrum. ]

L~
12.0 12.0 &
L~ —
8.0 ? A 8.0 E
PIEE Bt i e e
0 shw —Er 0 == Ep

—4.0 ; = —4.0 S
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R A TAXzZM s I 200 T AXZ0M s T

Fig. 2. (color online) Electronic energy dispersion curves for (a) KPaO3 and
(b) RbPaO3 along some high symmetry directions in the Brillouin zone (BZ)
within modified Becke—Johnson potential.

The number of available states (to occupy) at each energy
level is observed in terms of total and partial density of states
(TDOS & PDOS). The density of states (DOS) in Fig. 3 oc-
cupies energy intervals from (Er — 20 eV) up to (Eg + 15 eV).
A narrow sharp peak is observed at (Eg — 20 eV) due to the
presence of O-2s states. Next energy interval (Ep — 15 eV) is
dominated by Pa-5p states. The upper valence band situated
in a range from Fermi-level to —4.6 eV is occupied by O-2p
states, while above Fermi level, Pa-4f states contribute to the
formation of first conduction band. As a whole, the conduc-
tion band is due to the fact that states of X:3d are mixed with
Pa:d for XPaOs structure.

Electron density plots can be used to evaluate the bonding
nature in crystalline solid.>”! The charge densities for XPaOs
(K, Rb) are calculated along (100) and (110) planes in three di-

mensions (3D) as shown in Fig. 4. The density contour in the

(110) direction indicates that the bonding between X—O ions
is ionic, because much less overlapping is seen between X and
O ions. However, bonding between Pa—O ions is strongly co-
valent as large sharing is observed. In fact, the covalent nature
is due to pd-hybridization between cations and anions.

10 T T - ~ - -
(a) ' Kot —
; Pa-
Pay;
8 Otot —_—
6 O-p
K-d
4 .
O-s
2\ Pap Pa-d
o l
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O-p Pagy,
8f Ot = ]
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9 O-s
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0
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Fig. 3. (color online) Calculated values of total and partial density of states
(TDOS & PDOS) of (a) KPaO3 and (b) RbPaOs.

Fig. 4. (color online) Calculated mBJ total three-dimensional electronic
charge densities. (a) KPaOs in (110) plane, (b) RbPaO3 in (110) plane,
(c) KPaOs in (100) plane, (d) RbPaOs3 in (100) plane.
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Table 5. Band gap comparison of XPaO3 (X = K, Rb) at different symmetry points.

Compound  Symmetry point Bandgap type Eg’[BJ /eV EQDA /eV ng C-GGA Jev Eg BE-GGA /ey Egbs""GGA /eV
KPaO3 r-r direct 3.60 3.41 3.51 3.49 3.45
R-R indirect 4.41 4.22 4.33 431 4.27
M-M indirect 4.45 4.32 4.42 4.39 4.36
X-X indirect 4.39 4.21 4.31 4.29 4.26
RbPaO3 r-r direct 3.14 2.93 3.04 3.01 2.97
R-R indirect 3.38 3.27 3.34 3.31 3.29
M-M indirect 3.42 3.21 3.39 3.37 3.23
X-X indirect 3.21 2.98 3.18 3.12 3.10

3.5. Optical properties

In this subsection, the optical properties of XPaO3 com-
pounds are investigated by means of the Trans—Blaha modi-
fied Becke—Johnson (TB-mBJ) potential. Fundamental opti-
cal responses include the imaginary part of dielectric function
& (w), the real part of dielectric function & (@), extinction co-
efficient k(w), absorption coefficient (), reflectivity R(o),
optical conductivity 6(®), energy loss function L(®), and ef-
fective number of electrons regr via sum rules. The complex di-
electric function €(®) can break into real and imaginary parts

according to the following relation: >8]

e(w)=¢ (0)+ig(w). (14)

In Eq. (14) & (w) denotes the imaginary part of dielectric func-
tion while €;(®) represents the real part dielectric function.
The analysis of & (@) gives complete response of material due
to applied electromagnetic radiation as shown in Fig. 5. The
imaginary part of dielectric function can be expressed by the
following equation: [>°!

4 2,2
o (£52)
< X[ ML) (=18 (Erx— Eui—0) &k (15)
i,

In Eq. (15) M is the dipole matrix, f; is the i-th state Fermi
distribution function, E;jj and E; are the i-th and j-th state
energies of electron in crystal wave vector k, respectively. The
widespread peaks of & () follow the pattern of density of
states (DOS) and the band structure of the investigated com-
pound. The threshold energy points occur approximately at
3.81 eV and 3.99 eV for KPaO3; and RbPaO;3 respectively,
while the major peaks are located at 6.1 eV and 6.3 eV, which
correspond to transition of occupied valence band states to un-
occupied conduction band states. These peaks are majorly due
to Pa-4f states. After that the diverse peaks are observed till
15 eV which occurs due to hybridized states of X-3d along
with some p and d states of Pa as well as O respectively. The

phenomenon of polarization is observed with the help of the

real part of dielectric function &; (@) as shown in Fig. 6. It can

be expressed via the following equation: ]
2 (?o's(0)do

where P is the principle value of the corresponding integral. At
zero frequency limit the static parts of dielectric function &; (0)
are observed at 4.31 eV and 3.89 eV for KPaO3; and RbPaO3
respectively.

—KPaO,
- - RbPaO,

Imaginary dielectric tensor
S
1

Energy/eV

Fig. 5. (color online) Calculated imaginary part & (@) of the dielectric
function.

—KPaOy4
- - RbPaO,

Real dielectric tensor

Energy/eV

Fig. 6. (color online) Calculated real part &; (@) of the dielectric func-
tion for XPaO3 (K, Rb) compounds for XPaO3 (K, Rb) compounds.

The curves of € () start to increase and attain their max-
imum values approximately at 3.7 eV for XPaO3; (X =K, Rb)
compounds. The calculated values of the optical conductivity
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o(w) for XPaO3 (X = K, Rb) compounds are shown in the
following Fig. 7.

57 — KPaO,
- - RbPaO,

T4
)]
E
2 3
>
h=1
2
T 24
=
o]
a
Q
O 14

0 .

0 2 4 6 8 10 12 14

Energy/eV

Fig. 7. (color online) Calculated conductivity o () for XPaO3 (K, Rb)
compounds.

The journeys of optical conductivity start at about 2 eV
from small ascending peak and then eventually reach their dis-
tinct maxima at about 5.8 eV for both compounds. It is evident
from the above analysis that the spectrum of optical conduc-
tivity shifts towards low energy ranges from Rb to K due to
small bandgaps of the compounds. The spectrum of electron
energy loss function L(®) depicts the characteristic contribu-
tion associated with plasma resonance frequency (%)[61] as
shown in Fig. 8. A distinct sharp peak of electron energy loss

is observed approximately at 10.0 eV.

0.7
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0.6- 20s
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5 0.5
2
g
g 0.4
=
w0
& 0.3
m
0.2
0.1+
O T T T T T T
0 2 4 6 8 10 12 14
Energy/eV
Fig. 8. (color online) Calculated energy loss function L(®) for

XPaOs3 (K, Rb) compounds.

The calculated spectra of refractive index and reflectivity
as a function of electromagnetic energy are shown in Figs. 9
and 10. The static parts of refractive index n(0) represent im-
portant quantities which are 2.07 and 2.09 for KPaO3; and
RbPaOs respectively. The curves of refractive index reach
their maximum values of 2.81 at 4 eV for KPaO3 and 2.82 at
4.1 eV for RbPaOs, respectively. Furthermore XPaOs (X =K,

Rb) compound starts to reflect highly and attains maximum
values in a range of 21 eV-25 eV. Hence, these materials show
that they are transparent in this particular energy range.

3.0 1
— KPaO,

2.5 - - RbPaO;
2.0

1.5+

1.04

Refractive index

0.5 1

0 T T T T T T
0 5 10 15 20 25 30 35

Energy/eV
Fig. 9. (color online) Refractive index n(®) as a function of energy for
XPaO3 (X = K, Rb) compounds.

The plots of absorption coefficient as a function of energy
depict that compounds start to absorb the electromagnetic ra-
diation at about 4.25 eV as indicated in Fig. 11. This par-
ticular energy (threshold point) is exactly in accordance with
trend of bandgap. However, these compounds start to absorb
effectively in a range of 21 eV-25 eV while the highest promi-
nent peak is observed at around 23 eV. After the optimum ab-
sorption peak, it again decreases and suffers trivial variations.
The analyses of absorption spectra indicate clearly the appli-
cations of these oxide perovskites for absorption purposes in
wide ultra-violet region, typically at about 23 eV. Next, the
sum rule is used to evaluate the effective number of valence
electrons per unit cell that are engaged in intra-band as well
as inter-band transitions.[®? It can be observed from Fig. 12
that inter-band transition of electrons occurs around 3.5 eV.
The trend-line increases slowly but there occurs a sharp peak
showing an abrupt increase of electrons which saturates in a
range of 12 eV-14 eV.

0.4+ 1
—KPaO,3 n
- - RbPaO;

Reflectivity /arb. units

Energy/eV

Fig. 10. (color online) Reflectivity R(®) as a function of energy for
XPaOs3 (X = K, Rb) compounds.
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Fig. 11. (color online) Absorption coefficient o/(®) as a function of
energy for XPaOs (K, Rb) compounds.
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Fig. 12. (color online) Calculated sum rule (Ngg) for XPaO3 (X =K,
Rb) compounds.

4. Conclusions

In this work, all electron self-consistent full potential-
linearized augmented plane wave (FP-LAPW) method is used
to explore structural, electronic, mechanical, and optical prop-
erties of XPaOs (X = K, Rb) within generalized gradient
approximation (GGA), local density approximation (LDA),
and Trans—Blaha modified Becke—Johnson (TB-mBJ) poten-
tial. Structural properties are also evaluated by analytical tech-
niques. Energy band profile confirms that the investigated ma-
terials are (I'-I") direct bandgap semiconductors. The curves
of total and partial density of states are used to determine the
contribution of different bands. The detailed analyses of elas-
tic and mechanical parameters prove flexible, anisotropic, and
covalent nature of the herein compounds. These results are
in favorable agreement with previous theoretical and exist-
ing experimental data. The optical properties are discussed
in terms of complex dielectric function €(®) and the analy-
sis is carried out by interband contribution that shows that the
XPaO3 (X = K, Rb) compounds possess wide ranges of ab-

sorption and reflection in high frequency regions and these

characteristics make them useful for flexible opto—electronic
applications. In summary, these perovskites are efficiently em-
ployed in scientific investigation and need an extensive exper-

imental research for their possible technological benefit.
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