
PHYSICAL REVIEW B 86, 115209 (2012)

Optical isotropy in structurally anisotropic halide scintillators: Ab initio study
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The present study explores the structural, electronic, and optical properties of XSrI3 (X = K, Rb, and Cs)
compounds within the framework of density functional theory. The ground state properties are calculated using the
pseudopotential method with the inclusion of van der Waals interactions, which we find inevitable in reproducing
the experimental structural properties of the above mentioned compounds with layered crystal structure. The
electronic and optical properties are calculated using the full-potential linearized augmented plane wave method
and the band structures are plotted with various functionals and we find the newly developed Tran and Blaha
modified Becke-Johnson potential to improve the band gap significantly. From the band structures of these
compounds, it is clearly seen that I-p states dominate the valence band. The optical properties such as complex
dielectric function, refractive index, absorption spectra, and electron energy loss spectra are calculated which
clearly reveal the optically isotropic nature of these materials though being structurally anisotropic, which is
the key requirement for ceramic scintillators. The present study suggests that among the three compounds
studied, CsSrI3 can act as a fast scintillating compound, which is well explained from the band structure
calculations.
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I. INTRODUCTION

Scintillators play a major role in the development of modern
physics as they are ideal devices to detect and measure the ele-
mentary particles. Scintillators with high light output, quantum
efficiency, and high energy resolution can be used as radiation
detectors in industrial inspection and in medical diagnostics.
The performance of a scintillator can be characterized by its
high light output and its propagation characteristics with the
excitation energy (proportionality), decay time, density, and
energy resolution. Over the past few decades, the scientific
research on scintillating materials is focused more towards the
discovery of new types of scintillators that fulfill the above
said requirements. In general, scintillation phenomena can be
observed in materials such as organic and inorganic crystals,
fluids, and also in gases. Among these, inorganic solids possess
superior scintillating properties such as high efficiency, fast
scintillation, and good energy resolution. Inorganic materials,
namely CaWO4 and ZnS, are found to be good scintillators to
detect and count the radioactivity.1–3 Alkali and alkaline-earth
halides have high light output and act as fast luminescence
scintillators.4–8 LaBr3 activated with Ce3+ is found to be a
very high light output proportional scintillator with energy
resolution less than 3% at 662 KeV.9,10 SrI2 and Eu2+

activated SrI2
11–13 were found to be good ceramic scintil-

lators and were also found suitable for gamma and neutron
detection.

Scintillators exhibit fast scintillation mechanisms14 via
core-valence (CV)15–18 transition (Ba, Cs, Rb based fluorides,
chlorides, and bromides), interconfiguration transitions (Ce3+,
Pr3+, and Nd3+ ions) and exciton, excitonic like luminescence
(pure compounds). Halide scintillators of AX, ABX3 (where
X = F, Cl, Br and A, B are single and divalent cations)
type were studied and found to exhibit fast scintillation
properties.14 On passing from AX to ABX3 compounds,
the distance between nearest neighboring ions A+ and X−,

which are involved in the CV transition increases and as a
result the probability of CV transitions become smaller and
decay time, light output (slightly) increases.14,16,19 Among the
pure and doped ABX3 type compounds, LiBaF3, KMgF3

20–23

were used as scintillator detectors and thermoluminescent
dosimeters. Core valence transitions are observed in CsMgCl3,
CsSrCl3,24 and RbCaF3

25 compounds and they also show
short decay time and high emission intensity at room tem-
perature. Multiple spontaneous emissions were predicted in
Yb2+ doped CsCaBr3 through ab initio quantum chemical
calculations.26

The scintillation phenomena can occur in various ways
depending on the type of transitions involved. The compounds
like BaF2 and CsF are found to be fast scintillators due to
the radiative transition of electrons from halogen derived
valence band to the next deeper metal derived core valence
states and these types of transitions are called Auger-free
luminescence or core-valence luminescence. The compounds
which exhibit CV luminescence are called L-type because
of Eg > Evc where Eg is the energy gap between valence
band and conduction band and Evc is the energy difference
between the top of the valence band to the top of the core
valence band. In the case of compounds like SrI2 and CaF2 the
transition is observed from conduction band to valence band
and is called Auger luminescence. These compounds (SrI2,
CaF2) are referred to as A-type where Eg < Evc, whereas in
the case of CsI, Eg > Evc − �Ev , where �Ev is the width of
the valence band and it is called AL-type and they exhibit fast
scintillation.

In this present work, we aim to understand the type of
transition involved in the inorganic halide scintillators XSrI3

where X = K, Rb, and Cs through electronic band structure
calculations. The other objective of the present work is
to understand the effect of van der Waals interactions on
crystal binding and its effect on other physical properties.
The organization of the paper is as follows. In Sec. II we

115209-11098-0121/2012/86(11)/115209(8) ©2012 American Physical Society

http://dx.doi.org/10.1103/PhysRevB.86.115209


G. SHWETHA AND V. KANCHANA PHYSICAL REVIEW B 86, 115209 (2012)

have presented the computational details of the present work.
Section III deals with the results and discussions and at
the end we have given a brief conclusion of the present
study.

II. COMPUTATIONAL DETAILS

We have performed geometry optimization with Cambridge
Series of Total Energy Package (CASTEP) code27–29 using
Vanderbilt-type ultrasoft pseudopotentials.30 The plane wave
cutoff energy of 430 eV and 6 × 6 × 2 k mesh was used
to achieve reasonable convergence. The sampling integration
over the Brillouin zone was employed by using Monkhorst-
Pack31 method. The exchange-correlation potential of Ceper-
ley and Alder32 parametrized by Perdew and Zunger33 in
the local density approximation and the generalized gradient
approximation with the Perdew-Wang (PW91)34 parametriza-
tion were used. The structure parameters were calculated by
using the Broyden, Fletcher, Goldfarb, and Shannon (BFGS)
minimization technique.35 All the three studied compounds
crystallize in the orthorhombic structure with space group
Cmcm(63). The experimental atomic positions of CsSrI3

compound are used for optimizing the position of the re-
maining compounds due to the lack of experimental data.
We have taken the experimental lattice parameters as an
initial step for the geometry optimization using the various
exchange-correlation functionals available. Since the present
materials have layered crystal structure, the van der Waals
(vdW) interactions would play a dominant role on the physical
and chemical properties. We have also included these vdW
interactions by means of semiempirical dispersion corrected
density functional theory as implemented in CASTEP code.
In this semiempirical dispersion corrected DFT (DFT-D),36–42

the long range interactions are approximated by a simple
long range potential fij (R) · C6,ij · R−6

ij , where C6,ij is the
dispersion coefficient between any atom pair i and j at
a distance Rij and fi,j (R) is the damping function which
is equal to zero for smaller values of Rij (short range)
and one for larger values of Rij . The calculated dispersion
coefficients C6,ij are 6.132 × 103, 7.009 × 103, 1.031 × 104,
3.254 × 103, 2.244 × 102 eV Å6 and vdW radii R0

ij are 3.92,
4.22, 4.50, 3.84, and 2.66 Å for K, Rb, Cs, Sr, and I,
respectively.

For computing the electronic and optical properties of
the above mentioned compounds, we have employed the
full-potential linearized augmented plane wave (FP-LAPW)
plus local orbital method as implemented in the WIEN2k43,44

package. We have relaxed the internal atomic positions by
using the Perdew-Burke-Ernzerhof generalized gradient ap-
proximation for the exchange-correlation functional (Table I).
In order to relax the atomic positions, we have considered the
experimental lattice parameters as input, and then optimized
the atomic positions by minimizing the forces on atoms, i.e.,
forces on all the atoms are almost equal to zero. Once the
forces are minimized, one can find the self-consistent density
at these positions by turning off the relaxations and driving the
system to be self-consistent. We have used 11 × 11 × 4 k mesh
in the Brillouin zone (BZ) for the self consistent calculation
with RMTKmax = 7, where RMT is the smallest of all atomic
sphere radii and Kmax is the plane wave cutoff. We have

TABLE I. Optimized internal atomic positions from total energy
minimization using FP-LAPW.

KSrI3 RbSrI3 CsSrI3

X x 0.0000 0.0000 0.0000
X y 0.7489 0.7479 0.7477
X z 0.2500 0.2500 0.2500
Sr x 0.0000 0.0000 0.0000
Sr y 0.0000 0.0000 0.0000
Sr z 0.0000 0.0000 0.0000
I1 x 0.0000 0.0000 0.0000
I1 y 0.3587 0.3589 0.3615
I1 z 0.0600 0.0535 0.0489
I2 x 0.0000 0.0000 0.0000
I2 y 0.0821 0.0711 0.0592
I2 z 0.2500 0.2500 0.2500

used Perdew-Burke-Ernzerhof (PBE),45 Engel-Vosko (EV),46

and Tran and Blaha modified Becke-Johnson potential (TB-
mBJ)47–50 functionals for calculating the electronic properties
and TB-mBJ alone for calculating the optical properties
because of the improved band gap. The EV functional is
obtained by optimizing the exchange-correlation potential Vex

instead of the energy Eex, and was designed to reproduce
the exact band gaps rather than total energy. TB-mBJ is a
newly developed semilocal exchange-correlation functional
which uses information from kinetic energy density in addition
to the charge density as employed in standard GGA. These
functionals come in the framework of KS formalism and
they are computationally less expensive compared to hybrid
functionals. The TB-mBJ functionals cannot be used for total
energy calculations but yield improved band gaps in wide
variety of materials.4,5,47–50

III. RESULTS AND DISCUSSION

A. Structural properties

The XSrI3 (X = K, Rb, and Cs) compounds are found
to have layered structure as shown for CsSrI3 in Fig. 1.

FIG. 1. (Color online) (a) Crystal structure of CsSrI3 compound.
(b) Layered crystal structure of CsSrI3 compound. In order to show
the layered structure clearly we have presented the supercell structure
with an increase in the radius of the elements.
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TABLE II. Experimental and optimized lattice parameters, equi-
librium volume of KSrI3, RbSrI3, and CsSrI3 compounds with LDA,
PW91 exchange-correlation functionals, and with OBS dispersion
correction method.

KSrI3 RbSrI3 CsSrI3

LDA a(Å) 4.56 4.62 4.68
b(Å) 14.76 14.99 15.08
c(Å) 11.59 11.78 12.14

volume(Å3) 779.81 816.79 856.96

GGA-PW91 a(Å) 4.75 4.86 4.81
b(Å) 15.65 16.067 16.780
c(Å) 12.07 12.21 12.31

volume(Å3) 897.07 952.30 1009.97

GGA-PW91 + OBS a(Å) 4.72 4.78 4.86
b(Å) 15.38 15.58 16.10
c(Å) 11.97 12.14 12.31

volume(Å3) 868.25 903.21 964.16

Expt.56 a(Å) 4.72 4.77 4.82
b(Å) 15.35 15.55 15.78
c(Å) 11.94 12.10 12.58

volume(Å3) 865.03 896.89 955.95

We have performed full geometry optimization including
lattice parameters and atomic positions with the usual DFT
exchange-correlation functionals using CASTEP code. We
found a large discrepancy between the theory and experimental
volume, which may be due to the inadequacy of normal
DFT calculations to capture the van der Waals effects in
these systems. Hence we employed the DFT-D method to the
crystal and relaxed it leading to comparable results with the
experiments. However, some of the DFT-D methods (Grimme,
TS) are not yet implemented in CASTEP code for the elements
(like Cs, Ba, Tl, Pb, Bi, etc.) of 6th, 7th periods of the
Periodic Table in CASTEP code. Therefore, in the present

TABLE III. Calculated band gap of XSrI3 (X = K, Rb, Sr)
compounds in eV using different functionals.

KSrI3 RbSrI3 CsSrI3

PBE 3.81 3.86 3.84
EV 4.42 4.43 4.38
TB-mBJ 4.74 4.80 4.79

study, we have performed full structural optimization using the
available GGA-PW91 + OBS method for XSrI3 (X = K, Rb,
and Cs) compounds to account for the vdW interactions and
the calculated ground state properties of these compounds with
this correction are in excellent agreement with experiment in
contrast to the standard LDA and GGA functionals. The lattice
parameters, equilibrium volume of these compounds with
different exchange-correlation functionals, and dispersion
correction are given in Table II and it clearly indicates that the
inclusion of van der Waals interactions improves the results
significantly.

B. Electronic properties

The band structure of X(X = K, Rb, Cs)SrI3 compounds
(at experimental lattice constant) is calculated using three
functionals (PBE, EV, and TB-mBJ) and the band structure
using TB-mBJ alone is shown in Fig. 2, and the corresponding
band gaps are reported in Table III (for three functionals). From
the table, we could find that TB-mBJ values are improved when
compared to LDA/GGA. The TB-mBJ functional improves the
band gap compared to PBE, EV functionals which is clearly
seen from the density of states (DOS) plots also, where we
have shown the DOS for all the three functionals in Fig. 3. All
the compounds under study are found to be insulators with an
indirect band gap between valence band maximum (VBM) at

FIG. 2. Band structure of KSrI3, RbSrI3, and CsSrI3 along the high symmetry directions using TB-mBJ functional.
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FIG. 3. (Color online) Density of states for KSrI3, RbSrI3, and CsSrI3 as calculated with the PBE, EV, and TB-mBJ functionals. The Fermi
level is shifted to zero.

� point and the conduction band minimum (CBM) at H point
(Fig. 2).

The valence band of XSrI3 (X = K, Rb, Cs) compounds
contains three regions (from the density of states) as shown
in Fig. 4: bottom most, middle, and top of the valence band.
For KSrI3 [Fig. 4(a)], the bottom most valence band below
the Fermi level spread around −12.9 to −12.7 eV dominated
mostly by K-p like states. The middle of the valence region
extending around −10.8 to −10.38 eV are mainly from the
I-s like states hybridized with Sr-p and K-p like states. The
region near the Fermi level, i.e., top of the valence band spread
around −2 to 0 eV have predominantly I-p like character
with very less contribution from the Sr-d and p states. In
the case of RbSrI3, the bottom most, middle, and top of the
valence bands spread around −10.83 to 10.31 eV, −9.8 to
−9.5 eV, and −2 to 0 eV, respectively. The bottom region
is dominated by the I-s states hybridized with the Rb-p
and Sr-p states, whereas the middle region is dominated by
Rb-p like states with less contribution from the I-s states.
The contribution for the top of the valence band region
is mainly from the hybridization of I-p, Sr-d, p, and s

states.

For CsSrI3 [Fig. 4(c)], the bottom of the valence band region
extends from −10.65 to −10.29 eV and is dominated mostly
by the I-s like states hybridized with the Sr-p states and the
middle of the valence band region which spread from −7.2 eV
to −6.9 eV is dominated by the Cs-p like states with very less
contribution from I-s states. The topmost region extending
from −1.9 to 0 eV is due to the hybridization of the I-p, Sr-d,
and Cs-p states (the contribution is less from the Sr and Cs).
Conduction band of all the three compounds are dominated by
Sr-d states, X(X = K, Rb, and Cs)-d states.

Among the three band regions, the lowest band is dominated
by K-p states in the case of KSrI3, whereas I-s states are
present in remaining compounds and the middle region is
mainly contributed by the I-s, Rb-p, and Cs-p states for KSrI3,
RbSrI3, and CsSrI3 compounds, respectively, which is clearly
seen in Fig. 4. The top of the valence band is composed mostly
of I-p states (less contribution from Sr-s, p, and d states) for all
the compounds and this is because of the high electronegativity
of iodine when compared to other elements. This again is well
explained using the charge density plots in the next section.
Bandwidth of the upper valence band region is almost the same
for all the compounds under study.

FIG. 4. (Color online) Site projected density of states of KSrI3, RbSrI3, and CsSrI3 using TB-mBJ functional.
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FIG. 5. (Color online) Difference valence electron-density plots of XSrI3 (X = K, Rb, Cs) in (100) plane using WIEN2k package.

C. Chemical bonding

To analyze the chemical bonding in the investigated
compounds [XSrI3 (X = K, Rb, Cs)], we have plotted the
charge density difference plots along (100) plane and are
shown in Fig. 5. Due tothe higher electronegativity of the
iodine (I), compared to the metal atoms X (K, Rb, and Cs)
and Sr we observe charge transfer from X, Sr towards the I
atoms. This readily reveals the presence of ionic bonding in
these materials. In the charge density plots, the presence of
isolated atoms indicate the ionic nature of these compounds.
Nevertheless, the charge present around the metal atom and
the iodine atom mutually share between themselves and the
sharing of the charge increases from K to Cs. This indicates
that there is also a slight covalent bonding present in these
materials and it increases from K to Cs. This fact can also be
understood from the DOS plots. From Fig. 4, we can observe
hybridization of I-p and Sr-d, p states in the energy region
−2 eV to 0 eV (the I-p states are dominant) which clearly
indicate the existence of covalent bonding between Sr and I.
This hybridization of I and Sr increases from KSrI3 to CsSrI3

indicating the increase in the covalent nature as one moves
from KSrI3 to CsSrI3.

D. Optical properties

In this section, we discuss the calculated optical properties
of the compounds under study using the the TB-mBJ func-
tional. Since optical property calculations need a dense mesh
of uniformly distributed k points, we use the 23 × 23 × 8
mesh with 720 k points in the irreducible Brillouin zone
(IBZ). The calculated absorptive part ε2 and the dispersive
part ε1 of the complex dielectric function ε(ω) as a function
of the photon energy are shown in Fig. 6. The imaginary
part of the dielectric function illustrates the optical transition
mechanism. The real part ε1 of the dielectric function can
be derived from the imaginary part of dielectric function
using the Kramers-Kronig relations. The knowledge of both
the ε1 and ε2 allows the calculation of important optical
functions such as refractive index, reflectivity, and absorption
coefficients.

In the imaginary part of complex dielectric function of
KSrI3 as seen in Fig. 6, we find peaks around 6.27 eV, 7.55 eV
and the highest energy peak is observed around 21–24 eV
region [designated as A1, B1, and C1 in Fig. 6(a), lower
panel], respectively. The peaks A1, B1 arise mainly due to
the transition from I-p states to conduction band (may be

FIG. 6. Real (upper panel) and imaginary (lower panel) parts of dielectric constants KSrI3, RbSrI3, and CsSrI3 as calculated with the
TB-mBJ functionals.
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FIG. 7. Calculated refractive index (n) and extinction coefficients (k).

to the Sr-d and K-d states) and the C1 peak may be mainly
due to the transition from the lower valence level, i.e., from
K-p states to higher energy levels of conduction band. The
maximum for ε2 is 4.74 is observed at energy 7.55 eV. In
the case of RbSrI3 these peaks are observed at 6.12 eV and
7.56 eV [A2, B2 in Fig. 6(b)] and are due to transition from
I-p states to conduction band (may be to the Sr-d and Rb-d
states), a broad peak around 15.8–19.58 eV [C2 in Fig. 6(b)]
may be due to the transition from Rb-p to the conduction
band, and the high energy peak is at 22 eV which may be
due to the transition from I-s states to higher energy levels
of conduction band shown as D2 in Fig. 6(b) and maximum
for ε2 is 4.75 around 7.56 eV. In CsSrI3 the peaks around
6.02 eV and 7.49 eV are due to the transition from I-p
states to the conduction band (may be Sr-d and Cs-d states)
followed by a broad peak around 12.5–15.81 eV which may
be due to the transition from Cs-p to conduction band and
peak at 21–23.6 eV arises due to the transition from I-s to
higher conduction band levels as shown in Fig. 6(c) and a
maximum of 4.67 is observed at 7.5 eV. In all the three
compounds, the low energy peaks correspond to transition
from I-p states to conduction band, whereas high energy peaks
are probably due to transition from lower level valence band
(K-p states for KSrI3, I-s states for RbSrI3 and CsSrI3) to
the higher energy levels of conduction band. To the best of
our knowledge, there are no experimental data available for
comparison.

As a next step, we have calculated the refractive index
and the same along the three different directions (for all the
three compounds) are shown in Fig. 7, which shows the
optically isotropic nature of these compounds in the low
energy range. For lower energies, refractive index values
are almost constant and as the energy increases they attain
a maximum value (near the absorption edge) and exhibit
decreasing tendency for higher energy values. Refractive index
is found to (decrease from KSrI3 to RbSrI3 and increase from
RbSrI3 to CsSrI3) follow an opposite trend to the band gap for
all the three compounds (band gap increases from KSrI3 to
RbSrI3 and decreases from RbSrI3 to CsSrI3). A similar trend
is also observed in KI, RbI, and CsI compounds.51 The static
refractive index n(0) is found to be around 1.782, 1.777, and
1.786 (average values along the three directions) for XSrI3

(X = K, Rb, and Cs), respectively. The refractive index along
three crystallographic directions, i.e., na , nb, and nc directions

are given in Table IV. The refractive index reaches a maximum
value of 2.43, 2.43, 2.44 at 5.89 eV, 5.80 eV, 5.74 eV for KSrI3,
RbSrI3, and CsSrI3 compounds, respectively, which are yet
to be compared due to the nonavailability of experimental
data.

As mentioned earlier, absorption coefficient of three com-
pounds as a function of photon energy is calculated from
the dielectric function (ε1 and ε2) and is shown in Fig. 8,
which reveals the manner by which the compounds absorb the
incident radiation. Absorption spectra and electronic structure
permit basic understanding of scintillating characteristics of
materials. The imaginary part of the dielectric spectra is
directly proportional to the absorption spectra. In all three
compounds, below 5 eV there is no response from these
systems which indicate the optical gap of the compounds being
around 5 eV. Below this energy range (5 eV) these materials
behave like transparent materials. For all the compounds
optical absorption spectra is observed in the range of 5–30 eV,
i.e., in the ultraviolet region.

The electron energy loss spectra (EELS) represents the
motion of the fast electron across the medium that loses an
energy per unit length. Prominent features of these spectra
is shown in Fig. 9. In KSrI3 the peaks are observed around
15.36 eV and 24.55 eV, whereas in RbSrI3 peaks are observed
at 14.7 eV, 19.37 eV and high energy peak at around 23.56 eV.
In CsSrI3 these peaks are observed around 12.40 eV (small),
17.71 eV, and 23.57 eV. These prominent peaks in the EELS
spectrum are interpreted as plasmon peaks, which denote the
electronic charge collective oscillations in the crystal and
the corresponding frequencies are called plasma frequencies.
Unfortunately, there are no experimental data available to
compare our results.

The above investigated compounds are found to be optically
isotropic in the low energy region, though they are structurally
anisotropic which is the key requirement for the ceramic

TABLE IV. Static refractive index values of KSrI3, RbSrI3, and
CsSrI3 along the three crystallographic directions.

KSrI3 RbSrI3 CsSrI3

na 1.787 1.780 1.788
nb 1.782 1.774 1.781
nc 1.778 1.776 1.789
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FIG. 8. Absorption spectra of KSrI3, RbSrI3, and CsSrI3 (absorption spectra of CsI is inserted in CsSrI3 plot).

scintillators, but CsSrI3 is found to be more isotropic in
comparison with the other two investigated compounds which
is clearly evident from Fig. 7. As discussed earlier in Sec. I,
KSrI3, RbSrI3 are of A type, whereas CsSrI3 is of AL type.
When the radiation is incident holes are created in the valence
band and electrons are created in the conduction band. In all
three compounds, radiative transition is possible by the recom-
bination of holes from the valence band and electron from the
conduction band, but in the case of CsSrI3 the energy difference
between core valence band and the valence band is almost
equal to the energy gap (AL type), and one can also expect tran-
sition of electrons from the valence band to the core valence
band which may lead to the fast luminescence in CsSrI3. This
is compared with the CsI7,8,16,52–55 and is also evident from the
absorption spectra of CsI (calculated using WIEN2k package)
and CsSrI3 as shown in Fig. 8, where we observe the absorption
peaks of both the compounds to be nearly in the same energy
range. Deich et al.7 observed superfast luminescence and fast
luminescence due to transition from I3/2 states to I1/2 and I-p
states to Cs-p states, respectively. As CsSrI3 is found to be of
AL type, we can also expect fast luminescence in CsSrI3, but
the splitting of I-p states is not seen with the inclusion of spin-
orbit coupling and this could be due to the presence of Sr states
in the valence band. So we may not expect any superfast lumi-
nescence in CsSrI3 compound, but we can expect fast lumines-
cence due to the transition from I-p states to Cs-p states. Emis-
sion spectra of the compounds is not analyzed here because
present calculation does not describe adequately the excited
states in solids. Moreover, Macdonald et al.24 also observed

core valence luminescence in CsMgCl3, CsSrCl3 like CsCl
which clearly reveals that the presence of additional cation in
these compounds weakly influence the valence band formation
as most of the cation states are present in the conduction
band. Based on the earlier reports and our present calculations,
we can expect fast luminescence in CsSrI3 compound similar
to CsI.

IV. CONCLUSIONS

We have studied the XSrI3 (X = K, Rb, and Cs) systems
with layered structure, where the vdW interactions play a major
role in crystal binding and other related properties. To treat
vdW interaction in our calculations, we use the OBS correction
scheme within PW91 parametrized by GGA as implemented in
CASTEP. We investigated the electronic and optical properties
of KSrI3, RbSrI3, and CsSrI3 compounds with TB-mBJ and
compared with the PBE, EV functionals (WIEN2k). We
found better improvement of these properties with TB-mBJ
functional compared to other functionals. We found these
compounds to be indirect band gap materials with VBM at �

point and CBM at H point. The top of the valence band of all the
compounds are dominated by I-p states and conduction band
by Sr-d states and X(X = K, Rb, and Cs)-d states. The optical
transitions are of charge transfer character between metal
(alkali, alkaline-earth) derived conduction bands and halogen
p-derived valence states. These compounds are found to be
optically isotropic though they are structurally anisotropic
which cause these materials to be better candidates for the

FIG. 9. Electron energy loss function of KSrI3, RbSrI3, and CsSrI3 compounds as calculated with TB-mBJ functionals along the three
directions.
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development as a transparent ceramic scintillators. Among the
three compounds studied, we find KSrI3 and RbSrI3 to be of
A type and CsSrI3 to be of AL type, which makes CsSrI3 to
be fast scintillating compared to the other compounds under
present study.
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