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Perovskite materials with the general formula ABX3 have attracted considerable interest due to their
broad potential in applications such as optoelectronics, solar energy conversion, and catalysis. In this
study, the �uoroperovskite compound TlSrF3 is theoretically investigated for its suitability for scintil-
lation detector applications. A comprehensive analysis of its structural, electronic, optical, and ther-
modynamic properties was conducted using density functional theory. The results reveal that TlSrF3

con�rms a stable cubic perovskite phase with the space group Pm-3m (no. 221). The calculated elec-
tronic band structure and density of states reveal a direct, wide band gap of approximately 4.40 eV at a
high-symmetry point in the Brillouin zone, indicative of strong insulating behavior. Optical properties
analyzed over the photon energy range of 0�14 eV show high isotropy between the εxx and εzz compo-
nents, signi�cant ultraviolet absorption, and excellent transparency in the visible region � key features
for scintillation detection. Thermodynamic stability across wide temperature and pressure ranges is
con�rmed via the GIBBS2 code calculations. In the absence of experimental data, these theoretical
insights o�er a reliable foundation for future experimental validation and device-level integration. This
work con�rms the potential of �uoroperovskites as functional materials in advanced detection and en-
ergy technologies.
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1. Introduction

Materials with enhanced properties are essential
for advanced technological applications in a wide
range of current and emerging devices [1, 2]. Per-
ovskite materials, in particular, represent a dynamic
research frontier with signi�cant potential to revolu-
tionize energy conversion, electronics, and advanced
functional materials [3]. The perovskite structure
is one of the most extensively studied frameworks
in materials science [4] owing to its diverse proper-
ties, including ferroelectricity, piezoelectricity, and
nonlinear optical behavior [5]. Moreover, these ma-
terials have emerged as promising candidates for
spintronics [1, 2]. Based on the constituent atomic
species, perovskites can be classi�ed into three
main categories: inorganic [6, 7], organic [8], and
inorganic�organic hybrids [9].

The general chemical formula of perovskite com-
pounds is ABX3, where A and B are two cations
of di�ering sizes, and X is an anion that is bonded
to both cations [4, 10]. When �uorine atoms oc-
cupy the X site, the resulting compound is referred
to as �uoroperovskite (ABF3) [11, 12], which is well
known for its distinctive geometric and physical fea-
tures, such as photoluminescence and favorable op-
tical characteristics [13]. This compound exhibits
high chemical stability, wide band gaps, and excel-
lent optical transparency, rendering it highly attrac-
tive for nonlinear optics, ultraviolet-transparent ap-
plications, and radiation detection [10, 14, 15].
Recent theoretical studies have examined

Tl-based �uoroperovskites, providing insights
into the properties of TlSrF3. Sohail et al. [16]
investigated TlCaF3 and TlCdF3, reporting lattice
constants close to 4.19 Å, cubic structural stabil-
ity, and direct band gaps of ∼ 5.6�5.7 eV, along
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with notable optical absorption in the ultraviolet
(UV) region. Khan et al. [17] investigated TlXF3

(X = Zn, Sr), �nding that TlSrF3 possesses a
direct wide band gap of approximately 4.37 eV,
along with a strong dielectric response and UV
optical activity. More recently, Ayub et al. [18] con-
�rmed the dynamic (phonon) stability of TlSrF3

(and TlBeF3) via positive phonon dispersion
relations, with an optimized lattice constant equal
to ∼ 4.89 Å, which con�rms the the robustness
of its cubic structure. These cumulative �ndings
justify the need for a deeper computational study
of the electronic, optical, and structural properties
of TlSrF3 under varied conditions.
Despite these advances, most existing studies

have either focused on structural and optical prop-
erties under standard conditions or lacked a uni�ed
evaluation of the thermodynamic behavior, elec-
tronic transitions, and energy-loss mechanisms. In
addition, the scintillation potential of TlSrF3 re-
mains largely unexplored from a comprehensive
theoretical perspective. These gaps underscore the
need for a more integrated study to assess the full
functional suitability of this material.
Interest in perovskite materials was revital-

ized following the discovery of high-temperature
superconductors (HTSCs). These materials, in
particular, have shown strong promise in direct-
conversion radiation detectors due to their e�ciency
in converting ionizing radiation into electrical sig-
nals [10, 19, 20]. TlSrF3 is a notable example within
this family, adopting a cubic ABF3-type structure,
where thallium (Tl+) and strontium (Sr2+) occupy
the A and B lattice sites, respectively, with the
space group Pm−3m [21].
This study focuses on exploring the structural,

electronic, optical, and thermodynamic characteris-
tics of TlSrF3 through �rst-principles calculations
within the framework of density functional theory
(DFT). Structural analysis and charge density map-
ping are conducted to gain insight into the bonding
behavior of the compound. Furthermore, key opti-
cal parameters � including absorption coe�cient,
refractive index, dielectric function, and energy loss
function � are systematically examined, along with
thermodynamic indicators, to evaluate the suitabil-
ity of TlSrF3 for applications in ionizing radiation
detection.
This paper is structured as follows. Section 2

outlines the computational methodology and the-
oretical framework. Section 3 presents and dis-
cusses the obtained results, and Sect. 4 provides the
conclusions of the study.

2. Computational details

We have carried out �rst-principles calcula-
tions using the full-potential linearized augmented
plane wave (FP-LAPW) method [22, 23] based

on density functional theory (DFT), as imple-
mented in the WIEN2k code [24]. In these
calculations, the exchange�correlation functional
was approximated using the generalized gradi-
ent approximation (GGA) in the Perdew�Burke�
Ernzerhof (GGA-PBE) [25, 26] formulation. In the
FP-LAPW method, the crystal unit cell is divided
into two distinct regions, i.e., the non-overlapping
atomic spheres, called mu�n-tin (MT) spheres, and
the interstitial region (IR) outside these spheres.
Accordingly, two di�erent sets of basis functions
are used, i.e., the plane wave (PW) expansion in
the interstitial region and the spherical harmonics
basis functions inside the mu�n-tin spheres, with
the angular momentum quantum number extended
up to lmax = 10. The core and valence states are
treated di�erently. The core states are treated rel-
ativistically, while valence states are treated within
a scalar relativistic approximation. The mu�n-tin
radii RMT are chosen such that the spheres do not
overlap. The plane wave cuto� is de�ned by the pa-
rameter RMT Kmax = 7, where Kmax is the largest
reciprocal lattice vector used in the plane wave ex-
pansion. The cuto� for the Fourier expansion of the
charge density is set to Gmax = 12 (a.u.)−1.
To ensure total energy convergence, the number

of k-points was varied until the cuto� energy conver-
gence criterion of 10−4 Ry was satis�ed. Finally, the
lattice constant and bulk modulus were determined
by �tting the total energy as a function of volume
using the Birch�Murnaghan equation of state.

3. Results and discussion

3.1. Structural properties

We begin by examining the structural properties,
as this step is essential for assessing the stability
of TlSrF3 and serves as a foundation for evaluat-
ing its other physical characteristics. TlSrF3 crys-
tallizes in a cubic perovskite structure, crystalliz-
ing in the Pm−3m (no. 221) space group. In this
structure, the strontium (Sr) cation occupies the
Wycko� position (0, 0, 0), located at the corners of
the cubic unit cell, while the thallium (Tl) cation
is situated at the body center, corresponding to the
Wycko� position ( 12 ,

1
2 ,

1
2 ). The �uorine (F) an-

ions reside at the face centers of the cube, occu-
pying the Wycko� positions ( 12 , 0, 0), (0, 1

2 , 0),
and (0, 0, 1

2 ), or equivalently, (0,
1
2 ,

1
2 ), (

1
2 , 0,

1
2 ),

and ( 12 ,
1
2 , 0), depending on the chosen conven-

tion of origin [27, 28]. This atomic arrangement is
characteristic of cubic �uoro-perovskites. The crys-
tal structure is illustrated in Fig. 1.
The investigation starts with the calculation of

the total energy as a function of volume, which
is subsequently �tted using the Birch�Murnaghan
equation of state [29]. The resulting energy�volume
curve is shown in Fig. 2. From this �tting, key
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Fig. 1. Crystal structure of cubic perovskite
TlSrF3.

TABLE I

Calculated lattice constant (a0 [Å]), bulk modulus
(B [GPa]), pressure derivative of the bulk modulus
(B′ [GPa]), energy (E [Ry]), ground state volume
(V0 [(a.u.)3)], bond lengths (d [Å]), and tolerance fac-
tor (t) of cubic TlSrF3.

Parameter
Present
results

Other results

a0 [Å] 4.7928 4.8879 [18], 4.790 [30],
4.78 [17], 4.724 [31]

B [GPa] 41.0973 36.45 [18], 40.70 [30]
B′ [GPa] 5.0574 5.0592 [18], 5.0 [30]
E [Ry] −47536.7906 −
V0 [(a.u.)3] 742.9521 788.0924 [18],

741.523 [30]
⟨dTl−F⟩ [Å] 6.4043 −
⟨d Sr−F⟩ [Å] 4.5285 −
⟨dTl−Sr⟩ [Å] 7.8436 −
t 0.9998 −

structural parameters of the compound including
the equilibrium lattice constant (a0), bulk modulus
(B), its pressure derivative (B′), ground-state vol-
ume (V0), and the total energy (E), were extracted
and are summarized in Table I.
Table I presents the ground state properties of

cubic TlSrF3. The optimized lattice parameter was
found to be 4.7928 Å. Comparison with previous
studies reveals that our result is consistent with
the values reported in [17] and [30], validating
the accuracy of the exchange�correlation potential
used in this work. The slight deviations observed
compared to the papers [18] (4.8879 Å) and [31]
(4.724 Å) may be attributed to di�erences in the
computational methods or pseudo-potentials used
in those studies. Our bulk modulus B = 41.10 GPa
is in excellent agreement with the literature value
40.70 GPa [30] (∼ 1%) and higher than the value
36.45 GPa reported in [18] (∼ 12.7%). Our pressure
derivative B′ ≈ 5.06 is essentially identical to the
previous results (5.0 [18] and 5.052 [30]), indicating
a robust description of the compression behavior

Fig. 2. Energy as a function of volume for cubic
unit cell of TlSrF3.

across independent studies. Additionally, the geo-
metric stability of the crystal was assessed using
the Goldschmidt tolerance factor (t). The calculated
value of t = 0.9998 indicates that the TlSrF3

compound retains ideal cubic symmetry without
signi�cant distortion.
The bond lengths of Tl�F, Sr�F, and Tl�Sr were

also calculated, as these are critical for assessing the
structural stability of perovskite compounds. Addi-
tionally, the Goldschmidt tolerance factor (t) was
computed using the average bond lengths (here de-
noted with ⟨d⟩) of Tl�F and Sr�F, according to the
following relation [32]

t =
0.707 ⟨dTl−F⟩

⟨d Sr−F⟩
. (1)

The obtained value of t falls within the characteris-
tic range of cubic perovskite phases (0.95�1.04) [32],
supporting the argument for the structural stability
of TlSrF3. To the best of our knowledge, no experi-
mental data on the bulk modulus of this compound
has been reported to date. However, the calculated
lattice parameter shows good agreement with pre-
vious theoretical predictions, as evident in Table I.

3.2. Electronic structure and density
of states (DOS)

To explore the electronic properties of TlSrF3 and
gain insights into its fundamental physical charac-
teristics, we calculated the electronic band struc-
ture, along with the total and partial densities of
states (DOS). These calculations provide key in-
formation for determining whether the compound
behaves as an insulator, semiconductor, or metal.
The band structure was computed along high-

symmetry directions in the �rst Brillouin zone,
speci�cally: Γ (0, 0, 0), X ( 12 , 0, 0), M ( 12 ,

1
2 , 0),

and R ( 12 ,
1
2 ,

1
2 ), in the energy range from −4

to 12 eV at zero pressure. The Fermi level EF is set
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Fig. 3. Calculated band structures of the cubic
perovskite TlSrF3 using the PBE-GGA potential.

as the zero-energy reference. The calculated band
structure is presented in Fig. 3. As shown, both
the valence band maximum (VBM) and conduction
band minimum (CBM) occur at the X-point of the
Brillouin zone, indicating that TlSrF3 is a direct
band gap insulator with an estimated gap of ap-
proximately 4.40 eV.
The computed band gap values at various high-

symmetry points are summarized in Table II.
Although no experimental band gap values are cur-
rently available for this compound, these theoretical
predictions serve as a useful benchmark for future
experimental and computational studies.
In the present work, the band gaps were found

to be 7.20, 4.40, 5.49, and 6.16 eV along the Γ�Γ,
X�X, M�M, and R�R directions, respectively. Our
value calculated at the point X (4.40 eV) shows
excellent agreement with the previous GGA calcu-
lations (4.37 eV) reported in [17]. However, our re-
sult remains lower than the values obtained via the
hybrid Heyd�Scuseria�Ernzerhof (HSE) functional
(i.e., 5.74 eV [17]) or Tran�Blaha modi�ed Becke�
Johnson (TB-mBJ) potential (i.e., 6.03 eV [18]) �
these discrepancies can be attributed to the under-
estimation of band gaps within standard DFT.
Subsequently, the total and partial densities

of states (DOS) were computed and are shown
in Fig. 4. The total DOS reveals the electronic struc-
ture of TlSrF3, with the Fermi level (EF) set to 0 eV.
The valence band maximum (VBM) lies just be-
low EF and is dominated by contributions from F-p
orbitals, exhibiting a single peak located within the
range of approximately −2 to −6 eV. This behavior
is consistent with typical perovskite halides, where
anion-p states form the top of the valence band.
Deeper valence states (from −6 to −12 eV) arise
primarily from Tl-p states, with additional contri-
butions from F-p orbitals.
The conduction band minimum (CBM), located

≃ 1�4 eV above EF, is characterized by strong hy-
bridization between the Tl and Sr total states,
indicating metal�cation driven dispersive bands.

TABLE II

Electronic band gap values [in eV] at selected high-
symmetry points in the Brillouin zone of TlSrF3.

Compound TlSrF3

EΓ−Γ
g EX−X

g EM−M
g ER−R

g Ref.

7.20 4.40 5.49 6.16
Present
work

− 4.37 (GGA) − − [17]
− 5.74 (HSE) − − [17]
− 6.03 (TB-mBJ) − − [18]

Sr-p orbital contributes moderately near EF, while
the contribution of F total states remains low in
the conduction region, which underscores the ionic�
covalent character.

3.3. Optical properties

Examining the optical properties of TlSrF3 is vi-
tal for understanding its response to electromag-
netic radiation and for determining its potential
for applications in optoelectronic devices. Optical
parameters were computed using the FP-LAPW
method with the GGA-PBE approximation, in the
photon energy range of 0�14 eV.
The frequency-dependent complex dielectric

function ε(ω) serves as a basis for determining sev-
eral optical quantities. These quantities include the
real and imaginary parts of the dielectric function
(ε1(ω) and ε2(ω), respectively), the refractive index
n(ω), the extinction coe�cient k(ω), the absorption
coe�cient I(ω), the re�ectivity R(ω), the optical
conductivity σ(ω), and the electron energy loss
function L(ω). They are de�ned by the following
relations
ε(ω) = ε1(ω) + iε2(ω), (2)

n (ω) =

√
ε1 (ω)

2
+

√
ε21 (ω) + ε22 (ω)

2
, (3)

k (ω) =

√
−ε1 (ω)

2
+

√
ε21 (ω) + ε22 (ω)

2
, (4)

I(ω) =
2ω k(ω)

c
, (5)

R (w) =
(1−n)

2
+ k2

(1+n)
2
+ k2

, (6)

σ(ω) =
2Wev ℏω

E0
=

ω

4π
ε2(ω), (7)

L(ω) = − ε2(ω)

ε21(ω) + ε22(ω)
, (8)
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Fig. 4. Total and partial densities of states of the cubic perovskite TlSrF3.

where ω is the angular frequency, ℏ is the reduced
Planck constant, Wev is the parameter describing
interband electronic transitions, and E0 is the ex-
ternal electric �eld amplitude.

3.3.1. Dielectric function

In the present study, the dielectric function for
perovskite TlSrF3 was computed to elucidate the
material's optical response. The complex dielectric
function consists of the real and imaginary parts,
ε1(ω) and ε2(ω), respectively, as de�ned in (2). The
calculated spectra for ε1(ω) and ε2(ω) in the pho-
ton energy range 0�14 eV are illustrated in Fig. 5a
and b, respectively.
At zero photon energy, the static dielectric con-

stant was found to be ε1(0) ≈ 2.3. A prominent
peak in the ε1(ω) function appears near 5.0 eV in
the UV region, corresponding to a strong interband
transition. This feature indicates the presence of
dense electronic states, likely resulting from orbital
hybridization. Beyond this peak, ε1(ω) decreases
sharply and displays several oscillations, attributed
to complex interband e�ects.
The static dielectric tensor shows near-perfect

isotropy, as evidenced by εxx(0) = εzz(0) = 2.30
and nxx(0) = nzz(0) = 1.52 (di�erences < 0.01; see
Table III). Overall, the computed frequency-
dependent spectra display a high degree of isotropy
between the εxx(ω) and εzz(ω) components, in line
with the cubic symmetry of TlSrF3. This behavior

TABLE III
Static dielectric constants and refractive indices.

Component ε1(0) n(0)

Along xx 2.30 1.52

Along zz 2.30 1.52

Di�erence < 0.01 < 0.01

corroborates the structural analysis and highlights
the compound's promise for isotropic optical and
photonic devices.
The spectrum of ε2(ω) shows that absorption

starts abruptly at≈ 4.2 eV. Below this energy, ε2(ω)
remains near zero, con�rming that TlSrF3 is highly
transparent in the visible region (1.65�3.1 eV).
A pronounced peak is observed at 5.6 eV, followed
by successive peaks at 6.7, 8.1, 9.4, and 10.4 eV.
These are attributed to allowed interband transi-
tions. Above 10.4 eV, ε2(ω) gradually decreases,
with minor �uctuations likely arising from high-
energy interband transitions involving deep valence
states or core-level excitations.

3.3.2. Refractive index and extinction coe�cient

The refractive index n(ω) and the extinction
coe�cient k(ω) are key optical parameters that
characterize the interaction of electromagnetic
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Fig. 5. Computed (a) real and (b) imaginary parts
of the dielectric function for the cubic perovskite
TlSrF3.

Fig. 6. Extinction coe�cient and refractive index
computed for the cubic perovskite TlSrF3.

radiation with materials. The refractive index n(ω),
representing the real part of the complex refractive
index, describes the phase velocity of light in the
absence of absorption. Conversely, the extinction
coe�cient k(ω), which is the imaginary part, quan-
ti�es the material's ability to absorb incident light.
The calculated spectra of both quantities are illus-
trated in Fig. 6.
At zero photon energy, the static refractive in-

dex is found to be n(0) ≈ 1.5, indicating high
optical transparency in the visible region. The
maximum refractive index of ≈ 2.1 is observed at
around 5.2 eV, corresponding to enhanced opti-
cal activity in the UV domain. Beyond this peak,
n(ω) gradually decreases, with minor oscillations
attributed to variations in the density of states and
interband transitions.
The extinction coe�cient k(ω) remains nearly

zero in the range 0�4 eV, con�rming negligible ab-
sorption in the visible spectrum. A sharp onset of
absorption is evident at ≈ 4.2 eV, followed by multi-
ple pronounced peaks near 5.7, 6.3, 8.8, and 10.5 eV.

Fig. 7. Optical conductivity and re�ectivity com-
puted for the cubic perovskite TlSrF3.

Fig. 8. Absorption coe�cient and energy loss
function computed for the cubic perovskite TlSrF3.

These features arise from interband transitions from
occupied valence states to unoccupied conduction
bands, consistent with the observed dielectric func-
tion spectra.

3.3.3. Optical conductivity and re�ectivity

Figure 7 presents the calculated optical conduc-
tivity σ(ω) and re�ectivity R(ω) spectra of TlSrF3.
The critical point for optical conduction in the σ(ω)
spectrum is identi�ed at ≈ 4.2 eV, signaling the
onset of notable interband electronic transitions.
A sharp rise in conductivity above this threshold
re�ects increased electronic excitation in the band
gap. The intensity and sharpness of the conductiv-
ity peaks are strongly in�uenced by the density of
occupied and unoccupied states, as well as the de-
generacy of the involved energy levels [33].
Several prominent peaks in the σ(ω) spec-

trum appear near 5.6, 6.8, 8.1, and 10.4 eV,
with the maximum optical conductivity reaching
≈ 3180 (Ω cm)−1. These features are in strong
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agreement with the peaks observed in the dielec-
tric and absorption spectra, thereby validating the
proposed interband transition mechanisms.
The static re�ectivity R(0) is calculated to

be ≈ 4.2%. In the low-energy region (0�3.5 eV),
R(ω) remains below 10%, indicating excellent trans-
parency in the visible range, an essential re-
quirement for applications in optoelectronic and
scintillation detectors. Beyond this range, the re�ec-
tivity increases nonlinearly, peaking at about 22.4%
near 6.9 eV, suggesting e�ective re�ective behavior
in the UV domain.

3.3.4. Absorption coe�cient and energy loss
function

The absorption coe�cient I(ω) and the electron
energy loss function L(ω) of TlSrF3 are illustrated
in Fig. 8.
The onset of signi�cant optical absorption is

observed at ≈ 4.2 eV, marking the beginning of
prominent interband electronic transitions. A steep
increase in I(ω) occurs between 5.7 and 10.5 eV,
indicating strong photon absorption in the ultra-
violet region. The absorption coe�cient reaches a
peak value of ≈ 100.5 × 104 cm−1 at 10.5 eV, re-
�ecting the material's high e�ciency in absorbing
UV radiation.
The energy loss function L(ω), which describes

the energy dissipated by fast electrons passing
through the material, exhibits two pronounced
peaks at around 9.6 and 12.5 eV. These peaks are
attributed to bulk plasmon resonances, indicative
of collective oscillations of the electron cloud. The
appearance of these features corroborates the inter-
band transitions observed in other optical spectra
and underscores the potential of TlSrF3 for appli-
cations involving high-energy photon interactions.

3.4. Thermodynamic properties

The thermodynamic behavior of the cubic per-
ovskite TlSrF3 under varying temperature and
pressure conditions was investigated using the
quasi-harmonic Debye model, as implemented in the
GIBBS2 code [34, 35] in conjunction with ab initio
calculations. The analysis was carried out over
a temperature range of 0�1000 K and a pressure
range of 0�35 GPa, focusing on several key thermo-
dynamic quantities: bulk modulus (B), equilibrium
volume (V ), isobaric heat capacity (Cp), isochoric
heat capacity (Cv), Debye temperature (θD), en-
tropy (S), thermal expansion coe�cient (α), and
Gibbs free energy (G).
The temperature dependence of these properties

at various pressures is depicted in Figs. 9�12. As
shown in Fig. 9, the equilibrium volume V increases
monotonically with temperature at constant pres-
sure, consistent with thermal expansion behavior.

Fig. 9. Variation of (a) volume V and (b) bulk
modulus B with temperature of cubic perovskite
TlSrF3.

Fig. 10. Variation of (a) isochoric heat capacity Cv

and (b) isobaric heat capacity Cp with temperature
of cubic perovskite TlSrF3.

In contrast, the bulk modulus B decreases with
increasing temperature, indicating softening of the
lattice. However, as pressure increases, B increases
signi�cantly, re�ecting enhanced resistance to vol-
ume changes and increased lattice sti�ness.
Figure 10 shows that both the isochoric and

isobaric heat capacities (Cv and Cp, respectively)
increase monotonically with temperature and ap-
proach the Dulong�Petit limit at high tempera-
tures, which is characteristic of crystalline solids. A
slight reduction in both quantities is observed under
elevated pressures, suggesting a subtle sti�ening of
phonon modes due to compression.
As illustrated by the results in Figs. 9 and 10,

the observed decrease in bulk modulus with in-
creasing temperature is directly attributed to lat-
tice softening, which facilitates atomic vibrations
and enhances both Cv and Cp. Conversely, the in-
crease in B under higher pressure corresponds to
stronger interatomic bonding, resulting in reduced
vibrational amplitudes and slightly lower heat
capacities.

112



DFT Study of TlSrF3: Structural, Optical. . .

Fig. 11. Variation of (a) entropy S and (b) De-
bye temperature θD with temperature of cubic per-
ovskite TlSrF3.

Fig. 12. Variation of (a) thermal expansion coe�-
cient α and (b) Gibbs free energy G with tempera-
ture of cubic perovskite TlSrF3.

This correlation highlights the intrinsic cou-
pling between elastic and thermodynamic proper-
ties, con�rming that variations in temperature and
pressure simultaneously in�uence the material's me-
chanical rigidity and vibrational behavior.
Figure 11 shows that the entropy S steadily

increases with temperature, re�ecting enhanced
vibrational activity and con�gurational disorder.
Conversely, the entropy decreases with applied pres-
sure, which can be attributed to the suppression
of crystal lattice vibrations caused by unit cell
compression. The Debye temperature θD, which
provides insight into lattice dynamics and bonding
strength, increases markedly with pressure, indicat-
ing stronger interatomic interactions in the com-
pressed state.
As illustrated in Fig. 12, the thermal expan-

sion coe�cient α decreases with increasing pres-
sure, suggesting good structural resistance to ther-
mal deformation � an essential characteristic for
high-temperature applications.

Furthermore, throughout the investigated
temperature and pressure ranges, the Gibbs free
energy G remains negative, with its magnitude
decreasing as temperature increases. This trend
con�rms the thermodynamic stability of TlSrF3

under the studied conditions. Overall, this com-
pound exhibits notable thermal and mechanical
robustness.

4. Conclusions

In this work, the structural, electronic, opti-
cal, and thermodynamic properties of the �uo-
roperovskite TlSrF3 were systematically investi-
gated using �rst-principles calculations within the
FP-LAPW method and the GGA-PBE approxima-
tion. Optimized structural parameters con�rm the
stability of the cubic perovskite phase (Pm−3m),
which was supported by the calculated tolerance
factor and the equilibrium energy�volume relation.
Analysis of the electronic band-structure reveals a
direct, wide band gap (∼ 4.4 eV at the X�X tran-
sition), classifying TlSrF3 as an insulating material
with potential for ultraviolet-active applications.
Optical analysis shows strong UV absorption,

high transparency in the visible region, and pro-
nounced optical isotropy, consistent with cubic
symmetry. These properties underscore the ma-
terial's suitability for optoelectronic and scintil-
lation-based detection technologies. Furthermore,
thermodynamic modeling using the quasi-harmonic
Debye approach indicates that TlSrF3 maintains
mechanical and thermal stability over wide ranges
of temperature and pressure. This also agrees with
the trends in heat capacity and bulk modulus, re-
�ecting the coupling between elastic sti�ness and
lattice vibrations.
Overall, the predicted combination of structural

robustness, optical transparency, and thermal sta-
bility identi�es TlSrF3 as a promising candidate for
radiation detection, UV-optical components, and
related energy-conversion applications. Future work
should include experimental validation and Monte
Carlo radiation-transport simulations to quantify
its scintillation performance � particularly light
yield and energy resolution � in practical device
con�gurations.
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