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Abstract

The most commonly used and studied halide perovskite is ABX3;, where A stands for Rb, B for Sn, and X for Br. A
perovskite with high stability and ideal electronic band structure would be of essence, especially considering the
materials used for solar cells. In this work, we have considered the two phases (cubic, orthorhombic) of RbSnBrs3. the two
structures are studied to understand how are the crystal structure stability, band gap and the electronic properties
including the total density of states and the projected densities of state have been studied, we found a good agreement
with experiments and other calculations. The material has a band gap of 0.57 ev resulting from the transition Br 4P5 —

Sn 5P2 that makes the material as a good perovskite compound candidate of a great interest for potential solar-cell

applications.
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Introduction

Perovskites are a large family of crystalline ceramics
that takes their name from a specific mineral called
(CaTiO3) because of their crystalline structure. As early as
the 1990s, applications of perovskites underwent a major
revolution thanks to their low cost for photovoltaic cells.
Among the first tests is to introduce perovskite in a
photovoltaic cell quadrupled to achieve yields of about
30%, exceeding the yield of silicon cells such as OLEDs
(Organic Light Emitting Diodes), transistors and photo
detectors [1,2]. Rubidium-tin III Bromine RbSnBr3 is a
perovskite material considered among the class of
luminescent materials, it has specific characteristics such
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that: the maximum emission wavelength is about 540 nm
[3]. These characteristics are also used to use this
material for applications based on the photo-luminous
principle such as solar cells. Several studies have been
made on luminescent materials [4-9], the two materials
RbSnCl; and RbSnl; have been investigated in several
studies [10].

Moreover, concerning the material RbSnBr;, our
research showed that no work was done except that it
was the subject of a single experimental study based on
the Raman spectrum measurement as a temperature
function between 14 and 520 K [11]. Thanks to its low
cost and its ease of transformation, the RbSnBr3 material
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is used in several photovoltaic applications such as: solar
cells based on DSSC (Dye-Sensitized Solar Cell)
architecture [12], optoelectronic devices such as
photodetectors [13], light-emitting diodes [14], lasers
[15], thin-film transistors [16], and OILEDs [17]. RbSnBr3
is characterized by a photoluminescence of high quantum
efficiency, with a narrow spectral width, as well as its very
low cost which makes it very attractive for industrialists.
This prompts us to further explore this material which is
characterized by such remarkable properties and
applications in different fields. Our work aims to explore
the structural and electronic properties of the three
phases (cubic, orthorhombic and triclinic) of this material
using the potential Pseudo formalism and the plane wave

method "implemented in the Quantum Espresso code [18].

Methodology and Structure

The DFT calculations are performed in the QUANTUM
ESPRESSO [14] simulation package with the
PerdewBurke-Ernzerhof (PBE-GGA) [15] generalized

gradient approximation (GGA) and plane-waves (PW)
pseudopotentials. All calculations are performed with a
cut-off of plane waves of 30 Ry and energy cut-off of 120
Ry. The Monkhorst k-point mesh used for these
calculations is 6x6x6. The energy convergence of the
calculated systemis 1 X 1076 eV.

The crystalline structure of RbSnBr3: Among the
luminescent materials, there are the conductive materials
which have the form, where A is an element of the group 1,
such as: rubidium (Rb), B is the element from the group
14 such as tin (Sn), X is the element from the group 17
such as bromine (Br).

Structures

The space group of the cubic structure (Figure 1) of
the material RbSnBr3 is Pm3. The orthorhombic structure
(Figure 2), is characterized by the space group Pnmn. The
triclinic structure (Figure 3), has a space group P1.

Figure 1: Cubic Structure of RbSnBr.  Ejgyre 2: Orthorhombic Structure of RbSnBrs.

Figure 3: Triclinic Structure of RbSnBrs.
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Structural Properties

Determining the parameters of the equilibrium
structure is the first and fundamental step. In this study,
we explore the three phases: cubic, triclinic and
orthorhombic of RbSnBrz. The determination of the
parameters of the equilibrium lattice, the bulk modulus of
compressibility and its derivative are obtained by the
extrapolation of the total energy versus the volume E_tot
(eV) by the Murnaghan state equation [1]:

BV [(V,/V)E'
E0) =5 | -

1] +cst (1)

where V,, B et B' are respectively: the volume of the
ground state, the compressibility modulus and its
derivative.

The equilibrium volume is given by the minimum of the
curve E_tot (V):

vy, (+2F - 2
=nl+3) @

The compressibility modulus B is determined by the
curvature of this curve:

B = VOZE 3)
RF1E

And its derivative of the compressibility coefficient B 'is
determined by fitage with the Murnaghan equation given
by the following equation:

B

B % B
EWV) = E, +B’(B’—0—1)[V (70) -~ VO] +B—‘Z(V —V,) (4)

Figure 4 shows the curve of variation of total energy as
a function of volume of RbSnBr3 for the three phases, from
which the equilibrium quantities (V0, a0, BO and B ') can
be obtained by the plane waves PW and the
pseudopotential method and which are summarized
respectively in the following (Tables 1-3):

Le matériau Approximation

a( A’) B(Gpa) B’ Total énergie

Cubic PW, Pseudopotentiel

5.986 16.03 4.27 -1211.3475528

Autre calcul

5.87 /

Table 1: The equilibrium parameter (4"), Total Energy (Ry) and the Bulk Modulus and its derivative (Gpa) for the cubic

structure of RbSnBrs.

Le matériau Approximation A (a.u) B(Gps) |B(a.u) | C(a.u) B’ Total Energie Total
Orthorhombic PW, Pseudopotentiel 8.83 150.78 18.01 | 33.91 1.002 -3700.86
Autre calcul 8.6 18.55 | 31.31 / /

Table 2: The equilibrium parameter (4”), Total Energy (Ry) and the Bulk Modulus and its derivative (Gpa) for the

orthorhombic structure of RbSnBrs.

Le matériau Approximation A(a.u) C(a.u) | B(a.u) B(Gpa) B’ Total Energie Total
RbSnBr3 PW, Pseudopotentiel 11.6137.13 11.04 12.07 5.3-1213.83
Autre calcul 11.083 11.088 11.094 /

Table 3: The equilibrium parameter (4°), Total Energy (Ry) and the Bulk Modulus and its derivative (Gpa) for the

triclinic structure of RbSnBrs.

The relaxed lattice parameters for the three phases of
RbSnBr; are calculated and summarized in Table 1. they
are compared with experimental data and other
calculations to be a = 645.73(1) um, b = 645.75(1) um, ¢ =
645.74(9) um, which agree well with the experimental
value of a = 627.6(4) pm [11]. For those compounds with
a determined GGA band gap between 0.5—2.0 eV, we also
perform beyond conventional DFT calculations using
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Heyd-ScuseriaErnzerhof (HSE) functional (i.e., HSE06) to
get a more accurate determination of the band gaps [14-
15]. The crystal structure of cubic MABX3 is shown in Fig.
1, where MA molecule takes the corner position, the metal
element B takes the body center position, and the halide
element X takes the face center position.
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Band Gap, Total and Partial Density of State

To better understand the electronic properties of the
cubic structure of RbSnBr3, it is also interesting and
important to determine the total state densities in order
to know what kind of hybridizations and which states are
responsible in the bonding. To know the nature of the
chemical bonds in this material, and the electronic
transitions that can take place, we have calculated the
total state density (TDOS) which reveals a semiconductor
character for this material.

The calculated Total State Density (TDOS) is shown in
Figure 4.
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Figure 4: Total State Density (TDOS) of cubic
structure of RbSnBrs.
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Figure 6: Partial Density of States of Sn.

To better understand this total state density (TDOS),
we calculated the partial state density of each element
constituting the material RbSnBrs.
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Figure 5: Partial Density of States of Rb.

For the Sn atom, we have a strong contribution of the
p state in the conduction band and the valence band. For
the states, the contribution in the valence band is average.
The d State does not contribute in either the valence and
the conduction bands.
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Figure 7: Partial Density of States of Br.
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Figure 8: Partial Density of States of Brs,.
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Figure 9: Partial Density of States Brs.

It was found that the top of the valence bands mainly
comprised 5p orbital of bromine, while the bottom of the
conduction bands is dominated by the 4p orbital of tin.

Conclusion

The lattice parameters are in good agreement with
those found experimentally and other calculations. The
bulk modulus in the cubic and triclinic structures of
RbSnBrs; is weak, which shows that the material is not
ductile, but we can see that its value is higher in the
orthorhombic structure. The total energy reveals that the
cubic phase is the most stable structure for RbSnBr3. This
material has not been investigated before and our
calculations consist of a prediction. The total density of
state of RbSnBr; reveals the semiconductor nature of this
material. Moreover, the partial state densities of the
different atomic species have shown that the valence
band is characterized by a strong presence of the Br-P
states, the Sn-P and Rb-s states, d, whereas the conduction
band is dominated by the states Sn-P and Rb-s, d.

It was found that the top of the valence bands mainly
comprised 5p orbital bromine, while the bottom of the
conduction bands is dominated by the 4p orbit of tin. In
this material, we found a transition from the electrons of
the valence band to the conduction band Br 4P> — Sn 5P2
corresponding to a small band gap of 0.57 eV which
characterize this material as a good photonic absorber
and yielded to identify RbSnBr3 as a candidate perovskite
compound of a great interest for potential solar-cell
applications.
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