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Abstract

Organometallic perovskites ABX; are promising candidates, which have been
passionately investigated during the last few years. In this work, we have calculated the
geometry optimization, band structure which reveals a well-defined band gap at Fermi
level, optical properties and charge carrier mobility for tetragonal phase of non-toxic
perovskite of tin halide, CH;NH;SnCl; and CH;NH;Snl; by applying Density Functional
Theory (DFT) with the Generalized Gradient Approximation (GGA) correlation of
Perdew-Berke-Erzndof (PBE). The result have been showed that CH;NH;SnCl; and
CH;NH;3Snl; have good optical absorption coefficient, which can be used as solar light
harvesters.
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Introduction

In the last few years, considerable and promising research on hybrid halide perovskite
materials shown their potential applications as solar light absorbers (Chung et al., 2012;
Burschka et al., 2013 and Kojima et al., 2009), topological insulators (Baugher et al.,
2012), and superconductors (Takahashi et al. 2011). Methyl-ammonium metal-halide,
with similar structure of ABX; (A = organic molecules, B = metal, X = halide) existing in
nature, has been revealed as one of a potential material available for next-generation solar
cell fabrications (Lang et al., 2014; Umari et al., 2014). Their potential applications
included halide perovskite based solar cells with high efficiency, which reached 22.1% in
2016 (Best Research-Cell Efficiencies, www.nrel.gov/ncpv/images/ efficiency chart. jpg
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(accessed: April 2016). n.d.), 17.9% in 2014 (Pascual Serrano et al. 2016), up as
compared to dye sensitized solar cells (DSSCs) which had an efficiency of 3.8% in 2009
(Kojima et al. 2009). In the CH;NH3PbX; (X = Cl, Br, I) lead compounds, cations
CH;NHj; rotate freely at high temperature because the potential barriers are smaller than
the thermal energy that is confirmed experimentally by the nuclear magnetic resonance
and nuclear quadrupole resonance (Knop et al., 1990), that at room temperature in the
CH;NH;PbX; cations CH;NH;" experience rapid isotropic orientation. In case of tin (II)
based halide CH3;NH;SnX; compounds, similar behavior is found (Onoda-Yamamuro et
al., 1995) in isostructural compounds. Earlier studies on compounds CH;NH;SnX;
showed that, transport properties seem to change from metallicity to semi-conductivity
along the series [ -Br—Cl (Yamada et al., 1990; Chiarella et al., 2007).

First-principles calculations can provide the possibility of designing new functional
structures, with desired physical properties. In this research work, our objective was to
investigate the possible clean, low cost, efficient and sustainable solar cells materials
replacing lead based perovskites. We use DFT of GGA to optimize the structure and
investigate the band structure, density of state, optical and electrical properties.

Computational Details

In this work we have done all the calculations, i.e, single point energy, geometry
optimization, band structure, using the Kohn-Sham DFT calculation (Rajagopal et al.,
1973; Kohn and Sham, 1965). The calculations was carried out with the energy-cutoff of
240eV and k-point grid of 2x2x2, under Monkhorst Pack (Pack and Monkhorst, 1977)
special integration scheme, with brillouin sampling of 7 points. For band structure
calculation, the total energy SCF tolerance was placed to a value of 2x10° eV/atom, with
the maximum force of 0.05eV/A, displacement of 0.002A and maximum stress of
0.1GPa. The interaction of the valence core was provided, with the norm-conserving
pseudopotential (Lin et al., 1993; Rappe et al., 1990), under Martin-Troullier scheme
(Troullier and Martins, 1991), other than ultrasoft (Pickard and Payne, 2000) scheme, in
evaluation of optical material properties, where the electron orbitals of, 2s* 2p* for C
atom, 2s° 2p’ for N atom, 5s* 5p” for Sn atom and 5s” 5p° for I atom were chosen.

For band structure calculation, the separation space of 0.025 A™" and 12 empty bands at k
point separation were employed. Here, the description of the GGA of PBE (Perdew,
Burke and Ernzerhof, 1996) were treated when applying the exchange-correlation
method. The geometry structure optimization and electronic structure calculations of
halide perovskites ABX; were accomplished by using the Cambridge Sequential Total
Energy Package (CASTEP) (Clark et al., 2005).
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Results and Discussions

Tin based halide perovskite structure ABX;3 (A = CH3;NHj3; B = Sn; X = Cl, ), which are
respectively shown in Fig.1. The geometry structure belongs to the tetragonal space
groups 4/mmm. Metal B is bonded to six X anions, and BX; octahedral are corner-
connected to form a three-dimensional framework.

Sn

Fig. 1. Structure of CH3NH;SnCl; (a) and CH3NH;Snl; (b) perovskite.

The calculations of the electronic band structure help us to understand the character of
prevailing bands near Fermi level, the energy in turns determine the properties of the
material. The electronic band structures of CH;NH;SnCl; and CH3NH;Snl; are depicted
in Fig. 2 (a) and (b) respectively. We find that CH;NH;SnCl; has a direct bandgap of
0.002 eV, shows semi-conducting properties and CH;NH;Snl; has overlapped bandgap
that shows metallic character. We can also notice that the band gaps of CH3;NH;SnCl; is
larger than CH3;NH;Snl;. The reason for this is, the origin of valence band maximum
(VBM) and conduction band minimum (CBM). The bandgap calculated by the PBE
methods are not consistent with the experimental value because of not considering the
spin orbit coupling (SOC).
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Fig. 2. (a) Band structure of CH3;NH;SnCl; and (b) band structure of CH;NH;Snl;
obtained using PBE method.
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The lattice constants and band gaps of CH3;NH;BX; found by using both PBE methods
are recorded in Table 1. The obtained lattice constants of CH3NH;Snl; are in good
agreement with experimental results as indicated in Table 1. The lattice constant of I is
larger than CI due to the larger atom I than that of Sn atom or CI atom.
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Table 1. Lattice constants and bandgap of ABX; using both PBE method.

Lattice Constants (A) Bandgap (eV)
ABX; PBE Experimental value PBE  Experimental value

6.885 5.76 0.002 2.18
CH;NH;SnCl, (Yamada et al., 1990) (Ananthajothi and

_ _ Venkatachalam,

2015)

a = b = 8.727 0.0 1.30

8.594 (Takahashi et al., 2011) (Yuan et al., 2015)
CH;NH;Snl; ¢ =12.664 12.502 (Takahashi et

al., 2011b)
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Fig. 3. Total DOS of (a) CH;NH;SnCl; and (b) CH3NH;Snls.
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The density of states (DOS) of a system describes the number of states per interval of
energy at each energy level that are available to be occupied. A DOS of zero means that
no states can be occupied at that energy level. Fig. 3 shows the total density of states for
CH;3;NH;3SnCl; and CH3NH;Snl; calculated using PBE method. It is seen that the VBM
and CBM of CH3;NH;SnCl; is higher than CH;NH;Snl; for which the band gap of

CH;3NH;SnCl; is larger than CH3;NH;SnCls.

Table 2. Bond distances between Sn-Cl and Sn-I of CH;NH;SnCl; and CH;NH;Snl;

obtained by using PBE methods.

ABX; Bonds Bond Length (A)
Cl2-Sn2 1.189
CH;NH;SnCl; Cl6-Sn2 2.677
[2-Sn2 3.060
CH3NH3SHI3 16-Sn?2 3.230
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Fig. 4. (a), (b), (¢), (d), () and (f) diagram illustrate the optical properties of
CH3NH3SHC13.
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Fig. 5. (a), (b), (¢), (d), (e) and (f) diagram illustrate the optical properties of
CH3NH3SI]I3.

Optical properties are important in solid state physics for the study of the optical purposes
of solids, deliver a better understanding of the electronic functions. From the figures, it is
found that CH3;NH;SnCl;, the optical absorption was found indicating its peak ranges
from 145 nm to 700 nm and have a peak at 320 nm near to the visible light spectrum.
Therefore, CH;NH;SnCl; can harvest light in the visible region. For CH;NH;Snl;, the
absorption coefficient curve move away from violet to the red spectrum displaying red
shift phenomenon and have a peak near to the visible light spectrum. It is clear that the
CH;NH;SnCl; has higher absorption ability than that of CH;NH;Snl;.

The optical conductivity of the CH;NH;SnCl; has a greater value than CH3;NH;Snl; with
respect to increasing wavelength as shown in Fig. 5 (b). The reflectivity of the each
perovskite increases with increasing wavelength but the percentage of reflection for both
material is very low. The reflectivity spectrum shows that the materials are reflector
within the wavelength range 150-950 nm for CH3;NH;Snl;, 120-200 nm for
CH3NH;SnCls. In the energy-loss spectrums, the first peaks are found at 140nm for
CH;3;NH;3SnCl; and 110 nm for CH3;NH;3Snl;. It indicates to a rapid reduction of the
reflectance. Dielectric function is an important parameter for the study of optical
properties and real part of it vanishes at about 7900 nm for each perovs kites. The
refractive index of CH;NH;SnCl; is found to have the values 500 nm and of CH;NH;Snl;
is 7500 nm. The above study suggest that, absorption of the CH;NH;SnCl; and
CH3;NH;Snl; is significantly intensive, which indicate that CH3;NH3;SnCl; and
CH;NH;Snl; have superiority in utilizing solar energy.

Conclusions

The electronic structures of perovskites ABX; are studied by DFT using PBE
approximations. We compare our calculated PBE results to experimental records for the
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bandgap and we found that CH;NH;SnCl; has a direct bandgap which is consistent with
the experimental result but the value is very poor. On the other hand CH;NH;Snl; has
overlapped bandgap but the experimental value is 1.30 eV. The calculation at this level of
approximation were only considered as a first approximation and had limited value as a
quantitative prediction. The optical absorption was found indicating its peak near to the
visible light spectrum. From the study of absorption, conductivity, reflectivity, refractive
index, dielectric function and loss function, it can be concluded that the perovskites be
useful in converting the sun radiation to electrical, which indicates their potential use as
photovoltaic light absorbers. The simulation performances can be improved considering
others hybrid functional like Heyd—Scuseria—Ernzerhof (HSE), spin orbit coupling
(SOC), GW many-body corrections.
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