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Hybrid halide perovskites are promising photovoltaic materials for use in solar cells. The ongoing research on perovskites have
shown that these materials are potential light-harvesting mediums. The optical properties of dimethylammonium triiodostanate
(II) (DASnI3) a hybrid halide perovskites needs to be studied because it can be a good light absorber material due to the wide band
gap exhibited. The real and the imaginary parts of the dielectric is a measure of the extent of light absorption. The GGA+U
exchange-correlation implemented in Quantum ESPRESSO was used basing on density functional theory to obtain the optical
properties. The DASnI3 has a direct band gap of 2.7 eV with the real part of the dielectric diagram indicating that the maximum
value of ε1 (ω) is in the visible range of (3.0–3.5 eV). High absorption peaks were also observed in the visible spectral region at
energy of around (3.5–4.5 eV) with several weak peaks observed in the energy range of (4.5–14.0 eV). The band structure and the
dielectric functions are important in the study of optical properties. These properties expresses the interaction of light with the
material medium and thus the luminescence of the device which are important in the use of DASnI3 as a solar cell material in
photovoltaics.

1. Introduction

Optics is a study of properties that involves the interaction of
light wave and a medium. Optical properties of materials are
obtained by studying the polarization as well as the absorp-
tion of light within electromagnetic radiation range in the
medium. The luminescence of a device depends on the prop-
erties of a medium as they are observed when the ion and the
host interact [1]. Lead halide-based solar cells such as FAPbI3
perovskite show a power conversion efficiency of 25.2% [2].
These efficiencies are high hence the solar cell is approaching
a stage for commercialization due to their unique lumines-
cence properties [3]. These materials are said to be exhibiting
very high photoluminescence (PL) quantum efficiencies when
at room temperature. These lead halide perovskites properties
are also made under simple and inexpensive fabrication
method [4]. Photon recycling for both free-carrier and exci-
ton luminescence has been observed from various materials

because of their high PL quantum efficiencies. High PL quan-
tum efficiency enables the perovskites new optical functional-
ity as light-emitting devices [5]. However, it has been proven
that lead is toxic and thus poses a health risk when it leaches to
the environment. Therefore, there is a need to study other
perovskites like the dimethylammonium triiodostanate (II)
(DASnI3) with similar properties as lead halide perovskites
as alternative materials.

To analyze the optical properties of materials it is neces-
sary to study the band gap energy of a semiconductor to be
considered in its application as a solar cell material. A direct
band gap material is considered to be more efficient as com-
pared to an indirect band gap material to be used as an
optoelectronic material due to phonon involvement which
makes an indirect band gap semiconductors a poor emitter
[6]. Through the detailed balance principle, the band gap is
used in determining the theoretical upper limit of a cell’s
efficiency. From the principle, the band gap (Eg) depends

Hindawi
Advances in Condensed Matter Physics
Volume 2023, Article ID 2902298, 6 pages
https://doi.org/10.1155/2023/2902298

https://orcid.org/0000-0001-9628-0796
https://orcid.org/0000-0003-4143-1432
https://orcid.org/0000-0002-5311-3346
mailto:pchemaoi@kabarak.ac.ke
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/2902298


greatly on the PL quantum efficiency of a material used. The
recombination dynamics is key in determining the (PL)
quantum efficiency of the photocarriers of the material.
The synthesis and the optical characterization of CsSnX by
Jellicoe et al. [7] on a nanocrystal perovskites, showed that
the band gap can be tuned by the adjustment of the halide
composition and also the spatial confinement. While the
structure depended on deposition temperature [8]. From
the results of Jellicoe et al. [7], it indicated that the species
of nanocrystals they studied adopted the perovskites struc-
tures. They also performed transient PL on optical properties
using solution dispersed particles, they observed some spec-
tral shifts. This indicated that a good optical property can be
obtained to be used for solar cell application.

2. Methodology

The study of DASnI3 by first principle computation of the
properties was undertaken using density functional theory
(DFT) [9]. This was done basing on plane waves which is a
self-consistent field and norm conserving and done in the
framework of Perdew et al. [10] using generalized gradient
approximation (GGA+U). All the calculations were done
using the simulation code Quantum ESPRESSO [11]. Opti-
mization of the cell dimension obtaining of the k-points, and
also the cutoff values for the kinetic energy were done and
values which were accurate were obtained by graphing.
Using proper basis sets the ground state convergence of
energy which is at the minimum convergence threshold
were obtained [12].

Optical properties of DASnI3 are expressed using the
dielectric constant (ε1) the conductivity (σ1), and the perme-
ability (µ1) in a matter. In studying the properties, it is
required that the properties of the complex refractive index
which is a new response function be defined in the form;

bN ¼ nþ ik¼ ε1μ1 þ i
4πε1σ1

ω

� �1
2 ¼ bεμ1½ �12: ð1Þ

To write an equation for the refractive index (n) of the
material, it requires that we have the conductivity (σ1),
the permeability (µ1), and also the dielectric constant (ε1).
These constants can also be used to write an equation for the
extinction coefficient (k) as shown in Equation (2).
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Equations (2) and (3) are vital because they relate to the
dynamical behavior of the material and also the propagation
of electromagnetic wave in a material. In the study of polari-
zation and absorption of electromagnetic radiation, it requires
an expression in terms of dielectric functions within themate-
rial medium [13]. This is mathematically represented by the
relation below;

ε ωð Þ ¼ ε1 ωð Þ þ ε2 ωð Þ: ð4Þ

The reflectivity ρmeans that the materials dielectric con-
stant without losses be written in terms of refractive as well as
the extinction coefficient k [14], which becomes;

bq ¼ ω

c
bN ¼ nω

c
þ i

kω
c
; ð5Þ

n2 − k2 ¼ ε1μ1; ð6Þ

2nk¼ 4π1μ1σ1
ω

: ð7Þ

Writing these equations in terms of dielectric constant
(ε1), permeability (µ1), and conductivity (σ1) will give,

bN 2 ¼ μ1 ε1 þ i
4πσ1
ω

� �
¼ μ1bε ≈ 4πiμ2σ1

ω
: ð8Þ

It is noted that ε1j j≥ 1 when,

bN��� ���¼ n2 þ k2ð Þ12: ð9Þ

2.1. Reflectivity. The reflectivity ρ (ɷ) can also be expressed
mathematically as,

ρ ωð Þ ¼ 1 − bN
1þ bN

" #
2

¼ 1 − nð Þ2 þ k2

1þ nð Þ2 þ k2
: ð10Þ

From the equation above when K becomes 0 then Equa-
tion (10) reduces to Equation (11).

ρ¼ 1 − n
1þ n

���� ����2: ð11Þ

Summing over conduction bands, we obtain the dielec-
tric function ε1 (ɷ) imaginary part by Equation (12).

ε 1ð Þ
αβ ωð Þ ¼ 4π2e2

Ω

1
q2

lim
q→0

Σc;v;k2ωkδ 2ck − 2vk − ωð Þ × uckþeq uvkj
 �
:

ð12Þ

Equation (12) is an indication of the transition of the
occupied and those states which are unoccupied in the first
level of the Brillion zone with fixed k wave vectors. The
Kramers Kronig is a relation used to connect the real part
and the imaginary part of a function which is given as;
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Here, dielectric constant denoted by (bε) and the conduc-
tivity (bσ) are said to be the main response functions on an
electric field.

2.2. The Absorption Coefficiency. The absorption coefficiency
I xð Þ¼ Ioexp −ð axÞ which is equivalent to the intensity loss
for a given length is given as follows:

α ωð Þ ¼ ω

4π
ε2 ωð Þ: ð14Þ

Equation (14) above shows the existence of a strong rela-
tionship between the absorption coefficient and the imagi-
nary part of the dielectric [15]. Using Quantum ESPRESSO
hybrid functionals the dielectric matrix which depends on
the frequency was calculated where the imaginary and the
real dielectric values of DASnI3 were obtained. The reflectiv-
ity and the refractive index were obtained by calculating the
imaginary and the real part of the dielectric functions.

The refractive index of a material n is also obtained by
calculation after evaluation of ε1 ωð Þ and ε2 ωð Þ as shown
below.

en ¼ n ωð Þ þ ik ωð Þ ffiffiffiffiffiffiffiffiffiffi
ε ωð Þp

: ð15Þ

The refractive index is represented by the real refractive
index given by a ratio between the phonon speed and the
vacuum speed of a photo in a material.

3. Results and Discussion

It is observed that DASnI3 is a semiconductor exhibiting a
2.7 eV direct and a wide band gap at gamma symmetry
points which is comparable to 2.98 eV for DA iodide bismuth
a halide perovskite material [16]. This value obtained for
DASnI3 is reasonable because it is well known that DFT
usually underestimates a materials band gap. The band struc-
ture calculated for the orthorhombic phase DASnI3 crystal
based on lines of high symmetry in the first Brillouin zone
indicated a Fermi level which is in between the bands. There
are characteristic peaks that could be attributed to the direct
interband transition between the filled iodine 5p and the tin
5s valence band maximum (VBM) states to the empty con-
duction band minimum (CBM) tin and iodine 5p orbitals.
The decrease in the overlap of the metal orbital and the
halide orbital caused by the dimethylammonium which
alters BX6 octahedral size. This affects the band gap by push-
ing the valence band away from the vacuum causing a large
dispersion between the bands. A large band gap causes car-
rier effective masses to be small. A material with a wide gap is
beneficial in healing deep trap defects and the results is a
material that is tolerant to defects. Density of states (D.O.S)
is frequently used when studying the materials properties
which are physical which includes the dielectric, the

photoemission spectra, as well as the transport properties.
D.O.S shows the location and the role of different energy
orbitals especially those involved in the formation of the
band structure. The energy in the tin 5s which is high and
occupies the VBM are responsible mainly for the good pho-
tovoltaic properties due to their stability with respect to
decomposition.

Optical properties of a material are described by its
absorption coefficient α ωð Þ, extinction coefficient k ωð Þ,
reflectivity ρ ωð Þ, and function of electron energy loss L ωð Þ
calculated in photon energy terms dependent on dielectric
function. The real part and the imaginary part of the dielec-
tric can be used in calculating the properties [17]. Mathe-
matical presentation of polarization and absorption of the
electromagnetic radiation dielectric functions is given by the
relation;

ε ωð Þ ¼ ε1 ωð Þ þ iε2 ωð Þ: ð16Þ

Equation (16) above is the dielectric function equation
where ε1 ωð Þ which is the first term, representing the real
part, shows the light polarization, the imaginary part is
represented by the second term ε2 ωð Þ of the dielectric func-
tion, which measures the extent of light absorption. The
calculated static dielectric constant ε1 0ð Þ for DASnI3 is 4.0
which is comparable to MAPbI with static dielectric constant
of 6.0 has a band gap of 1.7 eV [1] CsPbI3 has a static dielec-
tric of 5.0 with a band gap energy of 1.73 eV [18] and EASnI3
with static energy of 5.38 has a band gap of 1.17 eV [19].
Comparing the values indicates that ε1 0ð Þ increases with the
decrease in the band gap indicating that the band gap energy
and ε1 0ð Þ are inversely proportional showing a consistency
to Penn [20] model. The DASnI3 compound has a slightly
lower value of ε1 0ð Þ compared with that of MAPbI3 and
CsPbI3 while the MASnI3 has highest value due to the small
band gap. Figure 1 below shows the graph of imaginary part
plotted against energy in electron volts.

Figure 2 below is a graph of the real part of the dielectric
drawn against the energy which measures the extent of light
polarization.
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FIGURE 1: Imaginary part of the dielectric.
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It is shown that dimethylammonium tin iodide has a
remarkably large value of ε1 (0)= 4.0 which is comparable
to that of MAPbI3 with a value of ε1 (0)= 6.00 and that of
CsPbI3 ε1 (0)= 6.00. From Figure 2 above, the highest value
of ε1 (ɷ) is around 3.5 eV which is within the visible range of
the energy region and followed by decreasing small humps
caused by the interband transitions between VBM and the
CBM bands. While, the extent in which light is absorbed is
measured using the imaginary part of the dielectric function.
High absorption peak of the range 3.5–4.5 eV is observed in the
visible spectral region which is equivalent to 314–500nm
wavelength. This energy compares with the energy range of
between 380 and 780 nm of the visible energy wavelength solar
spectrum [21] translating to energy of around 1.6–3.5 eV.
From our calculated results the maximum absorption wave-
length of between 441 and 500 nm was obtained, weak peaks
are also observed having an energy range between 4.5 and
14 eV. High absorption coefficient of DASnI3 indicates that
this material absorbs photons readily having energy equal to
the energy of the band gap energy. This energy excites elec-
trons from the valence band to the conduction band. Figure 3
below shows the absorption coefficiency graph against energy.

Determination of fraction of absorbed incident energy in
a material for a given length gives a materials absorption
coefficient. The absorption coefficient α (ω) for DASnI3
increases beginning from zero as shown in Figure 3. The
increase in energy is due to the higher energy of the phonon
compared to band gap energy. The highest energy of the
phonon is 4.8 eV which is a characteristic value to both insu-
lators as well as semiconductors.

Figure 4 above shows the refractive index n (ω) against
the energy of the photon. Refractive index is a key factor that
determines if a material is suitable for optical applications.
Comparing Figures 2 and 4, it is observed that n (ω) spec-
trum replicates the pattern in Figure 2 that is ε1 (ɷ). The
peak value for DASnI3 as shown in Figure 4 is around 3 eV
which corresponds to yellow light basing on the electromag-
netic spectrum energy range, which corresponds to the visi-
ble region.

The energy lost when the electrons are traveling fast is
given by electron energy loss denoted L (ɷ). The value
obtained for DASnI3 as shown in Figure 5 is high showing
that DASnI3 has large transmission loss this could be due to
the thin absorber thickness [22]. This is in agreement with
Ahamad et al., who argued that large band gaps greater than
1.8 eV, results in light absorption loss [23]. This should be
improved to obtain a better absorber material. Reflectivity
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FIGURE 2: Graph of the real part against energy in electron volts of
the dielectric.

10

7
8
9

6
5
4
3
2
1
0

30252015
Energy (eV)

1050

Ab
so

rt
io

n 
co

ef
fic

ie
nc

y

FIGURE 3: Absorption coefficient against energy in electron volts
graph.
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FIGURE 4: Graph of the real part of the complex refractive index
against energy.
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FIGURE 5: Electron energy loss against energy in electron volts.
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(ρ) represents the part of light reflected by a material from
the incident energy. The highest value of reflectivity as
shown in Figure 6 is 4.2 [24]. This is within the visible part
of the electromagnetic spectrum indicating DASnI3 is a good
material to absorb light.

4. Conclusions

We have reported on the optical properties of DASnI3 and
from our reported results we found that they agree well with
other studies both experimental and theoretical calculations.
The calculation of the direct band gap compared with an
indirect band gap material is more efficient, especially for
optoelectronic applications due to phonons that makes a
direct band gap semiconductor a good light emitter.

In the study of the imaginary part of the dielectric, two
peaks were characteristic having the energy range between
2.5 and 4.5 eV equivalent to a wavelength of between 441 and
500 nm. This range is within the visible light region of the
solar spectrum which indicates that DASnI3 having a band
energy of 2.7 eV can absorb photons of energy equivalent to
this energy. High absorption coefficient of DASnI3 indicates
that the material readily absorbs photons with energy equal
to the band gap energy. This energy is responsible for excit-
ing electrons from the valence band to the conduction band.

The orthorhombic phase hexagonal structure of the
dimethylammonium shows a high dielectric constant. This
high value protects the active layer of the perovskite being
positioned as the top layer hence a beneficial part of the
perovskite. Therefore, in summary the lower temperature
dimethylammonium indicating high absorption coefficient
and dielectric functions is a potential material for application
in solar materials fabrications. With experimental work, it
should be verified that this material is appropriate for appli-
cation. From this computational simulation, we conclude
that this material is good for applications in fabrication for
optical experimental solar cells.
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