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Abstract— We examine the effect of the structural con-
finement on optical properties of organic lead halide per-
ovskite supercells of various shapes. With a set of 8-band
tight-binding parameters that reproduce the bulk band
gaps and offsets of MAPb(I/Br/Cl)3 that have been known
through DFT simulations, we explore the band gap of finite
supercells that have homogeneous and mixed halides. This
preliminary work already delivers a set of information that
is useful for potential device designs because band gaps of
organic lead halide perovskite supercells are rarely under-
stood, particularly for realistically sized finite structures.

INTRODUCTION

Halide organic perovskite materials have recently ob-
tained huge attention due to their excellent electronic
properties as optoelectronic devices [1]. Latest experi-
mental studies have reported remarkable improvements
of a crystalline quality of monocrystalline and thin film
samples [2], [3], and therefore opened the possibility for
device designs with nanostructures of homogeneous per-
ovskite materials. However, effects of structural/atomic
variations on optical properties of of realistically sized,
finite nanostructures are not well covered in a theoretical
perspective. Taking the optical gap as a focal point, this
work presents a preliminary modelling study on optical
properties of realistically sized, confined CH3NH3PbY3

(MAPbY3, where Y = I, Br, Cl) perovskite nanostruc-
tures.

METHODS

A 8-band, sp3 tight-binding model is employed to sim-
ulate electronic structures with our in-house Schrod̈inger
equation solver [4]. The set of tight-binding parame-
ters for MAPbY3 crystals is extracted to match DFT-
simulated bulk dispersions [5], [6] and band alignments
(offsets) [7]. As shown in Figure 1, four types of con-
fined geometries are considered: (i) cube and (ii) sphere
quantum dots, (iii) square nanowire structures that are
assumed to be periodic along [100] direction, and (iv)
planar quantum wall structures that are assumed to be
periodic along [010]/[001] directions. The dimension
of confined sides (or diameter) for all the supercells
(noted as “X” in Figure 1), is set to the length of 3-
30 [100] unitcells (∼2-20nm). Depending on the sizes,

Fig. 1. Supercell geometries considered for electronic structure
simulations Simulations are perform for the four geometries of su-
percells (cube quantum dots (QD), sphere QD, nanowires of square
channels (1D periodic), and quantum well planes (2D periodic)). Note
that “X” here is the dimension of confined slides.

supercells have 76-108K atoms, and involve (608×608)-
(864K×864K) Hamiltonian matrices.

For supercells of mixed halides, three binary mixtures
(I/Br, Br/Cl, I/Cl) are studied. For every size and
composition, a total of 100 cases are simulated (including
a few cases of extreme segregations) to consider the
effect of random alloy on band gaps. Strain relaxation
is not considered in this work.

RESULTS AND DISCUSSION

Homogeneous perovskite nanostructures: Figure 2
shows inter-band optical gaps of MAPbY3 supercells,
where we represented gaps as wavelengths to easily cor-
relate them to the color of visible light. Here, our results
indicate that confined supercells of a single material
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Fig. 2. Band gaps of homogeneous material nanostructures. Band
gaps of MAPbI3 (top), MAPbBr3 (middle), and (d) MAPbCl3 (bottom)
supercells that are represented as wavelengths. The size of confined
slides is represented with the number of unitcells (ucs). Wavelengths
are generally smallest in sphere QDs since they have stronger structural
confinements than other types of supercells. At the same dimension of
confined slides, MAPbI3 supercells shows largest deviation of optical
gaps against their bulk values.

exhibit optical gaps of 376nm-773nm, 313nm-539nm,
and 196nm-400nm for the halide anion of I, Br, and
Cl, respectively. For the same confinement dimension
(“X”), sphere QDs generally show smallest wavelengths
regardless of material types, because they create stronger
structural confinements than other three different types
of supercells. For supercells of the same shape and
dimension, MAPbI3 is affected more heavily by quantum
confinements than other two materials, so deviations of
optical gaps that MAPbI3 supercells show against the
bulk value, are generally larger than the values obtained
from supercells of other two materials.

Impacts of mixed halide anions: Effects of mixed
halide anions on optical gaps of finite perovskite struc-
tures are examined. Halide mixture itself can serve as a
control factor of band gaps, and random placements of
atoms in halide mixtures may also affect material proper-
ties as known well from previous studies of alloy/doped
structures [8], [9]. To understand the effects of halide

mixtures on the optical gap, we consider three cases
of binary mixtures (I/Br, Br/Cl, I/Cl) and calculate
electronic structures of cube QDs. A total of 100 random
cases (including several extremely segregated cases) are
simulated for every combination of the dimension and
composition. Results are described in Figure 3, where
subfigures (a)-(c) shows the band gap of MAPb(IBr)3,
MAPb(BrCl)3, and MAPb(ICl)3, respectively. These pre-
liminary results already present a strong evidence that the
effects of random alloy in halide mixtures on inter-band
optical gaps of confined supercells cannot be ignored for
designs of optoelectronic devices.

As already addressed in the Methods section, this
work does not consider strain relaxation, which would
happen due to the lattice mismatch of CH3NH3PbY3

and CH3NH3PbY3 crystals. We however claim that the
relaxation may not significantly change the focal message
delivered by Figure 3. Mismatches in lattice constants
of MAPbI3, MAPbBr3, and MAPbCl3 crystals is <10%,
such that it would be safe to assume no bond-breaking, as
also done in previous works based on atomistic modelling
[8], [9], [10].

CONCLUSION

Optical properties of realisically sized, confined super-
cells of halide organic perovskite materials are explored
with large-scale electronic structure simulations coupled
to a 8-band atomistic tight-binding model. Range of
inter-band optical gaps are presented for supercells of
MAPbI3, MAPbBr3, and MAPbCl3 crystals. Effects of
binary mixtures of halide anions on optical gaps are also
briefly investigated as a preliminary study.

ACKNOWLEDGMENTS

This research has been carried out under Intel Par-
allel Computing Center (IPCC) project funded by Intel
Corporation, USA. The pilot system of KISTI-5 high
performance computing resources has been extensively
utilized for simulations. HR appreciates Jeehye Sohn for
all the support and encouragement.

REFERENCES

[1] V. Adinolfi, W. Peng, G. Walters, O. M. Bakr, and E. H. Sargent,
“The Electrical and Optical Properties of Organometal Halide
Perovskites Relevant to Optoelectronic Performance,” Advanced
Materials 30, 1, 1700764 (2018).

[2] D. Shi, V. Adinolfi, R. Comin, M. Yuan, E. Alarousu, A. Buin,
Y. Chen, S. Hoogland, A. Rothenberger, K. Katsiev, Y. Losovyj,
X. Zhang, P. A. Dowben, O. F. Mohammed, E. H. Sargent, and
O. M. Bakr, “Low trap-state density and long carrier diffusion
in organolead trihalide perovskite single crystals,” Science 347,
6221, 519 (2015).

[3] W. Nie, H. Tsai, R. Asadpour, J.-C. Blancon, A. J. Neukirch, G.
Gupta, J. J. Crochet, M. Chhowalla, S. Tretiak, M. A. Alam, H.-
L. Wang, and A. D. Mohite, “High-efficiency solution-processed
perovskite solar cells with millimeter-scale grains,” Science 347,
6221, 522 (2015).

[4] H. Ryu, Y. Jeong, J. Kang, and K. Cho, “Time-efficient simula-
tions of tight-binding electronic structures with Intel Xeon Phi
many-core processors,” Computer Physics Communications 209,
79 (2016).

��



Fig. 3. Effects of mixed halide anions on the optical gap of confined supercells. Band gaps of box QD are simulated for three binary mixtures
of halide anions. Results are shown for the confinement dimension of 5/10/15/30 unitcells (ucs) for the mixture of (a) I/Br, (b) Br/Cl, and (c)
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