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ABSTRACT. Cesium-based all-inorganic halide perovskites CsMX3 (M=Pb, Sn; X=Cl, Br, I) 

have been considered as an important candidate for highly-efficient, chemically stable 

optoelectronic devices and solar cells. Pressure can serve as an effective and clean thermodynamic 

approach to better performance of CsMX3. In this work, we use first-principles density functional 

theory calculations with both PBE and GW+BSE to systematically study the effects of pressure 

This is the Pre-Published Version.
This document is the Accepted Manuscript version of a Published Work that appeared in final form in Journal of Physical Chemistry C, copyright © 2018 American Chemical 
Society after peer review and technical editing by the publisher. To access the final edited and published work see https://doi.org/10.1021/acs.jpcc.8b06712. 



 2 

on the electronic structures, carrier transport and optical properties of cubic phase CsMX3. Our 

results show that with increasing hydrostatic pressure, the optical band gap red-shifts until the 

pressure reaches a critical value, above which the band inversion was observed due to the spin-

orbit coupling. The resulting non-trivial topological gap blue-shifts with further increasing 

pressure. This work provides insights into the rational design of experiments to engineer properties 

of CsMX3 perovskites by applying pressure. 

 

TEXT.  

 

INTRODUCTION 

Metal halide perovskites (MHPs) have emerged as promising candidates for high-efficiency 

optoelectronic devices and solar cells owing to their preeminent electronic and optical properties.1-

3 In the past several years, the power conversion efficiency of MHP-based solar cells has 

experienced a conspicuous increase from 9.7% in 20124 to 22.1% in 20175. From the perspective 

of materials, MHPs have the general formula of AMX3, where A is a monovalent cation (inorganic 

Cs+, organic FA+ and MA+), M is a divalent metal cation (Sn2+, Pb2+) and X is a halogen atom (Cl-

, Br-, I-)1. Among the family of MHPs, organic-inorganic hybrid lead halide perovskites MAPbX3 

and FAPbX3 exhibit high energy conversion efficiencies.5-8 However, their bottlenecks lie in long-

term chemical instability. Recently, a study by Kulbak et al. has shown that cesium-based all-

inorganic halide lead perovskites CsPbX3 have higher stability than organic-inorganic hybrid 

perovskites with comparable photoelectric performance.9 Moreover, CsPbX3 are less soluble in 

common solvents than MAPbX3
10, which makes it more convenient to obtain nanocrystal (NC) 
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CsPbX3 quantum dots with high photoluminescence quantum yield.10-12 Therefore, CsPbX3 

perovskites NCs have been extensively examined for their potential applications in light-emitting 

diodes12-14, lasing materials15-16, etc. In addition, an alternative lead-free, non-toxic all-inorganic 

MHPs CsSnX3 NCs were also synthesized and reported with tunable optical properties17. 

Nevertheless, developing an efficient way to engineer the properties of MHPs still remains a 

critical question in designing optoelectronic devices and solar cells with even higher efficiency 

and stability.  

Compared to modifying chemical reaction steps and compounds18-21, applying pressure has been 

considered as a green and facile strategy to regulate the structure and properties of organic-

inorganic hybrid MHPs22-26 as well as all-inorganic MHPs27-28. The exertion of pressure by a 

diamond anvil cell (DAC) is commonly used in experiments to reduce distances between atoms 

and lead to a closer packing, which would regulate orbitals and electronic properties of MHPs. For 

example, experiments revealed that MHP-based CsPbBr3 NCs have a narrower band gap and 

prolonged carrier lifetime at high pressure.27 According to Zhang et al., CsPbBr3 structure exhibits 

an isostructural phase transition at around 1.2 GPa, which leads to the band gap red shifting before 

1.0 GPa, followed by blue shifting when the pressure is during 1.0-2.0 GPa.28 The tunable 

electronic and optical properties of the orthorhombic CsPbBr3 in aforementioned work are 

attributed to Pb-Br bond length shrinkage and PbBr6 octahedral distortion under high pressure. 

Recently, Yuan et al. reported a phase transition of orthorhombic phase CsPbI3 under a pressure 

of around 3.9 GPa.29 Nevertheless, the high-temperature cubic CsMX3 (M=Pb, Sn; X=Cl, Br, I) 

perovskites, which have narrower band gap than their orthorhombic counterparts and are predicted 

to have intriguing physics such as 3D topological insulators,30 have not yet been fully explored 

under high pressure.  



 4 

Herein, by applying first-principles density functional theory (DFT) in both generalized gradient 

approximation and many body quasi-particle (GW) calculations, we systematically examine the 

pressure engineering on the elastic, electronic, carrier transport, and optical properties of cubic 

cesium-based all-inorganic perovskites CsMX3 (M=Pb, Sn; X=Cl, Br, I). The effects of spin-orbit 

coupling (SOC) have also been discussed. This work provides predictive insights into guiding the 

judicious design of experiments to optimize the electronic and optical properties of MHPs by 

introducing pressure to improve the performance of optoelectronic devices.  

 

COMPUTATIONAL METHODS 

Density functional theory (DFT) calculations were performed using Vienna ab initio simulation 

package (VASP)31-32 version 5.4.4 with wave functions described by a plane-wave basis set and 

projector-augmented wave (PAW) potentials33. For Cs, Pb, Sn, Cl, Br, and I, 5s5p6s, 5d6s6p, 

4d5s5p, 3s3p, 4s4p, and 5s5p electrons were treated as valence electrons, respectively. For the 

exchange and correlation functional, local density approximation (LDA), generalized gradient 

approximation (GGA) with Perdew-Burke-Ernzerhof parametrization (PBE)34, PBE revised for 

solids (PBEsol)35, strongly constrained and approximately normed meta-GGA with revised 

Vydrov-Van Voorhis non-local density functional (SCAN+rVV10)36 were tested for lattice 

constants during geometric optimization. Energy cutoff for the plane wave basis was set as 450 eV 

for all calculations and the k-points sampling with a Monkhorst-Pack mesh37 was set as 5×5×5, 

which can lead to sufficiently converged total energy for CsMX3 in one unit cell based on the 

results of convergence test (Figure S1 and S2). The atomic positions were allowed to relax until 

energy was less than 1×10-7 eV and the absolute value of force on the atom was less than 0.01 

eV/Å.  
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Finite distortions of the lattices along each Cartesian directions are calculated to obtain Hessian 

matrices and we use the strain-stress relationship to derive elastic constants out of them 

afterwards.38 As for cubic phase CsMX3, only three elastic constants C11, C44 and C12 are 

independent, and we can compute bulk modulus K, shear modulus G, Young’s modulus E and 

Poisson ratio ν out of them using the following formula39-40:  

K =
𝐶𝐶11 + 2𝐶𝐶12

3
 

G =
5𝐶𝐶44(𝐶𝐶11 − 𝐶𝐶12)

8𝐶𝐶44 + 6(𝐶𝐶11 − 𝐶𝐶12)
+
𝐶𝐶11 − 𝐶𝐶12 + 3𝐶𝐶44

10
 

υ =
3𝐾𝐾 − 2𝐺𝐺
6𝐾𝐾 + 2𝐺𝐺

 

E = 2𝐺𝐺(1 + υ) 

Electron and hole effective masses me and mh were obtained using the formula:  

𝑚𝑚𝑒𝑒 = [
1
ℏ2
𝜕𝜕2𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶(𝑘𝑘)

𝜕𝜕𝑘𝑘2
]−1 

𝑚𝑚ℎ = [
1
ℏ2
𝜕𝜕2𝐸𝐸𝑉𝑉𝑉𝑉𝑉𝑉(𝑘𝑘)

𝜕𝜕𝑘𝑘2
]−1 

where EVBM(k) and ECBM(k) represent energy band of valence band maximum (VBM) and 

conduction band minimum (CBM), respectively.  

Static dielectric tensors caused by electronic polarization 𝜀𝜀𝑠𝑠𝑠𝑠𝑠𝑠 as well as Bohn effective charges 

were calculated using density functional perturbation theory (DFPT). The exciton binding energies 

Eb were subsequently calculated using conventional Wannier-Mott hydrogenic model41:  

𝐸𝐸𝑏𝑏 =
𝑚𝑚𝑒𝑒𝑚𝑚ℎ

𝑚𝑚0(𝑚𝑚𝑒𝑒 + 𝑚𝑚ℎ)
∙
𝑅𝑅𝑦𝑦
𝜀𝜀𝑠𝑠𝑠𝑠𝑠𝑠2

 

where m0 denotes electron rest mass, Ry=13.6057 eV is the Rydberg energy constant. Electron and 

hole mobilities were calculated using deformation potential theory42 with the following forms:  
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μ𝑒𝑒 =
2√2𝜋𝜋𝑒𝑒ℏ4𝐾𝐾

3𝐸𝐸12(𝑘𝑘𝐵𝐵𝑇𝑇)3/2𝑚𝑚𝑒𝑒
5/2 

μℎ =
2√2𝜋𝜋𝑒𝑒ℏ4𝐾𝐾

3𝐸𝐸1′2(𝑘𝑘𝐵𝐵𝑇𝑇)3/2𝑚𝑚ℎ
5/2 

where 𝐸𝐸1 = 𝑑𝑑𝑑𝑑(𝑉𝑉𝑉𝑉𝑉𝑉)
𝑑𝑑𝑑𝑑

 and E1′ = 𝑑𝑑𝑑𝑑(𝐶𝐶𝐶𝐶𝐶𝐶)
𝑑𝑑𝑑𝑑

 are the deformation potential, dE(VBM), dE(CBM) and dδ 

denote energy of VBM, energy of CBM, and lattice constant changes due to small hydrostatic 

pressure, respectively.  

For the optical property calculations, the excitonic effect was included through solving the 

Bethe-Salpeter equation (BSE)43-44 with Tamm-Dancoff approximation45 on top of single-shot 

G0W0. For comparison, random phase approximation (RPA)46 was also applied. Gamma-centered 

6×6×6 grid was used for k-points sampling during GW and BSE calculations. Absorption 

coefficient α(ω) and reflectivity R(ω) were given by the following equations:  

α(ω) = √2ω[�𝜀𝜀1(𝜔𝜔)2 + 𝜀𝜀2(𝜔𝜔)2 − 𝜀𝜀1(𝜔𝜔)]1/2 

R(ω) = |
�𝜀𝜀1(𝜔𝜔) + 𝑖𝑖𝜀𝜀2(𝜔𝜔) − 1
�𝜀𝜀1(𝜔𝜔) + 𝑖𝑖𝜀𝜀2(𝜔𝜔) + 1

|2 

where ε1(ω) and ε2(ω) represent real and imaginary parts of frequency-dependent dielectric 

function, respectively. Due to computational limits, spin-orbit coupling effect was included by 

adding the scissor correction obtained from PBE calculations to the final non-SOC GW 

calculations.  

RESULTS AND DISCUSSION 

Typical crystal structure of cubic CsMX3 (M=Pb, Sn; X=Cl, Br, I) with space group Pm-3m is 

shown in Fig. 1(a). Naturally, the effects of hydrostatic pressure on crystal structure and properties 

are directly reflected in the evolution of lattice constants. The relaxed lattice constants a for cubic 

CsMX3 and experimental values under zero pressure calculated using different functionals are 
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listed in Table S1. PBEsol functional outperforms LDA, PBE, and SCAN+rVV10 when predicting 

lattice constants, giving a mean error of 0.72% compared to experimentally measured data, which 

is in accordance with previous functional assessment results about lattice constants for solids47. By 

applying hydrostatic pressure up to 8 GPa during DFT calculation, theoretical lattice constants as 

a function of pressure are obtained and plotted in Figure S3. The lattice constants have a decreasing 

trend with increasing pressure for all six systems while no distortions of MX6 octahedra are found, 

which can be attributed to the contraction of MX6 octahedra and shrinkage of M-X bond length. 

The totally relaxed structures using PBEsol functional are used as initial structures in the following 

calculations.  

 

 



 8 

Figure 1. (a) Schematic crystal structure of cubic CsMX3 (Green: Cs; Black: M; Brown: X). (b) 

Bulk moduli K, (c) Poisson’s ratios ν, and (d) Young’s moduli E of cubic phase CsMX3 as a 

function of pressure P. For K-P and E-P relationships, linear fitting results for the different moduli 

are also shown in the figures.  

 

Next, we endeavor to determine the influence of pressure on the elastic constants. The values of 

bulk modulus K, shear modulus G, Young’s modulus E, and Poisson ratio ν under pressure for 

CsMX3 are shown in Figure 1(b)-(d) and S4. For all elastic properties, an increasing trend with 

pressure going up to 8 GPa can be found. M-X bond length reduction under pressure is the main 
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reason for elastic properties modification and a closer packing can lead to higher stiffness of 

materials. For bulk moduli K, the general trends for systems under no pressure are Sn>Pb and 

Cl>Br>I and these trends remain when the pressure is increased up to 8 GPa. For shear moduli G 

and Young’s moduli E, however, iodine-based systems CsSnI3 and CsPbI3 are more sensitive to 

pressure than bromine- and chlorine-based systems, giving larger slopes of G-P and E-P fitting 

lines.  

As for electronic properties, we start by examining band structures of CsMX3 systems under 0, 

2, and 5 GPa calculated using PBE (Figure S5). The fact that cubic CsMX3 show semiconducting 

behavior with the direct band gap at R point is in agreement with previous work48. Nevertheless, 

when the pressure is increased to 2 GPa and finally 5 GPa, the direct band gap at R point suffers a 

declining tendency for all cubic CsMX3 systems. Band gap evolution under PBE level is plotted 

in Figure S6(a). To get a better view of orbital occupancies around Fermi energy level and 

determine the contributions of separate elements and orbitals, we plot density of states (DOSs) 

under pressure of 0 and 2 GPa in Figure S7. Valence band maximum (VBM) can be identified as 

antibonding hybridization between X p and a small portion of M s orbitals while conduction band 

minimum (CBM) is mainly composed of M p and a small portion of X s orbitals (M=Pb, Sn; X=Cl, 

Br, I). We can see that orbitals of Cs have almost no contribution to DOSs around Fermi energy 

level and Cs cation is chemically inert, indicating that key contribution of the band gap in CsMX3 

is from the MX6 octahedral network. Upon applying pressure, the shrinkage of M-X bond length 

results in an augmented coupling between M and X orbitals and decreased band gap values. 

Moreover, as shown in Figure S6(b), band gap reduction can be owed to the shifting of both CBM 

and VBM, while CBM is more sensitive to pressure (or M-X bond length) because of its dominant 

non-bonding localized M p orbital characteristics.  
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Since spin-orbit coupling (SOC) plays a significant role in determining exact values of the band 

gap of Pb-based MHPs49, we further examine the band structures calculated using PBE+SOC. The 

band gap corrections due to SOC (ΔSOC) under no pressure are listed in Table 1. Comparing to 

PBE results, including SOC in the calculation decreases the band gap for CsMX3 systems except 

for the case of CsSnI3, in which a slight increase of 0.11 eV is predicted. We plot the projected 

band structures of cubic CsMX3 with SOC in Figure 2 and S8. For all structures, under hydrostatic 

pressure higher than critical values, in contrast to band structures without SOC, inversion of Pb/Sn 

s and p characteristic band structures and reopening of band gap can be observed. Band gap values 

under PBE+SOC as a function of pressure are shown in Figure 3(a). The observed band inversion 

in CsPbCl3, CsPbBr3, CsPbI3, and CsSnCl3 can be attributed to novel three-dimensional non-trivial 

topological insulating phases in CsMX3 MHPs represented by isotropic Dirac fermions when SOC 

is introduced to the system. As illustrated in Figure S9, when SOC is considered, |l=1>|s=1/2> 

states (Pb/Sn-p) governing CBM features are split into |l=1,s=1/2,j=3/2> and |l=1,s=1/2,j=1/2> 

states. The latter ones interact with |l=0,s=1/2,j=1/2> states (Pb/Sn-s) which govern VBM features 

and form the non-degenerate bands with the only exception of Kramers degeneracy for half-integer 

total spin50. The non-degeneracy results in non-trivial band topology and inversion of conduction 

and valence bands with reduced lattice parameters in the systems induced by moderate hydrostatic 

pressure. Critical pressure values of trivial to non-trivial band topology transition are located at 

6.0 GPa, 2.5 GPa, 0.7 GPa, 1.6 GPa for CsPbCl3, CsPbBr3, CsPbI3 and CsSnCl3, respectively, 

under which gapless Dirac cones can be noticed (Figure 2). On the other hand, CsSnBr3 and CsSnI3 

have non-trivial band gap even under zero pressure (Figure S8(c) and S8(d)). Above critical 

pressure, the blue-shifting of electronic band gap is predicted. In the proximity of topological 

trivial to non-trivial phase transition, small changes in lattice constants can robustly result in 
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reversed photocurrent directions, sharpened current peaks and improved intensities.51 Such change 

of current response in topological non-trivial phase and band inversion may suggest a novel way 

to enhance the bulk photovoltaic effect of MHPs for light-harvesting applications.  

Table 1. Experimental band gap values (eV) and those calculated using PBE, PBE+SOC, G0W0, 

GW0, and GW0+SOC of cubic CsMX3 (M=Pb, Sn; X=Cl, Br, I) under zero pressure.  

System CsPbCl3 CsPbBr3 CsPbI3 CsSnCl3 CsSnBr3 CsSnI3 

PBE 1.96 (-0.89) 1.54 (-0.82) 1.26 (-0.41) 0.64 (-1.96) 0.27 (-1.48) 0.13 (-1.17) 

PBE+SOC 0.88 (-1.97) 0.46 (-1.90) 0.15 (-1.52) 0.31 (-2.29) 0.06 (-1.69) 0.24 (-1.06) 

ΔSOC -1.08 -1.08 -1.11 -0.33 -0.21 0.11 

G0W0 3.20 (0.35) 2.50 (0.14) 1.99 (0.32) 1.41 (-1.19) 0.81 (-0.94) 0.56 (-0.74) 

GW0 3.67 (0.82) 2.88 (0.52) 2.25 (0.58) 1.73 (-0.81) 1.02 (-0.73) 0.69 (-0.61) 

GW0+SOC 2.59 (-0.26) 1.80 (-0.56) 1.14 (-0.53) 1.40 (-1.20) 0.81 (-0.94) 0.80 (-0.50) 

Exp.  2.85(a) 2.36(b) 1.67(c) ~2.60(d) 1.75(e) 1.30(c) 

ΔT 0.50 0.39 0.47 0.62 0.64 0.64 

Experimental values come from: (a) Ref 52; (b) Ref 9; (c) Ref 53; (d) Ref 17; (e) Ref 54. The 
differences between calculated and experimental values are listed in parenthesis. Band gap opening 
values due to finite temperature ΔT are extracted from Ref 55.  
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Figure 2. Characteristic band structures of cubic phases of CsPbCl3 and CsPbBr3 under trivial, 

critical, and non-trivial pressure conditions calculated using PBE+SOC. Dotted lines denote Fermi 

energy levels. The sizes of the purple and orange dots in the figure are proportional to the weights 

of the projections of the s and p states onto Pb atom, respectively.  
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Figure 3. (a) PBE+SOC and (b) GW0+SOC electronic band gap values, (c) static dielectric 

constants, and (d) Born effective charges for M (M=Pb, Sn) of cubic phase CsMX3 as a function 

of pressure.  

PBE is known for its underestimation of exact band gap values.56 In order to get more rigorous 

values of band gap for CsMX3, we apply many-body perturbation theory with GW approximation, 

which includes many-body electron-electron interaction, to predict the accurate band gap57-58 for 

CsMX3. Two levels of GW calculations are used: (a) single-shot quasiparticle GW (G0W0); (b) 

partial self-consistent quasiparticle GW (GW0). Convergence test results show that the number of 

the unoccupied band of 512 is sufficient enough in GW calculations since reducing it to 256 gives 

band gap values with the error less than 0.01%. Band gap values at R point as a function of pressure 
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for CsMX3 at GW0 level are plotted in Figure S6(c). Similar to PBE calculations, the band gap 

tends to red-shift with increasing pressure. Band gap values Eg under zero pressure calculated 

using PBE, G0W0, GW0 and measured by experiments are listed in Table 1. At the same time, since 

SOC is not included in GW calculations, we use the SOC correction ΔSOC calculated from PBE to 

get GW0+SOC results Eg (GW0+SOC) (see Figure 3(b), Figure S6(d), and notes below Figure S6 

for more details about band gap correction under pressure). Relatively smaller Eg (GW0+SOC) 

values for the CsMX3 systems compared to experiments under zero pressure (see Table 1) are 

attributable to the neglect of thermal effects in DFT calculations. As discussed in a recent work 

combining the rVV10 functional calculation with molecular dynamics simulations, the band gap 

will have increments ΔT ranging from 0.39 to 0.64 eV due to finite temperature55 (listed in Table 

1), with which we can obtain more realistic band gap values. This can be ascribed to the thermal 

expansion effect that gives rise to the lattice parameters and the spontaneous octahedral tilting of 

CsMX3.  

It is suggested that carrier transport properties in halide perovskites can be benefited by large 

Born effective charges and dielectric constants.59 Here, we use density functional perturbation 

theory to study the dielectric properties as a function of pressure. Note that dielectric constants as 

well as Born effective charges (Z*) for cubic CsMX3 are isotropic so we only focus on xx 

components. Static dielectric constants εstd under zero pressure are listed in Table 2. We then derive 

the electron and hole effective masses of CsMX3 along high symmetry directions R->Γ near the 

band gap edge from PBE+SOC band structures calculations. Electron and hole mobilities μe and 

μh under 300 K are thus calculated. Through further calculations, we can expect both εstd and Z* 

for Pb/Sn to have larger values with increasing pressure for CsMX3 with the only exception of Z* 

for Sn in CsSnI3, which decreases slightly after the pressure exceeds 5 GPa (Figure 3(c) and 3(d)). 
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Generally speaking, pressure can serve as an effective approach toward better carrier transport 

properties and enhanced screening effect of carriers from impurity centers, leading to better 

performance of MHP-based devices.  

 

Table 2. PBE+SOC calculated electron (me) and hole (mh) effective masses, dielectric constants 

(εstd), Born effective charges for Pb/Sn (Z*), electron (μe) and hole mobilities (μh), and exciton 

binding energies (Eb) calculated using Wannier-Mott (WM) model under 300 K and zero pressure 

of cubic CsMX3 (M=Pb, Sn; X=Cl, Br, I).  

System CsPbCl3 CsPbBr3 CsPbI3 CsSnCl3 CsSnBr3 CsSnI3 

me/m0 0.37 0.34 0.27 0.44 0.25 0.24 

mh/m0 0.28 0.21 0.21 0.47 0.44 0.27 

εstd 3.66 4.20 5.03 4.32 4.87 5.63 

Z* 3.90 4.21 4.65 4.48 4.87 5.35 

μe (102 cm2/(V·s)) 2.7 4.2 4.3 2.9 4.0 4.0 

μh (102 cm2/(V·s)) 8.6 27.1 28.2 1.6 2.6 8.8 

Eb (meV) 162.42 99.78 63.19 165.72 91.79 55.36 

 

 

Optical properties of CsMX3 are also examined using DFT. Due to the cubic symmetry of 

CsMX3, dielectric tensor ε(ω)=ε1(ω)+iε2(ω) has only identical xx, yy, and zz components. We take 

the average of εxx(ω), εyy(ω) and εzz(ω) in the following calculations. The excitonic effect has been 

proven to be of vital importance in calculating optical properties of MHPs and calculations 

considering excitonic effect can provide better agreement with experiments.60-61 We incorporate 

many-electron interactions and excitonic effects by solving the Bethe-Salpeter equation (BSE) 
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based on single-shot G0W0 and get the imaginary part of ground-state dielectric function ε2(ω) 

(Figure S10). For comparison, results from random phase approximation (RPA) based on G0W0 

are also presented. We note that including excitonic effects considerably reshapes the curves and 

GW+BSE results show smaller photon energy and higher intensities of ε2(ω) for the first peak. On 

the basis of frequency-dependent dielectric functions calculated using G0W0+BSE, we plot the 

absorption spectra α(ω) and reflectivity R(ω) in Figure 4, S11, and S12. We can identify the optical 

absorption peaks corresponding to direct transition at R point in the band structures and mark the 

peak positions in Figure 4. When the pressure is increased, the peak intensities are decreased 

indicating weaker exciton transitions. In addition, the trend of significant red-shifting with 

increasing pressure can be observed for all the systems, which is consistent with the preceding 

electronic band gap evolution results in Figure S6. Exciton binding energies are calculated through 

conventional Wannier-Mott (WM) hydrogenic model and the results under zero pressure are listed 

in Table 2. Direct subtraction of G0W0+BSE optical band gap from G0W0-calculated electronic 

band gap can give Eb values with the same order of magnitude, confirming the validity of WM 

model for the CsMX3 systems. The decreasing trend of Eb from Cl to Br and finally to I can be 

also observed, indicating that faster photon-induced carrier dissociation can be achieved in iodine-

based systems.  
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Figure 4. Pressure-dependent absorption spectra α(ω) of cubic phases of CsPbCl3, CsPbBr3, 

CsPbI3, and CsSnCl3 calculated using GW+BSE. Positions of the first peak of the absorption 

spectra are marked in the figures.  

 

CONCLUSION 
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In summary, elastic, electronic, carrier transport, and optical properties of cubic phase CsMX3 

with hydrostatic pressure applied have been investigated using density functional theory in this 

work. PBE and GW+BSE levels of calculations were both applied to come to the conclusion that 

applying appropriate hydrostatic pressure can lead to band gap red-shifting. Higher stiffness and 

enhanced carrier mobilities are obtained by pressure engineering for CsMX3. In addition, three-

dimensional topological non-trivial phase, band inversion, and blue-shifting above critical pressure 

can be also observed when the spin-orbit coupling is considered, resulting in large tunable optical 

properties. This work provides predictive evidence in experimental study of pressure-induced 

electronic and optical properties engineering. The strategies provided in this work are applicable 

to property studies of other kinds of perovskites and even other kinds of materials for designing 

devices with better optoelectronic and photovoltaic performance.  
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approximation; DOS, density of state; WM, Wannier-Mott.  
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