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Fig. 1. The construction process of the BiOCl/CsPbCl; het-
erostructure: The top views of (a) CsCl-terminated, (b)
BiOCl and (c) PbCly-terminated of CsPbCly structure (the
blue box is the initial unit cell, and the yellow box is the
lattice selected for the construction of the heterojunction;
(d) CsCl-terminated and (e)PbCly-terminated heterojunc-

tion structures.
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Fig. 2. The total energies of (a) 2L-CsPbCl3 and (b) BiOCl/CsPbCl; as a function of AIMD simulation time; (b), (c) the snapshots
of AIMD trajectories for PNMA-3 and DPA-3 at the simulation time of 0, 2, 4 and 6 ps.
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tures; (e) tive lead types that can be formed by constructing heterojunction.
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Fig. 4. Electronic properties of BiOCl/CsPbCl; heterojunctions: (a) Schematic diagram of carrier transport of type II band-order

type; (b) effective carrier mass; (¢) CsCl-terminated and (d) PbCly-terminated heterojunctions Projected energy band diagrams,

band edge differences between components, density of states diagrams, and CDI distribution diagrams.
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Fig. 5. Optical absorption diagram of BiOCl/CsPbCl; heterojunction and its components: (a) Schematic illustration of light illumin-

ation in the in-plane (w;/) and out-of-plane (w,) directions of the heterojunction device; optical absorption spectra of different ter-

minated heterojunctions and their components along (b) in-plane (/) and (c) out-of-plane () directions (the dotted line range

corresponds to the visible region of wavelengths from 390 to 780 nm).
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Fig. Al. Figures of 8 types of heterostructures: (a)—(d) Four
types of heterojunctions constructed by CsCl-terminated
CsPbCl; and BiOCl, and the atomic alignment positions are
marked by red lines; (e)—(h) four types of heterojunctions
constructed by PbCly-terminated CsPbCl; and BiOCl, with

atoms aligned The position is the same as the CsCl terminal.
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# A1 KRN 8 Bl BiOC/CsPhCly SR 45 H A Y B H A2 (Al
Table Al.  Energy comparison and layer spacing of eight BiOCl/CsPbCly heterojunctions types with different terminations.

Structures Method Energy/eV Layer Spacing/ A

S1 ~134.47 3.26

S2 ~134.46 3.68
HIT-CsCl

S3 ~134.43 3.41

S4 -134.41 3.44

PBE

S1 -138.55 3.35

S2 -138.57 3.28
HIT-PbCl,

S3 -138.54 3.28

S4 -138.54 3.29

M B 1L-BiOCL. P # % 3% AL-CsPbCly F1 / # £ s HIT By 244 |

GRSR YR

% B1
bl c) iR (E,) TERRE (Ey) M AR5 (m)
Table BL.

EUX

20
Ae

1 L-BiOCI, Wi 4 L-CsPbCly AN 2 HIT B R T (Nyoy) « 28045 2 EHE | L5 19 s S5 (a,

1 L-BiOCl, 4 L-CsPbCl; with two terminations, and HIT with two terminationg: total atomic number (N),

heterojunction interlayer spacing, optimized lattice parameters (a, b and c), band gap (E,), formation energy (E;) and carrier

effective mass (m”").

Lattice constant /A m
Niot Layer spacing/A E,/eV E;/eV
a b c me My
1L-BiOCl 12 5.73 5.73 42.96 3.48 0.38 1.71
4L-CsPbCl;-CsCl 22 5.72 5.72 42.86 3.00 0.21 0.22
4L-CsPbCl;-PbCl, 23 5.72 5.72 42.86 3.02 0.30 0.22
HIT-CsCl 22 3.17 5.70 5.71 42.77 1.51 8.6x10°% 0.44 0.22
HIT-PbCl, 23 3.35 5.71 5.71 42.78 1.60 8.9x10%  0.34 0.23
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Abstract

All-inorganic metal halide perovskites represented by cesium lead chloride have become important
candidates for the development of high-performance photovoltaic and optoelectronic devices due to their
excellent optoelectronic properties and defect tolerance. However, poor structural stability has become a
bottleneck for its commercial applications. In this work, we propose to integrate thin layers of bismuth
oxychloride (BiOCl) on the surface of cesium lead chloride perovskite (CsPbCl;) to form a van der Waals
heterojunction. And we systematically study the environmental stability of BiOCl/CsPbCl; van der Waals
heterojunction and the influence of interfacial effects on its optoelectronic properties by combining first-
principles calculations and ab initio molecular dynamics simulations. The calculated results show that the van
der Waals integrated BiOCl on the surface of CsPbCl; can greatly improve its environmental stability, which is
due to the highly stable BiOCIl layer isolating the reaction of water and oxygen molecules with the perovskite
lattice. Moreover, the two BiOCl/CsPbCl; van der Waals heterojunctions show a type-II band structure, which
conduces to promoting the carrier separation. At the same time, the two heterojunctions have small effective
carrier mass, which well preserves the excellent carrier transport properties of CsPbCl; and BiOCl. However,
CsCl-terminated heterojunctions exhibit larger band orders than PbCl,-terminated heterojunctions, which can
lead to higher open-circuit voltages and lower dark currents in CsCl-terminated heterojunctions. Owing to the
different band gaps of BiOCl and CsPbCl;, the heterojunctions show high optical absorption coefficients in the
visible-to-ultraviolet region. This work provides a new idea and theoretical basis for improving the structural

stability of CsPbCl; perovskite materials and their applications in high-performance optoelectronic devices.
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