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Abstract: Metal halide perovskite materials have emerged as promising candidates for next-generation optoelectronic

applications owing to their outstanding optical properties and tunable emission characteristics. However, their practical

application is hindered by poor environmental stability, especially under conditions of heat, moisture, and UV exposure,

necessitating effective encapsulation strategies. This review summarizes recent progress in enhancing the environmental stability

of perovskite nanocrystals through polymer matrix embedding, inorganic oxide encapsulation, and compositionally matched
core—shell structures using homogenous perovskite derivatives. We discuss how polymers enhance the environmental and
moisture stability of perovskite nanocrystals, how oxide-based shells (e.g., SiO2, TiO:) contribute to thermal robustness and
barrier protection, and how homostructural core—shells provide lattice-matched defect passivation with improved long-term
durability. A comprehensive understanding of the advantages and limitations of each encapsulation strategy, along with their

rational integration, can accelerate the commercialization of perovskite-based technologies in various applications such as high-
color-purity displays, color conversion filters, and flexible optoelectronic devices.
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Fig. 1. (a) Schematic illustration of ABXs perovskite crystal structure, (b) energy level diagram comparing defect tolerant and defect-intolerant
semiconductors shallow states vs. mid-gap states induced by defects [6], and (c¢) photoluminescence spectra of CsPbXs (X = Cl, Br, I) quantum
dots with tunable emission (400—750 nm) and narrow FWHM (12—42 nm) [15].
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Fig. 2. (a) Schematic illustration of in situ crystallization of PQDs in a polymer matrix via the polymeric melt encapsulation method, (b) TEM
image, (c) stability testing of CCK-2 wt% CsPbBr; PQDs/PMMA composite to 365 nm UV light irradiation, 40, 60, 80°C heat, and water [29],
and (d) molecular mechanics simulations for the NC ligands—polymer interaction in the case of PMMA and PS. (e) Photographs taken under
white light or UV irradiation at indicated time period. The composite film samples immersed in water are MAPbBr3;/PS, MAPbBr3/PC,
MAPDBI3/ABS, MAPbBr3/PVC, MAPbBr3/CA, and MAPbBrs/PMMA [30,31].
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Fig. 3. (a) Schematic illustration of CsPbBr;@SiO: nanocomposite synthesis via molecular sieve templating and high-temperature calcination
(700°C), followed by water washing to remove external salts, (b) photostability of the CsPbBr;—SiO.-HF, ceramic Sr2SiO4:Eu®* green
phosphor, KSF red phosphor, colloidal CsPbBr; NCs and CdSe/CdS/ZnS NCs under illumination, sealed with Norland-61 on the LED chips
(20 mA, 2.7 V) and aged at 85°C and 85% humidity conditions on the LED chips (20 mA, 2.7 V) [32], (c) schematic illustration of aerosol
deposition system, cross-section and magnified images of three samples corresponding by SEM, scale bar (white line) 5 um and (black line) 1
um and film growth mechanism for three AD films, (d) long-term thermal stability of CsPbBr3;/Al2Os deposited films under N2 and PTFE at
150°C for 20 day [33], (e) schematic illustration of the fabrication process for the TiO2 coated CsPbBr3/TiO2 core-shell NCs; TEM images,
and () the relative PL intensity of CsPbBr; NCs (without precipitation), dried CsPbBr3 NC powder, CsPbBr3/TiO2 powder, and CsPbBr3/TiO2

NC powder after immersing in Milli-Q water and photostability [34].
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Fig. 4. (a) Schematic illustration of the preparation of CsPbBrs/Cs«PbBrs microcrystals using a high-speed mechanical mixing method, and the
working principle of the automatic solder paste mixer, where the raw materials inside a single glass vial experience both the rotational motion
of the mixer and the stirring motion of the internal stir bar during centrifugal operation, (b) thermostability and photostability of
CsPbBr:/CssPbBrs microcrystals evaluated at 80°C and under continuous UV (365 nm) illumination, respectively, in different physical states
(film, powder, and solution); normalized PL intensities are compared to assess environmental robustness [35], (¢) schematic diagram showing
the synthesis strategy of the CsPbBr3/CsPb2Brs core-shell HNC, (d) lattice matching relation at the interface of the CsPbBrs;/CsPb2Brs core-
shell HNC, and (e) PL peak intensity versus storage time for the CsPbBr;/CsPb2Brs HNC powder immersed in water. (d) Corresponding

luminescence photos taken under 365 nm excitation [36].
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