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Abstract

Piezoluminescent materials, as a class of smart materials capable of responding to external
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pressure and changing their emission color, exhibit significant application potential in pressure
sensing, information encryption, and anti-counterfeiting identification. Copper-based halide perov-
skites (such as Cs3CuzXs, X = Cl, Br, I) possess advantages including non-toxicity, narrow-band emis-
sion, and strong localized excitonic effects arising from valence bands dominated by Cu-3d orbitals,
enabling noticeable luminescence variations even under low pressure and making them suitable
for reversible and multi-level pressure-responsive chromic behavior. Rare-earth ion doping is a key
modification strategy for enhancing the performance of perovskite materials. However, systematic
investigations on the synergistic effects between rare-earth ion doping and Cu(I)-based perovskites
remain limited. In this work, erbium-ion-doped Cs3CuzCls microcrystals (CssCuzCls: 50% Er3+) were
selected as the research system, and their pressure-dependent photoluminescence evolution up to
9 GPa was investigated through in-situ high-pressure fluorescence spectroscopy using a diamond
anvil cell. The results demonstrate that CssCuzCls: 50% Er3+ exhibits a two-stage evolution in optical
behavior, where the fluorescence intensity gradually decreases within the pressure range of 0~3
GPa and subsequently increases within the range of 3~9 GPa. This study reveals the competitive
multi-center luminescence mechanism of Cs3CuzCls:50%Er3* under high pressure and confirms the
intrinsic pressure stability of localized 4f-4f transitions of rare-earth ions. These findings provide a
theoretical basis for high-pressure investigations of rare-earth-doped halide perovskites and for
the design of novel luminescent devices.
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Figure 1. (a) Fluorescence and absorption spectra of Cs3Cu2Cls: 50% Er** under ambient pressure; (b) In-situ high-pressure
fluorescence spectra of Cs3Cu2Cls: 50% Er**
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