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Abstract

Pressure-stimulated luminescent materials enable tunable emission color under external pressure,
exhibiting promising application prospects in stress sensing, information storage, and extreme-envi-
ronment detection. Lead-free copper-based halide Cs3Cu:Cls features intense self-trapped exciton (STE)
emission, low toxicity, and superior lattice flexibility, rendering it a promising candidate for construct-
ing novel pressure-responsive luminescent materials. Nevertheless, the pressure-dependent evolu-
tion of multiple luminescent centers—including matrix STE states, defect-related states, and rare-
earth ion centers—in copper-based halides remains poorly understood. In this work, erbium ion
Er3+-doped Cs3CuzCls microcrystals are selected as the research subject. Combining diamond anvil cell
(DAC) high-pressure technology with in-situ photoluminescence measurements, we systematically in-
vestigate the evolution of luminescence behaviors within the pressure range of 0~16 GPa. The results
reveal that the system possesses three types of luminescent centers: broad-band STE emission from
the host matrix, narrow-band characteristic emission originating from the 4G11/2—4I15,2 transition
of Er3+, and pressure-induced defect-related emission. As pressure increases, the STE emission un-
dergoes peak shift and intensity variation with distinct stage-dependent evolution. In contrast, the
4f-4f transition of Er3* maintains excellent stability across the entire pressure range, while the de-
fect-related luminescence gradually intensifies upon compression. These findings demonstrate that
pressure modulates the relative contributions of diverse luminescent centers by altering local lat-
tice environments and carrier recombination pathways. This study provides insights into the high-
pressure luminescence mechanism of rare-earth-doped copper-based halides and offers guidelines
for developing robust pressure-responsive luminescent materials.
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Figure 1. In-situ high-pressure fluorescence spectra of Cs3Cu2Cls:50% Er3*
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