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Abstract

In recent years, luminescent materials with external field-responsive properties have attracted
extensive research attention owing to their promising application prospects in pressure sensing,
information storage, anti-counterfeiting labels, smart displays and other fields. Metal halides have
emerged as an important research platform for pressure-responsive luminescence by virtue of their
flexible lattice frameworks, versatile electronic state tunability and outstanding optical performance.
Among them, lead-free copper halide Cs3CuzCls is regarded as a promising new luminescent mate-
rial, benefiting from its intense self-trapped exciton (STE) emission, low toxicity and favorable en-
vironmental stability. Nevertheless, studies concerning the modulation of luminescence behaviors
via rare-earth ions and the mechanism of pressure-triggered color evolution in lead-free copper
halides remain relatively scarce. In this work, in-situ high-pressure photoluminescence (PL) meas-
urements were performed to systematically investigate the pressure-dependent color modulation
behaviors of Er3+-doped Cs3CuzCls. By analyzing the evolution of PL spectra under various pressures
and quantitatively characterizing luminescence color via CIE 1931 chromaticity coordinates, we un-
raveled the regulatory effect of pressure on the host STE emission and Er3+-associated luminescence
channels. The results demonstrate that Er3+-doped Cs3CuzCls exhibits remarkable pressure-tunable
color emission within the pressure range of 0~14.8 GPa. At ambient pressure, the chromaticity co-
ordinate of the sample falls in the orange-yellow region. Upon compression up to 3.1 GPa, the broad-
band host STE emission gradually weakens while the contribution of Er3+-related emission rises, shift-
ing the chromaticity coordinate to the warm white light region. Further elevation of pressure drives
the chromaticity coordinate back toward the orange-yellow zone, and the material emits yellow
light at 14.8 GPa. This evolution verifies that pressure can efficiently modulate the luminescent en-
ergy level structure and radiative recombination processes of the Er3+-doped Cs3CuzCls system, en-
abling continuous and reversible color tuning. This study provides theoretical guidance for the ap-
plication of lead-free halides in pressure sensing and tunable optoelectronic devices.
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Figure 1. In-situ high-pressure fluorescence spectra of Cs3Cu2Cls:50% Er>*
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Figure 2. CIE chromaticity diagram of Cs3Cu2Cls:50% Er** under pressures ranging from 0 to 14.8 GPa
[& 2. 0~14.8 Gpa [E 7T Cs3Cu2Cls:50% Er**#4 CIE [&]
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