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Fig. 1. (a) The X-ray diffraction spectrum of Cs,AgInCl; under atmospheric pressure; (b) the crystal structure diagram of the cubic

phase of CsyAgInClg.
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Table 1. Structural information of Cs,AgInClg under
normal pressure.
Compounds CsyAgInClg
Crystal Cubic
Space group Fm3m(225)
a, b, c/A 10.48713(3)
V/A3 1157.372
Atoms Wyckoff (z y 2)
Cs 8¢(0.25 0.25 0.25)
Ag 45(0 0 0)
In 4a(0 0 0)
cl 24¢(0.24 0 0)
Residuals®/% Ryp: 8.76%; Ry 8.12%

1 * Ry, and R, as defined in GSAS.
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Fig. 2. (a) The optical response spectra of Cs,AgInClg under different light wavelengths at atmospheric pressure; (b) the optical re-

sponse spectra of CsyAgInClg under different pressures when the light wavelength is 450 nm; (c)—(e) the variation trends of the pho-

tocurrent density (JPH), optical response intensity (R) and external quantum efficiency (EQE) of Cs,AgInClg with pressure; (f) the

variation trend of the I-V curve with pressure.
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Fig. 3. (a) The pressure-induced coloration optical micrographs of CsyAgInClg; (b) the high-pressure ultraviolet-visible light absorp-

tion spectrum of CsyAgInClg; (¢) the band-gap evolution of CsyAgInClg crystals under high pressure.
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Fig. 4. (a) The high-pressure Raman spectra of Cs,AgInClg; (b) the variation trend of the Raman vibration peaks of Cs,AgInClg

with pressure.
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Fig. 5. (a) The high-pressure XRD pattern of Cs,AgInClg; (b) the XRD pattern of Cs,AgInClg at 2.1 GPa (the crystal structure dia-
gram of the ab plane of the cubic phase of Csy,AgInClg is shown in the inset); (c¢) the XRD pattern of CsyAgInClg at 9.7 GPa (the
crystal structure diagram of the ab plane of the tetragonal phase of Cs,AgInClg is shown in the inset); (d)—(f) the relationship

between the lattice parameters (d), cell volume (e), bond lengths (f) of Cs,AgInClg and pressure.
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SPECIAL TOPIC—High-pressure modulation and in situ characterization of
optoelectronic properties

Structural and optoelectronic properties of lead-free double
perovskite Cs,AgInCl, under pigh pressure’
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Abstract

Environmentally friendly lead-free double perovskite materials have emerged as promising alternatives to
lead-based perovskites due to their excellent optoelectronic properties and improved stability. In this study, a
highly crystalline lead-free double perovskite, CsyAgInClg, is synthesized via a mild hydrothermal method, and
its pressure-induced structural evolution and optoelectronic regulation up to 41.1 GPa are systematically
investigated at room temperature by using diamond anvil cell (DAC) technology combined with multiple in-situ
characterization methods. High-pressure synchrotron X-ray diffraction reveals a structural phase transition from
the cubic phase (Fm3m) to the tetragonal phase (I4/m) at 8.9 GPa. In-situ Raman spectroscopy further
confirms this transition through the splitting of characteristic phonon modes, indicating enhanced structural
anisotropy. Pressure-dependent optical absorption spectra show a distinct reversal in the trend of bandgap
evolution during the phase transition, reflecting a strong coupling between the crystal structure and the
electronic band structure. Remarkably, the photocurrent exhibits sustained pressure enhancement behavior,
reaching twice the ambient pressure value at 41.1 GPa and the maintaining enhanced performance even after
the pressure has been released completely, indicating that the structural changes caused by pressure are stable.
These findings provide fundamental insights into the pressure-mediated structure-property relationships in lead-
free double perovskites and offer viable strategies for optimizing optoelectronic performance through crystal
engineering and strain modulation. The retained post-compression functions highlight their potential
applications in non-volatile pressure-tunable photodetectors.

Keywords: lead-free double perovskite, photoelectric properties, pressure regulation, structural phase

transition
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