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Abstract: Mechanoluminescent materials are capable of converting input mechanical stimuli into photon emission ,
offering substantial promise for smart wearables, structural health monitoring, biomechanical imaging, and optoelec-
tronic anti-counterfeiting. Advanced characterization techniques provide the measurements needed to reveal the
structure — property relationships and physical mechanisms, guide materials design, and assess engineering applica-
bility. Here, we review recent advances in the characterization of mechanoluminescent materials. We first introduce
conventional mechanical loading platforms, including universal testing machines, drop-ball impact systems, rotary
motors, and linear motors, together with optoelectronic signal-acquisition and system-integration modules. We then
focus on the advanced characterization techniques, including transient-response measurements, single-particle char-
acterization, in situ high-pressure characterization, and ultrasound-induced mechanoluminescence, and discuss
their underlying principles, applicability, and technical advantages. Finally, we summarize current challenges relat-
ed to synchronized multiphysics measurements, spatiotemporal resolution, monitoring under practical operating con-

ditions, and high-throughput intelligent characterization, and outline future research directions.
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tus™"’; (¢) rotary motor™'; (d) linear motor ™.
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Fig. 2  Optical detectors used for ML characterization. (a) Photomultiplier tube; (b) Charge-coupled device ' ; (¢) Comple-
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Fig. 3 Conventional ML characterization methods. (a) ML spectral measurement®'; (b) ML intensity-time response measure-

ment'®’; (¢) ML imaging measurement'®,
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Fig. 6 Near-distance high-speed microscopic ML imaging device and performance
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. (a) Device architecture and photograph

of an ML film directly integrated on a CMOS image sensor; (b) photon-harvesting paths in the near-distance mode (80%

pixel fill factor, I, ~ 0.81;) and remote lens-based mode (I, ~ 0.011,) ; (c) intensity-time responses of the two modes af-

ter drop-ball impact; (d) grayscale images acquired in the two modes using balls of different masses (200 fps; scale

bars, 500 pm).
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Fig. 7 Single-particle ML characterization systems. (a) Schematic illustration of the emission measurement apparatus based on

AFM™; (b) PFS-based single-particle ML testing setup ™.
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Fig. 9 Structural and luminescence characterization under high pressure. (a) In situ high-pressure synchrotron XRD patterns of

Mn-doped BaZnOS, along with the variations in lattice parameters and bond lengths as a function of pressure™. (b)

High-pressure Raman spectra of BaZnOS excited by a 532 nm laser’*". (¢) Polarized SHG signal of BaZn0S™". (d) ML

of SrZn0S: Mn* under rapid compression at given rates”. (e) Oscillatory ML behavior of SrZn0S: Mn* at different load-

ing rates'™. (f) Pressure-dependent photoluminescence spectra of SrZn0S : Mn2"""",
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Fig. 10 Focused-ultrasound-induced ML characterization. (a) An ultrasound-scanning light source in circulatory systems'
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(b) A FUS-activated, flexible multicolor display enabled by color-tunable ML,
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