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Abstract: Mechanoluminescent (ML) materials, capable of converting mechanical energy into photon emission,
have recently shown significant potential in cutting-edge applications such as anti-counterfeiting, stress sensing,
electronic skins, and structural health monitoring. However, self-recoverable ML materials without the need for pre-
charging remain greatly limited to date. Furthermore, existing systems can only accommodate a narrow spectrum of
dopant ions, thereby causing fundamental drawbacks, including limited types of electronic transitions, fixed emis-
sion colors, and insufficient spectral coverage. Herein, we develop a new class of borate-based material system (Sc-
BO;) that can emit self-recoverable ML spanning the ultraviolet to near-infrared range, through deliberate doping of
diverse luminescent centers (e. g. , rare-earth, transition-metal, and metal ions). Based on comprehensive structur-
al and optical characterizations, we systematically investigate the crystal structure, morphology, luminescence prop-

erties, and self-recoverable ML mechanism of the representative ScBO;: Th™ crystal. Under continuous cyclic fric-
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tional load, the ScBOs: Th™ crystal exhibits intense and stable green ML without the need for UV pre-charging.

Mechanistic investigations reveal that the self-recoverable ML is mainly driven by the dopant-induced local piezoelec-

tric effect, rather than the persistent luminescence-related trap states. By leveraging this full-spectrum ML range and

multistimuli-responsive behavior, we further design a flexible optical film for information encryption and handwriting

recognition, offering new perspectives for the advanced applications of ML materials.
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Figure 1 (a) Schematic diagram of the crystal structure of ScBO5; (b) Rietveld refinement analysis based on XRD patterns of

ScBO;5 and SeBO;: Th™; (¢) The plots of the refined volumes of [ ScOg] octahedron and unit cell as a function of Th**
concentration; (d) HR-TEM and SAED images of ScBO;: Th* crystal; (e) SEM and EDS images of ScBO;: Th* at

single-particle level.
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(a) Photoluminescence excitation (monitored at 549 nm) and emission spectra (excited at 282 nm) of ScBO;: Th™

crystal; (b) Schematic diagram of the quantitative ML measurement under frictional load (left) , along with the re-

corded ML spectrum and photograph of PET-sealed ScBOz: Th* film under friction load at 40 N (right). The inset

shows the integral ML intensity versus Th

at a fixed rotation speed (~ 300 rpm); (d

** concentration; (c¢) Integral ML intensity versus frictional load (10-30 N)

) Integral ML intensity versus rotation speed (240-480 rpm) at a fixed fric-

tional load (~ 40 N); (e) Integral ML intensity and photographs of ScBO;: Th* @PDMS film under continuous cyclic

frictional load; (f) Schematics and ML images under different types of mechanical stimuli for the sample in powder,

flexible or rigid polymer forms.
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Figure 3
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(a) Decay curve of ScBO5: Th™ crystal after 254 nm light pre-irradiation for 5 min; (b) Thermoluminescence (TL)

Wavelength (nm)

curves of ScBOs: Th™ crystal after pre-charging by 254 nm light or grinding action; (¢) Integral ML intensity of PET-

sealed ScBO5: Th™ film under continuous cyclic frictional load before and after UV pre-charging; (d) PFM amplitude

(top row) and piezoelectric coefficient (ds;, bottom row) of ScBO5: Th* particle under a tip bias in the range of + 10

V; (e) Schematic illustration of the proposed ML mechanism in ScBO;: Th™ crystal. Dy: neutral defect center, e :

electron, h”: hole, ET: non-radiative energy transfer; (g) ML spectra and photographs of ScBOj; crystals doped with

various luminescent centers.
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Figure 4

(a) Scheme of fabrication process of the flexible patterned film with various emission ranges for information encryp-

tion; (b) Optical images of the patterned film under the excitation of 365 nm light or stretching action, and the ML im-

ages are recorded using visible, NIR, or UVC camera, respectively; (¢) Three-dimensional dynamic handwriting rec-

ognition based on luminescence trajectories.
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