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Abstract: NUltraviolet mechanoluminescent materials can emit ultraviolet light in response to mechanical stimuli,
thereby enabling the conversion of mechanical inputs into optical signals. They represent an emerging class of smart lu-
minescent materials that combine mechanical responsiveness with high-energy photon emission. Owing to their high
photon energy and excellent optical concealment, these materials show great promise in passive sensing, information se-
curily, optical tagging, and microbial inactivation. In recent years, advances in trap regulation, self-recoverable emis-
sion, and flexible composite devices have driven ultraviolet mechanoluminescence from conventional energy-storage-
and-release systems toward self-powered deep-ultraviolet emission. This review systematically summarizes recent prog-
ress in ultraviolet mechanoluminescent materials, luminescence mechanisms, and functional applications. First, the
carrier trapping, release, migration, and recombination processes under mechanical stimulation are discussed from the
perspectives of two representative mechanisms: trap-controlled and self-recoverable mechanoluminescence. The review
then classifies reported materials according to the three ultraviolet regions—UVA (320 - 400 nm) , UVB (280 - 320

nm) , and UVC (200 - 280 nm) —and summarizes their representative material systems, luminescent centers, and
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performance characteristics. This classification highlights the evolution of ultraviolet mechanoluminescence from lon-

ger- to shorter-wavelength emission and from pre-charged carrier release to self-recoverable output. Recent applica-

tion explorations in mechano-optical conversion, dynamic encryption, flexible sensing, solar-blind detection, and

self-powered microbial inactivation are further discussed. Finally, future perspectives are provided on key issues in-

cluding the design of new luminescent centers, efficiency enhancement of deep-ultraviolet emission, elucidation of

self-recovery mechanisms, and device integration. This review aims to provide a systematic reference for the rational

design, mechanistic understanding, and functional application of ultraviolet mechanoluminescent materials.

Keywords: mechanoluminescence; ultraviolet luminescence; solar-blind ultraviolet; trap regulation; self-recover-

able luminescence
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Tab. 1 UVA mechanoluminescent materials

gt FEBHA £ S Inm HL3 27 3CHk
SIALO,: Ce™* 358, 381 e B 4 o 251 [56]
SrAL0,:Ce™ , Ho™ 358, 381 b3 B 4 o 220 [56]
SrMgSi,0, : Ce™* 349, 371 W B ) 7 [57]
StMgSi,0,: Ce*, Er'” 349, 371 W B 42 0 (57
Sr,MgSi,0,:Ce™  Er™* ~350, ~370 4 Bk 42 1) 7 [57]
Ca,ALSIO,: Ce™ 400 B B 42 i) 2 [58]
StMgAl,,0,,: Ce™ 400 K B 42 o 2 [59]
Ce™ (Ca,Sr) Mg,ALSi,0,,: Ce™ ~390 e BIF £ 1 2 [60]
Sr,P,0,:Ce™/PDMS ~330 FI 52 [o1]
CayBi(PO,),: Ce™/PDMS 356 ER/ER [37]
Ca,B,0,:Ce*"/PDMS 350, 385 SR/ R [62]
Ca Al(PO,),: Ce™*/PDMS 340 ER/ER [63]
StMgCe(PO,)./PDMS 373 SR/ -1 [64]
Ca,P,0,:Ce™ 339 ER/=Ei] [6s]
Ca,P,0,:Ce™/PDMS 339 R/ SR [65]
Sr,ALSiO, : Ce™/PDMS 393 /&R [66]
Lu,ALGa,0,,: Th* ~385 e B 7 it 5 [67]
—_ CaZnOS:Th* ~385 ER/-Xi1) [68]
Y,Ga,0,,: Th**/PDMS ~385 F k52 1 [69]
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LiYGeO,: Bi** 355 W B 42 it 52 [71]
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Table 2 UVB and UVC mechanoluminescent materials
Zt L HEHE & RS0 Inm pL 7% 3k
Y,ALGa,0,,:Gd"/PDMS 313 ER/E=Ei (74]
- Y,ALGa,0,,:Gd™, Pr*/PDMS 313 SR &R0 [74]
‘ Y,ALGa,0,,:Gd™,Bi**/PDMS 313 ER/¥-R0 [74]
Lu,ALGa0,,:Pr',Gd*"/PDMS 313 ER/ S [75]
- o W3 BIF 4 o) 2
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: ER/S=Ri
NaYF,:Pr™* 250, 272 K BIF s 1 2 [77]
Sr,P,0,:Pr’* 230, 245 e BIF 47 4 5 (78]
5 e - , e B 47 ) 52
Py’ StF,:Pr’* (SF,: Pr’™*/PDMS 222 [79]
ER/ERi
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Sr,(BO,),:Pr’*/PDMS 272 H S [81]
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Fig.1 Ton energy-level diagrams of Ce™, Th™, Gd*, Tm*, Pr'" and Bi’" and their potential ultraviolet emission transitions. The

arrows indicate the possible ultraviolet radiative transitions of these ions
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;1% (b) ML and TL emission spectra of the

S1(f) ML spectra of CagBi (PO,);: xCe™/PDMS under the stretching stimulus;

(¢) ML spectra of the LiYGeO,: Bi** powders pre-irradiated with a 254
after 2 min pre-irradiation with a 254 nm UV
(e) comparison between intrinsic defect emission of undoped CaZnOS and ML emission of Th**-doped CaZnOS;

(g) persistent luminescence, com-

bined persistent luminescence and scratch-induced ML, and scratch-induced ML spectra of CaY,Ge,0,,: Bi’** recorded at

92 s after 1 min irradiation with a 254 nm UV lamp, the inset shows a photograph of scratch-induced ML.”
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Fig.5

UVB mechanoluminescent materials. (a) ML spectra of Y;ALGa;0,,:xGd*/PDMS; " (b) ML spectrum of Y;Al,Ga;0,,:

0.30Gds, , 0.15Pr**/PDMS; ™ () comparison between ML and PL spectra of Lu;Al,Ga;0,,: Pr'*, Gd*/PDMS; 1 (d) cy-
clic ML response of Lu;AlL,Ga;0,,: Pr'", Gd*/PDMS after 90 s recovery; ™ (e) ML spectra of MgF,: Tm*" under different

conditions."™
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Fig.6 UVC mechanoluminescent materials. (a) Spectral comparison of NaYF,: Pr’** under different conditions; inset: lumines-

cence image captured by a solar-blind camera;'””" (b) spectral comparison of Sr,P,0;: Pr'* under different conditions ;
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(¢) spectral comparison of SrF,: Pr' under different conditions ;'™ (d) UVC ML emission spectra of the Sr;(PO,),: Pr'*/
PDMS elastomer film over 10,000 continuous stretching cycles; ™ (e) UVC ML emission spectra of the Sr;(BO5),: Pr'/
PDMS elastomer film over 10,000 continuous stretching cycles; ™ (f) UVC ML emission spectra of the Sry(BO;),: Pr'*/

PDMS elastomer film after natural storage at room temperature for different durations from 1 s to 24 h;*' (g) UVC ML

images of the Sry(BO5),: Pr’*/PDMS film recorded throughout the 10,000 stretching cycles.""
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Fig.8 UVC ML for multifunctional applications. (a) Structural health monitoring based on SrF,: Pr** ;" (b) Demonstration of

structural failure monitoring via Sry (PO,),: Pr'/PDMS UVC ML elastomer; ™' (¢) Demonstration of collision detection
via Sr;(P0O,),: Pr'*/PDMS UVC ML elastomer; ™ (d) Demonstration of covert optical tagging and tracking via Sry(PO,),:
Pr**/PDMS UVC ML elastomer;' ™ (e) Demonstration of self-powered optical tagging and tracking via Sr;(BO;),: Pr'*/PD-
MS UVC ML elastomer;"™" (f) Demonstration of microbial sterilization via Sr;(BO;),: Pr™/PDMS UVC ML elastomer.™"
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