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Abstract: Mechanoluminescence (ML) refers to a phenomenon where certain material systems emit light when
subjected to external mechanical stimuli (such as compression, bending, stretching, impact or scratching) , and it
holds great potential for applications in stress sensing, anti-counterfeiting encryption, biological tissue imaging, and
structural health monitoring. A variety of inorganic ML systems have been successfully developed to date, and the
visible and near-infrared bands in particular have been extensively investigated. However, the severe overlap be-
tween these bands and the solar spectrum limits their application potential in specific scenarios. In contrast, the ul-
traviolet (UV) spectral range (200 — 400 nm) features unique advantages: for instance, it has high photon energy,
especially the deep UV band shows no overlap with the solar spectrum at all, endowing UVC ML with an ultra-high
signal-to-noise ratio. Therefore, it has irreplaceable application value in covert communication, special marking,
structural health monitoring and other fields. Based on this, this review summarizes the research progress in inorgan-
ic UV ML, delves into its developmental history, application value and future research directions, and thus provides

a reference for the further advancement of this research field.
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Fig.1  Classification of ML
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Fig.2 Development history of ultraviolet ML materials
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Tab. 1  Comparison of UV mechnoluminescence compound
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ture of borate-type Sry(BO;3),. (d) Crystal structure of rutile-type MgF,. (e) Crystal structure of fluorite-type SrF,. (f)

Crystal structure of halide double perovskite material Cs,NaScCly.
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(a) ML spectrum of SrAl,0,: Ce™, Ho™. (b) Comparison of intrinsic defect luminescence in CaZnOS host and ML from

CaZn0S: 1%Th™. (¢) ML spectra of the Li,Y49sGe0,:0.005Bi** powders pre-irradiated by a 254 nm UV lamp for 1 min.
(d) Evolution of the ML intensity of Y;A1,Ga;0,:xGd™ and Y;A1,Ga;0,,:0.3Gd*, yPr'* with the values of x and y. (e)
ML spectrum of Y;Al,Ga;0,,:0.3Gd™,0.015Pr™. (f) Comparing with ML and PL spectra of LusAl,Ga;0,: Pr'*,Gd™. (g)
Comparison of PL and ML spectra of MgF,:0.5%Tm*. (h) Spectra of MgF,:0.5%Tm* ML materials under different con-

ditions.
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Fig. 5

(a) Spectral comparison of NaYF,: Pr'’" under different excitation conditions. (b) Spectral comparison of Sr,P,0,:Pr' un-

der different excitation conditions. (¢) Spectral comparison of SrF,: Pr'* under different excitation conditions. (d) Spec-

tral comparison of Sr;(PO,),: Pr’*@PDMS under different excitation conditions. (e) Spectral comparison of Sr;(BO;),:

Pr*@PDMS under different excitation conditions.
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(a) Demonstration of outdoor emergency rescue using UVC ML films of SrF,: Pr'*@PDMS. (b) Demonstration of con-

cealed optical marking and tracking using UVC ML films of Sr;(PO,),: Pr*@PDMS. (¢) Demonstration of optical mark-
ing and tracking using UVC ML films of Sr;(BO;),: Pr*@PDMS.
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(a) Schematic diagram of radiative energy transfer between energy donor (CagAl(PO,),:Ce™) and acceptor (CaAlISiN;:

Eu®). (b) Schematic diagram of energy transfer from Bi** to Eu* ions in BaLaGa;0; host.
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Fig. 8 (a) The UVB ML material of Y;A1,Ga;0,:0.3Gd™,0.015Pr™ is applied to gas path detection of tube furnaces. (b) The
UVC ML material of SrF,: Pr*@PDMS is used for structural health monitoring. The right panel shows the photographs of
StF,: Py’ @PDMS and ZnS: Cu™ @PDMS films under force stimulation, captured by using the visible or UVC+visible
channel of s solar blind camera. (¢) The UVC ML material of Sr;(PO,),: Pr'*@PDMS is applied to collision detection.

4.4 RE

2025 4, 1% JH 7% HF BA 3E T LusALGas0,,:Gd™,
Pr (1 UVB J7 B8R 652 8T % K #F B 19 K R
(E19a). T ZIMG, % A NG H vl o 4
2 AP B BE S P 2R UVB G, 52 30 X vk A8 T4 BE
Hef 2 S 4 2R TR R T L O AR BE R T BB T
R T B (I 9b)™ . I A, B AE A A BA Al
B4 2250 T3 BUR G AR FT T8 TR 4B, T Sy
(BO3):Pr*@PDMS I 5 1Y A K & UVC J7 3k 64
P, BTS2 BU K FF R (EC) A 48 78 Ak 4 o

A BR A (MRSA) 9 1 880K 2K, 78 % 50 14 3% &2
Jit AL F3 10000 W5, KM FF 7 FE T 3234 88. 9%,
Tiif FP 4R P AR 4 B (0 2 BR B AT TS R A 700 1%
(FE9¢)™,

BEXT S AN T SOR O — R A A R YT
WA B ARG s AR R
JEE B 4 fl S IR % €0 R TR, ELA )T I A I Y T
SR S 5 vh i XA R AT BT R I H R
2 fio JEE 458 1% S B R B, PR I S B N, A R i — 2B
k.



10

‘ 7  UVML film
o‘] 0

i\
— o=

B N |

" Before
wiping

Refrigerator

©

<«

;. oeoeeo
‘T 200000

DMAO
Live + Dead

Merge

=S
PDMS circular
teservoir

Stretching-induced UVC ML for sterilization

Self-powered microbial sterilization
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(a) The schematic diagram, experimental images and sterilization effect images of Lu3Al,Ga;0,,: Gd™, Pr'* ML films,

demonstrating the bactericidal effect of ultraviolet ML on Escherichia coli under continuous stretching. (b) The schemat-

ic diagram of the sterilization cloth prepared using LusAl,Ga;0,,: Gd™, Pr’* ML film for sterilizing refrigerator and eleva-

tor buttons. (¢) Demonstration of self-recovering microbial sterilization based on Sr;(BO;),: Pr'*@PDMS elastic films.
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