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Abstract: Mechanoluminescence (ML) is a unique luminescent process in which materials directly convert me-
chanical energy into light signals under mechanical stimulation. It holds significant potential for applications in stress
visualization, structural health monitoring, anti-counterfeiting, and information encryption. Unlike conventional lu-
minescence methods, ML operates without external power sources or continuous optical excitation, making it particu-
larly suitable for the in situ monitoring of mechanical behaviors. However, the emission spectra of most currently re-
ported organic ML materials are concentrated in the visible region (400 - 780 nm) , which severely limits their utility
in environments with strong background light or in scenarios requiring detection with a high signal-to-noise ratio. In
contrast, short-wavelength mechanoluminescent (ML) materials emitting in the ultraviolet region (200 - 400 nm) ,
particularly those emitting in the solar-blind ultraviolet region (<280 nm) , offer unique advantages, including natu-
rally low background interference, high signal-to-noise ratios, and strong anti-interference capability, because solar
radiation in this spectral range is strongly absorbed by the ozone layer. Consequently, these materials show great

promise for bright-field stress detection, covert marking, and specialized sensing applications. Nevertheless, achiev-
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ing efficient ultraviolet ML remains a formidable challenge. On the one hand, molecules must possess sufficiently

large energy gaps to generate short-wavelength emission; on the other hand, the mechanically generated excited

states must undergo effective radiative transitions rather than being rapidly dissipated through molecular vibrations or

lattice defects. Therefore, the development of short-wavelength organic ML materials requires systematic design in-

volving molecular structure, crystal packing, and energy conversion mechanisms. This review summarizes the gener-

ation mechanisms of short-wavelength organic ML materials with emission in the ultraviolet and solar-blind ultraviolet

regions, discusses strategies for shifting ML emission from the visible to the ultraviolet region, highlights representa-

tive achievements and applications of solar-blind ultraviolet ML, and outlines the challenges and future directions in

this field.
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Fig. 2 Intermolecular interactions within the molecular ag-

gregates of CAC-1(A), CAC-2(B), and CAC-3(C)

single crystals.”™"
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Fig. 3 Intermolecular interactions within the molecular ag-
gregates of CAC-4 (A) , CAC-5(B), CAC-6(C),

CAC-7 (D), and CAC-8 (E) single crystals. (F)
Schematic illustration of molecular packing in odd
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Fig. 6 Chemical structures of representative short-wavelength organic mechanoluminescent molecules.
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Fig. 7 Molecular conformations, packing modes, and intermolecular interactions of Crystal A and Crystal B."*

WA, 4 TR R P A AR i A 4 R AT
3 AL 2o P8 7 2R [ B B (intersystem crossing, ISC)
BRI R ()W 5 % B iR AR . 2017 4F 2R 4
2 B IL A AR TE T 8 ) B A 5% - B XK I

PEIY ATE B ) 80Uk 655 F DPP-BO 7', ik — JF A1l 14
TAE T UKAE B 2H 53 Sl B RS2 BT % 0 3L
BEOG AT 8T A LT BUR AR T2 % & 5 1 1%
LN, g BRAR LR T RO A B ) 2 A



B2, S WAL BURCARE NSRRI T ROk 9

T AR R SR o R A BT AR R b Y A A
5ER /55 PR RO B B 2 4 T SRR A 4 TR R O
JF 5 A 4B o F ARSI B C-H- - - O 4 EL/E
SR T S1—Tn A4 ISC BR 1T, FHIE 3 50 3iF 52 5
A BT A e 22 /N T 0. 15 eV 1Y ISC
i E i DPP-BO TE AL AT B T [F] 1) 7 42 ~350 nm
(1 %¢ 6 M ~450 nm B WEOG, J5 #H7E 77 K N A K
iK2.2 s % TAE B IRTE 4L 50 A AL ML A L v 52
BT R BORE G UE B T R E R AR T R
R R B T A R AR A 2 T R R A T R B AR

ARG R T 4 TR AR R Ak
e B TR AR AR R AR e 2 A B AR an el 5 4 LA
FEAE D R DA 28 A% e S5 W BRI T 4R % o KLU
K, e A BL ML B il 25 44 FALE R¢ Pk
T, 7 o PR B AR T A A D S
PR AL ML, 2018 4F , 25 4R 042 Je L A BA &L T 28
0 T I R IR E BT O, 1 OE B - T4y T [ AR
A AR AT 5% B R ML®, Jrh, Py-Bpin (19 f {& 2
Ry e N R HE R (2 v T - T HE S, A
4 34.5%) 5% C-H- - - O M B AE A H T 5 Fild
FIVE 4 S FE R, 07 55 43 T HE Bk o T K BB B I 4
BWIBEBRE o 1% FAE H G T Al L= Az B 52
() XL 1 ML, ¢ B H ~404 nm $4K 5 ~470 nm 3%
B gk G Wy RS, = 0 A B 302 R ) 30RO
T P T 2 T

s 1A TR S ok 2 [R]E L 4 6 R 2 A A
FBA AL T HE BB X (LA SR 2 R A Tk
v, B = HER S8 S MLYERER) E AL & .
g N7 AT o AR 1 25 R -1 B G IR AR S B ML Y
(ARG A R 4, 3% TR R AR i 2 ) O T,
T, 75 5 2 K A BA DA o L Ao BHL R 422 A B
BT PR . Z B A R R S AR
Ivi) 47 BEL B Jo 22 BRI 3 R G 0T 5% 1 A7 BEL Rz Yo 3B
LR T MLYEREM WAL . Horh, TTPA-CHO 7£
0. 1 N B ACHLAR 1 F B o] 7= A2 B3 5% ML, & 5
P4 480 nm , 2 H FIT R B fe = 09 F HL ML R
Z = RS AT AR B AE 0 Jt 7 BB B T
JESUATL A 08 2 55 I s S ) ) HE R A Y HABGE T
B MLBR R Y I ———3 4 T R R
FF A% A8 55 g o B o ik T JLEE R BURE
AR T ) i % A B 26 4 1 . 5T Ok i I
TRE BRI R AU ML RHEAE T AT AR

A BEL AL R B L TR0, ML E A 85056 R 1
P B WIRA o 201948, R PR 42 S A A FE T
EIZ SR A A0 25 S e s B 1B T — &R
IR R U B i R N s e
XF 4 F I AH BAE A s E R Emi s TS
ML 5% i Z (8] i #4 24 OC & o Z-BFBM-TPE [A H1 4
BE 5 5 R HE 2 T AT B A AR AR A
IR 18 A C-H+ +F .12 C-H-+ -0 F1 15 il C-
He--m Ml EAEH I £ T E S 4 ;50 A0 B4R FH I
26 A0 b AR T B S AT AR e 45 R L AR ISR H O
A UL ML, & 5 9% K ~425 nm. M2 , E-BFBM-TPE
PRI Wl R e /0N A BV R B 59, b AR ) 1 L 58 &
ML &M . FEZAF 58, BB T 9 7 0K
W, AT B R A VR A 3G R B R DT DR ALE Fy
PE 5 i ML B RSP 4 38k S Fe e M 5 P RE
S A ROR B AL T i P LI

pira VA TR 3 S O] 9 S ()R G B M o 4 A7 A
Mz i B4 T B AR T FHERBE . it
B, ot FEAE BEL I8 42 Ay 2 ST T i A 1 25 4 - e DG BE
PR T LK B IE T HE AR B ML SR 7 Y
G INF . SR, A SIS 22 5 A5 T WPk &b A 1A
R ERSHEROLAL X5 T & A M E A AL
5, RS EE AN N ol Gk A= sh &84k,
NI 7= A A 8 5 25 ML TG 32k S B0 %) sF 3 T 3080 30 o
P ANl 38 43 ) 2R 4R A 1 2 A i B R A IF dE
— G AR R R ML T AR 4E |, AR
RSB R Y A R T ]
3.3 REDPARSESHKREMR

RESEWIE R ES W EERE, NIEE
AR i A N AL 8% 38 8 P 250 4 AL, B 2 1k o T
T RE i, 40 B A BB 9 43 T ) AH B B
5 F AR SR G BRAES" . b, B — ML 43 F X LA
[F] i L IR R AR 2 T R AR R,
FIRIB A E AR R AR T A U I &

BBt FAE R A BRI R E S
RRB AR TI T RN R EHRE, KT
EE™! BP-TPY"4 it %8 4 ML & i , $8 44 95t Y %}
AL SR A 8 ML A S 3 551 SR S T A
A RTP/ML W) g A& & o HAF 6 OB L T
7R K A A B A BEE (5200 ms, >30%) , 1k T
IR 05 (419~444 nm) . %R Z R F B OE 7
1y 28 57 AU 80k SR L T S 22 9B O (nole i
B PR g 8 AN [R] ) FESCHE i (R P 43 8 s 1] 22 Sk



10 K b/

¥R

AR ) o % F B AR Z Y By D (i 8
7 ) 7 1 AR 22 90 A5 B vh i I T <ol
Wk R AT a3 ) S B [ B RO TR S8 A
R CAH L0 S S AN o HLERATSE R A B it

v, JE AR bl B % A A7 2% 1) 5 7 ) Bk il
R, J2 M b R B T F O, 7 A R BT R RS 45 %
PR W ST B T % MR R A 3 ) XU ML
it Z RE A RHE BE TR N

Under daylight

TPA TPPIATPA TPAITPA

0.5s

Data encryption

Multiple anti-counterfeiting

UV off

38

ML Inactive Active

B8 RS A B iR "1

Fig. 8 Schematic diagram of "anti-counterfeiting demonstration" based on host-guest composites'
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Tab. 1 Properties of representative short-wavelength organic mechanoluminescent molecules
e BN K SR VIE OS2 18§ PN FF A 37 5k
( nm ) ( IllTl) ( ns )
CAC-2 350, 370 ~370 9.19 Z A4 ML 224k [38]
CAC-4 342, 369, 389 370, 354 10. 40 Z O ML(B Yk} [38]
CAC-6 350, 370 370, 354 5.39 L ML(B Ik [38]
CAC-8 349 349 6.51 Z A4 ML 224 kL) [38]
FCO-CzS 434 449, 570 0.5 TP AR B [39]
Cz-alkyl-6-Chol- .
o 390 390 6. 14 5 B [41]
Cz-alkyl-6-Chol-

e 385 385 6. 89 (PSR [41]
BP-TPY 368 372 1.9 I A3 4% 18 i O [40]
NPC-BA-EE 372 372 - B Bh A7 AT At [43]
Cz-alkyl-6 375 375 - LIRS [42]
FCO-TPA 470 472 5.89 JE A3 4 8% Wi thy [44]
mm~TPE(PI), 460 445 - B O A B n %% [45]
TPA-0-3COOMe(B) 454 454 10.77 EATEDIR YL TN [46]
DPP-BO 350 350 5.2 InWIE e TN L] [47]
Py-Bpin 403 404 40. 84 JE I3 A% % ik 7 B [48]
MTPA-CHO 478 481 - R ) A % [49]
ITPA-CHO 454 474 - FE 4% % 7 th [49]
TTPA-CHO 477 480 - R ) 1 % [49]
dTTPA-CHO 470 466 - JE 1% 2% Wi th [49]
Z-BFBM-TPE 430 425 - R BRI R A Jk [50]
o-TPF 451 453 - i VI N SV E [52]
TPA-B 410 410 - 15 B By th i 4> [53]
TDI 418 500 - B Bt 2 [54]
DPO4C 293 293 - H 550 4% % [31]
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or T2 AR T EUR MR, RIVRE A LT BUR G 5y
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Fig. 9 Design strategies for organic solar-blind molecules'
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Vehicle collision recording
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Fig. 10

Demonstration of flexible sensing devices applications. (a) Sensing devices fabricated by melt-casting method. (b) ML

spectra of a DPO4C film under diff erent impulse. (¢) Relationship between maximum ML intensity and the impulses.

(d) Photographs of DPO4C film under the stimulation of folding and stretching. (Left: taken with an ordinary camera;

right: taken with a solar-blind camera.) (e) Schematic illustration of the vehicle collision recording process and the

photographs during impact. (Left: taken with an ordinary camera; right: taken with a solar-blind camera.) s
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