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Recent Advances of Near-infrared Mechanoluminescent Materials
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(1. School of Physics and Technology, Wuhan University, Wuhan 430072, China;
2. Suzhou Institute of Wuhan University, Suzhou 215123, China)
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Abstract: Mechanoluminescent( ML) materials have extensively applications in stress sensing, opti-
cal information storage, bioimaging display, anti-counterfeiting and other fields. Thus, they have
drawn increasing attention of the researchers over the world. Up to now, the development of ML ma-
terials has mostly focused on the visible range, which greatly limited the relative applications and de-
velopment. Near-infrared( NIR) ML materials can avoid the interference of ambient light and have
good biological tissue permeability, which gradually attract the attention of researchers and have be-
come an important class of ML materials. This paper mainly discusses on the emission mechanism
and current progress of NIR ML materials, and proposes prospects for their future research direc-

tions.
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Fig. 1 (a)Photograph around ML measuring point and applied ML sensor(700 mm X400 mm) on the concrete wall of the main

girder. (b)Schematic illustration of the ML. measurement setting. ( c¢) Photographs of entire view and ML images at each

moments : no vehicle( i), small vehicle( ii ) and heavy vehicle ( iii ) were passing by the ML measuring point ( arrow

point of the photographs). (d)Comparison of acceleration, crack mouth opening displacement value, surface temperature

and luminance of ML image at ROI 1 and 2 in the case of heavy vehicle(iii).
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Visualization of dynamic pressure distributions. (a) Schematic illustration of the image acquisition and processing sys-
tem. (b) Visualization of 2D planar pressure distributions generated by a stamp. (c¢) Visualization of dynamic pressure
distributions generated from a handwritten “e” and the corresponding 2D distribution of relative ML intensity derived by
extracting gray scale. (d)Line profile of relative ML intensity from the marked area in (¢) and consecutive frames ex-
tracted from the dynamically capture video of the signing process based on a 80 ms time interval to reveal the signing
speed ; fast signing speed and slow signing speed. (e)Schematic diagrams for three stress recording applications: (1)
model car before/after coating the composite film(top) and two cars in a rear-end collision accident( bottom) , the impact
energy produced by the collision was ~100 mJ; ( ii ) TL image(top) and TL intensity map(middle) of the rear after a
collision accident, the bottom is the same view field under natural light; (iii )film had “FICS” written on it by using an

ink-free pen.
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Tab.1 Comparison of NIR mechnoluminescence compound
E Ay B v BamtET Fm A2 ) 25 [A] N F7 B AIEE/ nm EZ PG
2011 SrAl, 0, Eu?* EP* Monoclinic P2, 1530 [47]
2018 CaZn0S Nd** Hexagonal P63me 908,1 094,1 390 [48]
2018 CaZn0S Tm** /Nd** /Yb** /Er®*  Hexagonal P63 me 790/908/980/1 532 [31]
2019 Sr;Sn, 0, N+ Orthorhombic ~ Amam 900 [49]
2019 LiNbO, Nd** Trigonal R3c 895,927,938 [50]
2019 LiGas Oy P+ Cubic P4,32 861,913 [51]
2020 SiZnSO Nd**/Tm** /Er* /Yh>*  Hexagonal P6;me 908,1 094 ,1 390/790/1 534,980 [52]
2020 StZn, S, 0 Yb* Orthothombic ~ Pmn2, 980 [52]
2020 SrSi, 0, N, Yh3* Triclinic Pl 980 [52]
2020 Sr;Sn, 0, N3+ Orthorhombic A2 am 903,1 079,1 350 [53]
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(a) Emission spectra of NIR EML of CaZnOS: Nd** passing through the tissues with different thicknesses. Inset: emis-

sion spectra corresponding to tissue thickness of 20 mm and 22 mm. (b) Tissue thickness-dependent lg of integrated

transmitted emission intensity. (c¢)IR photographs of handwriting on the same spot of a sintered phosphor wafer as recor-

ded with an infrared camera. Exposure time is 2 s. (d)NIR ML signal from the sample bitten by human teeth with mouth

open(left) or mouth closed(right).
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through HAP pellet and the background signal.
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Fig. 12 (a)CCD images for SSN pellet set. (b) Sequence of images recorded using an InGaAs-CCD camera for SSN applied

during the load cycle of 350 N at a rate of 3 mm - min~' showing the real-time images of NIR light distribution. (¢)

Distribution along vertical component of the NIR piezoluminescence in the SSN pellet with and without a chicken skin

under a compressive load of 77 N. (d)CCD image for SSN film. (e)Images recorded with an InGaAs-CCD camera for

SSN film by tensile-load applied ( nominal strain; 600 wst). (f) Distribution at the horizontal position along the center of

circular hole of the NIR piezoluminescence of the SSN film outside and embedded 5 mm in a sample of pork under a ten-

sile load ( maximum of nominal strain; 600 st).
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and NIR(d) camera, respectively.
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