) 32 Z R Acta Phys. Sin. Vol. 75, No. 3 (2026)

030802

L B T AR 5 R
SEMABELWEAE: REERE
RAEED EHD BED REBD BHD KEARD KRV
BETD ZHFY OEED KAV ARV

1) (st FERRER R, Jb

100193)

2) (MIRAL TR RS g T AR B, BTGB SR TG, 5T 643000)

3) (PEPBRER L SERTT b LR ARSI, L

201204)

(2025 4E 9 H 23 HUl; 2025 48 10 H 27 HULEIE )

J180 %t (mechanoluminescence, ML) & — Fp AEHLAR ORI ™ 7T B2 R OL I 4. R B & = 25 [l ik 4%
P PR R R S 22 A8 3 R G T R) SR A A R I | R A AL IRk 5 i I O A A0SR TR M K B
1. BRI, AT SRATS I I AL EE S B L M RE O S A0 TR AR A R, DA R R b o 1 R S APk K i
ok, BERIFE AR LRSI MBHEA) MR85 008, 8 ML IFREME T HNIRRIER. £ GPa K
R R SRR, A PR ML MR T [ BE 7 0 A S AR R, RSB T e e B A R K
P, I BT AR B SRS B R G 1 BN B T 2 A R S s ML SO AL 4 A T O B S a0 Rl S
AR SCHEA T 1o PR AR AE ML 4R RE O Ak 5 ALERAF 5 7 18 i 0 FH 0 J Bl T HLAe 3 i ke o B L I ok
TG . 487N Bl A AR A T UL, IR A Ok i R BUR GRS R R O 1) 5 PR AT R R

R Ik, NECOL, SRR T, PR 45

DOI: 10.7498/aps.75.20251312

=

=1

1 g

18Uk (mechanoluminescence, ML) /& $§
PAOBHENURORNE (A 4 | 25 il Sl U | B4 |
PRENEEIG) T A LOCM A 1 IR RAE 12
2 E 9 A, HE 1605 4F Francis Bacon!! ¥4
IS IERGC S AECFE ' “It is not the property
of fire alone to give light---loaf-sugar in scraping
or breaking”. M TOGEE LB, ML Al 7E4
BRI T B RO, Joms Sh e B IR 0GR At
AE PO [l HAMOR BAT i 32 () e S st g

CSTR: 32037.14.aps.75.20251312

JSAEAIE, AT 0 /AR B SRS AT AR I L it
Sb, ML A5 _ERARAS KA AOL  IREUR 65
Z P RO AR P ), 52 BB R e 22 A 5k
o, HE— TR D RE Sy 510 X SEAEE R ]
ML #ARHESS R HE I | R RER O | fih ot 52 1. 5
TCIFAL AT U EAT R P .

e R0 ML PERE R4 o AL B ER 5T 12
HETRT IR, m R AR RIS TR i e
FAF T ST BT AR A R
AR B 2003 A S = PR R 0 T IR A
Rt g, A AT SR T P D
LTI | OB DT SRR, R LR AR ek

*ERKE SR (LS 2021YFB3702102) FIES B AR EEES: (HEHES: 11974033, 12374019) B¢ B

t BfE1E#H . E-mail: wanghaosuse@163.com
1 BfEYE#H . E-mail: jlangs@sari.ac.cn
1 W E/E#E . E-mail: chuanlong.lin@hpstar.ac.cn

© 2026 FEIEZFS Chinese Physical Society

http://wulixb.iphy.ac.cn

030802-1


http://doi.org/10.7498/aps.75.20251312
https://cstr.cn/32037.14.aps.75.20251312
mailto:wanghaosuse@163.com
mailto:wanghaosuse@163.com
mailto:jiangs@sari.ac.cn
mailto:jiangs@sari.ac.cn
mailto:chuanlong.lin@hpstar.ac.cn
mailto:chuanlong.lin@hpstar.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 £ 3R Acta Phys. Sin. Vol. 75, No. 3 (2026) 030802

ARAT B B S A R 2123 3T ML MR
BRI R A5, W58 A B B0 T ML PEREJE
BRI & B R SRS 55 7 ), LA 2 H 254G
AN ZREAL IR TR AR RE R T, KR
JE R A AL — B2 ML B ARG 5 1) 2 —.
S SEIX — H bR, 385 SR R B2 R | SR TT
R MBE A L2 HAB IS T B, iS58
G B I S JE I 2427 B it — R OR
A RS2 RS B B A RO s TR T AR R RE LA
FHEAEF 24290, (HARERE A, SR AT
PR b AR S 55 B e R B MR R B B AR R
FEECR AT A5 BN I B33 R % ) R
£ ML PEfg = S e i B R . 1A, sk
P AR T 5 I A A AN AE i, R e AR AL
IANEALL #8575 J5 Ak 2 R DLt — 204
ShERE AR THE L T 4l g IFIT 450, 78 ML ks
BHATFE A&, TR A OB A B AR TR,
TFF 5% 5 38 I ELAT TR o0 SRR EE F f4 B1 kAR 2
HEFT O, - 2k S0 T Bl A TR 5 e SE I
ARAE R —FpsiAa 0 B, v] DLl R 467 7
[, Yom L FRLE N ES SHEER, HRE
SERIRAAR, M BRASE & T U LA S B R)  45F AR
SHATRE 3435 ORI K4 T ML AR e
TR, R ST MRS S ML PR Z A A 35O
P T SIARYE. TERTIATERE RS SR K
(3R 1, X ML AL TR AR FE R A 2R
S HUHIZ ERIAEA Y RESE S ML AR &
FPEREIL LR HERRISTE 5 I8 B THEsh ML 7Ef%
J& S 7R R 7 R A A ) SR N L SR, 2
HIO ML 8l ) 2ad BRIAPURSR A B, 14 2 525030
G TC A A FEIE HE SR T A5 3] 7840 i 190581,
JER KA 2, ML VR —> 5B [ 25 U1 A 5G4
PR, A2 BRI S8 Be, el s i
K e st TR R AT AT SR L. SRR 5 Rk
FER R T DA S 23 P i A 1 st B F2, = kg
BINEF ARG A X I A REW AT RERL
OB R AR A B 12247 R, b A
[ RBERY ML sh fy2fad 72 | o8 HA LRI g7 $2 4t T
L. [A, 30A ML #OEHF9E 2 8 fE MPa )
DLR IR X ], T 7E GPa 9 I 451 ot
WRIEASSRFR B, R, SRAER /R ML A RHEE & R
FIR e R R, AT BY T4 X HIEAH L B9
BEAR, AR AR T L VR M T SR A R Y

PLHBEE 152 5 B Rl 25 b, w R sh A4
BORTEFE ML APEHAERE | & IR ML B4R 5
5% ML AL R | # R ML AL F 450845 T
BRI

LA, o bR AICKE ML A R T U
2 BB, o A BE A IR P RATL A ) B
Pt TRTA A L. PTG R S A AR,
FEWE T AR ML BRI 98 FEL N gt R 1 R
i, FFHRN T ML U 1] KBRS T A SRk
ASCRE AT JLAN 7 Tl 2338 v s ML BB FE2E 8 -
A ML A IR | BHRER S A EHL
i, I RGEHA FRE (MPa S LAR) K H PR
NIRRT vk BJS B4R R (GPa) HoR
7E ML R Co8 B 5 B G R ML 3 )5 d &
WFFE 07 A 2R e, WK i ML AR
{14 4 R 75 1 I A Pk -5 1 JH i R T B, LU
SIS TR 7R ML USRS AR H].

2 NBRAERENE

ML i & e 1 5 B 1 & & 53E 0. 78 ML
PR IR R, X EA ML AOGRREM Y L,
NN NS N (IS SR Ul ] F X A
AR AEE 239, R — B, X IR 2 o Y he
PR BRI, BE S 8 R BRI R R, IR
PG A4 R “EEYE 18U (triboluminescence) 4041,
1980 4E i J=, SGHAHFIEE 5] A ML BLA e
DIEHE I RS iff i 3% (4244 FE LB B, i e X4
AR ML MEHRE, A RIPLEHIBBTT iR 2
HIF AW SEE, MIE2E ML 5T 3858 | B2 LAt .
1978 4F, Chandra il Shrivastaval®! 7 ¥k F 2C 2
H T R i “Mechanoluminescence”, FH DL 55 HLAK
TERIFE SR RO, B 7ECE ( Classification
of Mechanoluminescence ) 15X ML #E3E1T T &
4i 4125, ¥ “Triboluminescence” %t & & ML [
— P BT PP A T S R LA S
ISR e 114 3 A T B S AR S A G 3 1 ML AR 2491,
X —FIARPAS 2] T 55HIE, 1999 47, Akiyama 55 140
FR R 55 45 W0 e JE 4GB T Sr3ALOg:Eu?t, Dyt
F1 ZnS:Mn>+ 5 b AT IR 37 057 000 1) 5 5 B ML A
AL, Al ML BPRHERE T 0 RS A i, ML S
K T EDN KRR AETIE P IR S R ML AR
ARk B0, HN T ) Wag i i 2 0 A

030802-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 75, No. 3 (2026) 030802

B P AW RUR . AL BLAE B A 1(a)
FIrs P63 A5 Web of Science $UHE FEKE %R, H
2000 4F- % 2024 4, ML S5 & 3 308 40 2 % 4
TS, PR RN i b TRE A
T, WE 1(b) Fis. fEEE ML 7R84~ &
B Je, ML WL AT G Bl 32 ¥ A MPa £2 7+
% GPa. 2021 4F, Zhang &5 04 9 R 7F 5 FEFR B2
GPa JE S RS, FILH 5 Fe 8l 285 4 WA 0 T Al
ARBEM T ZnS:Mn2H) ML & F2, & PAE & EE
Fil N ML MRMI R PR RO R, RIS B
DRI W i i . 2023 4, Wang 45 1)
i R RS A A NI X TG IR R ZnS:Mn?t, Euw?t
B, BT i X ML RCR A K /Y B R ]y .
ZnS:Mn?t, EutfE ~3.5 GPa fll ~211.1 GPa/s 5]
FEI MG R T, BRORE MPa 13 H &
PATR Z /b i 1000 A6, [R]I P Bl s g A ) 2 4
FLr A LB AL, MU ML AR H

ZnS: Cu, Mn

—=
SrAl,O4: Eu2+| mm

1605—1990 1999—2012 2013—2018
i i
1
| 1
| |
1
2 e 1
ERE 1
e / ¥ PL | BaSi,0,Ny: Eu?+
3 !\ -
% 1 / . \\\\ !
E oSN, N
420 500 580 600 |
1
1

Wavelength/nm SrAMgSiyO7:
2V7.

ML spectra of(Zn,Cd)S l Eu?t (A = Ca, Sr, Ba)

(b) 2024 +
2020
2016
2012

2008 |

Publication year

2004

W.eb ofl scie.nce
0 50 100 150 200

Number of publications

2000
12%

B 1 (a) ML B4R & by s B

SrZnOS: Ln

Mn2+  Pr3t  Smdt Thdt Dyt

Hod3+ Er3+ Nd3+ Tm3+ Yb3+

ZnS: Mn?* under
high pressure

A5 D SEE ] 2 S | R T AR M o 45 M WEE, [n]
I K Ot 5 '?ﬁﬁf?ﬁ@mﬁl:ﬂ:'ﬁﬂfﬁ)ﬂ#
TR, TR S PAERT TS, A A — 20
JETR RG] el e HA AR R R 1 ML A1k
SrZnOS & SrZn,S,0 W EHL T HA = e Sl 4K
HAPE IR K 06AT 9 65T ]I, AE O XRS5
1Y BaZnOS AL, 1008 22 31 58 2ok i 77 945 Jay &6

SRS S AT R I BUR G YL X ek Bl
AMYFE T ML MBS KO T NS 4EE, B
G MR i KSR BRI A5 8- R DG EK |
FIF ] e 157 A, A B R 2 il A ) TR AR B
F1EEALH, A T AT A . RS R EOR S (]
I PRI BAR RIFFLEIE, & e ML AP RHIFFE R0
Ok SEORG Y 1) S o442 5 gh AL B LT, &
JE ML UG EAEA WA I — R SHN0 A B, 5]
T R Z IR T

SrZnsS,0: Mn2+

E or6 Yk
S e 042 R To
: H p R RLILE
028

Fracture-! = | ‘ =
S . 796N I
0 5 o 15 30 3 015 5456 £ :

Time/s “Time/s V[ \ A

e
R
Tinoje

SrZnOS: Mn2+

ZnS: Mn2+, Eu‘Q'Jr

450 500 550 600 650 700 750

SrZnOS: Mn?+

B Materials science
M Physics

Engineering

Spectroscopy

Chemistry

Optics
M Crystallography

Science technology other topics
B Mechanics

M Instruments instrumentation

13%

63 (b) Web of science U4 4 3¢ T ML 4T 47 & SCHUREGE T Bt I 2% 43 2%

Fig. 1. (a) Development of ML Materials ?>%3; (b) annual publication count and subject classification in the field of ML from the

Web of Science database.
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Fig. 3. Triboelectricity-induced ML in LuzAl;0,,:Ce?* /PDMS.
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Fig. 5. (a) Trap-controlled ML model; (b) multi-level trap-
controlled ML model.
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Fig. 6. (a) Cross-sectional SEM image showing ZnS:Cu particle distribution in PDMS %; (b) photograph of PET-based ML testing
devices®; (c) photograph of epoxy-based ML testing device; (d) drop tower systems; (e) the ultrasonic vibration equipment for ML

characterization””; (f) universal testing machines for compression testing system.
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Fig. 7. (a) Schematic diagram of the DAC device; (b) ruby fluorescence spectra under increasing pressure and the relationship

between the ruby fluorescence peak shift and pressure; (c) membrane-controlled DAC devices!™); (d) dDAC driven by piezoelectric

activator””l; (e) various types of periodic waveforms generated by a function generator and the time-resolved fluorescence spectra of

ruby corresponding to the trapezoidal wave.
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Fig. 8. ML images of ZnS:Mn?*, Eu*" under dDAC compression with increasing pressure and loading rate, and the corresponding

pressure- and rate-dependent luminescence behavior",
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Fig. 9. Oscillatory ML behavior of SrZnOS:Mn** and SrZn,S,0:Mn** at different loading rates: (a) Microscopic optical images, os-

cillatory ML behavior, and oscillatory data fitting results of SrZnOS:Mn?* under different loading rates®; (b) self-recoverable ML

behavior and oscillatory data fitting results of SrZn,S,O:Mn?t under rapid loading and unloading at different ratest7.
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the inset graph is the structure of the Zn0,S, tetrahedra; (e) pressure-induced SHG signal responsel™.. (f) total ML intensity at dif-

ferent onset pressures™. (g) the ML spectra of BaZnOS:Mn?* under compression at a rate of 0.3 GPa/s with microscopic optical

images in inset[®.

;é‘%%%?@.

ARILRGHER T i ML GU ) o i 7e
HERE. B R RS A AR, ST E IR
T PERERHEAUACHLETT I PRTE. FEERE )R
T, 8 B R AR IR, BT ROt
S EE DL AL AL (L # J s AERLERZ T, )
e SRR BIRb A 3h 1y id e, faon T AR
S ML B I E] 4R, S BRAFHLAR-OL 7 BE A i
HARMMY ML s 7223208 1 Wi, SR, 1%
SRS, ATy — e PR A 7RSI T T, B,
HK R IEEMELASEBL; LK, T8O 58
AR FRT He i, ikt T EEE #0800, Wik
HORCHIBTFANAFAE—E WXE. [, fEVEREJA 2
77 THI, R EL S SR PEE A E ( B B4, EL phy TAR S
FERRED, MELIE IR ARG, R REH T,

6

PR S R W AL, (HE— 2D M 2 Ky
A RS N ECROEREZ IR B R AT A — 2 MESE,
it (5 B S T 25 T BOL R BT 204, 7EpLBE By
Jrif, ECE BB IR, e R R i R,
TREA R WL SR AR S S A B AR, A
ADAC a5 M 3 1 22 i 7 K HE AT AT
FEIRIXE. 7R 5T, K = s ML S35 R0 T
AP AR o R RS AR Y T B ) 2 —.
T2 IR A R, 5 TR ML BG4k A
7 HE T P A S B TS T i — E B

AL AT BRSO R B RDERE L B SCE
FERUIRERAT T 5L | v [ B2 B e BE A BB 5 P 2 8 AR F 5
B IR RIBITSE B A RIBIETE 2R, o TR B e
TR BRI T BT B 2R AT ST D1 . 25 BRI BIF 5T D3RR M
RIBTFE 5%, LA A T DRt TR 4 Uk 45 1 5 B A S 5
(=

030802-13


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 £ 3R Acta Phys. Sin. Vol. 75, No. 3 (2026) 030802

OO N

=

=

(12]

(13]
(14]

(15]

(16]

(17]

(18]

(19]

20]

21]

[22]

23]

24]

[25]

[26]

27]

30k

Feng A, Smet P F 2018 Materials 11 484

Jha P, Chandra B P 2014 Luminescence 29 977

Chandra V K, Chandra B P, Jha P 2013 Appl. Phys. Lett.
103 161113

Bacon F 1605 The Advancement of Learning (London:
Henrie Tomes) pp197-201

Zhan T, Xu C N, Fukuda O, Yamada H, Li C 2011
Ultrason. Sonochem. 18 436

Chandra B P 1977 Acta. Phys. Pol. A 52 61

Li C S, Xu C N, Zhang L, Yamada H, Imai Y, Wang W X
2008 Key Eng. Mater. 388 265

Tang Y, Cai Y, Dou K, Chang J, Li W, Wang S, Sun M,
Huang B, Liu X, Qiu J, Zhou L, Wu M, Zhang J C 2024
Nat. Commun. 15 3209

Zhang J, Pan C, Zhu Y, Zhao L, He H, Liu X, Qiu J 2018
Adv. Mater. 30 1804644

Zhao S, Wang Z, Ma Z, Fan F, Liu W 2020 Inorg. Chem. 59
15681

Pimenta M L G, Comin R, Matos M J S, Mazzoni M S C,
Neves B R A, Yankowitz M 2023 Appl. Phys. Rev. 10
011313

Li B, Ji C, Yang W, Wang J, Yang K, Xu R, Liu W, Cai Z,
Chen J, Mao H K 2018 Proc. Natl. Acad. Sci. U. S. A. 115
1713

Liu G, Kong L, Yang W, Mao H K 2019 Mater. Today 27 91
Zhao D, Wang M, Xiao G, Zou B 2020 J. Phys. Chem. Lett.
11 7297

Shang Y, Liu Z, Dong J, Yao M, Yang Z, Li Q, Zhai C,
Shen F, Hou X, Wang L, Zhang N, Zhang W, Fu R, Ji J,
Zhang X, Lin H, Fei Y, Sundqvist B, Wang W, Liu B 2021
Nature 599 599

Yang M X, Chen J J, Cao B H, Gai X Q, Su Y G, Wang X
W, Chen S, Guo L, Duan D F, Tian F B 2025 Chin. Phys.
Lett. 42 067404

Yan X L, Feng Z B, Yu L, Liu C L 2025 Acta Phys. Sin. 74
177801 (in Chinese) [IEIBSAN, {HR%Y, T, XA 2025 P
274 74 177801)

Yin X T, Liao D Y, Pan D, Wang P, Liu B B 2025 Acta
Phys. Sin. 74 067802 (in Chinese) [ %, B, %X, £
N, Xpkvk 2025 HyR2E4E 74 067802)

Ye R N, Wang J T, Yang J Y, Wang X X, Lei J C, Zhao W
Y, Meng Y F, Xiao G J, Zou B 2025 Chin. Phys. B 34
066204

YuZH,YeY G, Yang P T, Wang Y M, Chen L. C, Li C L,
Yuan J, Liu Z Y, Shen Z W, Wang S J, LiM T, Chu C Y,
Wang X, Li J, Wang L, Yang W G, Guo Y F 2025 Chin.
Phys. B 34 088102

Yue L, Li Z, Yu L, Xu K, Liu R, Li C, Li Y, Yang D, Li X,
Li Q, Liu B 2024 J. Am. Chem. Soc. 146 25245

Xu T, Zhai C, Liu Z, Yang X, Hu S, Shang Y, Yue L, Dong
J, Liu R, Li Q, Yao M, Liu B 2025 Nat. Commun. 16 3550
Shi Y, Zhao W, Ma Z, Xiao G, Zou B 2021 Chem. Sci. 12
14711

Zhang X, Li P, Li J, Li L, Xu S, Zhang J 2025 J. Rare
Earths 43 1133

Wu S, Wang S, Xiao B, Zhou Z, Yu H, Shao Z, Wang Y,
Xiong P 2025 Laser Photonics Rev. 19 2401441

Zhu S, Song C, Tian Y, Ma L 2025 Mater. Res. Bull. 181
113099

Zhao Y, Jing X, Ma Y, He P, Zhang Q, Li H 2025 Adv. Opt.
Mater. 13 2403516

(28]
29]

[30]
31]

32]

33]

[34]
[35]
[36]

37]

[38]

[52]
[53]

[54]

[55]

[56]

030802-14

Zheng Y L, Liu W, Koeckerling M, Rao G H, Zhao J T 2025
Solid State Commun. 399 115881

Ambast A K, Sharma S K 2017 Opt. Quantum Electron. 49
58

Lan Z, Zhou R 2025 J. Alloys Compd. 1010 178099

Ye M, Zhou Y, Shao T, Liu H, Tao Q, Wang X, Tang R,
Yue H, Li Y, Zhu P 2023 J. Phys. Chem. C 127 6543
Errandonea D, Popescu C, Garg A B, Botella P, Martinez G
D, Pellicer P J, Rodriguez H P, Munioz A, Cuenca G V,
Sans J A 2016 Phys. Rev. B 93 035204

Shimizu T, Luong M V, Cadatal R M, Empizo M J F,
Yamanoi K, Arita R, Minami Y, Sarukura N, Mitsuo N,
Azechi H, Pham M H, Nguyen H D, Ichiyanagi K, Nozawa
S, Fukaya R, Adachi S ichi, Nakamura K G, Fukuda K,
Kawazoe Y, Steenbergen K G, Schwerdtfeger P 2017 Appl.
Phys. Lett. 110 141902

Zhang L, Wang Y, Lv J, Ma Y 2017 Nat. Rev. Mater. 2
17005

Mao H K, Chen X J, Ding Y, Li B, Wang L 2018 Rev. Mod.
Phys. 90 015007

Lin F, Li X, Chen C, Pan X, Peng D, Luo H, Jin L, Zhuang
Y, Xie R J 2022 Chem. Mater. 34 5311

Tu S, Mizohata M, Sheng G, Liu L, Ming F, Xu C, Tu D,
Zhang X, Alshareef H N 2020 Adv. Funct. Materials 30
1909843

Pan X, Xie R J, Zhuang Y, Mei L 2022 J. Chin. Ceram.
Soc. 50 3147 W%, TIREE, MEARIe, M4 2022 REFRER 1R
50 3147]

Chandra B P, Shrivastava K K 1978 J. Phys. Chem. Solids
39 939

Tschugaeff L 1901 Ber. Dtsch. Chem. Ges. 34 1820

Melvern C H, Cecil E B 1950 J. Am. Chem. Soc. 72 2770
Chandra B P, Elyas M, Shrivastava K K, Verma R D 1980
Solid State Commun. 36 931

Williams G P, Turner T J 1979 Solid State Commun. 29 201
Chandra B P, Zink J I 1980 Phys. Rev. B 21 816

Chandra B P, Rathore A S 1995 Cryst. Res. Technol. 30 885
Akiyama M, Xu C N, Taira M, Nonaka K, Watanabe T
1999 Philos. Mag. Lett. 79 735

Xu C N, Watanabe T, Akiyama M, Zheng X G 1999 Appl.
Phys. Lett. 74 2414

Xu C N, Watanabe T, Akiyama M, Zheng X G 1999 Appl.
Phys. Lett. 74 1236

Xu C N, Watanabe T, Akiyama M, Zheng X G 1999 J. Am.
Ceram. Soc. 82 2342

Xu C N, Watanabe T, Akiyama M, Zheng X G 1999 Mater.
Res. Bull. 34 1491

Son C, Kim J, Kang D, Park S, Ryu C, Back D, Jeong G,
Jeong S, Ahn S, Lim C, Jeong Y, Eom J, Park J H, Lee D
W, Kim D, Kim J, Ko H, Lee J 2024 Nat. Commun. 15 8003
Timilsina S, Jo C W, Lee K H, Sohn K, Kim J S 2025 Aduv.
Sei. 12 2409384

Chen D, Cui R, Huang C, Wang Z, Niu L 2025 ACS Appl.
Mater. Interfaces 17 18844

Cai C, Li L, Lv X, Li H, Li T, Li P, Zhao W, Zi L, Feng S,
Fan X, Zhang H, Peng D, Wang F, Qiu J, Yang Y 2025
Nat. Commun. 16 6224

Wang H, Chen X, Li J, Li M, Liu K, Yang D, Peng S, Zhao
T, Zhao B, Li Y, Wang Y, Lin C, Yang W 2023 ACS Appl.
Mater. Interfaces 15 28204

Wang H, Zhao T, Li M, Li J, Liu K, Peng S, Liu X, Zhao B,
Chen Y, An J, Chen X, Jiang S, Lin C, Yang W 2025 Nat.
Commun. 16 548


https://doi.org/10.3390/ma11040484
https://doi.org/10.3390/ma11040484
https://doi.org/10.3390/ma11040484
https://doi.org/10.3390/ma11040484
https://doi.org/10.3390/ma11040484
https://doi.org/10.3390/ma11040484
https://doi.org/10.3390/ma11040484
https://doi.org/10.1002/bio.2647
https://doi.org/10.1002/bio.2647
https://doi.org/10.1002/bio.2647
https://doi.org/10.1002/bio.2647
https://doi.org/10.1002/bio.2647
https://doi.org/10.1002/bio.2647
https://doi.org/10.1002/bio.2647
https://doi.org/10.1063/1.4825360
https://doi.org/10.1063/1.4825360
https://doi.org/10.1063/1.4825360
https://doi.org/10.1063/1.4825360
https://doi.org/10.1063/1.4825360
https://doi.org/10.1063/1.4825360
https://doi.org/10.1016/j.ultsonch.2010.07.017
https://doi.org/10.1016/j.ultsonch.2010.07.017
https://doi.org/10.1016/j.ultsonch.2010.07.017
https://doi.org/10.1016/j.ultsonch.2010.07.017
https://doi.org/10.1016/j.ultsonch.2010.07.017
https://doi.org/10.1016/j.ultsonch.2010.07.017
https://appol.ifpan.edu.pl/public/archive/52/52_61.pdf
https://appol.ifpan.edu.pl/public/archive/52/52_61.pdf
https://appol.ifpan.edu.pl/public/archive/52/52_61.pdf
https://appol.ifpan.edu.pl/public/archive/52/52_61.pdf
https://appol.ifpan.edu.pl/public/archive/52/52_61.pdf
https://appol.ifpan.edu.pl/public/archive/52/52_61.pdf
https://appol.ifpan.edu.pl/public/archive/52/52_61.pdf
https://doi.org/10.4028/www.scientific.net/KEM.388.265
https://doi.org/10.4028/www.scientific.net/KEM.388.265
https://doi.org/10.4028/www.scientific.net/KEM.388.265
https://doi.org/10.4028/www.scientific.net/KEM.388.265
https://doi.org/10.4028/www.scientific.net/KEM.388.265
https://doi.org/10.4028/www.scientific.net/KEM.388.265
https://doi.org/10.4028/www.scientific.net/KEM.388.265
https://doi.org/10.1038/s41467-024-47431-0
https://doi.org/10.1038/s41467-024-47431-0
https://doi.org/10.1038/s41467-024-47431-0
https://doi.org/10.1038/s41467-024-47431-0
https://doi.org/10.1038/s41467-024-47431-0
https://doi.org/10.1038/s41467-024-47431-0
https://doi.org/10.1002/adma.201804644
https://doi.org/10.1002/adma.201804644
https://doi.org/10.1002/adma.201804644
https://doi.org/10.1002/adma.201804644
https://doi.org/10.1002/adma.201804644
https://doi.org/10.1002/adma.201804644
https://doi.org/10.1021/acs.inorgchem.0c02019
https://doi.org/10.1021/acs.inorgchem.0c02019
https://doi.org/10.1021/acs.inorgchem.0c02019
https://doi.org/10.1021/acs.inorgchem.0c02019
https://doi.org/10.1021/acs.inorgchem.0c02019
https://doi.org/10.1021/acs.inorgchem.0c02019
https://doi.org/10.1063/5.0123283
https://doi.org/10.1063/5.0123283
https://doi.org/10.1063/5.0123283
https://doi.org/10.1063/5.0123283
https://doi.org/10.1063/5.0123283
https://doi.org/10.1063/5.0123283
https://doi.org/10.1073/pnas.1721425115
https://doi.org/10.1073/pnas.1721425115
https://doi.org/10.1073/pnas.1721425115
https://doi.org/10.1073/pnas.1721425115
https://doi.org/10.1073/pnas.1721425115
https://doi.org/10.1073/pnas.1721425115
https://doi.org/10.1016/j.mattod.2019.02.016
https://doi.org/10.1016/j.mattod.2019.02.016
https://doi.org/10.1016/j.mattod.2019.02.016
https://doi.org/10.1016/j.mattod.2019.02.016
https://doi.org/10.1016/j.mattod.2019.02.016
https://doi.org/10.1016/j.mattod.2019.02.016
https://doi.org/10.1016/j.mattod.2019.02.016
https://doi.org/10.1021/acs.jpclett.0c02030
https://doi.org/10.1021/acs.jpclett.0c02030
https://doi.org/10.1021/acs.jpclett.0c02030
https://doi.org/10.1021/acs.jpclett.0c02030
https://doi.org/10.1021/acs.jpclett.0c02030
https://doi.org/10.1021/acs.jpclett.0c02030
https://doi.org/10.1038/s41586-021-03882-9
https://doi.org/10.1038/s41586-021-03882-9
https://doi.org/10.1038/s41586-021-03882-9
https://doi.org/10.1038/s41586-021-03882-9
https://doi.org/10.1038/s41586-021-03882-9
https://doi.org/10.1038/s41586-021-03882-9
https://doi.org/10.1088/0256-307X/42/6/067404
https://doi.org/10.1088/0256-307X/42/6/067404
https://doi.org/10.1088/0256-307X/42/6/067404
https://doi.org/10.1088/0256-307X/42/6/067404
https://doi.org/10.1088/0256-307X/42/6/067404
https://doi.org/10.1088/0256-307X/42/6/067404
https://doi.org/10.1088/0256-307X/42/6/067404
https://doi.org/10.1088/0256-307X/42/6/067404
https://doi.org/10.7498/aps.74.20250893
https://doi.org/10.7498/aps.74.20250893
https://doi.org/10.7498/aps.74.20250893
https://doi.org/10.7498/aps.74.20250893
https://doi.org/10.7498/aps.74.20250893
https://doi.org/10.7498/aps.74.20250893
https://doi.org/10.7498/aps.74.20250893
https://doi.org/10.7498/aps.74.20250893
https://doi.org/10.7498/aps.74.20250893
https://doi.org/10.7498/aps.74.20250893
https://doi.org/10.7498/aps.74.20250893
https://doi.org/10.7498/aps.74.20250893
https://doi.org/10.7498/aps.74.20250893
https://doi.org/10.7498/aps.74.20250893
https://doi.org/10.7498/aps.74.20250893
https://doi.org/10.7498/aps.74.20250042
https://doi.org/10.7498/aps.74.20250042
https://doi.org/10.7498/aps.74.20250042
https://doi.org/10.7498/aps.74.20250042
https://doi.org/10.7498/aps.74.20250042
https://doi.org/10.7498/aps.74.20250042
https://doi.org/10.7498/aps.74.20250042
https://doi.org/10.7498/aps.74.20250042
https://doi.org/10.7498/aps.74.20250042
https://doi.org/10.7498/aps.74.20250042
https://doi.org/10.7498/aps.74.20250042
https://doi.org/10.7498/aps.74.20250042
https://doi.org/10.7498/aps.74.20250042
https://doi.org/10.7498/aps.74.20250042
https://doi.org/10.7498/aps.74.20250042
https://doi.org/10.7498/aps.74.20250042
https://doi.org/10.1088/1674-1056/adc193
https://doi.org/10.1088/1674-1056/adc193
https://doi.org/10.1088/1674-1056/adc193
https://doi.org/10.1088/1674-1056/adc193
https://doi.org/10.1088/1674-1056/adc193
https://doi.org/10.1088/1674-1056/adc193
https://doi.org/10.1088/1674-1056/adce9d
https://doi.org/10.1088/1674-1056/adce9d
https://doi.org/10.1088/1674-1056/adce9d
https://doi.org/10.1088/1674-1056/adce9d
https://doi.org/10.1088/1674-1056/adce9d
https://doi.org/10.1088/1674-1056/adce9d
https://doi.org/10.1088/1674-1056/adce9d
https://doi.org/10.1088/1674-1056/adce9d
https://doi.org/10.1021/jacs.4c09361
https://doi.org/10.1021/jacs.4c09361
https://doi.org/10.1021/jacs.4c09361
https://doi.org/10.1021/jacs.4c09361
https://doi.org/10.1021/jacs.4c09361
https://doi.org/10.1021/jacs.4c09361
https://doi.org/10.1021/jacs.4c09361
https://doi.org/10.1038/s41467-025-58864-6
https://doi.org/10.1038/s41467-025-58864-6
https://doi.org/10.1038/s41467-025-58864-6
https://doi.org/10.1038/s41467-025-58864-6
https://doi.org/10.1038/s41467-025-58864-6
https://doi.org/10.1038/s41467-025-58864-6
https://doi.org/10.1038/s41467-025-58864-6
https://doi.org/10.1039/D1SC04987A
https://doi.org/10.1039/D1SC04987A
https://doi.org/10.1039/D1SC04987A
https://doi.org/10.1039/D1SC04987A
https://doi.org/10.1039/D1SC04987A
https://doi.org/10.1039/D1SC04987A
https://doi.org/10.1016/j.jre.2024.03.021
https://doi.org/10.1016/j.jre.2024.03.021
https://doi.org/10.1016/j.jre.2024.03.021
https://doi.org/10.1016/j.jre.2024.03.021
https://doi.org/10.1016/j.jre.2024.03.021
https://doi.org/10.1016/j.jre.2024.03.021
https://doi.org/10.1016/j.jre.2024.03.021
https://doi.org/10.1016/j.jre.2024.03.021
https://doi.org/10.1002/lpor.202401441
https://doi.org/10.1002/lpor.202401441
https://doi.org/10.1002/lpor.202401441
https://doi.org/10.1002/lpor.202401441
https://doi.org/10.1002/lpor.202401441
https://doi.org/10.1002/lpor.202401441
https://doi.org/10.1002/lpor.202401441
https://doi.org/10.1016/j.materresbull.2024.113099
https://doi.org/10.1016/j.materresbull.2024.113099
https://doi.org/10.1016/j.materresbull.2024.113099
https://doi.org/10.1016/j.materresbull.2024.113099
https://doi.org/10.1016/j.materresbull.2024.113099
https://doi.org/10.1016/j.materresbull.2024.113099
https://doi.org/10.1002/adom.202403516
https://doi.org/10.1002/adom.202403516
https://doi.org/10.1002/adom.202403516
https://doi.org/10.1002/adom.202403516
https://doi.org/10.1002/adom.202403516
https://doi.org/10.1002/adom.202403516
https://doi.org/10.1002/adom.202403516
https://doi.org/10.1002/adom.202403516
https://doi.org/10.1016/j.ssc.2025.115881
https://doi.org/10.1016/j.ssc.2025.115881
https://doi.org/10.1016/j.ssc.2025.115881
https://doi.org/10.1016/j.ssc.2025.115881
https://doi.org/10.1016/j.ssc.2025.115881
https://doi.org/10.1016/j.ssc.2025.115881
https://doi.org/10.1007/s11082-017-0889-7
https://doi.org/10.1007/s11082-017-0889-7
https://doi.org/10.1007/s11082-017-0889-7
https://doi.org/10.1007/s11082-017-0889-7
https://doi.org/10.1007/s11082-017-0889-7
https://doi.org/10.1007/s11082-017-0889-7
https://doi.org/10.1016/j.jallcom.2024.178099
https://doi.org/10.1016/j.jallcom.2024.178099
https://doi.org/10.1016/j.jallcom.2024.178099
https://doi.org/10.1016/j.jallcom.2024.178099
https://doi.org/10.1016/j.jallcom.2024.178099
https://doi.org/10.1016/j.jallcom.2024.178099
https://doi.org/10.1016/j.jallcom.2024.178099
https://doi.org/10.1021/acs.jpcc.2c09036
https://doi.org/10.1021/acs.jpcc.2c09036
https://doi.org/10.1021/acs.jpcc.2c09036
https://doi.org/10.1021/acs.jpcc.2c09036
https://doi.org/10.1021/acs.jpcc.2c09036
https://doi.org/10.1021/acs.jpcc.2c09036
https://doi.org/10.1021/acs.jpcc.2c09036
https://doi.org/10.1103/PhysRevB.93.035204
https://doi.org/10.1103/PhysRevB.93.035204
https://doi.org/10.1103/PhysRevB.93.035204
https://doi.org/10.1103/PhysRevB.93.035204
https://doi.org/10.1103/PhysRevB.93.035204
https://doi.org/10.1103/PhysRevB.93.035204
https://doi.org/10.1103/PhysRevB.93.035204
https://doi.org/10.1063/1.4979106
https://doi.org/10.1063/1.4979106
https://doi.org/10.1063/1.4979106
https://doi.org/10.1063/1.4979106
https://doi.org/10.1063/1.4979106
https://doi.org/10.1063/1.4979106
https://doi.org/10.1063/1.4979106
https://doi.org/10.1063/1.4979106
https://doi.org/10.1038/natrevmats.2017.5
https://doi.org/10.1038/natrevmats.2017.5
https://doi.org/10.1038/natrevmats.2017.5
https://doi.org/10.1038/natrevmats.2017.5
https://doi.org/10.1038/natrevmats.2017.5
https://doi.org/10.1038/natrevmats.2017.5
https://doi.org/10.1103/RevModPhys.90.015007
https://doi.org/10.1103/RevModPhys.90.015007
https://doi.org/10.1103/RevModPhys.90.015007
https://doi.org/10.1103/RevModPhys.90.015007
https://doi.org/10.1103/RevModPhys.90.015007
https://doi.org/10.1103/RevModPhys.90.015007
https://doi.org/10.1103/RevModPhys.90.015007
https://doi.org/10.1103/RevModPhys.90.015007
https://doi.org/10.1021/acs.chemmater.2c01230
https://doi.org/10.1021/acs.chemmater.2c01230
https://doi.org/10.1021/acs.chemmater.2c01230
https://doi.org/10.1021/acs.chemmater.2c01230
https://doi.org/10.1021/acs.chemmater.2c01230
https://doi.org/10.1021/acs.chemmater.2c01230
https://doi.org/10.1021/acs.chemmater.2c01230
https://doi.org/10.1002/adfm.201909843
https://doi.org/10.1002/adfm.201909843
https://doi.org/10.1002/adfm.201909843
https://doi.org/10.1002/adfm.201909843
https://doi.org/10.1002/adfm.201909843
https://doi.org/10.1002/adfm.201909843
https://doi.org/10.14062/j.issn.0454-5648.20220532
https://doi.org/10.14062/j.issn.0454-5648.20220532
https://doi.org/10.14062/j.issn.0454-5648.20220532
https://doi.org/10.14062/j.issn.0454-5648.20220532
https://doi.org/10.14062/j.issn.0454-5648.20220532
https://doi.org/10.14062/j.issn.0454-5648.20220532
https://doi.org/10.14062/j.issn.0454-5648.20220532
https://doi.org/10.14062/j.issn.0454-5648.20220532
https://doi.org/10.14062/j.issn.0454-5648.20220532
https://doi.org/10.14062/j.issn.0454-5648.20220532
https://doi.org/10.14062/j.issn.0454-5648.20220532
https://doi.org/10.14062/j.issn.0454-5648.20220532
https://doi.org/10.14062/j.issn.0454-5648.20220532
https://doi.org/10.14062/j.issn.0454-5648.20220532
https://doi.org/10.1016/0022-3697(78)90107-5
https://doi.org/10.1016/0022-3697(78)90107-5
https://doi.org/10.1016/0022-3697(78)90107-5
https://doi.org/10.1016/0022-3697(78)90107-5
https://doi.org/10.1016/0022-3697(78)90107-5
https://doi.org/10.1016/0022-3697(78)90107-5
https://doi.org/10.1002/cber.19010340283
https://doi.org/10.1002/cber.19010340283
https://doi.org/10.1002/cber.19010340283
https://doi.org/10.1002/cber.19010340283
https://doi.org/10.1002/cber.19010340283
https://doi.org/10.1002/cber.19010340283
https://doi.org/10.1002/cber.19010340283
https://doi.org/10.1021/ja01162a511
https://doi.org/10.1021/ja01162a511
https://doi.org/10.1021/ja01162a511
https://doi.org/10.1021/ja01162a511
https://doi.org/10.1021/ja01162a511
https://doi.org/10.1021/ja01162a511
https://doi.org/10.1021/ja01162a511
https://doi.org/10.1016/0038-1098(80)91184-9
https://doi.org/10.1016/0038-1098(80)91184-9
https://doi.org/10.1016/0038-1098(80)91184-9
https://doi.org/10.1016/0038-1098(80)91184-9
https://doi.org/10.1016/0038-1098(80)91184-9
https://doi.org/10.1016/0038-1098(80)91184-9
https://doi.org/10.1016/0038-1098(79)91038-X
https://doi.org/10.1016/0038-1098(79)91038-X
https://doi.org/10.1016/0038-1098(79)91038-X
https://doi.org/10.1016/0038-1098(79)91038-X
https://doi.org/10.1016/0038-1098(79)91038-X
https://doi.org/10.1016/0038-1098(79)91038-X
https://doi.org/10.1016/0038-1098(79)91038-X
https://doi.org/10.1103/PhysRevB.21.816
https://doi.org/10.1103/PhysRevB.21.816
https://doi.org/10.1103/PhysRevB.21.816
https://doi.org/10.1103/PhysRevB.21.816
https://doi.org/10.1103/PhysRevB.21.816
https://doi.org/10.1103/PhysRevB.21.816
https://doi.org/10.1103/PhysRevB.21.816
https://doi.org/10.1002/crat.2170300702
https://doi.org/10.1002/crat.2170300702
https://doi.org/10.1002/crat.2170300702
https://doi.org/10.1002/crat.2170300702
https://doi.org/10.1002/crat.2170300702
https://doi.org/10.1002/crat.2170300702
https://doi.org/10.1002/crat.2170300702
https://doi.org/10.1080/095008399176797
https://doi.org/10.1080/095008399176797
https://doi.org/10.1080/095008399176797
https://doi.org/10.1080/095008399176797
https://doi.org/10.1080/095008399176797
https://doi.org/10.1080/095008399176797
https://doi.org/10.1080/095008399176797
https://doi.org/10.1063/1.123865
https://doi.org/10.1063/1.123865
https://doi.org/10.1063/1.123865
https://doi.org/10.1063/1.123865
https://doi.org/10.1063/1.123865
https://doi.org/10.1063/1.123865
https://doi.org/10.1063/1.123865
https://doi.org/10.1063/1.123865
https://doi.org/10.1063/1.123510
https://doi.org/10.1063/1.123510
https://doi.org/10.1063/1.123510
https://doi.org/10.1063/1.123510
https://doi.org/10.1063/1.123510
https://doi.org/10.1063/1.123510
https://doi.org/10.1063/1.123510
https://doi.org/10.1063/1.123510
https://doi.org/10.1111/j.1151-2916.1999.tb02089.x
https://doi.org/10.1111/j.1151-2916.1999.tb02089.x
https://doi.org/10.1111/j.1151-2916.1999.tb02089.x
https://doi.org/10.1111/j.1151-2916.1999.tb02089.x
https://doi.org/10.1111/j.1151-2916.1999.tb02089.x
https://doi.org/10.1111/j.1151-2916.1999.tb02089.x
https://doi.org/10.1111/j.1151-2916.1999.tb02089.x
https://doi.org/10.1111/j.1151-2916.1999.tb02089.x
https://doi.org/10.1016/S0025-5408(99)00175-0
https://doi.org/10.1016/S0025-5408(99)00175-0
https://doi.org/10.1016/S0025-5408(99)00175-0
https://doi.org/10.1016/S0025-5408(99)00175-0
https://doi.org/10.1016/S0025-5408(99)00175-0
https://doi.org/10.1016/S0025-5408(99)00175-0
https://doi.org/10.1016/S0025-5408(99)00175-0
https://doi.org/10.1016/S0025-5408(99)00175-0
https://doi.org/10.1038/s41467-024-52331-4
https://doi.org/10.1038/s41467-024-52331-4
https://doi.org/10.1038/s41467-024-52331-4
https://doi.org/10.1038/s41467-024-52331-4
https://doi.org/10.1038/s41467-024-52331-4
https://doi.org/10.1038/s41467-024-52331-4
https://doi.org/10.1038/s41467-024-52331-4
https://doi.org/10.1002/advs.202409384
https://doi.org/10.1002/advs.202409384
https://doi.org/10.1002/advs.202409384
https://doi.org/10.1002/advs.202409384
https://doi.org/10.1002/advs.202409384
https://doi.org/10.1002/advs.202409384
https://doi.org/10.1002/advs.202409384
https://doi.org/10.1002/advs.202409384
https://doi.org/10.1021/acsami.4c22118
https://doi.org/10.1021/acsami.4c22118
https://doi.org/10.1021/acsami.4c22118
https://doi.org/10.1021/acsami.4c22118
https://doi.org/10.1021/acsami.4c22118
https://doi.org/10.1021/acsami.4c22118
https://doi.org/10.1021/acsami.4c22118
https://doi.org/10.1021/acsami.4c22118
https://doi.org/10.1038/s41467-025-61522-6
https://doi.org/10.1038/s41467-025-61522-6
https://doi.org/10.1038/s41467-025-61522-6
https://doi.org/10.1038/s41467-025-61522-6
https://doi.org/10.1038/s41467-025-61522-6
https://doi.org/10.1038/s41467-025-61522-6
https://doi.org/10.1021/acsami.3c04093
https://doi.org/10.1021/acsami.3c04093
https://doi.org/10.1021/acsami.3c04093
https://doi.org/10.1021/acsami.3c04093
https://doi.org/10.1021/acsami.3c04093
https://doi.org/10.1021/acsami.3c04093
https://doi.org/10.1021/acsami.3c04093
https://doi.org/10.1021/acsami.3c04093
https://doi.org/10.1038/s41467-025-55922-x
https://doi.org/10.1038/s41467-025-55922-x
https://doi.org/10.1038/s41467-025-55922-x
https://doi.org/10.1038/s41467-025-55922-x
https://doi.org/10.1038/s41467-025-55922-x
https://doi.org/10.1038/s41467-025-55922-x
https://doi.org/10.1038/s41467-025-55922-x
https://doi.org/10.1038/s41467-025-55922-x
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 £ 3R Acta Phys. Sin. Vol. 75, No. 3 (2026) 030802

(74]

[75]
[76]

[77]

78]
(79]
(80]
(81]
(82]
(83]

(84]

Zhao T, Wang H, Jiang J, Li M, Li J, Liu K, Peng S, Zhao
B, Chen Y, An J, Li Y, Jiang S, Lin C 2025 J. Phys. Chem.
C'129 4715

Wang H, Zhao B, Zhao T, Li M, Peng S, Liu X, Chen Y, An
J, Jiang S, Wang Y, Lin C, Yang W 2025 Adv. Sci. 45
el11805

Chandra B P 1982 Pramana-J. Phys. 19 455

Zhang H, Terasaki N, Yamada H, Xu C N 2009 Jpn. J.
Appl. Phys. 48 04C109

Botterman J, Eeckhout K V D, Baere I D, Poelman D, Smet
P F 2012 Acta Mater. 60 5494

Jeong S M, Song S, Lee S, Ha N Y 2013 Adv. Mater. 25
6194

Chen C, Zhuang Y, Tu D, Wang X, Pan C, Xie R J 2020
Nano Energy 68 104329

Zhang L, Shi K, Wang Y, Su L, Yang G, Huang B, Kong J,
Dong X, Wang Z L 2021 Nano Energy 85 106005

Kricka L J, Stroebel J, Stanley P E 1999 Luminescence 14
215

Biinzli J C G, Wong K L 2018 J. Rare Earths 36 1

Xie Y, Li Z 2018 Chem 4 943

Chandra V K, Chandra B P, Jha P 2013 J. Lumin. 138 267
Pan X, Zhuang Y, He W, Lin C, Mei L, Chen C, Xue H,
Sun Z, Wang C, Peng D, Zheng Y, Pan C, Wang L, Xie R J
2024 Nat. Commun. 15 2673

Zhuang Y, Xie R 2021 Adv. Mater. 33 2005925

Stocker H, Riihl M, Heinrich A, Mehner E, Meyer D C 2013
J. Electrostat. 71 905

Mukherjee S, Thilagar P 2019 Angew. Chem. Int. Ed. 58
7922

Hajra S, Kaja K R, Panda S, Song S, Jeong S M, Mishra Y
K, Oh T H, Das G, Divya S, Kim H J 2025 Nano Energy
145 111418

Bai Y, Wang F, Zhang L, Wang D, Liang Y, Yang S, Wang
7 2022 Nano Energy 96 107075

Longchambon H 1922 Frankl. Inst 195 269

Wang W, Wang Z, Zhang J, Zhou J, Dong W, Wang Y 2022
Nano Energy 94 106920

Wang N, Pu M, Ma Z, Feng Y, Guo Y, Guo W, Zheng Y,
Zhang L, Wang Z, Feng M, Li X, Wang D 2021 Nano
Energy 90 106646

Smet P F, Viana B, Tanabe S, Peng M, Holsd J, Chen W
2016 Opt. Mater. Express 6 1414

Wang X, Zhang H, Yu R, Dong L, Peng D, Zhang A, Zhang
Y, Liu H, Pan C, Wang Z L 2015 Adv. Mater. 27 2324
Chandra V K, Chandra B P, Jha P 2013 Appl. Phys. Lett.
102 241105

Sasakura H, Kobayashi H, Tanaka S, Mita J, Tanaka T,
Nakayama H 1981 J. Appl. Phys. 52 6901

Fan X H, Zhang J C, Zhang M, Pan C, Yan X, Han W P,
Zhang H D, Long Y Z, Wang X 2017 Opt. Express 25 14238
Kai H, Wong K, Tanner P A 2025 Adv. Opt. Mater. 13
2500793

Dobrowolska A, Bos A J J, Dorenbos P 2014 J. Phys. D:
Appl. Phys. 47 335301

[85]

[86]
[87]

s8]
8]
[90]
j91]
[92]

(93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]
[101]

[102]

[103]

[104]

[105]

[106)
[107)
[108)

030802-15

Zhang 7 T, Zhang J Y 2005 Inorganic Photoluminescent
Materials and  Their Applications (Beijing: Chemical
Industry Press) 2005 pp34-41 (in Chinses) [3k ™ K, sk R %
2005 TEADEEAEHRE BN T (AEE: A2 Tl k) 46
34—41 ]

Zhang J C, Xu C N, Long Y Z 2013 Opt. Express 21 13699
Deng Y, Peng D, Chang S, Sun J, He J, Shan C X, Dong L
2025 J. Phys. D: Appl. Phys. 58 013002

Kim Y, Roy S, Jung G Y, Oh J S, Kim G W 2019 Sci. Rep.
9 15215

Suo H, Wang Y, Zhang X, Zheng W, Guo Y, Li L, Li P,
Yang Y, Wang Z, Wang F 2023 Matter 6 2935

Ding Y, So B, Cao J, Wondraczek L 2022 Adv. Sci. 9
2201631

Fu X, Zheng S, Shi J, Zhang H 2017 J. Lumin. 192 117

Kim H J, Unithrattil S, Im W B 2020 Ceram. Int. 46 12138
Liu S Q, Zheng Y T, Peng D F, Zhao J, Song Z, Liu Q L
2023 Adv. Funct. Mater. 33 2209275

Wang H, Zhao T, Li M, Li J, Peng S, Liu X, Zhao B, Chen
Y, Lin C 2024 Chin. J. High Press. Phys. 38 030101 (in
Chinese) [E2, B8, 254, R 0E, 50, XIER, &IEE,
VRE T, #RfTE 2024 &5 Y3244 38 030101]

Wang B H, Li B, Liu X Q, Wang H, Jiang S, Lin C L, Yang
W G 2022 Acta Phys. Sin. 71 100702 (in Chinese) [T 22,
UK, XIMRER, E2, FIF, Mg, 30 2022 YRR 11
100702]

Zhang J C, Long Y Z, Wang X, Xu C N 2014 RSC Adv. 4
40665

Peng D, Jiang Y, Huang B, Du Y, Zhao J, Zhang X, Ma R,
Golovynskyi S, Chen B, Wang F 2020 Adv. Mater. 32
1907747

Zhao F, Shao Y, Liu H, Mao Q, Yang H, Liu M, Liu Q,
Zhong J 2025 Chem. Eng. J. 512 162575

Wang X, Xiao Y, Xiong P, Zheng P, Wu S, Zhou Z, Xiao B,
Shao P, Zhang M, Liu J, Gan J, Wang Y, Qian Q 2025
Mater. Horiz. 12 3815

Dou C, Liang T, Zhao M, Song Z, Ning L, Peng D, Liu Q
2024 Adv. Funct. Mater. 35 2419716

Zhang S, Yang X, Xiao J, Li X, Peng Q, Luo S, Ba H,
Zhang Y, Xu X 2024 Adv. Funct. Mater. 34 2404439

Zhang P, Zhao X H, Jia Z W, Dong J B, Liang T L, Liu Y,
Cheng Q L, Ding L Q, Wu L, Peng D F, Kong Y F, Zhang
Y, Xu J J 2024 Adv. Mater. 37 2411532

Moon J S, Song S, Lee S K, Choi B 2013 Appl. Phys. Lett.
102 051110

Cheng K, Guo Z, Zhang P, Feng L, Zhou Y, Li L, Song H,
Wang T, Zhao Y, Zhao L 2025 Laser Photonics Rev. 19
2401524

Wang Z, Meng Z, Mo S, Zhang L, Cheng P, Wang X, Ma Z
2025 J. Solid State Chem. 350 125481

Chandra B P, Zink J I 1980 Inorg. Chem. 19 3098

Chandra B P 1981 Phys. Status Solidi A 64 395

Sweeting L M, Cashel M L, Dott M, Gingerich J M, Guido J
L, Kling J A, Pippin R F, Rosenblatt M M, Rutter A M,
Spence R A 1992 Mol. Cryst. Lig. Cryst. 211 389


https://doi.org/10.1021/acs.jpcc.4c08244
https://doi.org/10.1021/acs.jpcc.4c08244
https://doi.org/10.1021/acs.jpcc.4c08244
https://doi.org/10.1021/acs.jpcc.4c08244
https://doi.org/10.1021/acs.jpcc.4c08244
https://doi.org/10.1021/acs.jpcc.4c08244
https://doi.org/10.1021/acs.jpcc.4c08244
https://doi.org/10.1021/acs.jpcc.4c08244
https://doi.org/10.1002/advs.202511805
https://doi.org/10.1002/advs.202511805
https://doi.org/10.1002/advs.202511805
https://doi.org/10.1002/advs.202511805
https://doi.org/10.1002/advs.202511805
https://doi.org/10.1002/advs.202511805
https://doi.org/10.1007/BF02847379
https://doi.org/10.1007/BF02847379
https://doi.org/10.1007/BF02847379
https://doi.org/10.1007/BF02847379
https://doi.org/10.1007/BF02847379
https://doi.org/10.1007/BF02847379
https://doi.org/10.1007/BF02847379
https://doi.org/10.1007/BF02847379
https://doi.org/10.1007/BF02847379
https://doi.org/10.1143/JJAP.48.04C109
https://doi.org/10.1143/JJAP.48.04C109
https://doi.org/10.1143/JJAP.48.04C109
https://doi.org/10.1143/JJAP.48.04C109
https://doi.org/10.1143/JJAP.48.04C109
https://doi.org/10.1143/JJAP.48.04C109
https://doi.org/10.1143/JJAP.48.04C109
https://doi.org/10.1143/JJAP.48.04C109
https://doi.org/10.1016/j.actamat.2012.06.055
https://doi.org/10.1016/j.actamat.2012.06.055
https://doi.org/10.1016/j.actamat.2012.06.055
https://doi.org/10.1016/j.actamat.2012.06.055
https://doi.org/10.1016/j.actamat.2012.06.055
https://doi.org/10.1016/j.actamat.2012.06.055
https://doi.org/10.1016/j.actamat.2012.06.055
https://doi.org/10.1002/adma.201301679
https://doi.org/10.1002/adma.201301679
https://doi.org/10.1002/adma.201301679
https://doi.org/10.1002/adma.201301679
https://doi.org/10.1002/adma.201301679
https://doi.org/10.1002/adma.201301679
https://doi.org/10.1016/j.nanoen.2019.104329
https://doi.org/10.1016/j.nanoen.2019.104329
https://doi.org/10.1016/j.nanoen.2019.104329
https://doi.org/10.1016/j.nanoen.2019.104329
https://doi.org/10.1016/j.nanoen.2019.104329
https://doi.org/10.1016/j.nanoen.2019.104329
https://doi.org/10.1016/j.nanoen.2021.106005
https://doi.org/10.1016/j.nanoen.2021.106005
https://doi.org/10.1016/j.nanoen.2021.106005
https://doi.org/10.1016/j.nanoen.2021.106005
https://doi.org/10.1016/j.nanoen.2021.106005
https://doi.org/10.1016/j.nanoen.2021.106005
https://doi.org/10.1016/j.nanoen.2021.106005
https://doi.org/10.1002/(SICI)1522-7243(199907/08)14:4<215::AID-BIO524>3.0.CO;2-2
https://doi.org/10.1002/(SICI)1522-7243(199907/08)14:4<215::AID-BIO524>3.0.CO;2-2
https://doi.org/10.1002/(SICI)1522-7243(199907/08)14:4<215::AID-BIO524>3.0.CO;2-2
https://doi.org/10.1002/(SICI)1522-7243(199907/08)14:4<215::AID-BIO524>3.0.CO;2-2
https://doi.org/10.1002/(SICI)1522-7243(199907/08)14:4<215::AID-BIO524>3.0.CO;2-2
https://doi.org/10.1002/(SICI)1522-7243(199907/08)14:4<215::AID-BIO524>3.0.CO;2-2
https://doi.org/10.1016/j.jre.2017.09.005
https://doi.org/10.1016/j.jre.2017.09.005
https://doi.org/10.1016/j.jre.2017.09.005
https://doi.org/10.1016/j.jre.2017.09.005
https://doi.org/10.1016/j.jre.2017.09.005
https://doi.org/10.1016/j.jre.2017.09.005
https://doi.org/10.1016/j.jre.2017.09.005
https://doi.org/10.1016/j.chempr.2018.01.001
https://doi.org/10.1016/j.chempr.2018.01.001
https://doi.org/10.1016/j.chempr.2018.01.001
https://doi.org/10.1016/j.chempr.2018.01.001
https://doi.org/10.1016/j.chempr.2018.01.001
https://doi.org/10.1016/j.chempr.2018.01.001
https://doi.org/10.1016/j.chempr.2018.01.001
https://doi.org/10.1016/j.jlumin.2013.01.024
https://doi.org/10.1016/j.jlumin.2013.01.024
https://doi.org/10.1016/j.jlumin.2013.01.024
https://doi.org/10.1016/j.jlumin.2013.01.024
https://doi.org/10.1016/j.jlumin.2013.01.024
https://doi.org/10.1016/j.jlumin.2013.01.024
https://doi.org/10.1016/j.jlumin.2013.01.024
https://doi.org/10.1038/s41467-024-46900-w
https://doi.org/10.1038/s41467-024-46900-w
https://doi.org/10.1038/s41467-024-46900-w
https://doi.org/10.1038/s41467-024-46900-w
https://doi.org/10.1038/s41467-024-46900-w
https://doi.org/10.1038/s41467-024-46900-w
https://doi.org/10.1038/s41467-024-46900-w
https://doi.org/10.1002/adma.202005925
https://doi.org/10.1002/adma.202005925
https://doi.org/10.1002/adma.202005925
https://doi.org/10.1002/adma.202005925
https://doi.org/10.1002/adma.202005925
https://doi.org/10.1002/adma.202005925
https://doi.org/10.1002/adma.202005925
https://doi.org/10.1016/j.elstat.2013.07.006
https://doi.org/10.1016/j.elstat.2013.07.006
https://doi.org/10.1016/j.elstat.2013.07.006
https://doi.org/10.1016/j.elstat.2013.07.006
https://doi.org/10.1016/j.elstat.2013.07.006
https://doi.org/10.1016/j.elstat.2013.07.006
https://doi.org/10.1002/anie.201811542
https://doi.org/10.1002/anie.201811542
https://doi.org/10.1002/anie.201811542
https://doi.org/10.1002/anie.201811542
https://doi.org/10.1002/anie.201811542
https://doi.org/10.1002/anie.201811542
https://doi.org/10.1016/j.nanoen.2025.111418
https://doi.org/10.1016/j.nanoen.2025.111418
https://doi.org/10.1016/j.nanoen.2025.111418
https://doi.org/10.1016/j.nanoen.2025.111418
https://doi.org/10.1016/j.nanoen.2025.111418
https://doi.org/10.1016/j.nanoen.2025.111418
https://doi.org/10.1016/j.nanoen.2022.107075
https://doi.org/10.1016/j.nanoen.2022.107075
https://doi.org/10.1016/j.nanoen.2022.107075
https://doi.org/10.1016/j.nanoen.2022.107075
https://doi.org/10.1016/j.nanoen.2022.107075
https://doi.org/10.1016/j.nanoen.2022.107075
https://doi.org/10.1016/j.nanoen.2022.107075
https://doi.org/10.1016/j.nanoen.2022.106920
https://doi.org/10.1016/j.nanoen.2022.106920
https://doi.org/10.1016/j.nanoen.2022.106920
https://doi.org/10.1016/j.nanoen.2022.106920
https://doi.org/10.1016/j.nanoen.2022.106920
https://doi.org/10.1016/j.nanoen.2022.106920
https://doi.org/10.1016/j.nanoen.2021.106646
https://doi.org/10.1016/j.nanoen.2021.106646
https://doi.org/10.1016/j.nanoen.2021.106646
https://doi.org/10.1016/j.nanoen.2021.106646
https://doi.org/10.1016/j.nanoen.2021.106646
https://doi.org/10.1016/j.nanoen.2021.106646
https://doi.org/10.1016/j.nanoen.2021.106646
https://doi.org/10.1016/j.nanoen.2021.106646
https://doi.org/10.1364/OME.6.001414
https://doi.org/10.1364/OME.6.001414
https://doi.org/10.1364/OME.6.001414
https://doi.org/10.1364/OME.6.001414
https://doi.org/10.1364/OME.6.001414
https://doi.org/10.1364/OME.6.001414
https://doi.org/10.1364/OME.6.001414
https://doi.org/10.1002/adma.201405826
https://doi.org/10.1002/adma.201405826
https://doi.org/10.1002/adma.201405826
https://doi.org/10.1002/adma.201405826
https://doi.org/10.1002/adma.201405826
https://doi.org/10.1002/adma.201405826
https://doi.org/10.1002/adma.201405826
https://doi.org/10.1063/1.4811160
https://doi.org/10.1063/1.4811160
https://doi.org/10.1063/1.4811160
https://doi.org/10.1063/1.4811160
https://doi.org/10.1063/1.4811160
https://doi.org/10.1063/1.4811160
https://doi.org/10.1063/1.328642
https://doi.org/10.1063/1.328642
https://doi.org/10.1063/1.328642
https://doi.org/10.1063/1.328642
https://doi.org/10.1063/1.328642
https://doi.org/10.1063/1.328642
https://doi.org/10.1063/1.328642
https://doi.org/10.1364/OE.25.014238
https://doi.org/10.1364/OE.25.014238
https://doi.org/10.1364/OE.25.014238
https://doi.org/10.1364/OE.25.014238
https://doi.org/10.1364/OE.25.014238
https://doi.org/10.1364/OE.25.014238
https://doi.org/10.1364/OE.25.014238
https://doi.org/10.1002/adom.202500793
https://doi.org/10.1002/adom.202500793
https://doi.org/10.1002/adom.202500793
https://doi.org/10.1002/adom.202500793
https://doi.org/10.1002/adom.202500793
https://doi.org/10.1002/adom.202500793
https://doi.org/10.1088/0022-3727/47/33/335301
https://doi.org/10.1088/0022-3727/47/33/335301
https://doi.org/10.1088/0022-3727/47/33/335301
https://doi.org/10.1088/0022-3727/47/33/335301
https://doi.org/10.1088/0022-3727/47/33/335301
https://doi.org/10.1088/0022-3727/47/33/335301
https://doi.org/10.1088/0022-3727/47/33/335301
https://doi.org/10.1088/0022-3727/47/33/335301
https://doi.org/10.1364/OE.21.013699
https://doi.org/10.1364/OE.21.013699
https://doi.org/10.1364/OE.21.013699
https://doi.org/10.1364/OE.21.013699
https://doi.org/10.1364/OE.21.013699
https://doi.org/10.1364/OE.21.013699
https://doi.org/10.1364/OE.21.013699
https://doi.org/10.1088/1361-6463/ad759c
https://doi.org/10.1088/1361-6463/ad759c
https://doi.org/10.1088/1361-6463/ad759c
https://doi.org/10.1088/1361-6463/ad759c
https://doi.org/10.1088/1361-6463/ad759c
https://doi.org/10.1088/1361-6463/ad759c
https://doi.org/10.1088/1361-6463/ad759c
https://doi.org/10.1038/s41598-019-51771-z
https://doi.org/10.1038/s41598-019-51771-z
https://doi.org/10.1038/s41598-019-51771-z
https://doi.org/10.1038/s41598-019-51771-z
https://doi.org/10.1038/s41598-019-51771-z
https://doi.org/10.1038/s41598-019-51771-z
https://doi.org/10.1016/j.matt.2023.06.009
https://doi.org/10.1016/j.matt.2023.06.009
https://doi.org/10.1016/j.matt.2023.06.009
https://doi.org/10.1016/j.matt.2023.06.009
https://doi.org/10.1016/j.matt.2023.06.009
https://doi.org/10.1016/j.matt.2023.06.009
https://doi.org/10.1016/j.matt.2023.06.009
https://doi.org/10.1002/advs.202201631
https://doi.org/10.1002/advs.202201631
https://doi.org/10.1002/advs.202201631
https://doi.org/10.1002/advs.202201631
https://doi.org/10.1002/advs.202201631
https://doi.org/10.1002/advs.202201631
https://doi.org/10.1016/j.jlumin.2017.06.036
https://doi.org/10.1016/j.jlumin.2017.06.036
https://doi.org/10.1016/j.jlumin.2017.06.036
https://doi.org/10.1016/j.jlumin.2017.06.036
https://doi.org/10.1016/j.jlumin.2017.06.036
https://doi.org/10.1016/j.jlumin.2017.06.036
https://doi.org/10.1016/j.jlumin.2017.06.036
https://doi.org/10.1016/j.ceramint.2020.01.259
https://doi.org/10.1016/j.ceramint.2020.01.259
https://doi.org/10.1016/j.ceramint.2020.01.259
https://doi.org/10.1016/j.ceramint.2020.01.259
https://doi.org/10.1016/j.ceramint.2020.01.259
https://doi.org/10.1016/j.ceramint.2020.01.259
https://doi.org/10.1016/j.ceramint.2020.01.259
https://doi.org/10.1002/adfm.202209275
https://doi.org/10.1002/adfm.202209275
https://doi.org/10.1002/adfm.202209275
https://doi.org/10.1002/adfm.202209275
https://doi.org/10.1002/adfm.202209275
https://doi.org/10.1002/adfm.202209275
https://doi.org/10.1002/adfm.202209275
https://doi.org/10.11858/gywlxb.20240770
https://doi.org/10.11858/gywlxb.20240770
https://doi.org/10.11858/gywlxb.20240770
https://doi.org/10.11858/gywlxb.20240770
https://doi.org/10.11858/gywlxb.20240770
https://doi.org/10.11858/gywlxb.20240770
https://doi.org/10.11858/gywlxb.20240770
https://doi.org/10.11858/gywlxb.20240770
https://doi.org/10.11858/gywlxb.20240770
https://doi.org/10.11858/gywlxb.20240770
https://doi.org/10.11858/gywlxb.20240770
https://doi.org/10.11858/gywlxb.20240770
https://doi.org/10.11858/gywlxb.20240770
https://doi.org/10.11858/gywlxb.20240770
https://doi.org/10.11858/gywlxb.20240770
https://doi.org/10.7498/aps.71.20212360
https://doi.org/10.7498/aps.71.20212360
https://doi.org/10.7498/aps.71.20212360
https://doi.org/10.7498/aps.71.20212360
https://doi.org/10.7498/aps.71.20212360
https://doi.org/10.7498/aps.71.20212360
https://doi.org/10.7498/aps.71.20212360
https://doi.org/10.7498/aps.71.20212360
https://doi.org/10.7498/aps.71.20212360
https://doi.org/10.7498/aps.71.20212360
https://doi.org/10.7498/aps.71.20212360
https://doi.org/10.7498/aps.71.20212360
https://doi.org/10.7498/aps.71.20212360
https://doi.org/10.7498/aps.71.20212360
https://doi.org/10.1039/C4RA05894A
https://doi.org/10.1039/C4RA05894A
https://doi.org/10.1039/C4RA05894A
https://doi.org/10.1039/C4RA05894A
https://doi.org/10.1039/C4RA05894A
https://doi.org/10.1039/C4RA05894A
https://doi.org/10.1002/adma.201907747
https://doi.org/10.1002/adma.201907747
https://doi.org/10.1002/adma.201907747
https://doi.org/10.1002/adma.201907747
https://doi.org/10.1002/adma.201907747
https://doi.org/10.1002/adma.201907747
https://doi.org/10.1016/j.cej.2025.162575
https://doi.org/10.1016/j.cej.2025.162575
https://doi.org/10.1016/j.cej.2025.162575
https://doi.org/10.1016/j.cej.2025.162575
https://doi.org/10.1016/j.cej.2025.162575
https://doi.org/10.1016/j.cej.2025.162575
https://doi.org/10.1016/j.cej.2025.162575
https://doi.org/10.1039/D4MH01918K
https://doi.org/10.1039/D4MH01918K
https://doi.org/10.1039/D4MH01918K
https://doi.org/10.1039/D4MH01918K
https://doi.org/10.1039/D4MH01918K
https://doi.org/10.1039/D4MH01918K
https://doi.org/10.1002/adfm.202419716
https://doi.org/10.1002/adfm.202419716
https://doi.org/10.1002/adfm.202419716
https://doi.org/10.1002/adfm.202419716
https://doi.org/10.1002/adfm.202419716
https://doi.org/10.1002/adfm.202419716
https://doi.org/10.1002/adfm.202419716
https://doi.org/10.1002/adfm.202404439
https://doi.org/10.1002/adfm.202404439
https://doi.org/10.1002/adfm.202404439
https://doi.org/10.1002/adfm.202404439
https://doi.org/10.1002/adfm.202404439
https://doi.org/10.1002/adfm.202404439
https://doi.org/10.1002/adfm.202404439
https://doi.org/10.1002/adma.202411532
https://doi.org/10.1002/adma.202411532
https://doi.org/10.1002/adma.202411532
https://doi.org/10.1002/adma.202411532
https://doi.org/10.1002/adma.202411532
https://doi.org/10.1002/adma.202411532
https://doi.org/10.1002/adma.202411532
https://doi.org/10.1063/1.4791689
https://doi.org/10.1063/1.4791689
https://doi.org/10.1063/1.4791689
https://doi.org/10.1063/1.4791689
https://doi.org/10.1063/1.4791689
https://doi.org/10.1063/1.4791689
https://doi.org/10.1002/lpor.202401524
https://doi.org/10.1002/lpor.202401524
https://doi.org/10.1002/lpor.202401524
https://doi.org/10.1002/lpor.202401524
https://doi.org/10.1002/lpor.202401524
https://doi.org/10.1002/lpor.202401524
https://doi.org/10.1016/j.jssc.2025.125481
https://doi.org/10.1016/j.jssc.2025.125481
https://doi.org/10.1016/j.jssc.2025.125481
https://doi.org/10.1016/j.jssc.2025.125481
https://doi.org/10.1016/j.jssc.2025.125481
https://doi.org/10.1016/j.jssc.2025.125481
https://doi.org/10.1016/j.jssc.2025.125481
https://doi.org/10.1021/ic50212a054
https://doi.org/10.1021/ic50212a054
https://doi.org/10.1021/ic50212a054
https://doi.org/10.1021/ic50212a054
https://doi.org/10.1021/ic50212a054
https://doi.org/10.1021/ic50212a054
https://doi.org/10.1021/ic50212a054
https://doi.org/10.1002/pssa.2210640143
https://doi.org/10.1002/pssa.2210640143
https://doi.org/10.1002/pssa.2210640143
https://doi.org/10.1002/pssa.2210640143
https://doi.org/10.1002/pssa.2210640143
https://doi.org/10.1002/pssa.2210640143
https://doi.org/10.1002/pssa.2210640143
https://doi.org/10.1080/10587259208025838
https://doi.org/10.1080/10587259208025838
https://doi.org/10.1080/10587259208025838
https://doi.org/10.1080/10587259208025838
https://doi.org/10.1080/10587259208025838
https://doi.org/10.1080/10587259208025838
https://doi.org/10.1080/10587259208025838
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 £ 3R Acta Phys. Sin. Vol. 75, No. 3 (2026) 030802

SPECIAL TOPIC—High-pressure modulation and in situ characterization of
optoelectronic properties

Regulation of high pressure on mechanoluminescence:
Summary and Prospects”
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Abstract

Mechanoluminescence (ML) is a phenomenon in which photon emission is produced directly under
mechanical stimulation. Owing to its high spatial selectivity, rapid response, and multimodal emission
capabilities, ML exhibits great potential for applications in structural health monitoring, intelligent sensing, and
optical anti-counterfeiting. However, due to the complexity of ML modes, categories, and underlying kinetic
processes, the field still faces several challenges, including the lack of a well-established mechanism, the limited
availability of high-performance ML materials, and the absence of standardized testing standards. Existing
studies have demonstrated that crystal field strength, band structure, and lattice configuration play crucial roles
in governing the ML properties. High-pressure, with its unique ability to adjust these physical quantities,
undoubtedly provides new pathways for advancing ML research. Recent breakthroughs in rapid loading
techniques have further enabled the exploration of ML behaviors under high-pressure conditions. In the GPa
pressure range, modulations of interatomic distances, electronic orbitals, and crystal structures can not only
effectively control emission intensity and color, but also capture ML kinetic processes in microsecond-to-second
timescales, thereby supplying essential experimental data for revealing the microscopic mechanisms of ML. In
this review, we first provide a brief overview of the
historical development, classification, and mechanistic
understanding of ML, as well as commonly used ML
characterization methods under ambient and high-
pressure conditions. Then, we summarize the recent
progress of high-pressure techniques in optimizing ML
performance and elucidating ML mechanisms, with a

focus on enhancing emission intensity, adjusting £
. . . . =]
spectral  characteristics, and revealing dynamic g /\ M
. . . i -
processes. Finally, the future directions and challenges Time
for high-pressure ML research are discussed. Compression rate
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