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Abstract: Persistent luminescence is a unique optical phenomenon whereby luminescence remains

after the stoppage of excitation. Persistent luminescence shows great promise in anticounterfeiting,

information and data storage, photocatalysis, sensing, and bioimaging. Due to the absence of in-si-

tu excitation, persistent luminescence nanoparticles (PLNPs) can efficiently eliminate autofluores-

cence and light scattering interference and have been widely used in bioimaging. In addition, due to

the tunable luminescence properties, PLNPs with features of X-ray excitation, long-lived near-infra-

red emission or multi-mode imaging could facilitate deep tissue imaging, and provide abundant infor-

mation on cells and tissues. In this review, the recent advances in the synthesis and bioimaging ap-

plications of PLNPs were summarized, with focus on the usage of PLNPs in fingerprint imaging, cell

imaging and in vivo imaging. We also discuss the challenges and perspectives of PLNPs in bioimag-

ing.
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Fig. 1 Schematic diagram of PLNPs synthesized by controlling the methanol content ™ (A); Schematic diagram of PLNPs synthe-
sized with seed-mediated method ™ (B) ; Temperature slope curve and crystal structure of Cs,Nal.uCl,
with hydrothermal treatment™(C)
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Fig. 2 Schematic diagram showing the preparation of mSi0,@ZCGO(A); Transmission electron microscope(TEM) images of
mSi0,(B) and mSi0,@ZCGO(C); HRTEM image of mSi0,@ZCGO*(D); Schematic illustration for the preparation of
hollow near-infrared PLNPs with carbon spheres(E); TEM images of hollow PLNPs synthesized with
carbon spheres of different diameters™' (F-H)
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Table 1 Typical persistent luminescence nanoparticles and their applications in bioimaging
Host Dopant A Decay time Synthesis method Bioimaging applications Reference
Sr,ALO, Eu®, Dy* 520 nm 30 min Solvothermal method In vivo imaging [37]
Zn,GeO, Mn** 534 nm 30 min Hydrothermal method Fingerprint imaging [4]
Zn,Ge0, Ga®*, Mn* 540 nm 20 min Hydrothermal method Fingerprint imaging [3]
ZnGaGeO, Cr** 670 nm Ih Hydrothermal method ~ Cell imaging, in vivo imaging (8]
Zn, ,,Ga, ,Ge,0,, cr’, Pt 695 nm 15d Sol—gel method In vivo imaging [21]
CaZnMgSiO, ', Yb', Er’ 696 nm 60 min Hydrothermal method In vivo bioimaging [38]
Sr,MgSi,0, Eu”, Dy** 470 nm 200 min Sol-gel approach Cell imaging, in vivo imaging [23]
LiGa 0, Cr** 718 nm 1000 h Solid state reaction  Cell imaging, in vivo imaging [39]
SrMgZnSi,0, Eu’, Dy* 468 nm 10 h Sol—gel approach Cell imaging [40]
MgGeO, Mn®, Yb™, Li" 680nm, 1000nm 7h, 18min  Sol-gel synthesis  Cell imaging, in vivo imaging  [19]
La,Ga,GeO,, Cr'*, Zn® 696 nm 5h Hydrothermal method In vivo imaging [41]
CaMgSi,04 Eu*, Mn*™, Pr’* 685 nm 15 min Solid-state reaction In vivo imaging [42]
Zn,Sn0, Cr', Eu™ 800 nm 30 min Hydrothermal method ~ Cell imaging, in vivo imaging [31]
ZnGa,0, Cr’* 696 nm 40 min Template method Cell imaging, in vivo imaging [36]
mSi0,@Gd,Ga 0,, cr', Nd* 1 067 nm 60 min Template method In vivo imaging [43]
Si0,/SrMgSi, 0, Eu*, Dy 467 nm 60 min Template method In vivo imaging [44]
Ca,SiNg Eu®, Tm* 610 nm 3h Pulsed laser ablation In vivo imaging [45]
CaS Eu®, Sm™ 650 nm 3h Co—precipitation Cell imaging [46]
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Fig. 3 Photos of fingerprints on playing cards and soft drink cans with and without UV stimulation(A); Luminescent images of

fingerprints aged at different time periods; fingerprint images on smooth and rough surfaces(B); 3D confocal images of finger-

prints marked with commercial dyes and persistent luminescence probes(C); Detection of glycoprotein in LFP™/(D)
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Fig. 4 Schematic diagram of the preparation process of Crg'y, : ZnGa,0,@MPA@Au(A); Fluorescence images of US7TMG,
MDA-MB-435 and AD293 cells incubated with PLNPs probe(B)™"

MDA-MB-435

AD293

2.3 JEERE

TR RAS BE B HIE SR F 0 S A i B, FEMRE S IR TR SR AW A IR T H
FRAY T-EOSEE | BhZSHN I 28 43 PR A% o0 T B A D ik P AR50 TS0 RE . A5 515 DL Ko B R ik %
AR, MEOFEILHIPIT . BRI RNGYT S B A E R Y HIE R RIS 52 B 20l
BURA A & 2O E . PLNPs & —RhRH BARIE R SAG AR, ERem A EREw RN A %
POETI, BAREN AL R FELBRY Y, PRNEREEE 4%, X PLNPs 58t . FaE ik
A A 2SR B T A B BEsR . % PLNPs BEA T R BRI Bl , A ERERAAY— . &
YA 25 P IR AT R ) R A BE T 9 K AR IR B, SFHLURAZ 7 . kRS g 51 S0
RIT ST EA ERE L,

Sul e, R AMNETEZESE . BB RORS I 5 AR AL O BU 3D, A S A RE ik
W, FEAEYAL N ZEERE JI5% . NIR K E 5 APy, BIENIR-1(650~900 nm ) FI NIR-I1(1 000~
1450 nm), NIR-1& 4T PLNPs 75 R4 %, HA S EMLL . IRBUS IR 24 U8B RE 15505,
FETR AR YT SR AZ B )2 R . Abdukayum 5@ i Priv/Cr L35 28 5 0 7 B A NIR-1 £ 61
Zn, ,,Ga, Ge,0,, : Cr’", Pr’" PLNPs, (&M% _FE0T 2 PLNPs PR MR PERUKIE Y, 52 KA1
S5 A B T RIS ) I % . 5 NIR-1& 59 PLNPs AHEG , BAT NIR-11 % SHFAER) PLNPs fg
BB BLS, EWiRH R POEE R ILTES, RIS G . BUGEITEF ZE B IR
JESE TR A Lin 58 FIPGE W R AR PFL WA & % MgGe, (Ga, ,0, © Yb™ PLNPs, iZ%#f



551 31 B S AR 1B S A 1A% 39

BT X SRR R = NIR-IKRHIE R G, FVEGREE ZEEIREY ) 3. 9 mm AL, FRT R
—IELL NSO, AT O & SR SREYDORG I ARIE . Chen Z23E T —Fh CaTio, : P20
B R AERREE, nI RS vl WG A, B IR SEBL T =AY % 7 O (0] LY, NIR-THI NIR-IT)
B % (E15) .

IVIS: 610 nm

SWIR(I 040 nm)

10 min

A

8 min

30 min

1h

IVIS: 610 nm SWIR(1 040 nm)

B ‘ s X -'A.“V"‘. 2 .
Fiiy 7 \ 8 min
> 3 - 1
3ol " = i
b i . N
| ; e e
s 3 %
><10i
¥ e 3 i
o i
¥ i

8 min

30 min

%5 CaTio, : Pr'* PLNP@f%%ff‘kE']E%IE(A) H?HJﬁquﬁ(B)E’Jt R R A%

Fig. 5 Luminescence images of gastrointestinal tracts(A), and the livers and lungs(B)
in nude mices treated with CaTiO, : Pr*PLNPs"™’
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