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Fig.1 Schematic of the overall process for fabrication of the carbon dots confined by SiO,(A), persistent lumi-
nescence decay and fitting curve(red line) of the emission bands at 464 nm with 260 nm excitation(B),
HRTEM image of the as synthesized carbon dots confined by SiO,(C), size distribution histogram of
the carbon dots confined by SiO,(D), phosphorescence spectra of the untreated carbon dots confined
by SiO, oxidized by H,0,(30%, mass fraction), concentrated HNO,(30%, mass fraction), or H,SO,(98%,
mass fraction)(E), phosphorescence spectra of the carbon dots confined by SiO, in solvents with diffe-
rent polarities(F), phosphorescence spectra of the carbon dots confined by SiO, under pH values from
1. 0 to 14. 0(G)™
Copyright 2020, Springer Nature.

12,1 AR#E IKERGR DIKAE I, B SN i 26 PR %) s ek 3 PR B8 b B 7 S i Ak 2 5 T
TR ORI EAE A R BEAR L R RS T LR Ay SO AR A L BRI, 2O A A B ARG K
SRR 1) 40 i D' R B A 3 TR 2 R e -5 e v . AR5 N B 3 e 4 Tl K IS 14 (Can pHLBL L S
7 B 1) B % 2 B A5 ), R AR ME G OR A RE B R ST L T B R A M kR B SR R R AT T
-DEJ%L9,23,27,41,44~50J_

Yuan Z55H K GE G T Zn,,, Ga, ,.Ge,0,: Cr** (0<x<0. 5) KA REQ KR, 18 3k g
o (B R DSR2 AN K 0RO RO 2k B i d . anEl 2(A)~(C R, B « [E 0BG 0. 5, %
YRR R SE N7 nm 3 INE] 29 80 nm. Q1K 2(D) F(E) FrR , B  (EIG K R0 R ORI R &k
55 R RN R YRS [R] Y S G R /0N . e ah, i ad FE K S N Y pH AR, Zn, ;GaGe, sO,: Cr* B RH RS FI
AMER R REAS R FE . Yuan S5 0038 1 X A RE B R 2 0T 0 A T BB Al A o T R R
Serkae. AL ER LI AE Zn, ,Ga, (Ge, ,0,: Cr R4 K 4lifk )2 (ZnGa0, 85, Si0, 722 ) A % b />
T 7Zn, ,Ga, Ge, 20  Cr R RGN OKIORE A R TR , 2l 1 HO 2Rk o

Yuan 257 3858 1 K PO A 8 T Zn,GeO, s Mn® K A3 WE AN K, 38 o ] B b 478 ) K P 78 iy
pHAA, SEBLT Zn,GeO,: Mn* K A HEANKAR RUF | A A G B K ek it (] (1 R4 . B pH{ELA 6 38 i
#7.5, Zn,GeO,: Mn* PARFE YA JE LT 900 nm FEAIRFI 2 60 nm. FT i, Tam 25— 0 i K Ak
G Zn,GeO,: Cr R LLAMS RGN OK A | i 5 ] Cr B 44k FE SEBL T Zn,GeO,: Crr K AR REANK R 11
R TESURN M R G B R IR



3250 HEFRMAFEFIR Vol.42

@) x=0 ISR x=0.1 BFTIT x=0.2]
EARE R
L Rl k

.,
gy 2T W - Ay g &
Rl iy > P e

LA ™ R

Number (%)

0 5 10 15 20 0 5 10 15 20 5 10 15 20 25 30 20 30 40 50 25 50 75 100 125
Size (nm) i Size (nm) (nm)

Size (nm)

05h 1h

@

3h 4h

Fig.2 TEM images(A), HRTEM images(B), size distributions(C), photoluminescence spectrum(D), and persistent
luminescence decay images(E) of the Zn,, Ga, , Ge O,:Cr** nanoparticles when x increases from 0 to 0. 5!

Copyright 2017, American Chemical Society.
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Fig.3 The structure of the used ligand, the schematic illustration, and SEM images of Zn,GeO,:Mn*" persistent
luminescence materials synthesized with pure water(A), ethylenediamine/water(B), butanediamine/water
(C), diethylenetriamine/water(D), and triethylenetetramine/water(E)™"
Copyright 2021, John Wiley and Sons.
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Fig. 4 Schematic of the process for fabrication of the persistent luminescence nanoparticles via a thermal decom-
position method(A), TEM images and size distribution of ZnGa,0,: AI**, Cr**(B), ZnS: Cr** (C), CaF,(D),
persistent luminescence decay images of ZnGa,0,:Cr**(ZGO:Cr) and ZnGa,0 ;:Al**, Cr*(E)*"

Copyright 2020, Springer Nature.
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Fig.5 Schematic of X-ray-activated persistent luminescence generated in lanthanide-doped persistent lumi-

Multlaye

nescence nanoparticles(PLNPs)(A), persistent luminescence decay curves of typical lanthanide-doped
PLNPs(B), influence of activator concentration(C), shell thickness(D), core diameter(E) on the NIR-II
persistent luminescence intensity of Er-doped PLNPs, schematic of Ln-doped PLNPs with multilay-
ered(top) and co-doped(bottom) configurations(CR refers to cross-relaxation)(F), high-angle annular
dark-field-scanning transmission electron microscopy(G) and NIR-II persistent luminescence images
after X-ray irradiation ceases(H) of the multilayered Er/Nd/Ho-doped PLNPs, persistent luminescence
coding by different multilayered PLNPs, NIR-II persistent luminescence images were acquired in all
three(Nd*, Ho** and Er*") channels covered with mimic tissue(1% Intralipid) over time(I)*"
Copyright 2021, Springer Nature.
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Fig. 6 Schematic of the process for fabrication of hollow ZnGa,0,: Cr’** persistent luminescence nanoparticles
(PLNPs)(A), TEM images of the original carbon spheres(B), carbon spheres labeled by precursor ions(C),
the hollow PLNPs(D) corresponding to the PLNPs with a size of ca. 50 nm, TEM images of the original
carbon spheres(E), carbon spheres labeled by precursor ions(F), the hollow PLNPs(G) corresponding to
the PLNPs with a size of ca. 100 nm, TEM images of the original carbon spheres(H), carbon spheres la-
beled by precursor ions(I), the hollow PLNPs(J) corresponding to the PLNPs with a size of ca. 250 nm"¥
Copyright 2018, American Chemical Society.
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Fig.7 Schematic and TEM image of NaLuF,: Tb** @NaYF, nanocrystals(A), phosphorescence spectra of the
NaLuF,:Tb* @NaYF, nanocrystals, recorded after cessation of X-rays(50 kV) for 0. 5—168 h or 30 days
(B), phosphorescence decay curve of NaLuF,:Tb*" and NaLuF ;:Tbh* @NaYF, nanocrystals, monitored at
546 nm after X-rays(50 kV) cessation(C), comparison of phosphorescence decay profiles of various phos-
phors after cessation of X-ray(50 kV) excitation(NPs refer to nanoparticles)(D), persistent luminescence
photographs of NaLuF,:Tb** @NaYF, nanocrystals dispersed in 1 mL cyclohexane, and X-ray was set at
a voltage of 70 kV with a tube current of 1 mA(E), phosphorescence decay of NaLuF, nanocrystals
doped with various activators(Nd**, Tm*, Dy*, Tb**, Er**, Ho", Sm*" and Pr*")(a. u. refers to arbitrary
units)(F)™
Copyright 2021, Springer Nature.
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Fig. 8 Schematic illustration of process of immunoluminescence assay supported by photonic crystal-based bio-
chips(A), workflow of immunoluminescence image analysis by Python algorithm(B), raw images of PC
dots, where positive samples and negative samples were dropped on the biochip when detecting E. coli
and S. aureus(C), recognition results of photonic crystal dots by image algorithm(D)"**

Copyright 2021, American Chemical Society.
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Fig. 9 Schematic illustration of biodetection of bladder cancer related miRNA by the developed biochip™
Copyright 2021, American Chemical Society.
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Fig. 10 Schematic of the luminescent biodetector for the determination of glucose based on pH-responsive per-
sistent luminescence of ZnGa,0,:Mn*,Pr**(A), plot of the decreased PL intensity of ZGMP at 535 nm
against Ig[glucose](B), schematic illustration of the competitive enzyme-linked immunosorbent assay for
AFB1 determination based on GOD-catalyzed glucose oxidation and pH-responsive persistent lumines-
cence of ZGMP(C), plot of the decreased PL intensity of ZGMP at 535 nm against Ig[AFB1](D)*"
Copyright 2020, John Wiley and Sons.
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Fig. 11 Schematic illustration of construction of aptamer labeled Zn, ,Ga, ,Ge, ,0,:Cr’* probe for target recog-
nition of cancer cells(A), confocal microscopy images of 4T1 cells incubated with aptamer labeled
Zn, ,Ga, Ge, ,0,: Cr* nanoparticles(B), in vivo and in vitro luminescent images of 4T1 tumor -bearing
mice after intravenous injection of aptamer labeled Zn, ,Ga, ,Ge, ,0,:Cr* nanoparticles(C)”

Copyright 2017, American Chemical Society.
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Fig. 12 Schematic illustration of process of NIR-II persistent luminescence imaging of blood vessels(A), NIR-II
persistent luminescence(top) and NIR-II fluorescence(bottom) images of blood vessels in a living mouse

after intravenous injection of NaYF :3%Er* @NaYF, at 10 s postinjection(B), NIR-II persistent lumines-
cence(top) and NIR-II fluorescence(bottom) images of tumors on living mice after multiple injections of
NaYF,:3%Er* @NaYF (scale bar: 1 cm)(C), tumor-to-normal tissue ratios of the tumors shown in (C),

and the black dashed line demarcates the Rose criterion(D), the haematoxylin and eosin staining results

of the removed tumor(scale bar: 400 pm)(E)""

Copyright 2021, Springer Nature.
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Fig. 13 Schematic illustration of ir vivo tracking of breast cancer cells and radiotherapy to inhibit tumor metas-
tasis by ZnGa,0,:Cr*",Nd*" nanoparticles(A), in vivo persistent luminescence and bioluminescence images
of nude mice at different time points after the transplantation of ZnGa,0,:Cr**,Nd** nanoparticles and lu-
ciferase labeled breast cancer cells and the lymph nodes being highlighted by red circles(B)™"
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Recent Progress in Controlled Synthesis of Persistent Luminescence
Nanomaterials for Diagnosis Applications’

XI Jing, CHEN Na, YANG Yanbing, YUAN Quan’
(College of Chemistry and Molecular Sciences , Wuhan University , Wuhan 430072, China)

Abstract Persistent luminescence nanomaterials with special optical characteristics can remain luminescent
after cessation of excitation. By collecting the persistent luminescence signal after autofluorescence decays,
autofluorescence interference can be efficiently eliminated. Additionally, the interference of light scattering
can also be avoided since in situ light excitation is not involved, leading to improved sensitivity in biodetection
and bioimaging. Owing to the distinct optical properties, persistent luminescence nanoparticles opened a new
door to the biological applications from biosensing/bioimaging to theranostics. Recently, controlled synthesis of
persistent luminescence nanomaterials with improved luminescent properties and biocompatibility has
attracted great attention with the increasing need for in vitro biodetection and in vivo bioimaging. In this
review, we firstly summarize the controlled synthesis method for persistent luminescence nanomaterials, such
as sol-gel method, hydrothermal method, thermal decomposition method, template method, etc. Secondly,
the application of the persistent luminescence nanomaterials for diagnosis both in vitro and in vivo are further
discussed. Given the potential of persistent luminescence nanomaterials in biosensing, the current challenges
and future perspective are also discussed.
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