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Abstract: Persistent luminescence nanoparticles (PLNPs) are special luminescent materials with long afterglow time. In
particular, rare earth elements (REE) doped PLNPs ( REE-PLNPs) possess unique 4f electron configuration,
physical and chemical stability, high luminescence intensity, quantum yield, and long afterglow time. The emission wave-

excellent

length range of REE-PLNPs can be changed by adjusting REE ion species and doping element concentration. Although the
luminescence centers are the same, different PLNPs matrix materials often have different optical properties due to the differ-
ent lattices to which the different materials belong. Therefore, the luminescence intensity of REE-PLNPs can be improved by
changing the type of matrix materials and rare earth co-doped ions, and then the afterglow performance can be optimized.

Therefore, REE-PLNPs has attracted the attention of

researchers in the fields of interior decoration, safety sign,
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instrument display, biological detection and imaging, and
integration of diagnosis and treatment. The composition and
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afterglow luminescence properties of REE-PLNPs,
ding lanthanide elements and Sc and Y, are reviewed. The
advantages of REE in improving the emission wavelength
and afterglow intensity of PLNPs are also reviewed, and the
future development direction of REE-PLNPs research is
prospected.
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TR AR P B R TR BB B Se 5 Y
TEELGHR N 1 JCE (rare earth elements, REE), REE
MRS T 45d76s* (Hod, n R 0~ 14, m H 0 5
1), REE EAMHBIMINZHFAR, —BHKE3 BT
T3 Wit 8, HATRR N IE R )2t 0E
PE®' . REE PR 4f B FH L, B, A, L
PESFRPRIOMET, BES R bR IR, 534h, REE
BRI K A D A1 B (REE-PLNPs ) B4 — R 51 )1 i i)
JeEERE, WAHERATR . RS TR

Ké‘i‘ 40 K #1 Bl ( persistent luminescence nanoparti-
cles, PLNPs) J&—FIR AN SE (54, WUk, X 4
LMy B HAER BRI S A REHF 2L A OB LA
BHS T PLNPs RRERAY 2 M A A0k 0 T 2B A 4L A
RHNTH, FHALHET PLNPs 78 Brhig K AH 56505 -
WR2Wr AR T R, R dlJE REE-PLNPs 51 T #F5Y
HHZ KR REE-PLNPs &1L REE 1EH £ 5524
FIR &K R . REE-PLNPs [ &4 4f B FA4
B RO EE & 7 3 m AR AL, TEROEIRI] ) O
R AR SR | 29T — R SR ST A
FEEEMA P REE 18 PLNPs YRR B ek 3% DL b &
B € B R 5 TR A B A VE . Matsuzawa 451 f
T Eu™ ., Dy" 345 SrAl 0, 440 % Y6 REE-PLNPs, 1%
MR AR AT I8 30 b, HoA &G B R T R0%R &
Johmst . ARFEEFEIL A, AL, JT REE $87¢ PL-
NPs FIBFFER ) 12 HE . A 304 REE-PLNPs AT 58 7
J'&, IR B AR K A Bk K

2 BIBRRKREARMETFRER

REE-PLNPs £ % iy 2 BT b b, & G oo i BE Bif 4
B, REE-PLNPs [ & M08 AN I i ) BE 6 ¢,
FEAR KRR DK T4 L & T aeE, mEaEmN
i kB FBAWKE, fesk st PLNPs B9 R REEREN .
REE-PLNPs fy 060 F2E4E. ML, JESREME
W T R R RGO B A B K R
BHALRL, T AJAEA R BRIk,
T REE-PLNPs HA R (104 BRAL 25 1k S5 R R 1Y) e
P, fEfAbiaE | NEGEEARGE . B (5 EME.
A W) AR S5 AT B S TE RS 2 TR X R B
B7e oW 3 PLNPs BUBFSE I T4
2.1 EuBZEKRIEMNKH

B (Eu) Jefs e R P RISk e, JRTEh 63,
HL RO Ny 41965, HAT Eu® Fll Eu™ 3% 2 FNZS, B247E

LR AR R DRI LT R Eo® BAT 4f-5d BRI
AR FEA K S0, WSO — M Tl UG IX, J23
PR RAER S0 Y B BRFIETR, HT
A A A [] Bl [ B 20 (6 45 Bu™ i 30T B B BE 2 P A
T, MIMIERK TR BIIE A ARSI, 7= KA R
H Poort 2 HFFE T Sr,MgSi, 0, : Eu® [ {4 8 Y4 L)
ok, Wit Eo 28] TR AR 12560, Yang 257 %
FHAL T ¥ 36 i 4 7 DU J7 b R S5 89 1 Sr,MgSi, 0, Eu™
(SMSO : Eu) REE-PLNPs, SMSO :Eu fi# & 4%y 337 nm
(E 1a), BT Eu™ B9 4" —41°5d" BKiF; 7E 337 nm £ 4
Fer A T, KSR AL T 420~ 600 nm, BT 4°5d'—
af" B (E 1b) , B2 BT AR R Eu®™ o5 8 S
B, OIEA KOS B B RO, BFSEERM,
SMSO : Eu REE-PLNPs HA5 & MU ARRE . X AMRTCRE
IR AT AL, 3T TAE R I & 88 K 0 A S 1
PRAE T BB . Can 8570 SR IR BE & B il 45 T & &0k
1Y SrAl,0,:Eu®, Dy’*(SAO :Eu, Dy) REE-PLNPs, Jf-iJf
FT B BAF AR REYERE R RE M, A4 2
822 Eo® BT a 2 IR b =B BEBERE T 8 Ik
Gh, VAR LR Eu™ B AR RS, BT Ed®
) 4f'—4£°5d" #KiF, SAD :Eu, Dy REE-PLNPs 7£ 475 ~
575 nm YU NP2 A K, BHHER (FA) J5 BA LS04
YIAHASYE | ST AR WS A, e T
PRicERAnpe, I EVHE 4 M B e B AR . H AT,
Eu”" #8421 PLNPs & JEECN 2, LA SrAlL 0, : Eu® 1R
FIARRER | Sr,MgSi, 0, Eu™ R MEERREL™ | Zn-
Ga,0,: Eu fCRAVERIREE ™ 45, LA R BRI TN
BEAEAE U AT B RPN T, H & SR A
T BAE A (N, +H,) T EiBbs, FAAEZ 2R,
WA, B AR T Eu’ 8 2% () REE-PLNPs,
Eu™ B KOG K H B R LD OGS X, X W T Ed”
A LLIE 337Dy —F, oo, BREE 7 AR i 0 4l B 0 41 (0 Kk
SR B0 B BN R A B AT (5 BRG], Huang
25 SR e L T R B i o 4 T R 4T SrLu,0, : Eu™
(SLO :Eu) REE-PLNPs, SLO : Eu FLA L5 0 #a E 1,
T Eu™ Al L™ 195 7R a0k in B A MFE MM,
Ed® 58 Lo’ &, 7F 395 nm JGAYIE A F7E 550~ 750 nm
TR P AR BRI 2T ARG (B 1), FEAED A& &
WEAELEMEM, Eu™ B4 MR LIk R 2 —Fh A
(1) REE-PLNPs, Huo 45" 5% I /K #50K Eu™ 48 44
T ZnGa,0, Hl#%F T K 4L 68 ZnGa,0, : Eu™ (ZGO : Eu)
REE-PLNPs,, ZGO J&4R i1 45 14 H W0 & 55 O R,
E"BAE S Ga (B, W T Eu’ #°D,—F, BRiT,
FLAE 580~720 nm W N 7 A ALK ARG, ZGO : Eu
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REE-PLNPs {7 MKV . R#EETE . RAFIYA YA 251
SR, M ARG R RN SR S5 U A7 B e T
Hebbar 2 5% HI B B B R Gk & B T R 4008 1)
ZGO :Fu REE-PLNPs, ZGO 7 B 7E 4G5 B & 5k
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B 1 Sr,MgSi,0,: Eu®* B (e K % S04 9% K 75 337 nm) (a), Sr,MgSi, 0, : Eu®* 1 % ST 635 (5 K & I 7E 486 nm) (b) %7
SrLu, 0, 9% Eu® (BT 4340 B98K (395 nm) FIESF (611 nm) Gk (o) B RIFEEE T ZnGa,0, : Eu®* i & 51 3% B (4 18]

R SR B A D) () Y

Fig. 1 Excitation spectra of the Sr,MgSi, 0, :Eu®*(337 nm) (a), emission spectra of the Sr,MgSi, 0, : Eu®* (486 nm) (b) (23] excitation (395 nm)

and emission (611 nm) spectra of the SrlLu, 0, :9wt% Eu**(c) (1] ; emission spectra of ZnGa, 042Eu2+ at different temperatures (d) (331

2.2 Ce BHEKREHKMH

fli(Ce) 2 MB M ARITTE, BTN S8, T
K Jy 4f'5d' 65, HA Ce* . Ce™ Ml Ce™ 3% 3 FITAS, 4341
B GG, Ce™ MAGRCRIR, Ce™ RYREYE T BE
FHAFE FRIIERS, (0 Ce™ MR SIS ERIR %, BA K
SRR EAE R R S Y Ce™ B—F R B L
Huly, REHE R F AT EAMDEX s EIX, I H Ce TG
F M ARARXT T Eu CRBEEM R Ce™ ROLMEREM F
WARRRR B b Mg F 56 b i S R I 15 55, Ce™ 1Y
RHNFER [ Sd—af BRIET, Singh %77 R RREE I I
T REEI SrAL O, : Ce’ (SAO :Ce) REE-PLNPs, SAO
Ce MR AR | XIFRMEARGS, Ce™ 8 A BIHL T i A%
JEBUR S I, R Ce™ [ Sd—°F,, ,,, BRIE, 325 nm %

WOR N g e K R RO (K 2a), TEFRFIR IR . ROL
TR, PRl B TS A B AR R BN R TR
IENYK R B ASR K R TFRE T 1. Sharma 257 3R
FH S 5 [ A 3 4 T CaB,O0, : Ce™ (CBO : Ce) REE-
PLNPs, CBO :Ce HA MM AR ENM, Ce™ LR T
PRI Ca®, FE Ce™ B Sd—"F,,, ,,, Z A1 4R T
BRiE, CBO : Ce J7 A Gt K RWE A, 43 M B H) 8 2o
15 h,, Zhang %57 5% FH i 1 AR S0 35 il 4 T R 406
SrLu,0,: Ce™ (SLO :Ce) REE-PLNPs, SLO :Ce {42514
BT IEA MR, HHMEEEERLr, fT Ce™ i 5d B8
S BT AR AR A LR, R OB T DL R AR XA
ENL X, ST ECAI RO 8, B AN 1,26,
Ce™ LI BN 6, BT R 1,01, XS Ce™ &5t
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A SEP R RE S LB TEUR S, SLO :Ce 7F 485 nm P KOG
A& T AE 600 nm AbFE A @K A WE R SE(F 2b) .
F SLO :Ce REE-PLNPs [ & Y680% &, nl FA/E G IR E

RIS . Ce™ B MR AR MEM B E AR P IERRER IR R
1 CaAl,0,:Ce™ ™ | CaYALO,: Ce™™ | Gd;Al,Ga,0,:
Ce™'™) | LaSr,AlO;: Ce’ ¥ REE-PLNPs %5,

---------------------- ce la] 10 o StLu 0, 0.002CE" ., celll) [b]
300004 *p, . _ === ko= 460 nm h i ’ " eeesss b= 600 nm
“ =' 0.8 A, =390 nm | O A, =485 m
25000 4 D, 8 ) ol
20,6 4 ‘ £
2~ 20000 Z [ |
£ I I
L g 0.4 ' |
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W04 S|FF £ 0.2 4 ‘ \ Y
o] I I s
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0

ce”

K2 SrAlLO, :Ce* [BEREERHLEI(a) ) SrLu,0, : Ce® (I % (485 nm) ALK 5 (600 nm) i (b) [

Fig.2 Luminescence and energy transfer mechanisms of Sr'A]ZOAZCe3+(a) (7] ; excitation (485 nm) and emission( 600 nm) spectra of the Sr-

Lu,0,:Ce* (b))

2.3 PrsZKaEgkan

B (Pr) 2SS B R ITTHE, HTHADN 4P6s%,
MRS T5 S, BA PrO R Pt X 2 BN AS, ik AT
JERNEE | P AR RO, B R AEE
WA TR, EESME] A 2 SR L T LUE T &
SO, N AR, AYEESEEZSTEZH T X
T Liang 2570 SR H U B AR 0L A& T a0 KR
MgGeO, : Pr’*(MGO :Pr) REE-PLNPs, MGO :Pr £HH K
Wt tERe, P B2 )R i Get i E, BT P
B)'D,— H, BRiE, 254 nm ZAMTECERE, ALK 4

WG, ATHERIRIATIR 120 h, 7EA9 AR5 K60 5 i 5] ke
TR FEAT) 2 TE, Yan 257 5% TV I 58 e vk 1 45
T Lu,SiO;: Pr’" (LSO : Pr) REE-PLNPs, LSO ftf{A)g T i
BGEM, Prt B2 R BUC Lo AL, BT Pt Y 4 —
4f'5d" BRE (& 3a), 1SO0 :Pr7E 280 nm Akt H sk 2 4
BAEAHN L (UVC) KARME RO (K 3b), AR AT ik
12 h, ZERRR . 625 AR A5 T 1 B A W AE i N A
fH. BREIRLISE, Kit Pr" /BN 7 1) REE-PLNPs £
HEL, W Lu,0,: P Ca,Nb,0, : Pr 1 5 Pt B
W RE S S P A 2R R IEE R AR Z R

15, —[3] 5]
——— Excitation
——— Emission
gfd
s
2
3p 1 7}
21,0 6= 5
D <
2
1
3 G,
Fozor=r—f=
=== O
Hil O 250 300 350 400 450

Pr3+

Wavelength (nm)

B3 Lu,SiOy : Pr MEHERAT (), Lu,SiOy : Pro* AR A& B IGHE (b) [

Fig. 3 Optical transition of the Lu,SiOy :Pr’*(a), excilation and emission spectra of the Lu, SiO; :Prit(b) (47]

2.4 SmBHRRRIEMRM
£ (Sm) J& TR A R TR, 0T EN 40657,
— LA Sm™IEAAEAE, KMLLEOG, 5% Sm™ AL

M3E PLNPs 04 6ha @M A B & 6t fE. Naveen %[50] *
PR WA A ik il 5 T 208 & 61 La,Si 0, ¢ Sm™
(LSO :Sm) REE-PLNPs, LSO :Sm EA 15 M1k 5 E
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P, B F Sm™ B TG, oHy gm0 KT, TE
600 nm Ab 7= A LT KRG (K] 4a) , LSO = Sm HA A
I, WILA 2R = MRS PE SRR, 7E W REIRET (S
R R R SRR AZ BN I MR . Li DY ORI
T E AR 25 T 2068 &6 Sr,SeGa0y : Sm™ (SSGO : Sm)
REE-PLNPs, Sm™ N2 B3 B A £ 41 25 2 0 711
BRI T AR LR, 1€ 409 nm JE 18K 5 3 7E 565,
604, 655 nm &by=AE K GHE, HIE T Sm™ B TG, —

i

“H,()o52.72.02) BKIE (BT 4b) , €SO :Sm REE-PLNPs H A fk
SREVELT . WA SE R R R A, AR R B
F 71, Pamuluri 25 SR F WA -5 IE 2 i 46 T Sm™ |
Dy* 3487 Lu,Ga,0,, REE-PLNPs, Sm™ 5 Lu™ iU F2f
REHEE, Sm™ BAYE I LA E, T Sm™ G, —
°H,, BKiE, AL ERK RS, LGO :Sm REE-PLNPs H
AARBERE . SRR msE BEAERR AL, (E A A VR B ]
FRU T R

I.amSih()r‘:Sm" (1-9 mol %) nanophosphors|

[a]

PL intensity (a.u)

500

550

600
wavelength (nm)

700

Intensity (a.u.)

[b]

Intensity (a.u.)

000 001 002 003 004 005
Sm” concentration x (%)

620
Wavelength (nm)

K4 LaySigOy :Sm™ HIEEHEE (a) ) Sr,ScGa0y : Sm™ 1 &5 56HE (b)

Fig. 4 Emission spectra of the La,SigO,, :Sm®*(a)*); emission spectra of the Sr,ScGaOs5 :Sm**(b) !*"!

2.5 Nd, Tb, Yb, Tm #8ZK K EMK

Br(Nd) RGN L& B2z —, aFHmah
4f6s”, Nd™HEVENILIBIN], REAE IS PLNPs R IE
ReMERE, Lin 2 B T G /Nd B 44 ZnGa,0,
(A-ZGCN) G KLF I A ME R EMERE, Nd™ (5] ARE5R T
BABIFREE A B, 4R T ZnGa,0, MUATHEYERE, &%
FEF R 15 d, UERH T 20 A AR FAR R B 48 K 3R 4
RS9 200 ML B8 RO T O LR BRIV T (1 5)
Wang 451 SR B JE-E G v 1l 46 T N 4B 20 19 15
Sr,MgSi,0,:Eu’, Dy* REE-PLNPs, # A Nd*' /=28 K%
B, B5% 7% PLNPs B AXHEPERE . Dantelle 25 5% FH %
FIF LB Nd™ B 28 T Gd,Sc,ALO,, il & T K461
Gd,Sc,ALLO, : Nd* (GSAO :Nd) REE-PLNPs, GSAO : Nd
HA RPN B A R R CAORIR EETHvE , #esh—
S AW e m B O b= AR &, AR Sh 806 nm
SRR F7E 950, 1060, 1340 nm &b7=A4 k41, 19)R
T Nd™ B F19°F,, =L son 000 BKIE, GSAO @ Nd
REE-PLNPs [ 5T TAE A PLNPs 76 A ) 5 22 450k 14 1o
FERE T B0 %

ER(Th) B T 4 B 4F5d'6s”, T A AR 35 1
D, 'F ) gs0) BRI AST, H Th™ #8241 PLNPs 7 545 nm
AT S SRk, ORT AFHAESRE R, T AE S B0E R

(AR | AR, T EAOESEE R Bai 7R

i o No*
=009 o o »
& . N
) Ve A,V DSPEPEG-COOH
Lymph (0 7 R o \\~- .
node / S vk" (r . e :
A i VA,
m..;..wev % W ros( TS
il i /Iﬂ\‘
¢ ‘-:.":'ﬁ;: N L ( ;
AR @ o /
1. Cell tmkfng %
2. Radiotherapy

K5 Cr¥/Nd** #4878 ZnGa, 0,( A-ZGCN) I 4 BRER . FLAR AN
T PR 3 B RS 0 B e s

Fig. 5 Preparation route of Cr**/Nd** co-doped ZnGa,0,( A-ZGCN) ,

in vivo tracking of breast cancer cells and schematic diagram of

inhibit of tumor metastasis by radiotherapy[sﬂ

JH e 0 T AR R 4 T R 416 La,GagGeO, : TH, Cr'”
(LGGO : Tb, Cr) REE-PLNPs, LGGO E. A B I i fa
SEME, Th™ F1 Ga™ 7 AH A Ha faf, i Th™ A& % B/ i
IREEH Ga™ i, BT T D, —'F, . KT, H
16 373 nm EAE F A a ek it (E 6), LGGO :
Tb, CrFEYEMR, AT 0 TR AE Y UG, TEAEY R ¥
AU ELA TR A (0 R AN (B, Neto 555 SR FI A 1k 2 A 0k
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Bl T S0 %6 CaWo, s Th* (CWO : Th) REE-PL-
NPs, CWO :Th REE-PLNPs E.A R & ({624 fE, Ca™
T I B A, BT O /°D,—'F, BT,
CWO : Th 7€ 645 nm Zb /= /E KRG, & Th™ B Ak
ARARMRERSAL, ARAE T PLNPs & GIERE,

LaGa GeO,:0.025Tb", yCr"

¥=0.002
¥=0.006
/ \ ¥=0.010
[ e y=0.014

' ——y=0.018
—y=0.022

Intensity (a.u.)

. A==373 nm

600 700 800 900 1000 1100 1200 1300
Wavelength (nm)

B 6 La;GasGeO,, : Th*, Cr** ¥ % (373 nm) & 5 (790 nm)
it
Fig. 6 Excitation (373 nm) and emission ( 790 nm) spectra of the

La,GasGeO,, : Th>* | Cr**[%7]

B (YD) UHL A RN 41965 Yb' T B (1 &6
BHEALF, BEPEARAR, TEIG RI2 Wrfn A= 1) B2 2 i e 58 A
AR B PEAE S AT S, Su 7 R K Gkl 4 T Yb™ |
Tm®™ | Ho ' #L4B1 % 1 -4%-41 6 9 $1Gd, (WO,),(Mo0, ),
REE-PLNPs, 78 &8, 24 Yb™, Tm™ ., Ho B FHAL
GA™ B0, AhIRIRFRE/N, AR F e & % 5 S 80n
WERREER N, XN TG, — H CF, =1 [ G,—F, 19 477,
543 F1 651 nm AbfY 3 SR GTE, Sral kST e
ML et A, YP" H2IOk A Tm™ KA RERL, Rtk
Yb™, Tm™, Ho™ #84%fEHE 3 SrGd,(WO,),(Mo0,),
RICHRSE , Zheng %5 SR FH VA e -8 I vk il £ T R 4006
1/ N 5F MgGeO, : Mn® | Yb™ | Li" (MGO : Mn, Yb, Li)
REE-PLNPs, Z5R K], HAM K SHOGIEH 3 458 & 5t
I 680, 976 F1 1020 nm 41, 568k Gk —3,
HJE T Mo™ (T, (*G) —°A, (°S) 3d-3d Bk iT A1 Yb™
W2 F,,—°F,,, BT B ERIE . Jh98 24 Lit 42 At i o #h
2, AATF YD HEA MGO &g, AT AT DL G
Yb* FEUL LT AN X B A FE SR . MGO = Mn, Yb, Li HA &
REPE | R RAFEMARANE . SR 5
PRI SRR A, ZETE ORISR AL 2L R 12 W v 2L & 5 K
Y T
2.6 HMTREFKKENKTE

REE-PLNPs & 5 M55 41 B 21 41 B 56 3 [l 3 4 A9,
K24 REE Jg: ik B I i BH 85 19 ks o7 25 T o A

i, #AMY REE £3%) REE-PLNPs 1 d—f BRI A 58 Z1AY
SR, T L fof BT A R KA . BT REE
AR TS R T 4f B2 254, 4f L TR0 75 1Y
LT B GOSN B 4 A9 AE GUBRAT 45 1R i e B 24
(& SEHERE Y SE4ESK, REE-PLNPs O 28k bif ik £ 1
MR AR rEE, BRT LR REE 4N, B (La) . 41
(Pm) ., £L(Gd) . #(Dy). kK (Ho) ., #(Er) . & (Lu) .
BL(Sc) FIEZ (Y ) 44524 REE-PLNPs, Maksoud %' 3%
FH I -BERE 48 T La™ #8441 LiCoy, 15 Zn, ,sFe, 0, ( LC-
ZFO :La) REE-PLNPs, LCZFO &z La™ B Fe™ |
T La™ 1 d—f BRIE, RIS A B AR 254 . A
HLFNRERR I S o, La™ L WA + 55 4%, JF BB A1
FRIO# HRE, ERR T EA T N RS, 5
Gb, Pm BATHUME, —MARDHES . Zhang %7 R H
K4 T Sc™ 821 KYb,F, : Er'* (KYF : Er) REE-
PLNPs, S #)a HAR Gi w5 %, T 7w
Fy ', BRI, 7E 653 ~666 nm i Bl N AR LT 0 K 4y
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Fig.7 Up-conversion luminescence (UCL) spectra of KYb,F, : Er*

doped with different concentrations of S¢** Le3]

Paterlini 25" SR ] i i B A 46 T Eu™/Gd™ 348
241 Ca,,(PO,) ,(OH), REE-PLNPs, Ca,(PO,) (OH), E.
HIESR YA, FERIMDGMIAE T, G iy 4f LT
MPS,, FESBRIT R, A, VIILIRG 0y S0k ik
RE AL s Eu™ W H, SR, PAERMEROL, B T
YERTEHE, R = THOLFIPKREE B E T AL, Li
LT R IR B AL R4 T Y B4R Srp_ Ca,Si,0,N,
Eu® (SCSON :Eu) REE-PLNPs, Y* B St S8tk 2 fir
BER L, BA Y RERBRE B MAAEN, &
o Eu A6k Eu™, NI S RE S ik se, S,



o5 8

aiEtr i - CONAE . W B A RAEOR A BT TS BTk

655

id La, Gd, Dy, Ho, Er, Lu, Sc f1Y ZEIu R ({ILB el
DI SOGE PLNPs B AR B2 RIS [E]

3 & i&

Wi B A DK BB (REE-PLNPs ) B T -0
K (REE) B IR 4f 44 BY I BA 6805 o Fl i
TR g A S, 1 REE-PLNPs 76 5 N1 . Z42
AL ACRER . AR IR AR | 29T — A AR 7
| THREN R, AR EEIFAR T REE-PLNPs £ K
SRR ST BE . REE-PLNPs Y & E 3R AL
TR A O, R ARIE KT REE AU £,
AIEM REE BEA R S ARG & 60, il W% REE
LA R L AT . In A 48 2276 + B8 1 R il B %
ST, T —E R E L IEE REE-PLNPs (A &
FetER, X AT A B BB T —E R RUR ., TE
PCIERE AR RGERT R B g IREH . Rk k.
1) REE-PLNPs 34k R 5T I A5, H i & A9 REE-
PLNPs A 2R W 4%, B 206, R KEK AL
1 REE-PLNPs R 2 iff —0#R &, S22, REE-PLNPs Tl
B R wos T HAR SR, 29 REE-PLNPs 234k
SR AR A N AR A TR R BT I R 7 N
i, PHEEROGROR | TFRERN S REE-PLNPs 45 1) &
J&I7 ],

S#E#k References

(1] BFEZE Tm™/Eu™$82% Zn0 B BERE I 1 4% S & 6 RERF Y
[D]. B WITREE, 2015,
TAN H J. Preparation and Photoluminescence Properties of Tm**/
Eu® Doped Glass Ceramics Containing ZnO Nanocrvstals[ D]. Hang-
zhou; Zhejiang University, 2015.

[2] Mgt LB KA ROUA R HERE K TAEMLIRIRSY
[D]. #. BRI, 2020,
WU M H. Research on Properties and Working Mechanism of Rare
Earths Doped Zirconium Salt Long Persistent Phosphor Materials[ D].
Zhangzhou : Minnan Normal University, 2020.

(3] Wik PEBEIALET], 2000, (4): 1.
TU M J. College Enrollment in ChinalJ], 2000, (4): 1.

[4] CUIT, MA P, SHENG Y, et al. Optical Materials[ J], 2017, 67(3) :
84-90.

[5] ANKOIJI P, RUDRAMADEVI B H. Journal of Materials Science: Ma-
terials in Electronics[J], 2019, 30: 2750-2762.

[6] WUS, LIY, DING W, et al. Nano-Micro Letters[J], 2020, 12. 1-
26.

(7] Pt - BEAHAG S, ik, MTE, & #ot5th 1
HERE[JT, 2021, 58(21) ; 250-257.
ABDURAHMAN R, YANG T S, LIU W G, et al. Advances in Laser

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

(23]

[24]

[25]

and Optoelectronics| J ], 2021, 58(21) ; 250-257.

SUN S K, WANG H F, YAN X P, et al. Accounts of Chemical Re-
search[J], 2018, 51(5): 1131-1143.

LIU J, LECUYER T, SEGUIN J, et al. Advanced Drug Delivery Re-
views[ J ], 2019, 138. 193-210.

Wi, St - PIAEAG S, 365, & Mottt
J&[J], 2021, 58(8): 39-52.

YANG Q T, ABDURAHMAN R, YAN Y, et al. Advances in Laser
and Optoelectronics[ J ], 2021, 58(8) : 39-52.

ESCUDEROO A, BECERRO AI, CARRILLO C C, et al. Nonophoton-
ies[J], 2017, 6(5): 881-921.

JERFS. RS AKA R HIE KEO [ D]. JeMl. Bk
IR, 2011

ZHOU C L. Preparation of Th-based Nanocomposite Materials and
Their Applications in Fluorescence Analysis[ D]. Wuhu: Anhui Nor-
mal University, 2011.

KACZMAREK A M, HECKE K V, DEUN R V, et al. Chemical Soci-
ety Reviews[J], 2015, 44(8) : 2032-2059.

MATSUZAWA T, AOKI Y, TAKEUCHI N, et al. Journal of the Elec-
trochemical Society[J], 1996, 144(9) . 243-245.

PN, AR - BTAESRGE &, IIHAIR - SCRHIRI, 45,
ATHBIAII], 2021, 49(4) ; 35-45.

SUN X F, ABDURAHMAN R, MAMTIMEN G, et al. New Chemical
Materials[ J], 2021, 49(4) . 35-45.

XUBERE, XS, J7 EER, 4. fLrdER[1], 2017, 29(6): 97-
112.

LIUY Y, LIU J M, FANG G Z, et al. Progress in Chemistry[J],
2017, 29(6) : 97-112.

LEONG P M, EEUTY, LEOW T Q, et al. Luminescence Properties
of Rare Aarth and Transition Metal lons Doped Potassium Lead Boro-
phosphate Glass[ C]//AIP Conference Proceedings. Malaysia: Ameri-
can Institute of Physics, 2013, 1528(1) : 310-315.

DING S S, GUO H J, FENG P, et al. Advanced Optical Materials
[J], 2020, 8(18) : 2000097.

XTI, PR - BAEEGE S, dhiffdin - SN, 4 el
HLFHR[T], 2021, 58(11) : 976-984.

LIU W G, ABDURAHMAN R, AWAL R, et al. Micro-nano Electron-
ies[J], 2021, 58(11) . 976-984.

XU J, TANABE S. Journal of Luminescence[J], 2019, 205 581—
620.

LI C, CHEN B, DENG D, et al. Journal of Luminescence[J], 2020,
221(1): 117036.

XIE W, SHAO L X, WANG Y H, et al. Advanced Materials Research
[J], 2011, 197 318-322.

SUDA Y, KAMIGAKI Y, MIYAGAWA H, et al. Journal of Physics
D: Applied Physics[J], 2021, 54(6) : 065102.

POORT S, REIJNHOUDT H M, KIUP H, ez al. Journal of Alloys and
Compounds[J], 1996, 241(1-2) . 75-81.

YANG S H, LEE H'Y, TSENG P C, et al. Journal of Luminescence



656

Hh A ki

EEEVE

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[41]

[42]

[43]

[44]

[45]

[46]

[J], 2021, 231 117787.

CAN C B, MONTS F J B, JUAREZ M K, et al. Journal of Biophoton-
ies[J], 2018, 11(6) : 201700301

WANG L, SHANG Z, SHI M, et al. Royal Society of Chemistry[ J],
2020, 10(19) ; 1141811425

OU H, QIANG R, WU X, et al. Journal of Alloys and Compounds
[J71, 2019, 779(30) : 892-8%9.

CAIYAN Y, DONG Y, SUNOI L, et al. Journal of Luminescence[ J ],
2018, 199. 492-498.

WANG S, HAN Y J, SHI L, et al. Journal of Luminescence[J],
2020, 225 117404.

HUANG X, SUN L, DEVAKUMA B, et al. Journal of Photochemistry
and Photobiology A: Chemistry[J7, 2021, 404(1) ; 112908.

HUO Q, TU W, LIN G, et al. Optical Materials[J], 2017, 72, 305—
312.

HEBBAR N D, CHOUDHARI K S, PATHAK N, et al. Materials Re-
search Bulletin[ J ], 2019, 119. 110544.

YU H, XIN R, ZHANG X, et al. Journal of Non-Crystalline Solids
[J7, 2021, 558(22) . 120642.

KODAMA N, TAKAHASHI T, YAMAGA M, et al. Applied Physics
Letters[ J], 1999, 75(12) ; 1715-1717.

DAI Z, BOIKO V, GRZESZKIEWICZ K, et al. Optical Materials[ J ],
2021, 111(1) ; 110522,

SINGH S, KURARIA R K, KURARIA S R, et al. Photo Lumines-
cence Studies of Cerium Doped Strontium Aluminate Nanophosphors
(SrALO,: Ce)[C]// International Conference on “Multidimensional
Role of Basic Science in Advanced Technology”. Jabalpur, India; Ic-
mbat, 2019(1-5) ; 020014. hitps: //doi. org/10. 1063/1. 5100382.
SHARMA S K, BETTINELLI M, BEYER J, et al. Physical Chemistry
[J1, 2019, 123(23) : 14639-14646.

ZHANG S, HAO Z D, ZHANG L, et al. Dalton Transactions[]],
2019, 48(16) : 5263-5270.

LOU B, JING W, LOU L, et al. Journal of Physical Chemistry[J],
2018, 122(17) ; 4302-4312.

CHOI Y K, HALAPPA P, SHIVAKUMARA C, et al. Optik[J],
2019, 181; 1113-1121.

LIUP, LIUY F, CUI C, et al. Journal of Alloys and Compounds[J],
2018, 731(15) ; 389-39%.

UNITHRATTIL S, KIM H J, IM W B, et al. Journal of Alloys and
Compounds[ J ], 2019, 798(25) : 635-643.

YUAN W, TAN T, WU H, et al. Joumal of Materials Chemistry C
[J7, 2021, 9(15) : 5206-52016.

LABAKI H P, BORGES F H, CAIXETA F J, et al. Journal of Lumi-
nescence| J ], 2021, 236(7) : 118073.

LIANG Y, FENG L, CHEN Y, et al. Dalton Transactions[J], 2017,

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64

[

[65]

46(34) : 11149-11153.

YAN S, LIANG Y J, CHEN Y F, e al. Dalton Transactions[J],
2021, 50(24) . 8457-8466.

TONCELL A, XU J, TREDICUCCI A, et al. Optical Materials Ex-
press[J], 2019, 9(11) . 4464-4473.

ZHANG P F, LIN, WEI Z T, et al. New Journal of Chemistry[J],
2021, 45(1) : 66-75.

NAVEEN K A, JNANESHWARA D M, NAGABHSHANA H, et al.
Applied Surface Science Advances[J], 2021, 4(1): 100070.

LI G, CHEN W, WANG Y H, et al. Dyes and Pigments[]J], 2018,
157 259-266.

PAMULURI H, RATHAIAH M, LINGANNA K, et al. Royal Society
of Chemistry[ J], 2018, 42(2) . 1260-1270.

LIU H, REN F, ZHOU X, et al. Analytical Chemistry[ J], 2019, 91
(23): 15064-15072.

WANG X, LI F, ZUO G, et al. Ceramics International[ J], 2016, 42
(16) : 19441-19444.

DANTELLE G, MATULIONYTE M, TESTEMALE D, et al. Physical
Chemistry Chemical Physics[J], 2019, 21(21): 11132-11141.
BREA. Ca,Sn0,: Th™ KAMBRLE AL RGIERER 1R
WD), dbat. bRz (dEaT) , 2019.

CHEN Y L. Synthesis of Ca,Sn0,: Th** Long Afterglow Materials and
Effect of Dopants on Their Luminescence Performance[ D ].
North China Electric Power University (Beijing) , 2019.
BAI B, DANG P, ZHU Z, et al. Journal of Materials Chemistry C
[J], 2020, 34(8): 11760-11770.

NETO N, SILVA J, TRANQUILIN R L, et al. Journal of Materials
Science: Materials in Electronics[J], 2020, 31(16) : 13261-13272.
SU J Y, ZHANG X Y, LI X, et al. Advanced Powder Technology[J ],
2020, 31(3) : 1051-1059.

ZHENG S G, SHIJ P, FUXY, et al. Nanoscale[J], 2020, 12(26) .
14037-14046.

CRAWFORD S E, OHODNICKI P R, BALTRUS ] P, et al. Journal
of Materials Chemistry C[J], 2020, 8(24) : 7975-8006.

MAKSOUD M, EL-GHANDOUR A, ASHOUR A H, et al. Journal of
Rare Earths[J], 2020, 39(1) : 75-82.

ZHANG C, JIANG Q, LIU M, et al. Optical Materials[J], 2019, 88
(1): 615-620.

PATERLINI V, BETINELLI M, RIZZI R, et al. Crystals[J], 2020,
10(9) : 806.

A, B, e, AR O[], 2017, 38(11): 1450-
1456.

LIX C, DENG C Y, LONF F, et al. Journal of Luminescence[]],
2017, 38(11) : 1450-1456.

Beijing :

(Bt HAN)



