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Abstract: Dy**, Cr’" co-doped ZnGa,O, persistent luminescence nanoparticles (PLNPs) with long near-infrared after-
glow were synthesized by an ethylene glycol assisted hydrothermal method. Persistent luminescence properties of the
PLNPs are improved and size of the PLNPs is controlled efficiently via optimization of reaction condition, modifica-
tion of zinc ratio and co-doping of Dy*" ion. The results show that the PLNPs have long afterglow time more than 72 h
and small grain size of approximately 6 nm, when the pH of the reaction solution, Ga:Zn ratio and doping amount of
Dy’ are 7, 2:1.2 and 1%, respectively. The as-prepared PLNPs exhibit great potential as a molecular probe for bio-
medical imaging with high signal to noise ratio.

Key words: zinc gallate; persistent luminescence nanoparticles; afterglow time; hydrothermal method; near in-

frared

KR MG (persistent Tuminescence) M4 8 XA BV E A B EE BOCM KL, & — R KAOEAF I

Wim HEA: 2016-02-01; U EIELFE HEA: 2016-05-06

HEWMB: HEARBHEEA(21565017); Hrsmdi & /R H R X m R BRI B H (XJEDU20141038); WA K 2% &1 J2 K
NA B IS B £ 2% 1 H (GCC15ZK-006)
National Natural Science Foundation of China (21565017); Scientific Research Program of the Higher Education In-

stitution of Xinjiang (XJEDU20141038); Scientific Research Foundation for the High-level talent of Kashgar Univer-
sity (GCC15ZK-006)

TEH B FIAESRER o BARER T JUAR(1980-), W, 11, fl##%. E-mail: abdukadera@sina.com



1364 TS| R =

#3145

BRI R, BAgE 17 R AR I T K&
WA RE, (024 2Lz b iy AR H A RS, E 3
1996 4 H AR5 Matsuzawa 25PHRIE T HEREID
R 2K REA R StALO4:Eu, Dy , KRR
TR N TR 5 B, RN atER.
A AN A A . 2007 L E 1) Scherman PR
APV T CagaZng oMgo9Si206:Eu,Mn, Dy K 43 #
KK (PLNPs), HAEREEMESGY, &K H
N FHFAED A% . PLNPs AERIMOR I, FESFARN
AT IR R I, B AT ZEEOROGIE, T 5E 4
TH BRI OG5 1 1R 1 50 2 LSO AR A (R8s 70k
N, I PLNPs 7E R R MLl R Wk
W) AR B 232 W eh BAT )2 v AR N B
IR B (ZnGayOg) s — M5 iy B~ A4 R 64
Bl BRI R e AREME . BINRO
MOCHEUROGVERE, 555 BT AR 37 K 5 1873 45 55 40
A2 NP, 4l ZnGasOy A& Fff BRI (K35 1
PG, WERAE ZnGayO4 o3 B A P Jm 2 1
Mn* Hil Cr*F, AT RASRA 406260, 7 ZnGa,0,
Rt AT G KR, Ga™ B 1T )47 B (D3d), 1R
BB TR RMER o T BURM, T er e

T PE—* Ay BT IRAT IF I AR L0 41 4R X A (NIR,

650~900 nm). FHLEH B, #EKAE NIR o[
(e xt A 4L et i s e, Rk o'
2% ZnGayO4 ] PLNPs 75 A4E 4 5 2% Jl A5 Ak 2 21 1 7
2 KT

2011 4F Bessiére 25V 3 i vy 2k [ e 1 ¥
T ZnGa04: Cri KHEREL, HARE IR R
JePEREDL T Bu B 28HEIR 3 K AWM RE, (HHMCK
P ST WG AE AW e 22 AR N FH o 5 il [ A
JNEAF EL, KR A TR A 42 T A K R RS 1A 2%
7581, 2014 4F Maldiney 25UV FH 7K 002 71
st £ 7 R~/ T 50 nm ZnGa, O, Cr ') PLNPs,
I TN SR A% . 8 T $27 PLNPs KOGk
fiE, ZnGa,04: Cr YUK BT 725 % (750°C) M
B, A IR ST K AN S, AR 55 (6 I 4%
PR AR . BT AT SCHERIGE TR K s AR
#IEF ZnGay04: Crr ¥ (¥ PLNPs!> 7, Fi) F AR ] it 1A
K DKL TRAREEIZE 10 nm 2 N, (EAT) 5 20 it
ST o L sy oy o4 R . ) - A NN I '
W RO PLNPs 18 B g filEs 222 W AT 2
AT X

KR MEM L) A R it Bl A ) H 1 B
PRI SO e T 2 S B B R 45 A M R 2K L% 5%
i - B e e R 18, Maldiney 25U M B £ 5

REZR (1) 4F FL 1K TR () = e A58 R0 Pr 345 2y
CaMgSi,O:Eu”" Mn> A Z it K AR O
P AE W) S R . Allix S5EPVR L snt LB e T
ZnGa,04:Cr 1A 2, 0] LUAT CH i K A W R 10 4
WEHREE . Aitasalo 225 i1 B0 BS 1 ST EL A
W E T SrALOLEu*" Na K 42 Wb B 1 42 ¥ ok
JEHRIE . A TR Z Wi B K L #1467 Dy
1 Cr3t454% ZnGa,04 1) PLNPs. i 04k 2 B 4%
P B ES T Zn LB RIS 2% Dy, AU
ZnGa,O, R4 ZE 10 nm PLR, 1 HAF ZnGa,04 &2
WEROCPERE B R .

1 KWHZE

1.1 RFIFNEE

RA L5 o A A3 ok 2 bl . T IR B
(Zn(NOs),.6H,0, 99.99%). filf B2 £% (Cr(NO3)3.9H,0,
99.99%). AME5(99.99%). R (Dy(NO3);.6H,0,
99.9%) L TEM & JEAE S E R 4T ]
A, WRAHTR RN L1 25340 17 [ 2548 A 22X R
BN, BRI BB LRSI A A

{%%%: D/Max-c B4 A8 X B ZATHMU(XRD
HA Rigalcu AT]), JEM-2100 37 k5 7 2308
(HA Jeol 22 7]); F-4500 1 5¢ 66 3% A% (H A% Hitachi
25 7)); Berthold NightOWL LB 983 Y622 i 5 R 4 (1
Bad Wildbad 22 )73 4l FH T-# il (1) XRD 3. HL7
BREG . RIENE . SO A MR S
1.2 ZnGa,0,:Crihyl &

e 3 BN 5 mL
1.99 mL 0.2 mol/L AR FM . 0.5 mL 0.4 mol/L
(R R BE VM 0.2 mL 0.01mol/L PRI BRAR VAV,
AW N HEFE 10 min, AFHIESIS4). RIEFIH
LR IR AW pH 43 54 7. 9 A 11, 4k4k
P HE 10 min J5 KR -GS 2 R VU S S AT 1)
JRINZE, 8 170°C R ik 24 he TR W B0 5,
TR CREYE 3 K, fE=H N2 T4, HF7E 600°C
FHBGE 3 h A3 BN IR] pH R ARG .

h T3 RAF Ga:Zn HLBIH ZnGa,04:Cr'F, B
ANFMAF 0.4 mol/L M IREFHE W (Ga 5 Zn 7EAZ IR
TR 2 B A 2:0.64 2:0.84 2:1. 2:1.2
F2:1.4), AW pH A 7, HE&MHATR, SL
KPS ]RY FIRMIE .

N T A3 EIRF S &I Dy JLB4% ZnGa,0,:Cr,
AN FAARFR I 0.0 1mol/L AN R B % (i Dy 5 Ga
YT EZ LA 0.8%1.0%1.2%F1 1.5%), Al



12 W

B AR R AEIR « PIAESE IR, 55: Dy, Cr 3K452% ZnGa,04 KR MEGKNL 1 1 1l 8 S A REmT 5

1365

0.6 mL ¥ 524 0.4 mol/L [MAHERFE W, TRAWKIT) pH
WK 7, e, SSRPRYE Eid—Ff.
1.3 NIR &HIE R HN

ZnGa,O4 1K FURL Ky K B B D K A
254 nm [FPRAMT (T K 6 W) R 10 min J&, F)
JH F-4500 5% 6 1A AR B 6 A3 A =X 453 NIR
ROV LI 2R I, 9O O I A R BT K R
692 nm. ZnGa,O4 FKFURL ) NIR 428 & [R]FF: H
254 nm [(4AMT 0% 10 min 5, AR CCD AH
HLI¥ Berthold NightOWL LB 983 /% £ 40l 5.

2 GRSt

2.1 BIRBREX ZnGay0,.Cr¥ 4K Bkl &
14 BE B9 52 M

FEAR A pH LR H T 5 10 ZnGay04:Cr %
RATEWE 1(a)fiR, REEEKEE R 692 nm i,
ZnGa,0:Cr'" EE I BL 5 Mg, bl Kpr T
550 462+ 409 H1 295 nm AL JE T Cr' 8 111 3 d
W5TJZBKIE, T 240 nm AR [JIE L ZnGa,O, FE A
BB S O—Cr TR R 1 4 &1 B 2
YR pH IF8E s, FLWOR MR B A% . 26N TR pH
FEL UG F R % (1 ZnGagOg:Cr % S 61 1 1(b)
Fi7se 4GV pH 14 7 I, ZnGa,04:Cr' 72
692 nm 4t HLAR B NIR K5, J8 T 76
ZnGa,O, TR R P AL Cr 'l PE—"A, R R
W, 5 SCHR[16]AH B, A 513843 ZnGay04:Cr (1)
R RG KR 4 nm. WK 1(b)] W, BEE LG
VR pH M3 51, ZnGay04:Cr I NIR 2 5T 6 75 7 [
1%, RW AL AR T ZnGayO4: Cr gl K i ki
G5 )4 e

2500 @

A = 692 nm

2000
1500

1000

Intensity / (a.u.)

500

0
1 1 1
200 300 400 500 600
Wavelength / nm
K1
Fig. 1

Intensity / (a.u.)

2.2 FERYLEBIXF ZnGa,0,.Cré 4K Bkl & 5t
% e /Y 22 i

A Ga:Zn LU (Ga 5 Zn 7E UG W R W) B
B2 )M ZnGayOu:Cr (R S WK 2 Fios, M
KA, 24 Ga:Zn MIELHI A 2:1.2 I, ZnGa,04:Cr'”
17 NIR A0k fentt, 33— 048 = s P4 Ga:Zn 1)
e, 18 ZnGa,04:CrP f#) NIR KOGHRIE A%, 101
WM Ga:Zn Lo, TERKIREE Sk hmT DL AT 2
(K1 BH B 75 e, B0 el 7 B B H 2 AT A
2.3 B4 Dy ZnGay0,Criiy K Fiki %k
Se 1% BE RIS 0

A& B4 (Dy 5 Ga Wi &2 H)IEB 4
ZnGa,O,:Cr (R & S 63 3 Fior, M AT,
5 RILB 24 Dy’ 1 ZnGa,04:Cr’ 1k R A I, L2y
Dy’ Ml 427 T ZnGa,0,:Cr’" ] NIR K3,
ifil N5 W ZnGayO4:Cro " 44 & 10 R I B K, Ui WA
Dy AME R LR R KR, DYy T BRAEN 1%
I, ZnGayOu:Cr'* I R G 5 K, (A3 — U
Dy B4, RIMFILT ZnGa,04:Cr il NIR %K
JEHRSE
2.4 AR BR BMU RN YIRS

FEARTA pH AR HI 51K ZnGay04:Cr ' Yl
KURL TEM I & 4(a~c) i, MEITTIL, BEZ
VAV pH (14151, ZnGayO4:Cr’ " g K kL R kAR AR K,
H LR, K iav i pH ZHI7E 7, W LUA R
il ZnGay04:Cro @K BIRL K K)o RS Dy’ 3t
BRI ZnGa,0,:Cr’ Gk Bk () TEM 1 )5 [
A d~DFTR. DEILBIE DY’ 0 ZnGa,04:Crr 9k
WOk R S I B . AR pH b 7.
Dy "B BN 1% ZnGa,04:Cr’ 1 V- ¥k 1% N

L (b)

Ao =254 nm

5000

4000
3000
2000

1000

0
600

700 750
Wavelength / nm

1
650 800

ARV pH X ZnGay0,4:Cr 1) (a) B & F1(b) K S 16 38 1) 5 i
(a) Excitation and (b) emission spectra of the ZnGa,04:Cr** prepared in solution with different pH

n(Ga):n(Zn)=2:1, cpy=0



1366 P S F31%
3000 10000 |-
\ -= GaxZn=2:0.6 flm =254mm /N Dy (0%)
Aa=2540m FAA - - GaiZn=2:0.8 8000 - - - Dy (0.8%)
2000+ —e= GarZn=2:1 —_ - — Dy (1.0%)
= — GaZn=2:12 2 6000+ -— Dy (1.2%)
20 Y S S s ! = Dy (1.5%)
£ £ 4000
£ 1000 g
= = 2000
o '-" P ta ey -_‘. - .. 0 F—=——=7" e
0 __._...m,_l__,‘._ ‘z..._......;-‘_d..s....-. \ |

n |
600 650 700 750 800
Wavelength / nm

2 A Ga:Zn L) ZnGa,04:Cr A R G 1 1l
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Fig. 3 Emission spectra of the Dy**, Cr*" co-doped ZnGa,0,
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Fig. 4 TEM images of ZnGa,0,: Cr’* (a-c) prepared in solution with different pH and (d-e) co-doped with different amounts of
Dy*’, (h) nanoparticles size distribution of 1% Dy*" co-doped ZnGa,0,: Cr**
(a) pH =11, (b) pH = 9 and (c) pH = 11 with n(Ga):n(Zn)=2:1, cp,=0; (d) 0.8 % Dy*", () 1.0% Dy*", (f) 1.2% Dy’" and (g) 1.5% Dy*" with
n(Ga):n(Zn)=2:1.2, pH=7
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Fig. 5 XRD patterns of ZnGa,0,: Cr'* (a-c) prepared in solu-
tion with different pH (d-g) and co-doped with different
amounts of Dy*"

(a) pH =11, (b) pH = 9 and (c) pH = 11 with n(Ga):n(Zn)=2:1, cp,=0;
(d) 0.8 % Dy*", (e) 1.0% Dy*", () 1.2% Dy*" and (g) 1.5% Dy’" with
n(Ga):n(Zn)=2:1.2, pH=7
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Fig. 6 Afterglow decay curve of ZnGa,O,: Cr’* (a) prepared in solution with different pH and (b) co-doped with different
amounts of Dy**
(a) n(Ga):n(Zn)=2:1, cp,=0; (b) n(Ga):n(Zn)=2:1.2, pH=7
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Fig. 7 (a) Persistent luminescence spectra of the ZnGa,04:Cr*", Dy3+ at 1,2, 3,5, 10, 20, 30, 40, 50, and 60 min after stopping exci-
tation; (b) NIR afterglow decay curve of the ZnGa,0,:Cr*", Dy’*; (c) NIR afterglow images of the ZnGa,04:Cr**, Dy*" at different
times; (d) NIR persistent luminescence mechanism in the ZnGa,0,:Cr*", Dy3+
n(Ga):n(Zn)=2:1, pH=7, cpy =1%
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