% 50% % 6H/2023 £ 3 A/HmEH,

Sm” i T-5 443 BaGa.0,: Cr iE LT S A S i
B 5

R, RERE-FR, DEE, ABEW-MAARC R, REE, Ak
f

W AF R SR A 2 SRR A2 B R SR AR (2 B T R A2 S 2, BT AT 844006

WE &SR FEAHER ST BaGa,0,:Cr',Sm* (BGO: Cr, Sm) T £L AN K 485 & 6 (PersL) #1 B, 24T Sm* #8
F M B RVBEE IR B X BGO: Cr, Sm fh A S5 44 1 & P RE B9S2 i, ) 25 83 T IR 404 A M R LB . 25 5L 1] K
BHE RN B BGO: Cr, o5, Sy ooy H AR BE IR S 1100 CINF, BT LA AR5 55 45 B i BGO: Cr, Sm K 4% 1§ & 6+
b HEF R R 734 nm. Cr*' 5 Sm® 348 2% Sy R T YRR 1 BGO $ 4L T A0SR s, TR i o T & A i &l

RO T R A .

XER MEL ELAAMDE; KRR Sm™ B4 IR

FESES 0614 XHARER A

1 351 5

KA 2 S — ROl s 1) e 24 o 7 e iz fE
MBS TE A IR G R 2 kOB BHUR T, K&
WE KRR E B 12 T4 4 R i 0 R N 2 R
W4 A3 . & B AT 40 Ah (NIR) 6 A9 K Ay #5 &
(PersL) #4 %L AT FH 7% 00 W 4 R4 o A2 3 18, 7
e g K Iy B — s e N AT, BHArL B
Rk b B AR R R 4 K A RO M BT Y08 Ed’,
Mg, Ti*""#l CaS: Eu*", Tm®* ,Ce™" ", T HALY
(A A3 W 2 TR L S Ak AR e 1, TR b, o o e e
EFANER S /73 0 = W S N 2

BIR A (BaGa,0,, BGO) J&: — Fl 5 U i 4 & 22 40
FNEE A ) XA AL P, HLAE 23 () BE SR P6, 7S A A i
ghhY . BGO M LU /R &8, AT A B 5 a i +
B A B A R B R O K A R
MR R AR LisE R TR A L BGO:
Bi K ASHE & R RE, Zhou &1 % T — R A4 1 H A
ELT A KA KOG BaGa,0,: Sm® AR, {H 33 26 K 4y
WE 2 e B e S 0 K 2 /N T 700 nm, X AR GL ST
FBIREA R .

Cr B2 K A M LM B2 R AN T BRI, v
L3R A% 650~1000 nm 3% B i 5 21 4K A3 #E & 56
HRICMEMCO BRRKAER MBI AMREZ , W
ZnGa,0,: Cr''™ | Zn,Ga,GeO,: Cr'™" | LiGa.O4:

DOI: 10.3788/CJL220706

Cr R MgGa,0,: Cr' WAE o it , AR YL R GE T
A HE I TR 35 6 d Y P K AT R T 41 Ah K BaGa, 0,
Cr (BGO: Cr) K AHE & e kL, H & 5 i 4 o] DL ik
WA Crm B¢ 8 DA M Ga 5 Bafy il g 715 nm 15 2|
739 nm, B A 25N % LED G R UL R AR B (5
BAFRERE 1Y . K AHE K 6 R 0 A HE 7 Al 2 22 R FE
BIF P S5 e i, T 4B 2% B 1t 2 e 73 o R Tl
TN 4B 2% B F AT ARSI b BIF 0 vk B R A A
KRR KGR B DR B A B AR O & ok
O K A M RO R OB s B a0 s Allix
UV I SnEk Ge JL B 22 A B RO A S BIE L Ak T
ZnGa,0,: Cr'" (ZGO: Cr) K A #F K& 6 4 BE B 43 ¥ 1
g T A AE 5@ o SiYT M Ga' IR SR Be e L 1 om T
ZGO: Cr 1A S5 i 5 e ol B A0 380 B B B L 00 3% T
ZGO: Cr & A ¥ & 6 bERE G A3 ¥ P BE 5 Ik 20 3 558
i ECT S Crt 2 m RS e AL W E R T
GAALO,: Cr £ 43 ¥ & 6 44 B 3T 21 6 43 ¥ % 6 5 Li
S 3 AE Zn,SnO,: Cr' F 1A AT 48 22500 e 1 %
I JE LB R R S A, IR AR T R IR AR ROk
WA REI %2 G I K RN 4% 1 (8] 5 Katayama 5558 iof 36
B2 Sm®™ P Sm B M SE BRI L LaAlO,: O B HE
SRR IR T 35 L L% Mt 5] A Sm®
ok B F= R B B B 3G 5R T GAALO,: Cr' 1 A .
AL 38 S A IS AR 2 i el D el R M RO
MG 2= M e

i BHA. 2022-03-25; fEEHHEE: 2022-04-15; FABHI. 2022-05-07; MEHELZBH. 2022-05-19
HE&WMB . HRHRPFFS(21867014) EA KM ZERAA B G sh 4350 H (GCC18ZK-003) (W5 A1 K21+ L Wimi H

[(16)2579]
BIE1EHE . renagulll1@aliyun. com

0603003-1


https://dx.doi.org/10.3788/CJL220706
mailto:E-mail:renagul111@aliyun.com
mailto:E-mail:renagul111@aliyun.com

A P BA R FH 5 e 1 AH SR 15 4 48 T BGO: Cry g,
Sm, (x=0,0.002,0. 004,0.006,0.008,0. 010) K 4 #%
KA R, IR R R X AR AT ST (XRD) | fE 7
X S 26 RE 3 I (EDS) A4 4 fL 1 B 33 85 (SEMD) %5
XoF AR GEF R ST TRESE o LAk, A AR A
% 7 Sm’ 15 2% vk B AR BE I EE X BGO: Cr, Sm K 4%
W G RGO G I A G54 1Y 52 | (W) s 38 2 A
BB FE M SZ IS E P T BGO: Cr, Sm K 0 & 6 bk
JE— PR AE YT £0 40 RO WA (LED) & e Ht .
Cr'" 5 Sm™ 1y 48 7% R ws Ry Ak F T & K R 0 & b
R T AR G i v
2 SLEER Y
2.1 KEEBREHBEAOHE

SR FH e ek [ R 2 0 3 i B A A i R O RL . e R
BGO: Cr, 4, Sm, (x=0, 0. 002, 0. 004, 0. 006, 0. 008,
0.010) itk 2F 40 1 =X B BaCO, (4l FE h 99% ) . Ga,0,
(4l 4 99.99%) .Cr,0, (4l B 99% ) . Sm,O, (4l J&F
999.99% ) A1 1 mL JGK £ B A B 5 F Bk v 78 o0 0
JRIR A B4 R 5 IR 6 W3 A B &3 IR IF — g ik A
fe e S e AR SR FHIR B 100 °CL 7R IR T
PRIE 1 h AT WAL B TR 2 1100 CHEFT RS ,
B2 hJa HARR A48 28 K & 0 & ek k. B
BGO : Crty 45, Sy g0 23 I 7E 800,900 ,1000,1100 “CHY 25
KRR 2 h, ZJ5 HARE A 159 B [F B 1R
TR BGO:Cr,Sm K4 &6 #
2.2 KREBEZXMBRLE

K [ BRUKER A & [ D8-Focus % X § £k i
S CXRD) #E 77 it A 5 44 00 38, P38 rp 4 R 4] Ko
SR FEAT X ST H S5, WA 2095 R 20° ~ 657
K 15 [ 4% F] (Carl Zeiss) 28 ®] 14 Sigma HD #1137 % 4}
A 2 U (SEMD) #4728 11 8O0 35 43 97 5 SR
W [ 2 4N F B9 OXFORD X-MAS BB 1Y (EDS) 43
Mrot 2 & 1w 5 & 8 O6 3% ok 36 B Perkin Elmer 23 ] #9
LS-55 453 F 5 Y 7 e 6 JE T HE AT R 4 5 4 0 2 0 il
28 M1 AE i % 3% R H 92 B HORIBA Scientific 2 & Y
Nanolog ¢t /8§ 6 6 i AU AR B ; 1 77 R R H H ARl
WA T 22 Bk R 2 dh Y C11347-11 1 1 77 S 0 42 L
FE 5 BB R T R TN R IR A BR A F A TOSL-
3DS B BB = 2 S AL IR A7 I

3 HRHUHE

3.1 BGO:Cr,SmEKRKBEELMPHEHRERIE
BGO: Cr, o, Sm, (=0, 0.002, 0.004, 0.006,
0.008,0. 010) & 43 # & b BH 1 XRD & an 5] 1(a)
fii 78 o BGO: Cr, Sm £ & # & Ot # ¥ 78 28.12° |
33.29°.41.68°.44.12° . 56. 38°F1 59. 49°45 4b 4 PR T 4iF
$11% , 5 BGO B PDF #5#E+ F (PDF 46-0415)W) & 15
B, 4y @ T BGO By (222) . (600) . (004) . (442) |

#5505 £ 6H1/2023 £ 3 B/HEEN

(822) F1(660) il AT 4 1 . 7E XRD &l 3% v 5 A7 W %%
FI I A 2% g B Cr* Al Sm® 58 42 5 5 I [ A1
RN FF AR TS YA B L B4 SmTT AR S A BGO HE
FURY FEARGE . R T HiE BGO: Cry 5, Smy o0, 1 43 HE
IR R SR S5 R, R FH GSAS B % H: XRD 3%
HEAT T Rietveld 45 #4518 R E45 R an &l 1(b) iR o
AL UL BGO: Cry o, Sy o0 5 A3 K& OGH B RS & 1K 5
XRD Ei W4 . Rietveld K162 800 51 hy . 3% H 1
R,=6.68% , AL &% A F R, =8.76%, #l & )&
Xe=1.75, ik gh BN R 05 2R, n MUK & 45 21
A5 o B 1(c) A BGO: Cry g5, Smy o0 K A HE KOG 1 KL
R R R . B 1S T BGO:Cry g, Smy g
KM LZCHM R EHE R SR . BT BGO M S
fe o L SIS A S B R R AR R AR AR X 20
BRI, 4 4% M 2 56 8 Ak 040 T 350 Ry AN R0 0) g A3 R SR
B ] A R ek 1 R e 2 SOUURE K 2 UK G, 0K 1Y
KN 1,61 pm, F¥TEEE N 0. 76 pm (FEHLIT 5
1004~ k) o

T B R K A M R O A ORI JT R 4L R, X
BGO : Cry o5, Smy oo 47 T EDS GBS ML, I3 25 5 4n
El 1Ce) firn o M H AT LIVE i 48 31 Ba .Ga ., O . Cr Ml
SmICE WSS, UL Cr il Sm®™ o8 42 ik A K 4%
WE R SCHRE A [RIE, AS AT BA A 4 i 7 R X
BGO:Cry 5, Smy oo KR L ICHA BT R PR HEAT T
FAE, B 1D s o 2 i H 45 R LB Cr' il Sm™
B 5] W o3 A AR A R kb

ZE B IEBGO: Cr oo 184 Sm™ 2 T K 5 &
JGRE R AR 5T
3.2 BGO:Cr,SmKE£EX M AE S HTINRE

i

1E 254 nm BAMT & F ,BGO: Cry 45, Sm, (=0,
0.002,0.004,0.006,0.008,0. 010) Bt & 5 61% 1 =
Il Ea R mE 2(a) s, Ha=08/,BGO:Crk
AN G B K 5O 1% 7E 600~850 nm ¥ [l P
BT Cr" W RRIE KOG g i R G I SR R G D
725 nm &b 1 e K G TR F OO B T A e A5 B
BECG)—>'A,CF) BT . XAl e H T Sm® 1%
KE'G.,5Cr" W' T,('F)BEZAMILE ,Sm’ 5 Cr' &
T2 AFERE R AL 5 T Cr 19 'T,('F)~"A,('F)
B G 5 R B A RO CF i & SHIE A BT 4 7%, [ i
B T BGO: Cr K 4 # & 6 M B A & e sk i
BGO:Cr,Sm KR ML M EHFE 734 nm b F B T
L BN ORI - A IR A 5 o =N R ird =N O 741
J1, 9 B XT840 7N AR F iz R S T
TR, BEEE Sm B B A E R, KA RO
PR K e B eI K5 I/ . 2 2=0. 002 i), &t
58 A LU T =0 B B i 3 0 5 > o 3 K % 0. 004 ), K
AN KOG B KO 9 A B e KM 5 24 2>>0. 004
J& B ICR BE ZRE o XE OAE Sm’T B AL vk

0603003-2



(@  |BaGa,0,:Cryg, Sm,
d_ A Pl
A A 2=0.008
. I . 2=0.006
g A . 2=0.004
|
A A P =0
potn BaGa,0,(PDF 16-0115)
(600) (442) (822)
L7 oo, -~ (660)

Intensity

Energy /keV

#5505 £ 6H1/2023 £ 3 B/HEEN

(O] °
R,,=8.76% obs.
Cal.
R,=6.68% ,
—— Diff.

000 0 ®

¥’=175

Intensity

L o |

Signal A = InLens
Mag= 1000KX

Date 23 Aug 2021
Time 13.03:19

B 1 BGO:Cryy, Sm, I EAF . (a) BGO: Cr, o, Sm, (2=0,0.002,0.004,0.006,0.008,0.010) £ 4% ¥ & ¥ ¥ ) XRD &l 3 ;
(b)BGO: Cry o, Sy o0y KA K J6 A B XRD AE & B35 3 (c) BGO: Cry o5, Smy o, K A & 6B RH &K 2549 5 () BGO:
Cri. o> Sy s K ATHE RO FTRHFT B BE IR 5 () BGO: Cry o5, Smy oy R ATHE KL H B HY EDS BB 5 (DBGO: Cry g5, Sy 0 KA

W KGRI T 3R 4 1
Fig. 1 Characterization of BGO: Cr, 4, Sm,. (a) XRD patterns of BGO: Cr, o, Sm, (x==0, 0.002, 0.004, 0.006, 0.008, 0.010)
Persl. materials; (b) refinement XRD patterns of BGO: Cr, o5, Sm, o, Persl. materials; (c) crystal structure of BGO: Cr, 4,
Smy, o, Persl. material; (d) SEM picture of BGO: Cr, o5, Sm, o, Persl. material; (e) EDS spectrum of BGO: Cry 5, Smy o, Persl

material; (f) element distribution mapping of BGO : Cr, o5, Sm,_ o, PersL. material
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Table 1 Fitting parameters of afterglow decay curve of BGO: Cry 5, Smy o, Persl. material
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K2 BGO:Cry,Sm, G2 1MEEE . (a) BGO: Cry oy, Sm, (=0, 0.002,0.004,0.006,0.008,0.010) K 43 ¥ & ek B1 K 556 3% i w5 3 40
B ML (b)) BGO: Cryge, Sm, (2=0,0.004) { AW = 2L 5 () BGO: Cry o, Smy o, 1 A K 6B R 43 08 2 08 100 A it 2K
(d)BGO: Cry g5, Smig oo, K A ME KA B BE K] () BGO: Cry g, Sy o, 1AM &SGR Z 4 BB 26 5 (HBGO: Cr,

Sm K AW &G BHIG U 217K A0 & L HE
Fig. 2 Optical properties of BGO : Cr0.06, Smx. (a) Gaussian fitting curves of emission spectra of BGO: Cry,, Sm, (x=0, 0.002,
0.004, 0.006, 0.008, 0.010) Persl. materials; (b) afterglow decay curves of BGO: Cr, ., Sm, (x=0, 0.004) PersL
materials; (c) afterglow decay fitting curve of BGO: Cry, Smy,, Persl. material; (d) thermoluminescence of BGO: Cry,
Smy, Persl. material; (e) two-dimensional thermoluminescence curve of BGO: Cry 5, Smy,,, Persl material; (f) NIR persistent

luminescence mechanism of BGO:Cr, Sm Persl. materials
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Fig. 3 CIE color coordinates of PersL. materials. (a) BGO:Cr, o5; (b) BGO:Cry 5, Smy 04
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Fig. 4 Thermal stability of BGO: Cryy, Sm,,, Persl material. (a) Emission spectra from 30 to 300 °C; (b) contour graph of thermal

quenching behavior; (¢) temperature-dependent integrated intensity and full width at half-maximum (FWHM)
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Fig. 5 XRD patterns and emission spectra of BGO: Cr, s, Sm, o, PersL material prepared at different calcination temperatures.

(a) XRD patterns; (b) emission spectra
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Enhancement of Near-Infrared Persistent Luminescence of BaGa,0, : Cr”
by Sm** Ion Doping

Yang Qianting, Risalat Emin, Sun Yanmei, Renagul Abdurahman', Sun Xuefeng,
Yang Tongsheng

Laboratory of Xinjiang Native Medicinal and Edible Plant Resources Chemistry, College of Chemistry and Environmental

Science, Kashi University, Kashi 844006, Xinjiang, China

Abstract

Objective Cr''-doped near-infrared (NIR) emitting persistent luminescence (PersL) materials with an emission range of 650
1000 nm are renewable by red light instead of ultraviolet (UV) light, which is highly promising for renewable tissue imaging in vivo
and broad application prospects in biomedical diagnosis and treatment. We have recently reported a BaGa,O,: Cr*" (BGO: Cr) NIR
emitting PersL material with Cr’" as the luminescent center and BaGa,O, as the matrix. The BGO: Cr PersL material exhibited UV
excitation, light-emitting diode (LED) light restimulation, ultra-long PersL. for more than 6 days, and excellent capability for
information storage. This study aims to develop BaGa,0,: Cr’" , Sm’" NIR emitting PersL. materials with stronger luminescence
intensity and longer emission wavelengths than BGO: Cr Persl. materials by co-doping BGO: Cr PersL. materials with Sm®" ions for
the development of medical multimodal imaging, medical detection probes, integrated diagnosis, and treatment probes.

Methods In this study, BGO: Cr, Sm Persl. materials were synthesized using a high-temperature solid-state synthesis method.
The effects of Sm’" doping concentration and calcination temperature on the luminescent properties and crystal structure of
BGO : Cr, Sm PersL. materials were investigated, and the NIR luminescence mechanism was discussed. The surface shape, element
distribution mappings, and thermal stability of BGO:Cr, Sm Persl. materials were observed and analyzed.

Results and Discussions In PerslL material characterization, all X-ray diffraction peaks of the BGO: Cr, Sm Persl. materials
were consistent with those of the BGO plane crystals (PDF 46-0415), the energy dispersive X-ray spectrometry spectra and element
distribution mappings of BGO:Cr, Sm PersLL materials indicated the presence of Ba, Ga, O, Cr, and Sm elements, and transmission
electron microscopy images show that the average particle length of the Persl. materials is 1. 61 pm and the average width is 0. 76 pm
(Fig. 1). The BGO: Cr, Sm PersL. materials exhibit strong NIR luminescence at 734 nm, with the BGO: Cr, ., Sm, ., sample
exhibiting the highest luminous intensity. Furthermore, the PersL intensity of BGO: Cr Persl. materials was enhanced after co-doped
with Sm®” ion [Figs. 2(a), (b)], and the afterglow time of the BGO: Cr, 5, Sm, , Persl material is 131. 61 s. According to the
thermoluminescence measurements, the electron trap energy-level depth is estimated to be approximately 0.553 eV by the half-
width method, showing that BGO: Cr, Sm Persl. materials are suitable for providing Persl. for a long time at room temperature
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[Figs. 2(d), (e)]. A schematic energy diagram of the Persl. mechanism shows that the NIR luminescence of BGO: Cr, Sm is
produced by the spin-forbidden E(*G)—*A,('F) transition of Cr’" and that PersL is produced by the recombination of holes and charge
carriers released from the trap after stopping UV irradiation [Fig. 2(f)]. Meanwhile, our studies have shown that BGO:Cr, Sm PersL
materials exhibit good thermal stability, and the maximum luminous intensity at 150 ‘C shows their potential as raw materials for red
LEDs (Fig. 4). Finally, we found that BGO: Cr, Sm Persl. materials exhibit good crystallinity and NIR luminescence only when the

calcination temperature reaches 1100 °C (Fig. 5).

Conclusions In summary, BGO: Cr, Sm PersLL materials with an emission wavelength of 734 nm were prepared using a high-
temperature solid-state synthesis method. The luminescence intensity reached the maximum when the composition of the PersL
materials was BGO: Cr, o5, Smy ., and the PersL intensity of BGO: Cr was enhanced by Sm®” doping. The calcination temperature
has a significant effect on the luminescence properties and crystal structure of BGO: Cr, Sm PersLL materials. BGO:Cr, Sm PersL
materials with high purity can be obtained when the annealing temperature is 1100 ‘C. The electron trap energy-level depth of
BGO: Cr, Sm PersL materials 1s approximately 0.553 eV when estimated using the half-width method. BGO: Cr, Sm PersL
materials exhibit strong and persistent luminescence by co-doping and have potential applications in night vision surveillance and

medical imaging.

Key words materials; near-infrared light; persistent luminescence; Sm*" doping; barium gallate
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