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Preparation, luminescence properties, and A series of CaMgBi(PO,),: Ce™ , Th*

energy transfer of color-tunable whitlockite- phosphors with whitlockite - type struc-

type Ca,MgBi(PO,),: Ce®. Th* phosphors ture and tunable blue to green emission
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have been obtained utilizing Ce®* - Th*

energy transfer.
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Preparation, luminescence properties, and energy transfer of
color-tunable whitlockite-type Ca;,MgBi(PO,),: Ce**, Tb** phosphors

YANG Quan-Liang" XU Meng-Jiao™* FENG Xia
ROUZITUOHUTI Amannisaihan MULATI Kulisen JUMA Asihati

(State Key Laboratory of Chemistry and Utilization of Carbon Based Energy Resources,
College of Chemistry, Xinjiang University, Urumgi 830017, China)

Abstract: A series of CagMgBi(PO,),: Ce®*, Th* phosphors with whitlockite-type structure and adjustable color were
prepared by the high-temperature solid-phase method. The phase composition, microstructure, and luminescence
properties were studied by X-ray powder diffraction (XRD), scanning electron microscope (SEM), and fluorescence
spectroscopy. X-ray diffraction results confirmed doping a small amount of Ce* and Th* did not change the crystal
structure of the matrix. The energy transfer between Ce**-Th** was confirmed by the fluorescence spectrum and fluo-
rescence lifetime curve. The energy transfer mechanism was quadrupole - quadrupole interaction, and the energy
transfer efficiency could reach 81%. The emission color of the series Ca;MgBi(PO,),: 0.08Ce’, yTh** phosphors can
be adjusted from blue light (0.165 0, 0.013 4) to green light (0.258 4, 0.562 9) by changing the doping concentra-

tions of Th*, realizing the controllable emission color change.
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Fig.1 (a) XRD patterns of all samples; (b) Unit cell structure of CMBP; (¢) SEM image of CMBP:0.08Ce™, 0.40Th*
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Table 1 Cell parameters of the samples

Sample a/nm b/ nm ¢/ nm V/ nm?3
CMBP 1.0355 1.0355 3.728 6 3.462 6
CMBP:0.08Ce** 1.0329 1.0329 3.726 8 3.4432
CMBP:0.40Th** 1.034 6 1.034 6 37117 3.4409
CMBP:0.08Ce*, 0.40Th** 1.033 6 1.033 6 3.710 1 34324
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Table 2 Radii, CN, and D, values of matrix and

dopant ions

Ton CN Ionic radius / nm D, 1%
8 0.1120
Ca®* —
6 0.100 0
9 0.124 0
Bi?* —
8 0.1170
Mg 6 0.0720 —
9 0.119 6 3.548
Ced
8 0.114 3 2.308
9 0.109 5 11.693
Th3+
8 0.104 0 11.111
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Inset: Relationship between Ce* concentration and luminescence intensity of CMBP :xCe** (x=0.02, 0.04, 0.06, 0.08, 0.10, 0.12, 0.14)

2 (a) CMBP:0.08Ce™ Hy i A& I 5161 (b) CMBP: 0.40Th™ HYZEIEIEIEE; (c) CMBP:0.08Ce™, 0.40Th™* i

R TN KRB ETE; (d) Ce¥*-Th* e IRIT 7R 2= 4]
Fig.2

(a) Excitation and emission spectra of CMBP:0.08Ce™"; (b) Fluorescence spectra of CMBP:0.40Th*"; (c) Excitation and

emission spectra of CMBP:0.08Ce*, 0.40Th**; (d) Schematic diagram of Ce**-Th** energy level transition



Wy A5 A5 GBI AT IR B A B A A 25 48 CaMgBi(PO,),  Ce®, Th*

%

PO E R ICIERE K Ak B L 5

Th* (A FREAE A 568 06 20 B (B AE & S 1A T 544 nm)
7 544 nm K CMBP:0.08Ce* , 0.40Th* i I & 61 5
CMBP:0.08Ce™ iy 3 & itk A AL . (EA TR
S, Ce™ I Th* 4L 19 CMBP AH X} Th* #1428 ) CMBP
FE Y & 5 i B A RS RGN, X R AR 25 T Ce™-
Th™7E CMBP 35t & A T g AL .

& 2d 2 Ce™-Th* f REH BRAT /s B &, i — 20
RIS LU Ce™-Th™ 2 ] & A e AL i it 2 . 7
LUV R T, Ce™ YL CF,,) i H T4
Wk B RS CDsy) L AT 2D, LR H AR,
RAHEAE S BV BRI R A CD, ), P38 1 8 5 BRAE
iR [ B 4R 7 A Ce RYRRIE & Pk . 5 ILIA]
if, BT Ce® BIFRARIN & 452D, RE 5 Th™ Y42 i
KA D, REH N BE AT, Al 3 i R S ERAE
TR Ce™ E B FERL B Th™ 19 °D, BELR , Zo it 38 L ith
B AIK TO B9 D R D, R B TR (J=3 .4
5.6), 287 A Th™ I Sk (O RRE & S 635

W5, RGeS BT T A i CMBP:0.08Ce™ , yTh™
(¥=0.00.,0.01.,0.03.0.05.0.10,0.20,0.30.,0.40 ., 0.50)

@ 3500
3000 f
—y=0.00
2500 —y=0.01
. —y=0.03
3 2000 F 00 01 02 03 04 05 Y
=z y ——y=0.05
>
& ——y=0.10
g 1500 A, =298 nm
=

1000

500
0
1 1 1 1 1
350 400 450 500 550 600 650
Wavelength / nm
90 35
(c)
80 l\ L]
2ok .\ o / 430
60F m - ° . / 1,s
< S0F \ _—
1S3 @
T4l '<. 120
30 F /
415
20 °
ol / e 1,
¢ l\.
0re
1 1 il 1 1 1 S
0.0 0.1 0.2 0.3 0.4 0.5

7 /ns

1 5% CAT S oK 1) B £E CMBP 358 5 Ce™-Th™ 22 8] )
REEALIEALH] . A6 3ar, [EE Ce™ B2 M B H
0.08, Z W4 i Th 1y & 4% 5t , & ILAE 549 nm 4k Th*
B & I 5 B TE y=0.40 B 35 21 I 04 B 5 T B, 1 7E
365 nm Ab Ce™ 1Y & G i B 52 SRR R R ) i 45, 18] 3a
o B AT B LA X — AR A . S O
a3 AT A R T AR R B L I A i R B AT
%%, 18 3b i CMBP: 0.08Ce™ , yTh* (y=0.00.
0.01.0.03,0.05.0.10,0.2,0.30.,0.40., 0.50) ) 5% 't 7%
Al o X HF A R M R AT IS S R, Ce™
(296 i e D 2 45 B AR ek A0

I=1,exp(t/T) (2)
Ho, 1R 153 B2 Ce™ R R] Ry 0 Al ¢ 1 9 2 o i
JE RO TR . AT FAE CMBP:0.08Ce™ , yTh™
FRYNFE A h Ce™ 1Y 28 % 75 i 43 il oy 32.19.29.38
25.69.19.90, 18.17. 12.25. 10.96. 9.92 F 8.67 ns.
Ce™ 11 7 B B Th™" 5 25 U B2 19 38 fin S0 338 Uk, DA T 2
—IUE T Ce™-Th* Z M fFAERE AL id . PRl T
3T Ce™-Th™ 22 8] (1 il o A5 BB 50 ()2

(b) 08

o o
S [=)}

Intensity / a.u.

S
S}

0.0
0 80 100

Decay time / ns

120

140 160

@ 2 2 -
R*=09130 R*=0.9296 R*=0.9326
9
5k L L
4+ L L
-
7 3k o L ) L (]
(] ) )
2r K K
)
116 LS 8
1 i 1 1 1 1 i A 1 1 1
0.00 0.15 0.30 0 12 24 0 800 1600

CS/Z CS/} C10/3

3 CMBP:0.08Ce™, yTh* [ (a) & HIEHE ((b) Ce® BTG FF A R 2R | (c) BE AL B RCR AT A I AN(d) 1o/l K FR

Fig.3

(a) Emission spectra, (b) fluorescence lifetime decay curves of Ce’, (c) energy transfer efficiency and fluorescence lifetime

diagrams, and (d) I, /l-c"® relationship diagram of CMBP:0.08Ce*", yTh**
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Table 3 CIE chromaticity coordinate values of series

samples
Point Sample CIE (X, Y)
1 CMBP:0.08Ce’ (0.1650,0.013 4)
2 CMBP:0.08Ce’**, 0.01Th* (0.184 3,0.090 8)
3 CMBP:0.08Ce’**, 0.03Th* (0.196 4, 0.170 8)
4 CMBP:0.08Ce’**, 0.05Th* (0.209 0, 0.237 3)
5 CMBP:0.08Ce’**, 0.10Th* (0.225 8,0.338 0)
6 CMBP:0.08Ce?*, 0.20Th* (0.244 5,0.460 1)
7 CMBP:0.08Ce*, 0.30Th** (0.2535, 0.525 9)
8 CMBP:0.08Ce*, 0.40Th** (0.257 8, 0.549 2)
9 CMBP:0.08Ce’*, 0.50Th** (0.258 4,0.562 9)
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