Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

BT’ FITH IILiMgPO BRI R I 5 B RS

S FRSEM RREM ER S

Luminescence spectra and energy transfer of Tm>* and Tb>* doped in LiMgPO , phosphors
XuZhuo  GuoJing-Yuan  Xiong Zheng-Ye Tang Qiang  Gao Mu

5| {5 B, Citation: Acta Physica Sinica, 70, 167801 (2021)  DOI: 10.7498/aps.70.20210357
TEZL I View online: https://doi.org/10.7498/aps.70.20210357
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

LR BRI HoA S EE

Articles you may be interested in

LiMgPO4:Tm, Th AR HD LRGBS 8L
Thermoluminescence and optical stimulated luminescence trap parameters of LiMgPO4: Tm, Th

YIFI£4. 2017, 66(10): 107802  https://doi.org/10.7498/aps.66.107802

IR GV I TG RRE R R T 5T
The role of chain conformation in energy transfer properties of single conjugated polymer molecule

YIFISE4. 2017, 66(24): 248201  hitps://doi.org/10.7498/aps.66.248201

Na2CaSiO4:Sm3+,Eu3+3E LK A OEFFIERIRE {2 128
Luminescence properties and energy transfer of Na2CaSi04:Sm3+, Eu3+ phosphor
YIBR2EA. 2017, 66(23): 230701 https://doi.org/10.7498/aps.66.230701

SFRHOTIHIRAE R R SR e

Plasmon resonance energy transfer and research progress in plasmon—enhanced photocatalysis

YIBR2A4R. 2019, 68(14): 147301  hitps:/doi.org/10.7498/aps.68.20190276

R I A ORE O IR VO LR RE R IO

Optofluidic fluorescence resonance energy transfer lasing in a polydimethylsiloxane microfluidic channel

HIHEEAR. 2019, 68(5): 054203 https://doi.org/10.7498/aps.68.20181696

T IOCIRRE R R B AL B AL Tk

An optimization algorithm for single—molecule fluorescence resonance (smFRET) data processing

WIEEAEA. 2017, 66(11): 118701 https://doi.org/10.7498/aps.66.118701


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20210357
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.66.107802
https://doi.org/10.7498/aps.66.248201
https://doi.org/10.7498/aps.66.230701
https://doi.org/10.7498/aps.68.20190276
https://doi.org/10.7498/aps.68.20181696
https://doi.org/10.7498/aps.66.118701

#) 32 % 3R Acta Phys. Sin. Vol. 70, No. 16 (2021)

167801

# Tm* 1 Th* LiMgPO, B iy

RS S

B T e D91

el 35N DY

1) (TRIEEERFERT5ER

REERR
EED kY

THE2ERE, T 524088)

2) (bR IR, M 510275)

3) (EITRHZ B fiE

TR, BT 524094)

(2021 4F 2 3 24 HYE; 2021 4E 3 A 27 HIEMEEH)

i £ 454411 LiMgPO,(LMP) 8GR & —Fh AR A w55 10 4 5 300 4 11 b ), ORGS0 AR 2 B 58 1k v 2
TR BERLE SO0 B A SR B, A ST L 3824% TMP B9 & JeHUl, & iR B AR T LMP:Tm, LMP:Th
1 LMP:Tm, Tb B Y6, FHZRPEFHE M2 T B IR M 3B K e i e MRS 308 2 596157 T
Xt LA AT S S5 BRI 7E LiMgPO, BEOGIR T, Tm?, Th3 LB Al (85 AR TE 300 °C A2 47 B 1 25 1
3% 5 LMP 8 06 7 19 #4088 635 o w000 31 b — A 58 065 3 E 1) Tmd B F M Th* 8 7 19 BR i ; Tmd+H

T BRI B SOE D, (] T 2R 2y

Th3—Tm3 e B .

KR LiMgPO,, BOL, 200, emitH%
PACS: 78.60.Kn, 87.53.Bn, 61.72.U-, 33.50.-j

B GR 5A R 80 1 1 B DR VT AE G,
AT FRORE 452 AR 1 A B 53 6 ek v b = [674 B 1%)
BT HM B r £ MR 2R A R = H
B AR R AR, M 2010 4E L) — H 5 S =
AR I BT 840 LMP AMUE A
S HVRO, A DR B BERT IR
PEOERIETF, o VRIS

Gieszezyk!" FHIRHIIEA K T4 A Th, B, Eu,
Er, Tm, Y fi 70 A LMP @ik, AR 24 5
EARBEEAEF . h A o BFEE T, TL 8
ROGHBURE | ) L R AR T B SRR, kBt

XERRREETE A B TR A, AT e ik s A7 A

DOI: 10.7498/aps.70.20210357

LMP & A i 70) 0 7 76 kGy T8 Bl AT 380 ) 6
M, 5B A IR IR I E. RIAB A
TF H B AR I ) R AU R s, Hop LMP:
Tm A R HUE e m K202 LiF:Mg, Ti /9 3 4%, H
A E A HURL A R 2R SY . Keskin
4218 BF9E T 38 T3+ Dy LMP BE6ik, 45
W] LMP:Dy3+7E 288 °C DA S LMP:Th3*+7£ 198,
283 CHBMM TLIES . HHHE MR T
LMP:Tm, Th, B B GRS p, & BHEA
e O SE FR E Z MRS R, ] Tl A | R
20 AR DL B A Ak AR b i T ) e R R
TL 3, M8 S RE TL &bl 245
BT W E AR PR T B B R RE . S8 I A 10
W5 T LMP:Tm, Th BB & RebE, Kk

*TRARHE (HEHES: 2015A020216020) , FEIK HARRA R (LS 11375278) FIT ARG RAE (IS CXXL2019260)

pAgilfiuyY o
t BIE1E#E . E-mail: xiongzhengye@139.com
©2021 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

167801-1


http://doi.org/10.7498/aps.70.20210357
mailto:xiongzhengye@139.com
mailto:xiongzhengye@139.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 70, No. 16 (2021) 167801

F R R KOG K R 455 nm, TR 325 C,
HH TL FYERSE (optically stimulated lumines-
cence, OSL) RIFE 5 Al,04:C B EARIE # H2T.
Gieszezyk %5 MR L FHEAEK T Th A1 Tm
X ABZ4 i LMP S W22 51 i 3% 19 Th™+)
D,—TF; BRiE (550 nm) Al Tm?+ ¥ K iE 'Dy—%F,
(450 nm), Jf & A 4 (1) LMP & 1 R 5
Th™F1 Tm BERIE L7 il BE O

i 1B F15 A LMP il i S Ot
R 5 s = XUAB 2 B R A S v Z TR Y
X &, M AR E AR N %A R T LMP:Tm,
LMP:Tb, LMP:Tm, Tb 64, F| B G £
AREEEIOCM A, BT T H OGB4
fER.

2 ML T %
2.1 FEmArEHE

SR v R 1A S 07 4l % LMP:Tm, Thb 8%
K. Sk B A9 4 A 4l LIOH-H,0, NH,H,PO,,
Mg(NOy),-6H,0 Fffi + 2 Ak # Tm,04, Th,0; K
AFDHSEAR T, T2 B 7K FE 0 AR 45 1
VR PR T A A A L L R
T ZET IR BRI . SR 527G R 1 4R
fRAn B E T U b, PR THE 2 1000 °C JE1E
2 h; R HGES H B SR, 5B PR RLE R
it PR S T E S AR T B A0S A M s R T
RWFSE. FH D-MAX 2200VPC %I X- 52885 AR A7 5t
AL S, T R 20 = 10°—80°, F14#iH
4 5° /min. X-FH&ATH (X-ray diffraction, XRD)
4505 LMP i REEA—3, W& 1 R,

LiMgPO4:Tb, Tm

,‘g . JA A A M L A A
g Jl LiMgPO,:Tm
5 A J Al I A r A an
~ .
& LiMgPO4Tb
: N T
g A
8 LiMgPO,
=

'|| 1|||]||| 'l.II|||Il|| ...lln..

24 48 72

20/(%)

Bl 1 LMP BEARM XRD 545ER T LEIE
Fig. 1. XRD of LMP phosphors doped with rare earth.
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Fig. 2. TL glow curve and the fitting of LMP:Tb0.5at%
phosphor.
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Table 1. TL trap’s parameters of LMP:Th0.5at%

phosphor.

35222 E/eV s/Hz g b
U1 0.87 4.18 x 101 1.68 x 10° 1.5
12 0.99 2.28 x 1012 1.11 x 10° 1.3
I3 1.02 4.39 x 104 2.76 x 10° 2.0
U4 1.17 4.88 x 101 2.84 x 10° 2.0
U5 1.39 1.23 x 10U 1.64 x 10° 2.0
16 1.64 1.32 x 102 1.32 x 10° 2.0
g7 1.70 3.67 x 101 4.84 x 105 1.6
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Fig. 3. TL glow curve and the fitting of LMP:Tm0.5at%
phosphor.

4.0

(a)
—0— TL curve

3.0F Peaks
—— Fitted curve

3.5

25

2.0
1.5

1.0

TL intensity/10° arb. units

0.5

0B 2 L ) S
50 100 150 200 250 300 350 400 450
Temperature/C

(b)

105 k —0— TL curve

100

103

TL intensity/arb. units

2 . ) . . . .
50 100 150 200 250 300 350 400 450

Temperature/C

Kl 4 LMP:Th0.5at%, Tm0.5at% f St 1< i e e % ok
LRHEWE  (a) LHEPALTR; (b) X BN AR

Fig. 4. TL glow curve and the fitting of LMP:Tb0.5at%,
Tm0.5at% phosphor: (a) The ordinate is in linear scale;

(b) the ordinate is in logarithmic scale.
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Table 2. TL trap’s parameters of LMP:Tm0.5at%

phosphor.

WS EfeV s/Hz ng b
U1 0.89 7.92 x 10U 8.83 x 10* 1.2
12 1.01 3.31 x 1012 234 x 100 2.0
U3 1.08 8.00 x 10 1.04 x 105 1.5
U4 1.20 4.27 x 101 1.85 x 10° 1.2
U5 1.38 8.32 x 101 2.83 x 10° 1.3
U6 1.63 1.17 x 10%2 4.50 x 10 1.3
7 1.69 4.26 x 10" 3.67 x 100 1.0
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F# 3 LMP:Tb0.5at, Tm0.5at% WG M#EOL
KB 2%

Table 3. TL trap’s parameters of LMP:Tb0.5at%,
Tm0.5at% phosphor.

TS E/eV s/Hz Ny b
31 0.85 9.30 x 10! 1.48 x 105 1.9
W2 0.95 1.89 x 10! 9.83 x 100 2.0
I3 1.09 2.74 x 10'2 4.02 x 10* 2.0
W4 1.16 4.99 x 10" 248 x 10° 1.4
U5 1.40 6.26 x 10U 3.80 x 106 1.2
W6 1.58 8.31 x 1012 213 x 10° 1.5
7 1.70 2.18 x 1012 3.09 x 103 1.1
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Fig. 5. Luminescence spectra of phosphors LMP:Th0.5at%,
Tm z at% excited by ultraviolet light (A = 352 nm).
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Fig. 6. Luminescence Decay Curves (Ag, = 450 nm) of

phosphors LMP:Tb0.5at%, Tm z at%.
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MY RER LR

Table 4. The efficiency of energy transfer from Th3* to
Tm?** in LMP:Th0.5at%, Tm0.5at% phosphor.

z T/us o./us NEr OyET
0 66.5 1.1
0.05 33.3 0.3 49.9% 1.0%
0.10 26.6 0.2 60.0% 1.1%
0.20 20.3 0.2 69.5% 1.4%
1.00 13.4 0.3 79.8% 2.3%

3.3 LMP By HIE ST

WEEIAREE IR 60 Gy ()87 [ ARk dn & 7
Jrs. 7 iR R AR B G, AR TR, K
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D —TF, BRIE & OGS, i8] LI E 380, 420, 440
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Fig. 7. (a). TL contour spectra of phosphors LMP:Tb0.5at%.
(b). TL contour spectra of phosphors LMP:Tm0.5at%.
(¢). TL contour spectra of phosphors LMP:Th0.5at%,
Tm0.5at%.
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Fig. 8. (a). TL spectra of phosphors LMP:Tbh0.5at% in dif-
ferent temperature ranges. (b). TL spectra of phosphors
LMP:Tm0.5at% in different temperature ranges. (c). TL
spectra of phosphors LMP:Tm0.5at%, Th0.5at% in differ-

ent temperature ranges.
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Abstract

LiMgPO, (LMP) phosphor doped with rare earth is a promising radiation dosimeter material.
Thermoluminescence (TL) spectroscopy is an effective method to study the carrier traps and luminescence
centers in materials. To study the luminescent mechanism of rare-earth-doped LMP phosphors, LMP phosphors
doped with Tm and Tb (LMP:Tm, LMP:Tb and LMP:Tm, Tb) are prepared by high temperature solid state
reaction. The TL glow curve and TL spectrum of the phosphors are measured by the linear heating method,
and compared with the photoluminescence (PL) spectrum.

The shape of the TL glow curve of LMP phosphor varies with the doping active impurities, but the TL
glow curves can be fitted by seven TL peaks. Double-doping Tm?* and Tbh?* in LMP phosphor can enhance the
TL intensity of the fifth peak (E ~ 1.39 eéV) and weaken the seventh TL peak (E ~ 1.70 eV).

By comparing the PL spectra with TL spectra of the phosphors, it can be seen that the TL spectra are
more complex than the PL spectra excited by ultraviolet light (A = 352 nm). In the TL process, the electrons
which are excited to the conduction band release the energy to recombination centers, and the released energy
can more effectively excite the rare earth ions from the ground state to excited states, resulting in the more TL
emitting peaks than in the the PL process.

Although Tm?3* and Tbh3" can be the luminescent centers in LMP phosphors when Tm?* and Th%" are
doped in LMP simultaneously, Th3* ions are likely to act as sensitizers in LMP:Tm and LMP:Tb phosphor, and
Tbh?* ions transfer energy to the low-energy Tm?* ions, which makes the luminescent centers, Tm3* ions, excited
to the high-energy state and then de-excited with emitting light. This result is also proved by the fact that the
luminescence decay of Tb3* in phosphors increases with Tm?* concentration increasing. The energy transfer

through non-radiative transition is more significant at higher temperature.
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