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Abstract; The radiative transition rate of Pr'*4f5d is large, which makes it as a promising lumines-
cence center of fast scintillators. Samples of Ba,La(PO,),(BLP) activated with Pr’* were prepared
through high temperature solid state method and characterized by XRD, temperature-dependent lu-
minescence spectra upon VUV-UV and X-ray excitations and decay curves. Efficient and thermal
stable Pr’ " 4f5d broad band emission with decay time of ~ 15 ns was observed. There is energy
transfer from host to Pr’* 4f5d upon excitation at 172 nm, however, the energy transfer is absent
upon X-ray excitation which is attributed to influence of defects on surface. The results indicate that
BLP: Pr’* could be applied as an efficient VUV to UV-C converting material. In addition, the re-

search is also important for designing novel fast scintillators.
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Fig.1 XRD patterns of prepared sample BLP: x% Pr’* (x =
1.0, 5.0) and standard BLP( PDF:29-0175)
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Fig.2 Emission spectra of BLP upon 172 nm excitation( a)

and BLP:1.0% Pr’* upon 172 nm and 199 nm exci-
tation(b) at 25 K and 295 K, respectively.
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Fig.3 Excitation spectra of BLP and BLP: 1.0% Pr’* at 25
K(a) and BLP:1.0% Pr’* at 295 K(b) , monitoring

different emissions, respectively.
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Fig.5 Decay curves of Pr'* 4f5d in BLP: 1.0% Pr’* (a)
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different temperature
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and energy transfer processes



LR IRk, S5 ARSI X TLRBMR T Pr't B¢ Ba,La(PO,) , ROGH R 1761

TPt afsd ST ERIE R KR M H KA S Tie WRREEEAEIS THEE X HERMA T %iE
gL RE R A e st g e i A b Rt RS /DN, A2 3R 1T Bk B 52 e BRI TR B E) P
Pr**4f5d E5E T BLP Hoks A B8 K I KM E Af5d IRE IR AL 1 . BARIZBORL C K X S L
e Pr’ T 4f5d KOG B AT DUKE BT A5 5 A0 O i
Bl UV-C AR N S IMT 5 b B B — 2 9T
I T [ A 25 ) 4 T Ba,La (PO, ), Pr'” TEN IR o ARG XS T B T e RO S Ul TN PR A4
FOERPRE X RS SN ST i RO ARy MR R R
PEJEAT T R AL, BayLa (PO, ), : Pr'" H A & 20
A5d KOG, A BRI IREE N, Bt ey ACERA R KARH BN AT bk .
~15 ns, fE 172 nm BT AL T, B F Pr't45d http ://¢jl. lightpublishing. cn/thesisDetails #10. 37188/
KA T e RALE TAE X SHERMR ROl k8 CJL.20210281.

4 %

-

2 * X #:

[ 1] NIKL M, YOSHIKAWA A. Recent R&D trends in inorganic single-crystal scintillator materials for radiation detection
[J]. Adv. Opt. Mater. , 2015,3(4) ;:463-481.

[ 2 ] RONDA C,WIECZOREK H,KHANIN Ve al. Review—scintillators for medical imaging:a tutorial overview [J]. ECS
J. Solid State Sci. Technol. , 2016,5(1) :R3121-R3125.

[ 3 ] DUJARDIN C,AUFFRAY E, BOURRET-COURCHESNE E, et al. Needs,trends,and advances in inorganic scintillators
[J]. IEEE Trans. Nucl. Sci. , 2018 ,65(8) :1977-1997.

[ 4 ] CHEN Q S,WU J,0U X Y, et al. All-inorganic perovskite nanocrystal scintillators [ J]. Nature, 2018 ,561(7721) :
88-93.

[ 5 ] IVANOVSKIKH K V,SHI Q F,BETTINELLI M, et al. Unraveling Pr’* 5d-4f emission in LiLa, (Si0, )0, crystals doped
with Pr’* ions [J]. Opt. Mater. , 2018,79 :108-114.

[ 6 1 ZHU W J,MA W B,SU Y R, et al. Low-dose real-time X-ray imaging with nontoxic double perovskite scintillators [ J].
Light Sci. Appl. , 2020,9(1) :112-1-10.

[ 7 ] FOSTER C,WU Y T,STAND L, et al. Czochralski growth and scintillation properties of Li*, Na*  and K* codoped
(L 55, Yg 05 ) s AL, O, Pr’ " single crystals [J]. J. Cryst. Growth, 2020,532:125408-1-7.

[ 8 ] SCHRODER F,FISCHER S,JUSTEL T. X-ray and VUV excitation studies on Pr’* activated Li,CaSiO,[J]. J. Lumin. ,
2021,235:118046-1-9.

[ 9 ] CASTAING V,ARROYO E,BECERRO A I,et al. Persistent luminescent nanoparticles : challenges and opportunities for a
shimmering future [J]. J. Appl. Phys. , 2021,130(8) :080902-1-16.

[10] ZYCH A,DE LANGE M,DE MELLO DONEGA C,et al. Analysis of the radiative lifetime of Pr’* d-f emission [J]. J.
Appl. Phys. , 2012,112(1) :013536-1-12.

[11] WU Y T,REN G H. Effects of Gd/Lu ratio on the luminescent properties of Pr’* activated ( Gd,Lu),Ga,ALO,[J].
ECS J. Solid State Sci. Technol. , 2013,2(3) : R49-R55.

[ 12 ] SREEBUNPENG K,CHEWPRADITKUL W,BABIN Vet al. Scintillation response of Y,Al;0,,: Pr’* single crystal scin-
tillators [J]. Radiat. Meas. , 2013 ,56:94-97.

[ 13] DROZDOWSKI W,BRYLEW K,WOJTOWICZ A J,et al. 33 000 photons per MeV from mixed (Lug .5 Y, 05 )5Al0,,: Pr
scintillator crystals [J]. Opt. Mater. Express, 2014 ,4(6) ;1207-1212.

[ 14 ] SREEBUNPENG K,CHEWPRADITKUL W ,NIKL M. Intrinsic light yield and light loss coefficient of LuAG: Pr under ex-
citation with a-and +y-rays [J]. Key Eng. Mater. , 2016 ,675-676:768-771.

[ 15] NARGELAS S,DOSOVITSKIY G,KORZHIK M, et al. Role of inter- and intraconfigurational transitions of Pr’* ion in
nonequilibrium carrier relaxation in garnet-type scintillators [ J]. Opt. Mater. , 2021 ,111:110676-1-6.

[16] KXW, T35 Wk, %F. Lu,ALO,BEINIRFENIE#ER [J]. AL FH, 2021,42(7) :917-937.



1762

K it = i 542 %

[20]

[21]

[22]

[23]

[28]

[29]

[30]

[31]

WU T,WANG L,HE H,et al. Research progress of Lu,Al O ,-based scintillation ceramics [ J]. Chin. J. Lumin. ,
2021,42(7) :917-937. (in Chinese)

NIKL M,PEJCHAL J,MIHOKOVA E, et al. Antisite defect-free Lu, (Ga Al, ,),0,,: Pr scintillator [ J]. Appl. Phys.
Lett. , 2006,88(14) :141916-1-3.

B3 kB &R, F. KREHKSITF R MR SRR [J]. Ak FH|, 2020,41(12):
1614-1626.

KANG R,ZHANG S A,LIAN H W ,et al. Research progress on design strategy and application of persistent luminescence
nanotheranostics [J]. Chin. J. Lumin. , 2020,41(12) :1614-1626. (in Chinese)

YANG Y M,LI Z Y,ZHANG ] Y, et al. X-ray-activated long persistent phosphors featuring strong UVC afterglow emis-
sions [ J]. Light Sci. Appl. , 2018,7(1) :88-1-11.

PUSTOVAROV V A, IVANOVSKIKH K V,KISELEV S A et al. Testing performance of Pr** -doped KLuP,0, upon UV-,
synchrotron X-ray and cathode-ray excitation [J]. Opt. Mater. , 2020,108:110234-1-8.

KEIL J N,JENNEBOER H,JUSTEL T. Temperature dependent luminescence of Pr’* doped NaCaPO,[J]. J. Lumin.
2021,238.118307-1-7.

ZHOU W J,GU M,0U Y Y,et al. Concentration-driven selectivity of energy transfer channels and color tunability in
Ba,La(PO,),: Th** ,Sm’" for warm white LEDs [J]. Inorg. Chem. , 2017,56(13) ;7433-7442.

YU R J,MI NOH H,MOON B K, et al. Synthesis and luminescence properties of a novel red-emitting phosphor Ba, La-
(PO,),: Eu’" for solid-state lighting [J]. J. Alloys Compd. , 2013 ,576:236-241.

HOU D J,LIANG H B,XIE M B, et al. Bright green-emitting, energy transfer and quantum cutting of Ba,Ln( PO, ),: Th**
(Ln =La,Gd) under VUV-UV excitation [ J]. Opt. Express, 2011,19(12) :11071-11083.

ZHANG C H,LIANG H B,ZHANG S, et al. Efficient sensitization of Eu'® emission by Th’* in Ba,La( PO, ), under
VUV-UV excitation ; energy transfer and tunable emission [J]. J. Phys. Chem. C, 2012,116(30) :15932-15937.

SHI Q F,HUANG Y,IVANOVSKIKH K V,et al. Luminescence properties and host sensitization study of Ba,La(PO,),:
Ce’" with (V) UV and X-ray excitation [J]. J. Alloys Compd. , 2020,817 :152704-1-7.

LIU W G,ZHU Q,WANG X J,et al. Multi-color luminescence and thermal stability of eulytite-type Ba,La(PO,),: Ce’ ",
Mn’* phosphors via gel-combustion [J]. J. Alloys Compd. , 2019 787 :495-502.

BARBIER J. Structural refinements of eulytite-type Ca,Bi( PO, ), and Ba,La(PO,),[J]. J. Solid State Chem. , 1992
101(2) :249-256.

SHANNON R D. Revised effective ionic radii and systematic studies of interatomic distances in halides and chalcogenides
[J]. Acta Crystallogr. A, 1976,32(5) :751-767.

FEOFILOV S P,ZHOU Y,SEO H J,et al. Host sensitization of Gd** ions in yttrium and scandium borates and phos-
phates : application to quantum cutting [ J]. Phys. Rev. B, 2006,74(8) :085101-1-9.

CARRASCO I,BARTOSIEWICZ K,PICCINELLI F,et al. Structural effects and 5d—4{ emission transition shifts induced
by Y co-doping in Pr-doped K Lu, Y _(PO,), [J]. J. Lumin. , 2017,189:113-119.

B RRE (1983 — ), 55, Wby M A,
i+, YFm, 2014 4F F b 5058 K
26 H R W5 T AR AS L A
i, FENFH RSB S
ROCHLH 5T

E-mail: shiqiufeng@ tyut. edu. cn





