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Abstract: Th**-doped K;La (PO,), phosphors with monoclinic structure have been prepared via a
high-temperature solid-state reaction method. The phase purity of samples is checked with X-ray dif-
fraction (XRD) technique and the Rietveld refinement is performed using XRD data of the host com-
pound. The temperature- and concentration- dependent luminescence properties of Th*'-doped sam-
ples are further studied with spectral and decay measurements. Upon 373 nm excitation, Th**-doped
K,La (PO,), phosphors display *D,-'F,(J=5, 4, 3, 2) and °D,-'F, (J' =6, 5, 4, 3) transitions at
room temperature(RT). Temperature-dependent photoluminescence(PL) measurements for the sam-
ple with low Th* doping concentration indicate that multi-phonon relaxation(MPR) has limited con-
tribution to the quenching of °D, emission. As Th™ concentration increases, the emission of °D, is
gradually enhanced while that of ’D, weakened, leading to the color tunability from cyan to green,
which is mainly due to the cross-relaxation (CR) among Th™ ions. The decay curves of °D, emission
are further analyzed and fitted with Inokuti-Hirayama and generalized Yokota-Tanimoto models,
manifesting that the main interaction type in CR process is electric dipole-quadrupole (EDQ) cou-

pling with critical interaction distance of ~1. 03 nm.
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Fig.1 (a)Rietveld refinement of KLPO host. (b) Crystal structure of KLPO host. (c) Scanning electron microscope (SEM) im-

age, energy dispersive X-ray spectrum (EDS) and elemental mappings of KLPO host. (d) XRD patterns of undoped host

and doped samples.

#1 KLPOEREERTHREESH
Tab. 1 Refined parameters of KLPO host at RT

Site x y z Occ. B,

Lal 0.007 2 0.2500 0.2931 1 0.7870
P1 -0.2059 0.2500 0.576 4 1 1.224 6
P2 -0.2412 0.7500 0.084 3 1 1.224 6
o1 -0.0021 0.2500 0.563 1 1 0.8476
02 -0.2755 0.2500 0.428 4 1 0.8476
03 -0.2638 0.0253 0.6637 1 0.8476
04 -0.1663 -0.0164 0.1579 1 0.8476
05 -0.190 4 0.7500 -0.0701 1 0.8476
06 -0.4347 0.7500 0.0930 1 0.8476
K1 -0.2022 0.2500 -0.0842 1 1.5224
K2 0.3607 0.2500 0.5977 1 1.5224
K3 -0.4933 0.2500 0.1918 1 1.5224
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Fig. 2 (a) Excitation (A_ =545 nm) and emission (A_= 373

nm) spectra of KLPO: 0.005Tb*" at RT, the inset dis-

plays the excitation spectrum in the range of 210-

300 nm. (b) Luminescence decay Curves()\m=373 nm,

A,,=436, 545 nm) of KLPO:0.005Tb* at RT.
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Fig.3

(a) Temperature-dependent emission spectra(A_=373 nm) of KLPO:0.005Th"™ in the range of 100-500 K. (b) Tempera-

ture-dependent luminescence decay curves of KLPO:0.005Th™ ((i)A_=373 nm, A_=436 nm; (ii )A_=373 nm, A_=
545 nm). Fourier transform infrared(FT-IR) (¢) and Raman(d) spectra of KLLPO host at RT.
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Fig.4 (a)Excitation(A_,=545 nm) spectra of KLPO: xTh** (x=0.005-0.10) at RT. (b) Area-normalized emission(A_=373 nm)

spectra of KLPO: xTh**(x=0.005-0.10) at RT, the inset shows the emission intensity proportion at 436 nm and 545 nm as

a function of concentration. (¢) Commission Internationale de 1’ Eclairage (CIE) chromaticity coordinates of KLPO: xTh*

emission (A,_=373 nm) and the luminescent images of samples upon 365 nm irradiation. (d) Partial energy level diagram

of Th™ and the illustration of Th** non-radiative processes.
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K5 (a)KLPO:«Th™ Wil 373 nm #{ % 436 nm & 5T 119 % ' 52 0 i £ S H 1-H AR 48 & 45 3 s KLPO : T (x=0.08(b) , 0.10
(e))REM A 1-H R FEAY Y-T A B34 25 5% 1 5 () KLPO :aTh* Wa il 373 nm 0 & 545 nm & 51 19 % 6 2 9 i 2%

I AR

Fig.5 (a)Luminescence decay curves (A =373 nm, A_ =436 nm) of KLPO:xTh* and the corresponding fitted curves via I-H

model., The comparison of fitting results of KLPO: 0.08Tb* (b) and KLPO: 0.10Tb* (¢) via I-H and generalized Y-T

models, respectively. (d) Luminescence decay curves(A_=373 nm, A_ =545 nm) of KLPO: xTh* and the corresponding

fitted results.
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[[(((t))) = exp{ —(;0) —‘:‘TCAF(l —;)(C,)A)B/btw},
(4)
For, 1C0) i Th™ FEIS ) ¢ I A9 42 638 R, 100) B 4R
SR, 7, A e R A Y AR AR 75 i (FE 3 B A I vk
Th™f°D, & 5§ 75 ) , C A RE I SZARBMREE L C, M TE
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FL 220 2R 2R (6 A3 it A A - Al (EDD) AT L 8
AR A A - DU A% (EDQ)AEFH L 10 405 Ha DU A% - U
(EQOEM) . D-Afgi Lt P, nl I F 50K
Py, = CRU/R, (5)

HoRIER TRIMER. 4P, =170 1321 R

(B0 BE A 1 A IR B R, BN T 4k T

WA D L B AR ST ERE B R S AL 4 A

FR B i A% b T A AR A5 o 1-HORE ARG 2 1y #U5
%2 Inokuti-Hirayama #ZZ S HEXSH

Tab.2 Relevant parameters in the fitting process via Inokuti-

Hiyamama model”

B I% CAO/(_ 310“ CA/(jO% CMZ( 1_(1)*70 R,
m”) m”) m'es™")
0. 01 0.4877  0.4980 6.067 0.997 4
0.03 1.463 1.457 7.657 0.997 8
0. 05 2.438 2.359 8.714 0.9918
I e B2 P 4 — — 7.479
0.08 3.901 3.552 8.714 0.976 4
0.10 4.877 4.250 6.147 0.962 1

“C o AR BB A e FE T FEAT B A B SZ K L ¢ G it
T o A ) B 52 PRV EE
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Tab. 3  Relevant parameters in the fitting process via generalized Yokota-Tanimoto model”

BARWEI%  C,/(10° m™) c/(10*°m™)  €,/(10°m™) C,, /(107" m*s") D /(107 m*+s™) R’
0.08 3.901 3.552 0.3495 7.432 2.929 0.976 4
0.10 4.877 4.250 0.626 8 7.234 11.37 0.962 8

S — — 7.333 7.150 —

€ R S 1 2 e 015 U 09 B S U B € DL R b A B 0 v HE L €, S B g
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JnL KA M 0. 0051 436. 48 s T2 0. 101912 186
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Tab.4 Relevant parameters in the decay curve fitting in

Fig. 5(d)
K/s R, K/s R,
1% (at)/%
0. 005 436.48 0.9990 0.01 909.25 0.9984
0.03 1039.7 0.9991 0. 05 2131.3 0.9979
0.08 8811.0 0.9979 0.10 12186 0.9975

3.5 FEENHAETR
T Th™ B 4% 25 FE 5 ik B2 PR 45 T 10 548 24
b, AR R T AR LR T
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7R, W E 6 BT 7R o K KLPO: 2Th™ (x=0. 005,
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ANEMB T, TE 365 nm EHMT FRIR R E G245t
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0.005Tb* 0.01Th* 0.10Tb**
Bl6 42 2% £ i KLPO: 2Th™ (x=0.005, 0.01, 0.10) 7 365
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Fig.6  Anti-counterfeiting application demonstration of sam-
ples KLPO: xTh* (x=0.005, 0.01, 0.10) upon 365

nm excitation
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