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Effect of Non-rare Earth Ion Doping on Upconversion Luminescence of
NaLuF4:Yb,Ho Nanoparticles

TONG Yifan, DAI Yingcai, YU Yongli
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Abstract: Non-rare earth ion-doped NaLuF4:Yb,Ho nanoparticles (NaLuF4:Yb,Ho NPs) were synthesized by using a solvothermal
method. The effects of the types of doping ions (Al’*, Mg?*, Ca?*, Sr’>* and Ba?") and the doping concentration on luminescence
properties of the NaLuF4:Yb,Ho NPs were systematically studied. The doping of AI**, Mg?" and Ca?" could increase the
luminescence intensity of the nanoparticles, while the corresponding maximum luminescence intensities of the products were 3.9
times, 3.8 times and 3.3 times that of the undoped nanoparticles, respectively. When Sr>* and Ba®* were used separately, the
luminescence intensity of the nanoparticles was decreased. XRD results indicated that the doping of Al** and Mg?" could
induce the transition of NaLuF4 crystals from tetragonal to hexagonal phase, while the crystal phase transition was an
important reason for the increase of the luminescence intensity. Ba>* doping caused the formation of non-NaLuF; crystals in
the products. TEM results revealed that the particle size of the NaLuF4:Yb,Ho NPs doped with A1** was significantly small, in
the range of 30-60 nm.
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1.1 K FIFALES

Lu03 (99.99%) . YbaO3 (99.99%) . Ho,0s
(99.99%) W F At 50 A W A FR A F], NaCl |
NH4F. KAI(SO4):12H,0. MgCly'6H,0. CaCls.
SrCl-6H,0+ BaCly-6H,0 T [ 24 42 A Ak 243 571]
HBRAHE], B M W (PEI-25000) ) T Sigma-
Aldrich A H] o

Pl 980 nm BOEEE(VA- 11 D-980) K 4MEGIE
£ Cary Eclipse %6536 EETHEE E TL B %A W)
AR YORR T W RO R . B
THEH R 450 V, KSIHEEH 10 nm. HZ M X-
BT BT (Rigaku/Dmax-rB, fif 2% PANalytical 2y
RV A A KA F A, T 5E 2R Cu 1
Ko 5, FHTEREA 10-70 °©0 FlLB S T Biss
(Tecnai 20, 3¢ [ FEI 2\ R))RAEE AR T 1IES .

1.2 NaLuF4:Yb,Ho NPs B &

KR L AL 1 1 SR A, 13 RH
THEPRERBE AW o SRS, VBRI 3.95
mL 0.20 mol-L~! Lu(NO3);. 1.00 mL 0.20 mol-L""!
Yb(NO3);. 500 mL 0.02 mol-L~! Ho(NOs)s, ik
A1), A 20 mL Z B2, 0.1169 g NaCl, F5g4:
Wi, TEREIFETIINA S mL &4 1.3 g PEI
PIVAW . dRZEEEE 15 min, TEIERES B rpi8 98
1 mL 7 mol-L-' NH4F iAW, Pkaidis, H
1 1 SR VHEE W pH (H2N 7.0, FRAREEHETE 45
min, R IR B R U O AE T, R
THALRECA R R 28, fE 180 ‘C R/ 17 h, 15
#] NaLuF4:Yb,Ho NPs %

W L RAS B R KR 75 WA 8000 rpm T
L 30 min, F2E VW, A 20 mL ZFEFT 5 mL 7K
PRI —IK, BRI 25 mL 2B, B0
21595 NaLuF4:Yb,Ho UL¥E. [MITPLYEHMIA 10 mL
K, M4 HUGR 58] NaLuF4:Yb,Ho NPs ¥ .

BacdEm LB ut, HB s U
Lu*", If HFEH Lo FHB 44 B 1M B i 2 iy
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KARLTAE 541 nm b K R IECIREXT Al T8
ZREAER

ME 1 ATLEH, A A AE 541 nm ., 646 nm
1750 nm &b H B BT, X2 Ho™ B FAURRME &
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B IR RCE ST IE H A4 B 1 R d A
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Fig.1 Emission spectra of the NaLuF4:Yb, Ho NPs doped with
different concentrations of AI** (inset: luminescence intensity
of NaLuF4:Yb,Ho NPs, A=541 nm, as a function of the
concentration of AI*")
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Fig.2 XRD patterns of the NaLuF4:Yb,Ho NPs doped with
different concentrations of AI>*
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Fig.3 Effects of doping concentration on luminescence intensity of the NaLuF4:Yb,Ho NPs
(I and Io refer to the luminescence intensity of doped and undoped nanoparticles): (a)Mg?*, (b) Ca?*, (¢) Sr** and (d) Ba>*
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Fig.6 TEM images of the NaLuF,:Yb,Ho NPs (a) and AI** doped
NaLuF4:Yb,Ho NPs (b)
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