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Controlled synthesis and up-conversion luminescence
properties of S-NaYF,: Yb*", Er’* nanocrystals
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Abstract: NaYF,: Yb*', Er’* up-conversion (UC) luminescence materials with different shapes and sizes were obtained
by a facile hydrothermal method. The effects of chelating agent, sensitizer concentration, activator concentration, NH4F
concentration and the hydrothermal time on the luminescence properties of the products were investigated. And the
synthetic conditions were optimized by orthogonal experiments. Then, the products were characterized by XRD and SEM.
The results show that the minimum particle size of the sample is about 100 nm. The fluorescence spectra is also
demonstrated, the results show that the products emit green fluorescence at 542 nm when they are excited by a 980 nm
laser source. f-NaYF, with different shapes (tubular, nanospheres, hexagonal prisms) and sizes(from nano-scale to
micro-scale) can be selectively synthesized in different chelating agents. f-NaYF,: Yb*', Er'' have the potential
application in biological labeling and imaging for its strong UC emission intensity and better dispersion.

Key words: hydrothermal method; up-conversion; NaYF,: Yb*, Er’; luminescence; orthogonal experiment

Wb REHOM R —FIELLACIBOR TR SRR R S 1 R e e e V2 1 TR A
i R T WG R ERRE, AIEMRI AN s AN B E OGRS SRR KB ReHn Jesh iy
FCRE DT R — N mbe e Mt b VEEVEREUR, Ik, fEARBE R, B

HEEWME: EXRARFAEEETIBINH (1103312, 21341010); A 0K HBA % BT H (IRT1238): R 4 BHEEAR TRV H (2012GK3156)
WimBHA: 2013-12-20; 1EITHHA: 2014-04-25
BIEEE: WA, #3%, Wit fif: 0731-88821449; E-mail: dcguo2001@hnu.edu.cn



1832 A G EE R

2014427 H

MORME N AT ARE T 2 3 2 e, #it b
AR R S L, LR+ 3 B 2 A
AR 75 1 R A f U R R R
Fb 2R e VECTTT ey R T R

B-NaYF, & H i A A E 3R e v (3 J5ibt
BL bR AT A B B, AR RS
% . SONG 5 R| ¥ AL — D I & % T 3%
IKPERI A BARFNER K ¥ NaYF, YW/Er 402K o LT 25014
WK BGE S BT WK ) /S AT TE NaYFy:Ho ¢
JeREL, I C R GA™ B 1 1B 20 L 45 R AT
JetEfEMIREmT . AR, S A AR E AR L,
NaYF, A7 ST R KM 22 L 9 5 o 8 AR5 il fL
RGO T % T I e bk i . &
JESREE TESUNIIZE B A NaYF, i H R BT I )
Poilk o ASCAEF LI ATRDY . APk AR,
EDTA. P76 IR B A 245 771 R R R 7K gk sl
EAFEIES . RSP B-NaYF,: YO, Er ok, %%
B B, BEEA s A B S KA TR
L E IR I o FEM R IR A SR 22 4 NaYFE,
Yb¥, Er R AR T A

1 LG

1.1 &/

I E &M YClL. YbCl; A ErCly T-Hept i,
WA NREI AT NG SR TR, T
30 min; JIAJEZREE A 0.75:1 M EALEN 5 itk ki &5
WL BERE 1 h SRR 2 2R DU TR L0 P AT (R 7K s
s T 180 CHERL R N — I [H] JE v El R s K
RIVAZ BN PTRE SO, HH CRE BT K2 IR
Tk WHEE SR H A5 NaYFy YB'', Er''s

ERAE T 24T, DUEARE. %, A
M2 EDTA FIFE RN A 245704 1 NaYF.: Yb',
Er’" BRI R B HRRP 4 a by o dy e

1.2 RIESHEN

WA 53 B K 48 [ Bruker /A %) D8 ADVANCE #!
X B AT @40 kV, 40 mA), WHREME: Cu K,
W2 (A=1.54187A); FAHEHE 0.5 s+ FAHILK N 0.02°;
FIEVER] 10°~80°. SEM >4 F20 3 & 413 i1 B4
B5(M5 Tecnai G* F20 S-TWIN, 3 [H FEI A #)). %6
JeHE R H] HITACHI F-2700 %6614 (400V, 2.5 nm)

DN DG, 980 nm YL O S AU U U
s 00 R DA 2% R IE AT S 56 4G 7 i (4 A L 0 0 A
0.6 A F10.5A,

2 FHR51R

2.1 EREEI BRI SRR
2.1.1 ELEHHE

li] 52 B Y HIPEE IR BN T8 M (RE) T
20%, B nyy=20%nge; BIEF] Er & np=2%nge
WAL R nNH4F:8nRE’ KRS A 4 h, ZEE
AR & n' A 0.5nge HEME] 1.5nke, HAR“HIH)
PG WE 1 s,

400 45|0 560 55|0 660 65|O
Wavelength/nm

1 A FIHEE S BN 1) NaYFy: YO, Er (#) R

O

Fig. 1 Up-conversion emission spectra of obtained NaYF,:

Yb**, Er'" products prepared with different chelating agent

concentrations
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Fig. 2 Changing trend of up-conversion emission intensity
(542 nm) of target products prepared with different sensitizer

concentrations
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Fig. 3 Changing trend of up-conversion emission intensity
(542 nm) of target products prepared with different activator

concentrations
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Fig. 4 Changing trend of up-conversion emission intensity
(542 nm) of target products prepared with different NH,F

concentrations
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Table 1 Factors and levels of optimize UC emission intensity
of NaYF,Yb*" Er**

Level (n'/ngg), (nyv/nre), (nnpar/mre), Hydrothermal
A B/% C/% time, D/h
1 1.25 17 9 11
2 1.50 18 10 12
3 1.75 19 11 13
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Table 2 Orthogonal test layouts and results of optimize UC

emission intensity of NaYF,:Yb*" Er**

Test Factor UC emission intensity

No. A B C D Experiment 1  Experiment 2
1 1 1 1 1 4005 3920
2 1 2 2 2 5622 5461
3 1 3 3 3 4591 4321
4 2 1 2 3 4714 4514
5 2 2 3 1 5282 5334
6 2 3 1 2 3510 3725
7 3 1 3 2 4340 4264
8 3 2 1 3 3785 3644
9 3 3 2 1 3511 3247
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Fig. 7 XRD patterns of obtained products prepared by
hydrothermal method in presence of sodium tartrate (a), citric

acid (b), tartaric acid (c), EDTA (d) and trisodium citrate (e)
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Fig. 8 SEM images of obtained NaYF,:
Yb*, Er’* products prepared by hydrothermal
method in presence of sodium tartrate (a),
citric acid (b), tartaric acid (c), EDTA (d) and

trisodium ()
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Fig. 9 Up-conversion emission spectra of obtained NaYF,:
Yb*, Er'" products prepared by hydrothermal method in
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