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Fig. 1. XRD patterns of Yb3* /Er3+(20/2%) codoped
NaYF4(a), LiYF4 (b) and YF3 (c) microcrystals.
Therein, the pH values of mother solutions are 4.0 (a),
(b) and 2.5 (c); the fluorine sources of the solutions are
NaF (a) and LiF (b), (c), respectively.
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Fig. 2. SEM images of Yb3+ /Er3+ (20/2%) codoped
NaYF4(a), LiYF4 (b) and YF3 (c) microcrystals.
Therein, the pH values of mother solutions are 4.0 (a),
(b) and 2.5 (c); the fluorine sources of the solutions are
NaF (a) and LiF (b), (c), respectively.
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Fig. 3. The emission spectra, luminescence images and ratios of red to green intensities of Yb3+ /Er3+ doped three
kinds of matrix materials with different Yb3% ion doping concentrations: (a) NaYFy; (b) LiYFy; (c) YF3; (d) red

to green intensity ratios.
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Fig. 4. Upconversion luminescence emission spectra 0- 3 My5pn —L 2F7/2
derived from Yb3t/Er3t (20/2 mol %) doped three Er3+ Yb3+
different single particle fluoride microcrystals (a) and
their real color luminescence images (b). Therein, the K5 Y3t I Erdt B 1 REGSAR R b b IR BRI AL 2 B
excitation wavelength and the excitation power are Fig. 5. The energy levels and transitions diagram of Yb3+
980 nm and 40 mW, respectively. and Er3t ions.

084203-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 67, No. 8 (2018) 084203

Er®t B 7 #%Hyy o — ‘Li52 (520 nm), 4S50 —
152 (550 nm) F14Fg/5 — 415/ (630—670 nm)
BRIE. XF b = Fh I 5T (1) 6 1, B i i B R A
TREFAAR, AH W6 v W e 2 70 SR AR 0T 58 2 R
AT R, 5B = R R R SR
Fe U AR 5 AN B 4 (b) A = Rl B ORL A
i SO AR B R ] LU i, Y3 /Erd T 5%
1 YF 3 K7 1A% T AR ff AR Sl 7 5 20 1 3 (8, 1 5%
e, JHA R A2 G BE 4% 18] 43 A 7w
TR TR B 5, X Fh ] 0T e kR T-7%
T B S M0 6 AT 5 PO T YB3t /EnS 5 4%
LAY B )\ T A 40 J B HH i 200 170 4 €8 b s 3
P, SR th BRI A A S ARG BR AR L\ T A4
e —8. YB3 /Erdt 544 (1) NaYF 4 (OK A JE 7R
TIRFV SR (OGRS, AU — i SR A T A
TR TR ) 7 D' i FE A ] o3 A FE s T A S ) R
POREI . =R EEUAE RIFEBUR K AF R RER TA
A RILLaoe ek LR, £ YR i, #kF45
T RO RS, FELIYF, 3R, 0Tk
T TR S. MENaYFy 3, 26

FUAAR RIS I 92 6 BRBE. el 5 9 65 9% 6 1%
(&1 4 (b)) f9 0 5 3 — 5, M Y5 25 B NaYF,
IR, B (T MBI G 4 (A

NT bR R R R T
YB3 /ErH 3 2 ity = F O IR b 2 o
REN IR IR R R AT, FEEHOR DD
REWCR R, BT B LI 0 o A0 R 5 — A
AT LB A T R BRI A TR T
WHETFALRE, n FAZSET SREET 2. W F =k o
S TR, nERAZAT 2. 864 H T ZHEER
G RN R S 3 TR T B Bk 2,
B R R DDA I, R L R
WOR F AL @ISR TR RO S 3R P 6 2k
O n 12 =R E R R R TRORIOIX . 16 YT,
RILIYF, S5, n 4T R T 2, B T S
HIRUG TR, T 2E NaYFy 365 o, Z006HITh 24k
Bk A EEAET 3, KR T SR TR, 46H
DM R, n ERKT 2, R T A TFid i
W=k Tt RS

404 NaYF;Yb/Er(20/2%) LiYF4:Yb/Er(20/2%) 1007 vF4:Yb/Er(20/2%)
WM Green n=2.5 304 B Greenn=2.1 B Greenn=2.1
304 @ Redn=29 @® Redn=20 ® Redn=24
n n 3
E £ 20 E .
% 20 = .
; : :
oy z £
1) = 2 104
=] =] Q
g o} 2
& = 10 =
10
]
(a) (b) (c)
T T T T T T T T T T T T T
35 40 45 50 55 60 40 60 70 80 50 100 150

Power density/mW

Power density/mW

Power density/mW

Fl6 wOtmESHOLThREENEEKR (a) NaYF4:Yb3H /Er3t (20/2 mol%); (b) LiYF4:Yb3+ /Er3t (20/2 mol%);
(c) YF3: Yb3t/Er3t (20/2 mol%); ?i%ﬁﬁ‘ﬁ%ﬁ?EﬁJr%TE@‘ng,/g — g0 BKIE, AETOCHEA T E3T BT

4F9/2 — 4115/2 BRIT

Fig. 6. Log-log plots of green emission and red emission intensities as a function of excitation power densities with
980 nm excitation from NaYF4:Yb3+ /Er3t (20/2 mol%) (a), LiYF4:Yb3+ /Er3* (20/2 mol%) (b) and YF5:Yb3+ /Er3+
(20/2 mol%) (c) microcrystals. Green and red luminescence are derived from 4Sg/5 — *Iy5/5 and *Fg/5 — *115/9
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Fig. 7. Temporal evolutions from green (a) and red (b) luminescence of the Er3T upon excitation at 980 nm.
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Abstract

Rare earth doped upconverting micro/nanoparticles with controlled size and structure, which are excited by near-
infrared light and emit the visible light, possess many applications especially in the areas of biomedicine and photonics
devices. There is no universally favored spectral profile in a variety of specific applications. We expect upconversion
(UC) nanoparticles with the tunable spectral behavior to meet the demand for actual applications. Although the UC
emission wavelengths are strictly limited by the electronic structure of the dopant, the spectral profile could be varied
by many factors such as the structure, size, and crystallization. Varying matrix host is the most convenient approach to
dynamically tuning UC that is essential for a variety of studies. However, this approach suffers a significant constraint
due to insensitive response of most dopant luminescence centers to matrix host. In this paper, a facile EDTA-assisted
hydrothermal approach is developed to the shape-selective synthesis of fluoride microcrystals including NaYF4 rods,
LiYF4 octahedrons, and YF3 cuboid brick, by only tuning the pH of the mother liquid. The UC spectra of a series of
Yb3T /Er®*T-doped fluoride particles with the different shapes and phases are investigated in detail under a near-infrared
co-focused laser excitation . The effects of matrix hosts on UC luminescence attributed to the 4f-4f transitions of the
Er3T ions in a single particle are amplified through elevating Yb®* concentration. The associated tuning mechanisms are
explored by using the power dependent UC luminescence and the temporal evolutions of up/down-conversion emission
spectra. Mechanistic investigation reveals that the sensitive response of Er** UC emission to matrix host stems from
maximal use of the various channels populated luminescence levels. It is well known that the population and depopulation
of the luminescence levels strongly depend on the excitation power density, the energy level structure of electron, the
ratio of the population ions between the two levels, maximum phonon energy and phonon density. The matrix plays
the most important role in both the population and depopulation of the luminescence levels mediated by modifying
the radiation relaxation probability and non-radiation relaxation probability via varying lattice symmetry and phonon
energy. However, the fine modification of the matrix by doping is not always effective to luminescence tuning. In the
current study, comparing with LiYF4 and YF3 matrixes, it is interestingly found that NaYF4 matrix can effectively
tune the intensity ratio of red to green luminescence from 0.48 to 6.11 by varying Yb®* concentration from 0 to 98%
particle. The result indicates that the multiple aspects in the UC process could be influenced by Yb3* doping NaYF,
matrix structure. We believe that Yb3+/ Er3t codoped NaYF4 matrixes with various Yb3T concentrations will result in

applications in displays, biological imaging, chemical sensing and anticounterfeiting.

Keywords: red to green radio, spectral tuning, host matrix, Yb3* concentration
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