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2.1.1 SBEH
Y203(99.99%), YboOs (99.99%), Er,Os
(99.99%), NaF (98.00%), LiF (98.00%), NH,F
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A = 0.15406 nm) 3 fiF A1 3 355 49 i B 7 5 A e
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c=10.692 A.
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1
Fig. 1.
(d) LiYF4:20%Yb3+ /2%Er3+ microcrystals.

3.2 Er®t/Yb%t # # NaYF, # LiYF,

KRR R & 5

K2 (a) 7R T AE I 404 6980 nm ¥ & F,
2%Er3T /20% Yb3 T 14578 NaYFy Fl LiYF4 fCK &
IR BB R BEIE. W 2 (a) AT I, Erdt
TE X 5 Fh AN [ 1) s 1 P 280 8 B0 R AR 5 1 4 D A
ZLOG RS, & A R A R BRIE A WA 7y
AR 2Hi1 2 — Tis2 (520.2 nm), 1S3/ — 5,0

60 70

(a), (c) NaYF4:20%Yb3* /2%Er3+ #1 (b), (d) LiYF4:20%Yb3t /2% Er3t HK A SEM EA XRD
The SEM images and XRD patterns of

(a), (c) NaYF4:20%YDb3T/2%Er3t and (b),

(545.4 nm), 2Hg/s — *I13/5 (551.1 nm), *Fgp —
“Ty5/2 (653.1 nm) (16=18] " NaYF4 K fi A 156 e
R B B OR 2 2 LiYF 4 TIOK & 4R 1 2%, [5]IF 7E
NaYF UK 5 14 o 0 52 34555 16 6 K 0, T 2
LiYF, K S8 44 204N B 2. 3l o % 3 5 A AN TR
TR it AR PR 00 i 5 B 15 ¢ 01 D S0 it JEE R AT L
B, HHERALE (R/G). R KDL LiYF4 i
KR R/G = 0.98 B 2 5 T NaYF, Ok i 4
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W, W6 R R ER A 2Hy o BB M R ERE, 3
R 500 J& AT BE R F AN AN R fR S R —, &
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FRAT ERIE A B R e
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ET
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(MFIRAL) (a) 7E£ 980 nm T LLAMEHIEA T, NaYF4:20%Yb3t /2%Er3 T Al LiYF4:20%Yb3t /2%Er3+

TOK iR 1) 3545 o e s (b) Ex3+ A1 Yb3T AH L BELGL L T RE 1A B AL 1 A L3 P
Fig. 2. (color online) (a) The upconversion luminescence spectra of NaYF4:20%Yb3* /2%Er3+ and LiYF4:
20%Yb3t /2%Er3t microcrystals under 980 nm excitation; (b) the energy level diagram and proposed energy

transfer mechanism of the Er3* and Yb31 ions.
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IO B RBA DR 2 8] AR 2

Fig. 3. Pump power dependences of (a) NaYF4:20%Yb3* /2%Er3* and (b) LiYF4:20%Yb3+ /2%Er3+ mi-

crocrystals.
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WREF, W7 NaYF, M LiYF, K Sk R OE 8 7
F) J53 4ok B4 153 6k Bk ¢ 01 P 4 (a) & 7E 532 nm

2

(D)

W)
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20%YDb3F /2% Ew3 T SOK @ AR = A Eudt 1R 5
Jeik. Y B EWT 1 °Do—"Fo N LB R ERAE, X
R A HL U T PDo—TF W A T AR B R AT
KA Z I AR B, BRI sp, 7p, /Isp, 7,
LU B m 5 ] 375 4 e WA b B85 1 i A )R A 85
XF AR ) A, PGB RN, RS W LR T
FIT Ak 1) J53 355 BA 156 558 R 14 AR ARG, A L 1 FEL S AR R
MR K. MRYE B 4 (a) Fron g5 BT H, 7E
NaYF4:20%Yb3t /2% Bt Sk, {88 0.75; 1
TELiYF4:20%Yb3T 2% Eut 44 K 1k ih, nfH 4
N1.33. AR, NaYFy WOK g4k b 85 B b 16 /)
O PRAPE AR, F AR AR R S BRI ME R AR, R
LI

(2)

o 5Do—TF,
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Intensity/arb. units
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(b) NaYFy4: 20%Yb3+ /2%Er3t fl LiYF4:20%Yb3t /2% Er3+ )5 5 ik

Fig. 4.

(color online) The downconversion emission spectra of (a) NaYF4:20%Yb3+/2%Er3+ and

LiYF4:20%Yb3t /2%Er3t; (b) NaYF4:20%Yb3t /2%Er3t and LiYF420%Yb3+ /2%Er3* microcrystals un-

der 532 nm excitation.

B P 3 (a) AT, B 73 7R AR BHOK 1k 2 18] 1
DCREARFZ AN, R/G WM ZER K. iR
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IEBNWOR A 2Hyy o BEZL, 30 T 46 iR 1 T
o, WA R/G sz mE R, K4 (b) ~532 nm
BOLBEUR T, Ex3 R IX B A A R RCK @R 1 R
ARG RIS X PR [F] (R AOK B A 38 FE B
AR SR ) 806 B KB ER e kS, H R/G W
BANE. £ LiYF4:20%Yb3 /2% Erdt feK i,
HR/G = 0.32, M7E NaYF;:20%Yb3t /2% Er3* il
K, HR/G = 0.12, BIEH/N. #£532 nm %
S E SR T, B3 () /T, Haek i

FORE T80 B0 T AR 2Hy, o (Ss)) HOTEHR
St Rk B, Bt L, LiYF, SOk 5 B
R TR B R, T S BRI R/G.

AR ERHE IR, TATS T 27 Tk
S, % T AR R gy 7

WyNr = A[l — eXp_’w/(kT)]P, (2)

Hef AW, P = AE/(hw) NE T, AEZ
i LB T HOR S R R B B A0 IR T RERIAI M RE & 2%
hw NEEJRFE FRER. BHEBEW T, 4B T8
W PE BRI, B 2 8] M B AR T 2 AR
R st TR RO R R B OR H T 2 ot
B WL, S ER TR R EURE, AR
TCFE ST o IR, $ i R . B SCHER [38] AT AT,
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Fig. 5. FTIR spectra of the (a) NaYF4:20%Yb31/

2%Er3* and (b) LiYF4 20%Yb3+ /2%Er3+ microcrys-

tals.
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Fig. 6. The SEM images of the (a) NaYF4:20%Yb%t /2%Er3* and (b) LiYF4:20%Yb3+ /2%Er3+ micro-

crystals without EDTA.
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Fig. 7. The XRD patterns of the (a) NaYF4:20%Yb3t /2%Er3t and (b) LiYF4:20%Yb3t /2%Er3+ micro-

crystals without EDTA.
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Abstract

Lanthanide-doped upconverting fluoride nano- and micro-materials have aroused much research interest due to
their potential applications in phosphors, color displays, optical storages, solid-state lasers, solar cells and biomedical
imaging. In order to synthesize Ln®" doped crystals with favorable optical properties, such as high upconversion (UC)
efficiency and controllable emission profile, the two major parameters that affect luminescence processes including host
materials and lanthanide activator ions should be selected appropriately in the synthesis process. Majority of scien-
tists deem that lanthanide doped fluoride nano- and micro-materials with low phonon energy are currently the efficient
UC host materials. In this work, Yb®" and Er®*" ions codoped NaYF, and LiYF,4 microcrystals are synthesized by a
facile hydrothermal method with ethylene diamine tetraacetic acid (EDTA) as a chelator. The NaYF4:Yb*t /Er®t and
LiYF4: YB3+ / Er3* microcrystals are characterized by X-ray diffraction (XRD), scanning electron microscope(SEM), and
the photo-luminescence spectra method. The influences of EDTA on the crystal phase, shape and upconversion lumines-
cence are explored in detail. According to the results of XRD and SEM, the pure hexagonal phased NaYF4:Yb3+ / Erdt
rod-like microcrystals each with smooth surface are all around 12 pm in the length. While the pure tetragonal phased
LiYF4: YB3+ /Er?’Jr microcrystals each with smooth surface are octahedral in shape, and their average size is around
12 um. Under near infrared (NIR) 980 nm excitation, the two dominant emission peaks of Er®" ions at 544 nm and
at 650 nm are observed in NaYF4 and LiYF4 microcrystals, which can be assigned to the transitions of (2H11 2/ 48, /2)
— 15,2 and *Fg 2 — *115,2, respectively. It is found that the upconversion luminescence intensity of NaYF4:Yb** /Er®*t
microcrystals is about two times that of LiYF4:Yb3T / Er3t microcrystals under the same excitation conditions. The ratio
of red-to-green emission of Er®* ions in LiYF4 microcrystals is higher than that of the NaYF4:Yb3+/Er3+micr0crystals.
The changes of the spectra in the different hosts could stem from two sources: one is that the nonradiation relaxation
probability relative to phonon energy of matrix, the other is that the radiative transition probability relative to the site
symmetry of the crystal field acting on the ion. The ratios between Dy — “F; and Dy — “F; transitions of Eu®" ions
in NaYF4:Yb3*+ / Eu®t and LiYF4:Yb3* / Eu®t microcrystals are employed to compare and elucidate the site symmetry of
the crystal field for Ln®7 ions. Note that the ratio of ° Dy — "F; and °Dy — "F5 transitions in NaYF4:Yb3+/Eu3+ micro-
crystals is smaller than that of the LiYF4:Yb3" /Eu®" microcrystals, which indicates a much higher radiative relaxation
rate in NaYF4 microcrystals than in LiYF4 microcrystals. The organic ligands of EDTA on the surface of microparticles
affect the properties of luminescence through changing the nonradiative relaxation rate, resulting in the different R/G
ratios in NaYF4 and LiYF4 microcrystals. This result can be further supported by the comparison between NaYF4 and
LiYF4 microcrystals without EDTA added in the preparation process. The micro-sized luminescence materials usually
present stronger upconversion luminescence because of their higher degree of crystallinity and less surface quenching
centers. Thus, the Er** codoped NaYF, and LiYF,4 microcrystals exhibit strong green upconversion emission, which

has potential applications in full-color displays and microelectronic devices.

Keywords: NaYF, crystals, LiYF, crystals, upconversion luminescence, local symmetry
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