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Fig. 1. The XRD patterns of NaErF,@NaYbF, and differ-
ent C-S structures.
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Fig. 2. The TEM images and size distribution of NaErF,@NaYbF, and different C-S structures.
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NaYbF:2%Er3t | #4 C-S fiAR4kLE 0% NaYF,
W25, 5 NaErF,@NaYbF, C-S 4K A
It, NaErF,@ NaYbF,:2% Er**@NaYF, C-S-S 4}
K SRR LT A St BE U i — 2L 858 1T 23 £, 210
LRI 7.5, WP 3(b), 3(c) Fn. 247E NaErF,@
NaYbF,:2%Er3t@NaYF, C-S-S HKEHAR NaYF,
PEPEFE AR EET LA Y3 B, RBYE AR Y3+
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Fig. 3. (a) The UC emission spectra, (b) R/G ratio (c) red and green emission integration intensity of NaErF,@NaYbF, and their

coating with different C-S structures under 980 nm excitation.
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TN E AR Y3 B Uk
FROIKE R ICHRBE RIS, HAETE NaErF @NaYbF :
2%Er**+C-S 9K 25 ML BT NaYbF, i 58, &
M NaErF,@ NaYbF,:2%Er3*@NaYbF, C-S-S 44
KESFRILI T4 i B2 K T B, 214 L )
%22 4.6, 48l 3(a), (b) Fizs. ATUL, 7€ NaErF ,@Na
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B AT IR IR A R LI R . e a, # /D Tm® e
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A AR e R ORI SR AR, &) 4 (a) S H:
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AW ST, AR A Toc P, AR LG
LRSI n AES N 1.74 F12.13, W& 4(b) B,
2 BFE NaErF:0.5%Tm**@NaYbF ;:2%Er**@Na
YF, C-S-S @A rh el | 0 & S5 8 T 306+l
R, Haaotk ST aeh =Dt #2254
X R4 5 Er F /b & Tm? 51
SIAR K, HAMMAS T Evdt &1 R 25 e
i, S 86 45 B4 LiErF 1% Tm3 @NaYF, 44
KZERE P LIRS B9). 8] 4(c) HLHLIE R T % C-
S-S YR EEHH Erd+ B F4L 0 R SR R R
SRR/, HE— B LT a0 & o
SN GBI ES NI

Kl 5 Sk Erdt g 11 AN A% 78 4546 Hh i v BE )
SR RN A A SR BR G KRR IV Y RE R R L R 7R
980 nm WOEI A T, NaErF, 99K dh & Erd+ 5
TR AL o REZOAT LA B 980 nm ST BUAH
&P Erd B TR S e B iy SOk T R,
AR A S (Th1ja*Fr/2, *Lizja"Fy)0) K Er*t
BRI A R (4F7/2+4111/2H4F9/2+4F9/2) [36],
WE 5(a) Fis, 475 NaBErF, Sk S I NaYbF,
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B 4 75980 nm ARIM KR NETF  (a)NaErF:0.5%Tm*@NaYbF :2%Er*@NaYF, C-S Sk i 15 4 & 56 HE; (b) 20, 8% %

P E R FRAKIOC R ; () 41 6K G5 BEXT L (4 1] S LT R (9 214 1)
Fig. 4. (a) The UC emission spectra , (b) power density dependence of red and green emission, and (c¢) comparison of red and green
emission intensity of NaErF:0.5%Tm?**@NaYbF :2%Er*t @ NaYF, C-S structure under different excitation powers of 980 nm (The

insert is corresponding R/G ratio).
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Bl 5 7E 980 nm BOLMA T, NaErF,@NaYbF, S ALK [R A% 78 45 # 7 X0 R 1) e 4% Pl e 7T 6 119 R AL 28
Fig. 5. The corresponding energy level diagrams and possible transition mechanism diagrams of NaErF,@ NaYbF, and their coat-

ing with different C-S structures under 980 nm excitation.
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o BORE 2 OR REAG R 4 A% N Ert i b, flEH

AP Z AU RE, TR AR MUk RE T REDN R If 7
JEENLMBFERL. SR, 545 2% Er’t B T35 3
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NaYbF, i H7e i, Yh3+Es 1 13k & A Al 4 X2
[ RE, PR NaErF,@NaYbF,:2%Er*+ C-S
YK RIILT L SR EE. [FRT, SER R E ) Y3t
BETH R TG By Ers =Y b3 85 1 a) H 22 52 1h)
Rem iR (4F7/2+2F7/2_’4111/2+ 2F5/2) B‘]Zii,
AR A R FE Erd B 1Y 4Ly, BEZR, HE—20
15 AR BRSBTS 1 40,5 RERARUCAT Ji, HE T
ST Ertt LD AR BT ikl 5(Db)
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Red upconversion emission of Er3* enhanced by building
NaErF,@ NaYbF :2%Er?* core-shell structure”
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Abstract

Building core-shell structures are widely used to enhance and regulate the luminescence properties of rare-
earth-doped micro/nano materials. In this work, a variety of different NaErF, core-shell and core-shell-shell
nanocrystals are successfully constructed based on high temperature co-precipitation method by epitaxial
growth technology. The upconversion red emission intensities of Er*t ions in different core-shell structures are
effectively enhanced by regulating their structures and doping ions. The experimental structures show that the
constructed core-shell nanocrystals each have a hexagonal phase structure, and core-shell structure of about 40 nm.
In the near infrared 980 nm laser excitation, the NaErF, core-shell nanocrystal shows a strong single-band red
emission. And the single-band red emission intensity of Er®* ions is enhanced through constructing the
NaErF@NaYbF,:2%Er?* core-shell structure. The experimental results show that red emission intensity of Er3+
ions is about 1.4 times higher than that of the NaErF,@NaYbF, core-shell structure by constructing the
NaErF,@NaYbF ;:2%Er** core-shell structures under 980 nm excitation, and its red/green emission intensity
ratio increases from 5.4 to 6.5. Meanwhile, when NaErF,@NaYbF :2%Er** core-shell structure recoats the
NaYF, inert shell and is added with a small quantity of Tm?* ions, their red emission intensities of Er®* ions
are 23.2 times and 40.3 times that of NaErF,@NaYDbF, core-shell structures, and their red/green emission
intensity ratios reach 7.5 and 10.2, respectively. The red emission enhancement of Er®* ions is mainly caused by
bidirectional energy transfer process of high excitation energy of Yb3" ions and energy trapping center of Tm?3*
ions which effectively change the density of population of luminescent energy levels of Er** ions. Furthermore,
the coated NaYF, inert shell also effectively weakens the surface quenching effect of nanocrystals. The
mechanisms of red enhancement in different core-shell structures are discussed based on the spectral properties,
the process of interion energy transfer, and luminescence kinetics. The constructed NaErF,@NaYbF ;:2%Er+
@NaYF, core-shell structures with high-efficiency red emission in this work have great potential applications in
the fields of colorful anti-counterfeiting, display and biological imaging.

Keywords: nano core-shell structure, upconversion luminescence, red emission regulation, bidirectional energy

transmission
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