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Figure 1 (Color online) (a) Emission spectrum under the excitation
of 395 nm; (b) excitation spectrum of 609 nm emission in 5% Eu’*
doped Y,MoOg.
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Figure 2 (Color online) Emission spectra of Y>MoOg:Eu** 20% (a)
and Y,0,S:Eu** 5% (b) under the excitation of 395 nm.
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Figure 3 Energy level diagram of Ho’* and Yb* and the possible
energy transfer mechanisms for the near-infrared downconversion.
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Figure 4 Excitation spectra of Ho®" emission at 540 nm in NaYF,:
Ho** and Yb* with various Yb* doping concentration. All the spectra
are normalized to the G¢/°F,; peak.
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Figure 5 Excitation spectra of Yb** emission at 1013 nm in NaYF,:

Ho* 0.5%, Yb* 20% and Ho>* emission at 1190 nm in NaYF,:Ho**
0.5%. Both spectra are normalized to the Heah peak.
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Figure 6 Schematic energy level diagram of VO3~ and Yb* and a

possible CET mechanism for the near-infrared downconversion
emission in YVO4Yb?*.
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Figure 7 The decay curves of the vanadate emission at 500 nm for

YVO.,Yb** samples with various Yb** contents. The insert shows the
estimated energy transfer efficiency as a function of Yb** contents.

1118

PRSI0 UE A 0 L.

4 LEBREYRATRICHR

55 FIREAT AR N 9O EhR e MR PO A
AHLGEL BT R SEMRALE, BRI R

FTFE T B KA. O T L A 9 e bR it A4 R
(5 3K, Tl 4 1R b 2 45 R JORE DA 250 B3 15, REARR 53
Ai%E . RSF/NT 50 nm. JESTAT #1059 Bir kit
KB, ) FH R e /1 )\ Ve S 570 IR RE Ak 24 vl DL
A I A N B SR R g Kok U0 e ek
2 K HANUAER R, XFEATT LS ] 2 WY 4%
WA AFEA ML 7 I OR3P 1R R 98D & i g oK hi
TIIBIR, WoNRAR, ek

A B )9 Sehrid MR 7 T o g T
— BT T AR, T T W8 T 50 R T, SR DL
PR+ )\ J SR AL 2R 4 T 2 PE ) NaYF,
BRI A KR, ] XRD. TEM. SEM. TGA
25 TF BN A BRI AZ FVZ /52 40 KR 7 34T T 45 M R
PRI RAE, 25 FR W TRATT R T H A 1 T 4l 75 J7 AT
NaYFE,: 30% Yb**, 0.5% Tm> 49K 1-(19+1 nm)-.
NaYFE,: 30% Yb*', 0.5% Tm>"/NaYF, ¥%/55 44K HL 1
(22+1 nmx25+2 nm). NaYFy: 20% Yb**, 2% Er** %44
KHi 7 (17+1 nm)A NaYFE,: 20% Yb™, 2% Er**/NaYF,
Wil5e KR T-(22+1 nm). EDS 45 526 & B 1) 4 K
R Y3, Y. Tm> A1 Er* T 5 10 S A aG T
WM B FEAARE. 0K 1R /3 HT(TGA) 45 R
KW ILRMAE T — € & WAL, XERE
BTG KR T BAT SR e, SR gk F A bR, B
FC LA KR 1) b A RO W 35 B 9 NaYFy:
30% Yb**, 0.5% Tm**/NaYF, ¥ /5e 40K ki 715 NaYF,:
30% Yb™, 0.5% Tm R 4KbiFAHILL, W6 E 5473
nm) T 2140 &% 55 (803 nm) 4 5% T 60 A1 17 1%;
NaYF,: 20% Yb*, 2% Er**/NaYF, ¥/Z% 40Kk + 5
NaYF;: 20% Yb™, 2% Er*#%ghkhki TAILL, 49tk
SIHESR T 27 s, LU0GRIE R T 48 5. 1K & ks
TR ) FEZ R TR A B RO L O g &
AT 1) R s R o0 ) 36 125 7 1 3 TR D St 8% (e g T LA S50l
AR s TR I ) R 1 (W RS AR A ), B kb T
RAHEK, $m T B R8T 80%.

JERL 2 ¥ BHMT Al =43 T PMAO FE I A B



R P it ORI

20124E F42E F11M

Vo tw ; .
: 2
o ® .s
s .
»
Y
hd
50 nm ./

8 TSI FERNZ/FENAKNFRHIESBER
(a) NaYFE,: Yb* 30%, Tm** 0.5%/NaYF,-PMAO-BHMT; (b) NaYE,: Yb** 20%, Er** 2%/NaYF,-PMAO-BHMT
Figure 8 TEM images of NaYF,: Yb* 30%, Tm** 0.5%/NaYF,— PMAO-BHMT (a) and NaYF,: Yb* 20%, Er’* 2%/NaYF,~PMAO-BHMT
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Rare-earth doped optical spectral conversion materials with
their applications

WEI XianTao, JIANG GuiCheng, DENG KaiMo, CHEN YongHu,
DUAN ChangKui & YIN Min"

Department of Physics, University of Science and Technology of China, Hefei 230026, China

Based on the research work carried out in our laboratory in recent years, we focus on three categories of rare-earth
doped spectral conversion materials, i.e., red phosphor for white-LED lighting, near-infrared downconversion
materials and upconversion nanosized biological fluorescent labeling materials. Our work on the red phosphor for
white-LED has been mainly focused on Eu** doped materials, and the energy transfer from sensitizers to Eu®* ions is
investigated in order to enhance the efficiency under the excitation of near-ultraviolet light. For the purpose of
enhancing the efficiency of silicon-based solar cells, we have carried out the studies on near-infrared downconversion
materials based on stepwise and cooperative energy transfer mechanisms and have clarified the downconversion
mechanisms in NaYFy;Ho®*, Yb®>" and YVO,Yb®* materials. Biological fluorescent labeling is another important
application of luminescent materials, which has some stringent requirements on the materials, such as the
nanoparticle size, water-solubility, non-toxicity and luminescent efficiency. In our recent work, core/shell
NaYE,:Yb**, Er**(Tm*")/NaYE, UCNPs have been successfully synthesized and transferred to aqueous phase by
coating a cross-linked PMAO polymer. The cross-linked core/shell nanoparticles are very stable for several days, and
are successfully internalized into human prostate cancer cells, which substantiates the utility of these nanoparticles in
biolabeling applications. To sum up, due to significant existing and potential applications in biological and chemical
sensing, new energy resources, energy saving and environmental protection, rare-earth doped spectral conversion
materials have been attracting extensive attention. The future of rare-earth doped optical spectral conversion materials
would be bright.

optical spectral conversion materials, rare-earth luminescent, upconversion, LED phosphors
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