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Preparation and Biofunctionalization of NaYF,: Yb’* Er”*
Upconversion Luminescent Nanoparticles
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Abstract: Upconversion nanophosphors were prepared by a solvothermal method. Then the
surface of the upconversion nanophosphors was capped with silica by a modified Stober method.
It was further treated with silane coupling agent to modify amino groups onto the surface of the
nanophosphors. Finally, avidin was coupled onto the surface of the nanophosphors using
glutaraldehyde as cross-linker. So, a avidin— functionalized upconversion nanophosphors was
successfully prepared. The nanophosphors together with its functionalized process were
characterized by transmission electron microscopy (TEM), X-ray diffraction (XRD), fourier
transform infrared ( FI-IR) spectroscopy, respectively. The results suggested that the
functionalized nanophosphors have successfully conjugated with avidin and still keep its
upconversion luminescence property.

Key words: upconversion luminescence, nanoparticles, biofunctionalization

:2010-06-28
863 (2008AA10Z419), (20070295014),
( BK20081603)
* : (1974-), s s N Email:

w angzp@ jiangnan. edu. cn



% 4 H & W&, LA NaYFe: Yo Er'" K bsh Ak T4 &R LA 4hohis 1o 507

(RNA)
(DNA)
[1-2] ’
( ) ,
’ s ’
195 C
45~ 55 nm NaYF4:
Yb' Er” , Stober
LS
11
DE-101S :
, ; KF300
; 5804R
; JEM 2100
(TEM): JEOL ,
; D8 Advance X
Bruker s 5
UV-2012 PCS (

) .

7000 ( R
980 nm ), Hitachi ,
; Nicolet Nexus
470 , Thermo Electron
Co. ,
12
, R (99 9%) :
(EDTA), , , ,
(CTAB), , ,
, , (TEOS), s
;3
(APTES), : sigma ;
13

131 NaYFs: Yb™ Ex™ 9K L0604 &

[ 7]
) 0.5g Y205, 0035 g Yh203, 0.085 g

Er20; s 5~ 7 mL
, 1. 36 g EDTA,5 mL
, Q5 g NaOH , PH
8.5, 8 mL
2) 04 g
CTAB,25 mL , 3 0 mLHF,
55 mL ,
, 50 mL
,195 C 24 h
3) )
5 min, )
, , , 3
) 4 800 r/ min 2
min, 70 C 10 h,

NaYFs: Yb™" Er’*
1 3.2 NaYFs: YB* Ex™ 2@ s ik
Stober  '*”:20mg NaYFa: Yb™* Er”*

60 mL 30 min, 35
C 25 mL 20 mL,
25 ul. TEOS 20 mL ,
, 4 h 200 ul. APTES 30 mL
) ) 1 h ,
3, 5 °TC 12 h

133 MARETFRFRENES



508 £ % 5 &£ H H K F R %30 %
[10, 11 :16-0334),
: 2(b) , NaY Fa:
1)2 mg NaYF4: Yb™" Er” Yb* Er™ 3
5% PBS , 528 544 657 nm
4 h; Er3 + 2Huz % Iis2 (1528 nm)
2)  PBS(10 mmol/ L, PH 7. 4) “Sy2 " *Lisi2 (544 nm)  *Foz  *TLis2 (657 nm)
3, : [12]
3) PBS | ( 300
Q 15 mg/ mg), 12 h; 250
4)  PBS 3 , 200
I mL PBS & 150
134 MAETH R (TEM) ¥ 100
NaYFe: Yb* Er’ W
NaYFs: Yb™ Er™* 01—0 30 30 0 50 %0
; D8 Advance X A B-NaYF4:Yb,Er
: E > a-NaYF4:Yb,Er
7000 -
; UV=2012 PCS T z
10 21() 30 Zﬁ 4‘() 51:‘\ i}((aﬁ:r
; Nicolet Nexus (za”)
470
2 #E 5148
21 NaYF::Yb™ Erf” -
1 NaYFs: Y™ Er’* f
TEM NaYFi: Yb™*
Er’* \ (40X5) nm
, , 300 400 5[0(0 600 700
o
y: 2 NaYF,: Yb* Er* XRD
NaYF,, B-NaYF, (a) (b)

»
i
1 NaYF,: Yb* Ertr TEM
Fig.1 TEM image of the prepared NaYF,: Yb’* Er*
llpCOIlVﬂ‘SiOIl nanoctyslals
2(a) NaY Fs: Yb* Er* XRD
) (a
JCPDS :772042) (B ,JCPDS

Fig.2 XRD patterns of the NaYF,: Yb** Er* upconversion
nanocrystals and the standard data for a-NaYF,, B-
NaYF, as areference (a), and the luminescence spec-
tra of NaYF,: Yb** Er** upconversion nanocrystals
(b)

22 NaYF4: Yb, Er



% 4 8 Z WE: & NaYFe: YO Ex’™ A b Kb T4 & A LA o ht AL 509
3 Stober Si02
) 10 nm s
(50%£5) nm, Si02
i
|
> R
& 400 500 600 700
: i ; F£K/nm
3k # (b)
i 4 S0,  NaYFy: Yb* Er*
s () (b)
Fig.4 FFIR spectra (a) and luminescence spectrum of
3 S0, NaYF,: Yb* Er* SiO; capped NaYF,: Yb* Er* upconversion

TEM
Fig.3 TEM image of SiO, capped NaYF,: Yb** Er** up-

conversion nanocrystals functionalized with— NH,

nanocrystals functionalized with— NH, group
23 NaYF:: Yb™" Er”

group Si0: NaYFs: Yb™ Er’
4(a) Si102
NaYFas: Yb™" Er'™ , 1045
em | S+ 0-Si Si0:
, 781 cm’™ Si0» 3415 cm’! NaYF+: Yb™ Er” ~NH:
1660 cm'' NH . 280 nm )
,2933 emi'  APTES ,
Si02
5 , 5 a
Si0 NaYFs: Yb™ b
Er’* 5
( 4b) NaYFs: Yb™ Er’* ,
, Si0: NaYFs: Yb™ Er” -NH>
0.5r a
, 3 528 544 oal
657 nm
55 < 0.3+
0.2
1660 781 0.1F
O\:z;_ e 0.2050 Zin 2‘;0 2;0 2:)0 3(1)0 310 320 330
5l ¥ ¥/nm
20+ 5 (a) NaYF;:
15 V. Yb* Er* (b)
140000 35I00 3(;00 25L00 2(1)00 15100 1(;00 5(1)0

B ¥/cm™
(a)

Fig.5 Absorption spectra of initial avidin solution (a) and
supernatant after avidin conjugated amine- functional-
ized NaYFE, : Yb* Er* nanogparticles (b)



510 £ % 5 42 H H K F K %30 %

s o TEM XRD
3 % 5 FT-IR U V-vis NaYF:
3+ 3+
, NaYFs: Yb™* Er™* Yb Er
R Stober Si02 ’
, NaYFs:Yb' Er’’

(References):

[ 1] BruchezM, Moronne M, Gin P, et al. Semiconductor nanocrystals as fluorescent biologicallabels[ J]. Science, 1998,
281, 2013- 2016.

[ 2] Chan WCW, Nie SM. Quantum dot bioconjugates for ultrasensitive nonisotopic detection | J|. Sdence, 1998, 281, 2016
- 2018.

[ 3] Vetrone F, Boyer JC, Capobianco JA, et al. Concentratiordependent nearinfrared to visible upconversion in nanocrystat
line and bulk Y,0;3: Er* [J]. Chem Mat, 2003, 15, 2737- 2743.

[ 4] Yan RX, Li YD. Down/Up conversion in Ln®*)-~doped YF; nanocrystals [J]. Adv Funct Mater, 2005, 15, 763— 770.

[ 5] , s . NaYF4: Yb, Ho [J]. . 2004, 9
(25), 1589- 1592.
YANG Feng-zhan, YI Guangshun, CHEN Depu. Synthesis and up-conversion luminescence properties of nanocrystal
Yb,Ho Ce-doped sodium yttrium fluoride[ J] . Chem J Chin Univ, 2004, 9(25), 1589- 1592. (in Chinese)

[ 6] Gu HW, Zheng R K, Zhang X X, et al. Facile one-pot synthesis of bifunctional het erodimers of nanoparticles: A conju-
gate of quantum dot and magnetic nanoparticles| J] . J Am Chem Soc, 2004, 126, 5664- 5665.

[ 7] Wang L, Li Y. Green upconversion nanocrystals for DNA detection[]J]. Chem Commun, 2006, 2557- 25509.

[ 8] Mader HS, Link M, Achatz DE, et al. Surface modified upconverting microparticles and nanoparticles for use in click
chemistries| J]. Chem Eur J, 2010, 16, 5416— 5424.

[ 9] Wang M, Hou W, MiC C, etal. Immunoassay of Goat Antihuman Immunoglobulin G Antibody Based on Luminescence
Resonance Energy T ransfer between Near Infrared Responsive NaYF4: Yb, Er U pconversion Fluorescent Nanoparticles
and Gold Nanoparticles[ J] . Anal. Chem, 2009, 81, 8783- 8789.

[10] Kong D, Quan Z, Yang J, et al. Avidin conjugation to up-conversion phosphor NaY F4: Yb** Er* by the oxidation of the
oligosaccharide chains [ J] . J Nanopart Res, 2009, 11, 821- 829.

[11] Lu H, Yi G, Zhao S, etal. Synthesis and characterization of mult+ functional nanoparticles possessing magnetic, up con
version fluorescence and bie-affinity properties| J] . J Mater Chem, 2004, 14, 1336— 1341.

[ 12] Wang M, Mi C C, Wang W X, et al. Immunolabeling and NIR-Excited Fluorescent Imaging of HelLa Cells by Using
NaYF4:Yb, Er U pconversion Nanoparticle [ J]. ACS Nano, 2009, 3(6), 1580- 1586.



