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1.1 RFSNE

Y,0,(#liJ 99.99% ) . Yh,0,( 4l 99.99% ) Fl Er,0,( £ 99. 99% ) W FIb 5 - B# H AR A FR
3] AR (OA) | NH,F(98% )  N-F2 b A BEHIWE WM ( Sulfo-NHS) | 2-( N-"A) LB R (MES) |
A IiLYE AR I (BSA) A b SRR A ( SDS ) S5 T [ 245 48 P AL 2= 10R A BRA |5 EoR RIS -+ /Wi
W 2SR Y (PMAO, M, =30000 ~50000) T Aldrich 28 &3+ /\BkJ (25 90% ) W T Alfa aesar
N SR K R A 2B K.

81001V 737 5 A b 1345 ( H A Hitachi 23 H]) , JIEEAL R 200 kV; F4500 9866354 ( H A Hitachi
Al R ICIR N AMER) 980 nm FOEER (TR 1 mW) 3 Colloidal Dynamics Zeta HL V53 HTAX ( SEE Col-
loidal Dynamics A ] ) 5 Motic AE30 21'& 4= 1) AR LASME 980 nm HOGAR UL G
1.2 NaYF,:Yb* Er* 4K BHIH &

NaYF, : Yb™, Er'* B ICHUK G Il 2 S IS0k [ 24 ] 7. W3R S5 AW = 313 19 YCI,
(0.78 mmol) , YbCL(0.2 mmol), ErCl,(0.02 mmol) ##i# LA 50 mL =FH 4, 1w R himA
12 mLA/\ B 9 mL IMER, NI 160 C (7 - 48 7m0 i i, RENE =, HE A FK (4 mmol
NH, F) Fl4#i (2. 5 mmol NaOH) i FEESS VB A RN g, it Pl 2 iR &, R)E, FERAR
PR3P G A H AR o5 B P BEAR], THIRZE 330 C IR 1 h JE ik v, W ZHIR, &0
WA S, H S BE-ZKIR AN O BE-E TR AW BIETE 2 IR, PRARHGUR AT O b b .
1.3 NaYF,-PMAO 4K B85 &

KA PMAO MR /K i AL B . BRI 40 mg AW T 20 mL NET, IIA 2 ~4 mL K, F
65 CEMEHFERIL 12 h, HREGWH R KM R, w5l B O™, BRI o i PR A
K, IKIEREW T Sl L

¥ 1 mL &4 5 mg NaYF, : Yb™, EX* 9K EAFF OIS 10 mL A% T 20 mg SDS M7K I IRIR
G, 7E200 o/min 73 T @G S8 HEFLAE 30 min, ZJSTERHE T 28 N#AE] 70 °C 28 R IsUR R NI AL,
e UL, AT I AN KR 5 2 T TG P 50 W BE e (B4 NaYF,-SDS 4380T 2 mL oK SEEH. SR
JE R INE] 10 mL #4620 mg /KfFEA PMAO I LA R , mli i £ 12 h, B0 UcERER, H
CEEHVE 3 W BB BAY), &5k NaYF,-PMAO BE 5 /0 HPE 25 88 Tk b F T E— 2540
1.4 NaYF,-PMAO #KHFHIFEZEZ &

HL#5 2.0 mg NaYF,-PMAO 3T 1.0 mL MES(0.02 mol/L) Z& /¥ (pH=6.0) H, A 5 mg
EDAC 5 15 mg sulfo-NHS, ZEHEFEN 4 h J5E.04ifl, FAE0T MES J1, A 1 mg BB E, 4
C FHRERI 48 h. )5, ¥R ZE M NaYF,-PMAO KiF .04k 5 438 T 5 mmol/L (9 HliR£h 2%
MR (pH=8.5) & .

B2 RIAEESALEER 5 0. 1 mg/mL AT FIAE 37 C N 2 h, A3 8 1 B E 16
A, THYE3 R 2% i BSA ¥, OV 1 h FlTFREE . 25, %2 MR 25 A 0.1
mg/mL FHNEH (W) 54 RN FEINE DS, 7637 C TR 2 h, HHAH. RE0
PIALRE 53 3 5 R R DIRE ALY NaYF,-PMAO Kb FHEATRE PR O, T2 0% S Akl ks
M ZR 550 Motic AE30 5] 8 2 BB, M 980 nm HOGAS Mk & G,

2 HRSHE

2.1 PMAO B&¥H—%EEZEE NaYF, : Yb*' Er’* LRk &

PMAO [R5 SR K MR S om e , 2% WK SCEER G, REVAGSAFEEN
PRI, 22K N A FRIR L PMAO JE il eI S35, nl v i T35 M R ok CBErp. =i P&
BAFEI NaYF, : YB**  Er™ BREARAOK 5 TR A BUKBCR , ARE BT S5 A O b S8 7 .
FRIERIE PMAO 4315 NaYF, : YB** | Er™ 40K S 10 A A 2 5 5 3500 4 e A7 [) — 5 79 PP O i 4 — )2
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MARZR , TG S Al SE R A W gk i A s . Rk, AT T BB K 90K i 5 3=
T 736 P A B HR TR1AAR NaYF,-SDS SR 58 R AP 9k s . R SDS 43 F3% . Bk FEH 7E 0K &
FEI A E A B T, 2 i K AL il L VR B, FE 0 oK 2 T B — )2 SDS 43 F ( NaYF,-SDS, I
Scheme 1), R 1A PR JE AT (1524 K 5 R 08 B (8] N FE S BES0 h OREE S0 HL. 2944 NaYF,-SDS fin A %
PMAO I Z B i, 76 w5 i 1 T A A E 1Y NaYF,-SDS Wit 45 ¥ 4T FF, SDS M4k S i 7%
KMREER) PMAO 3 F B g S 60 Tk R 1w, ST 7888 — LA IR R R A WX B K 40K i
A2 A% (NaYF,-PMAO) , HAKGEFE L Scheme 1.
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Scheme 1 Tllustration of the surface coating approach of NaYF, : Yb**, Er** with PMAO

K1 HEEYWAENE NaYF, : Yb'', EX 9K TEM BE R ] L, R I8 a7 iR 2 i g8k
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Fig.1 TEM images of NaYF, : Yb**, Er"* nanocrystals before( A) and

after(B) surface coating process

f I RSE R (1241.99) nm[ K 1(A) ], BA R 30

O HOE. 07 IR KPR b BT S 5 RS R & _

AR, R (12£1.76) nm[ B 1(B) ]. S 20r

NaYF,-PMAO GUHKL T 45 5 B3R W 3 g

RefgfesE BT 2B Tk, AR Y2E R F R 5 10p

fREh (PBS, pH=7.4) , WifZ%h (50 mmol/L, pH=

8.3) Fl MES(20 mmol/L, pH=6.1) ZEZE hyEwh g -+ T

WA DR FRERS T 40 8, AR &2 TT UL I R4 5 U, Size/um
ROk EE 43T ( DLS) M T NaYF,-PMAO #i¥  Fig.2 Hydrodynamic diameter distribution of the
TEKIEW Ao f e R, 5 SR anikl 2 pros. polymer coated NaYF, : Yb** | Er’* in water

2.2 NaYF,-PMAO #KHFRIFRE D F5

3 ) B AR R 2T A3 (FTIR ) RAE T PMAO A28 NaYF, : Yb** |, Er' i 2 rh 94K i 3R 1 43+ 1Y
Ak, B 3(A)ZRH T NaYF, : Yb* | EC 40K 5 . SDS Al NaYF,-SDS i FTIR 38, 54 NaYF, 40K /&
() FTIR 3EXT L AT LA 1, NaYF,-SDS /% FTIR & g A i 7R T SDS 43 F7¢ 1221 em™ Kb AW, 19
J&>4 SDS 43+t —S0,— A B [ X FRIR SN s [RIBFiis2e rh b R4 1 NaYF, 942K 5 36 T vl R L A 1Y)
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Fig.3 FTIR spectra of NaYF,-SDS(A) and NaYF,-PMAO(B)

FRIEIE (1560 em™ , JHJE H—COO™ FEHH 1 SO PR 4atie sl ) , 2B SDS 43F C 2L D W it F 4k ah =%
. %0t PMAO 43 P05, 1€ NaYF,-PMAO () FTIR i%[ €13 (B) ] H, SDS (I4FAEIEIE (1221 em™ ) 748
RAEE S, MR, 751782 em™ L 1 ASF ARG , X IH)E T PMAO H C = O FEi py i fifik shisd
3, FIAGK R R SDS 20 FE&MVE, PMAO 2> TELEAE T 499K 5 1 21 .

SR AR SCH % il £ 1 NaYF,-PMAO 44 KR - R 18 % A R i 0 52 R SE A, 3k 26 1 3 AN {1 fiff
NaYF,-PMAOZ KA T HA RAF kst TRl a] RAAE S B iy 3 P 0 I 4 1 A W s 2 oy R A 066 T i
O3 F. R TR E R TR TPERT, X NaYF,-PMAO HE4T T 1 Zeta ALK, 25 B KU T3
L R -38. 3 mV (& 4). 5@ H G PEIE—HIESE NaYF, : Y, Er 40KK0F B R 1 88 PMAO 431
(k-8

b
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Fig.4 Zeta potential at the surface of Fig.5 Luminescence spectra of NaYF, : Yb*, Er’*
NaYF,-PMAO nanoparticles nanoparticles in cyclohexane ( @ ) and
NaYF,-PMAO nanoparticles in water(b)

A =980 nm.

2.3 REVEHEIEHIEER

K5 4 NaYF, : Yb** | Er' R FEUEHTS 09 LA R SRS, ROHE AL T 521, 540 F1 654 nm [
RETWE S HIE T B B F2H,,, *S, B F,  BEREN L, REMERIT. S RIMBEW RS, gk
B &G 32 2] T 5 /INSE IR, B 2 A 32 R G Y A X S8R BE LU (L Lsy ) FHTRTE 99K Fh 1Y
5.65 FEARN 4. 79, ORPEHE AR08 B A AR AL B F 9K B R 1 4 5 4 WOR SR ks . im0 25k
VI AE Al 23 3 AN TR A AR SR ST BRGE 22)  [RIE, SRS W 5 K SR T8 14 R B /K 2 X R S e 7 A — 5 1Y)
%ﬁuﬁ[ﬂ,%] .
2.4 NaYF,-PMAO #4K T E B B % BRI E

X SRR IIREALIY NaYF,-PMAO 9K KL+ 1R 5 IR B AR 1647 TAF5E. B 6 (A) stk A
T NaYF,-PMAO KK 1 b4 &0, RV RMAPIRR T C & 57erk F R EE M AEw R
FEHONMTE R AR LS A TEARI T AEY R AR A - R R AR D 12k B 6(B) ], Xk
S VA F AR 55 [ 8 TRk 2 AR D B AR R S . SE UG 25 R R B P & NaYF,-
PMAO KL T35 HI TR 27 A
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Fig. 6 Fluorescence image of avidin-coated NaYF,-PMAO and biotinylated IgG
bioconjugates( A) and the result of control experiment(B)
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ASCUL A\ e dfis- 5 A TR I AL IR (PMAO) Dy R L B0 1, R T — b AN AL W B 26 1 3 1
LSRRI ENIURS R R TR S /KR BV BS VAR Ry R = 11 I TR o 1 S W i O B T
IKAKHRLT-RENS S5 | AKVCEER GW 0 TI921 0 HCT QBRI R, S T XCETER & IR 40
KoRLT R LB, ARF3HY NaYF,-PMAO ZKKLT /R T RIFHKIEIE S o BvE, Rfr 78
(B ROEVERE. 2O OB AR RS S W B B A AN KR T HEAT TR S e A R A I A
5%, RGN NaYF,-PMAO KR+ 3 G FH T A= Wy~ Aail.
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Surface Coating of Hydrophobic Up-converting Nanoparticles in
Homogenous Liquid Phase System and Application in Optical Detection’

ZHANG Qingbin'* , KONG Xianggui’, CHENG Cheng'
(1. Department of Applied Physics, College of Science, Zhejiang University of Technology, Hangzhou 310023, China;
2. Key Laboratory of Excited State Process, Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, Changchun 130033, China)

Abstract NaYF,: Yb™ ,Er’* nanoparticles were successfully surface-coated via a hydrophobic nanoparticles
adsorption surfactant intermediate ( NaYF,-SDS) process with hydrolysed poly ( maleic anhydride-alt-1-octade-
cene) molecules (PMAO ). This method overcomes the defect that oil-soluble nanocrystals and weak polar
polymer molecules could hardly well-disperse in a single system and the surface-coating was realized in homo-
genous solution system. The surface-coating process was confirmed by Fourier transform infrared spectra
(FTIR) and surface Zeta potential. Investigations by transmission electron microscopy( TEM) and photolumi-
nescence ( PL) spectroscopy showed no obvious variations in the morphologies and luminescent properties of
the nanoparticles during the surface-coating process. The specific molecular recognition capacity of PMAO-
coated nanoparticles confirms that hydrophilic NaYF,-PMAOQO are suitable for potential biological labeling.
Keywords Nanoparticles; Up-conversion luminescence ; Polymers surface coating; Biological application
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