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One—pot Preparation of YF;:Yb*t—-Er**/PNIPAm-co-PAA Thermosensitive
Fluorescent Nanogels

Song, Qiusheng* Yang, Sensen Sheng, Rui Li, Tan
(School of Chemical Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract Rare-earth nanocrystals are a family of important nanomaterials due to their unique optical and electronic proper-
ties, and they are paid more attention for their applications in the areas of solar energy system, molecular imaging, optoelec-
tronics and catalysis fields. The incorporation of rare-earth nanocrystals into smart gels, which combines the PL features of
rare-earth nanocrystals with the reversible and stimuli-responsive properties of smart gels, will provide a new generation of
fluorescence markers for practical application. In this paper, we report a one-pot method to prepare thermosensitive fluores-
cent nanogels from rare earth nanocrystals and PNIPAm-co-PAA nanogels. Firstly, using cysteamine, Er(NO3);, Yb(NO;);,
Y(NO,); and NH,F as raw materials, active YF;:Yb*"-Er** nanocrystals with -NH, groups were synthesized by hydrother-
mal method. After that, in the present of the as-prepared active YF;:Yb*'-Er’" nanocrystals, N-isopropyl acrylamide (NI-
PAm) and N,N'-methylene bisacrylamide (BIS) were initiated by K,S,Os. Finally, thermosensitive fluorescent nanogels of
YF5:Yb® *-Er’ ' /PNIPAm-co-PAA were fabricated by free radical polymerization and in-situ coupling reactions of
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) and N-hydroxysuccinimide (NHS). The microstructure and per-
formance of the as-prepared YF;:Yb*'-Er’" nanocrystals and the complex nanogels were investigated by differential scan-
ning calorimeter (DSC), photoluminescence (PL), Fourier transform infrared (FTIR), X-ray diffraction (XRD) and
high-resolution transmission electron microscopy (HRTEM). As the evidence from the HRTEM images, active YF;:Yb*'-
Er*’ nanocrystals show well monodispersity with their size of about 6~10 nm, and the complex nanogels are polydisperse
ones with their size of about 100~300 nm. The results of PL spectra at various temperatures suggest that, the active YFj:
Yb**-Er** nanocrystal present weak double emitting peaks around 483 and 496 nm, which are resulted from the energy level
splitting of “F7,—"I,, transition of Er*". As for the complex nanogels, the phenomenon of energy level splitting of Er** is
different from that of the nanocrystals, with increasing ambient temperatures, double emitting peaks around 483 and 496 nm
couple into an emitting peak around 489 nm gradually, and their intensity decreases correspondingly.

Keywords YF3:Yb3 ECY nanocrystals; PNIPAm-co-PAA; thermosensitive; nanogel; PL intensity

* E-mail: sqshfut@126.com
Received October 16, 2013; published November 25, 2013.
Supporting information for this article is available free of charge via the Internet at http://sioc-journal.cn.
Project supported by the Science Foundation of Educational Department of Anhui Province of China (grant No. 2009AJZR0137) and Innovational Foundation
of Hefei University of Technology (grant No. 2013CXSY340).
T H 52 22 B8 BOB T A REFE ST H (No. 2009ATZR0137) 14 I LV A2 6135 3 4 (No. 2013CXSY340) % 1.

Acta Chim. Sinica 2014, 72, 89—94 © 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 89



W F F R

1 3=

DL SR S5 P 2 TR 445 1k i (PNIPAMY) Ay 42 F i A K
Ji e TR (R R BE USRS RE BT L, DRILAE 2549y
B AW TR AR B DL B ARACZ S5 5 T A9 E Y.
Bz el sk, KR BUK R 5 9 gl

WS 55K B G, ] J7 (5 b S BBOK A 1)
YTt JEAEEMbRAC . T A B 7 TH I F o
SRR A J R, O DL SRR T
APLIEACTERL 5 T GK il 55 o RG22 Bl il
B o R

AR RS — R T RO BOR T, R
B KB B R 22k R 2 B TR B 2
FIEHLAREL, i Yb, Er JL#B7%0) YF;, NaYF,, LnF;
2S00 | B A KA RIE 980 nm £TAMEER T,
Ao ARt e W, B ILHIE DM BHREE, A
AT, KBS s . o, BLYF;, WER,
Yb, Er LB M 4K S A48 KOG B w1 B 49
KB RE, JEAE AR bR ] R B R R 4F N AT
SR, IR DL R - gK  R A S
HAT DU BEN IR AT 5T, T30 R A 98 e IR
N % 1 A A5 5 T P A A E 2 Y i S

ARSCR SR CREmipk, 1656 DU IR, A IR,
THPR AL TN R A 0y JURE, /K G 4 3R 1T 5 —NH, 4]
MG PE YR YO -Er 4K, AR5, DL RRIREN A 51 K
A, B 1- &0 FE-(3- IR A R A R ) B R
(EDC), 5 N-¥23E T B fe(NHS) (BRI S N, 7 3%
PEYK S AEAE R, BEAT N-55 1A 3k 75 945 195 % (NTP Am),
N,N'-MV L XA e % (BIS) 5 N MG BR 1) H FH IR LR A,
—HEI % T YF3 YD -Er' T /PNIPAm-co-PAA ¢
TRREIE. TR 46 R AR K s B AR e 1) 45 4 5 e ik
AT T 3RAE, B0 T 9O BT A K L5 ma B
H AT, IR WL iE

2 FR5WE
21 PKRBHEHESRAERE
2.1.1 HRTEM B A

Bl 12 YF: YD -Er 4k i i HETEM . A
BOR, YF:YD B YK i kLR B A e 6~10
nm, FUKLEAT, BR BRSO A, LA R TR EE R
0.344 nm.
2.12 XRD B¢

Kl 2 4 YF3: Y '-Er' "4k 4K XRD K. Ho,
YF;: YD -Er’ f#) XRD K& 2a)fior, ol BUREE G
() 26 155 547 T 28.08°, 31.67°, 46.91°F1 55.57°4b, 4
SRR YF YD -Er T (111), (210), (131)F1(321) 1.
H 5K 2(b) 1 YF; HFR#ER Fr(JCPDS: 74-091 )/AHW) &,

90  http://sioc-journal.cn

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

B 1 YFuYb -Er’ 40K HRTEM
Figure 1 HRTEM photos of YF;:Yb*"-Er'" monodisperse nanocrystals

(11

JCPDS: 74-0911
T
20 40 60 80

26/()

B2 40K XRD [
Figure 2 XRD pattern of YF;:Yb*"-Er’"(a) and (b) standard data of
orthorhombic phase YF; (JCPDS 74-0911)
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Figure 3 FTIR spectra of YF;:Yb*"-Er’" nanocrystals
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Figure 4 PL spectrum of YF5:Yb*"-Er’” nanocrystals (Jex =980 nm)
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Figure 5 HRTEM photos of YF;:Yb**-Er’*/PNIPAm-co-PAA nanogels
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Figure 6 FTIR spectra of the complex nanogels
(a) PNIPAm-PAA; (b) YF3:Yb* "-Er’ /PNIPAm-co-PAA
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Figure 7 PL thermosensitive performance of the complex nanogels (Axir =980 nm)

(a) PL spectra of YF;:YbH—ErH/PNIPAm—co—PAA at various temperature; (b) 4F7/2—>4I| s Emissions at various temperature; (c) 4F9/2—>4II 5/, emissions at various
temperature; (d) PL intensity of peaks at 653 nm of YF3:Yb® -Er’ ' /PNIPAm-co-PAA as a function of temperature
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Figure 8 DSC curves of YF;:Yb*"-Er*/PNIPAm-co-PAA nanogels
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Scheme 1  Schematic illustration of synthesis of YF;:Yb*'-Er*//PNIPAm-co-PAA nanogels
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