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Synthesis and Properties of Core-Shell Structure
Ag@BaGdFsYb*, Ho* Multifunctional Nanocomposites

SUI Jing-Ting CHEN Zi-Yu LIU Gui-Xia® SONG Chao* DONG Xiang-Ting
(Key Laboratory of Applied Chemisiry and Nanotechnology at Universities of Jilin Province, School of Chemisiry and
Environmental Engineering, Changchun University of Science and Technology, Changchun 130022, China)

Abstract: Core-shell structure multifunctional Ag@BaGdFs:Yb*, Ho* nanocomposites were prepared by a simple
wet method. XRD patterns showed that the nanocomposites consisted of cubic phase Ag and BaGdFs. Electron
microscope images indicated that the nanocomposites were spherical shape with the thickness of ~14 nm (BaGdFs:
Yb*, Ho™ as shell) and a diameter of 77 nm (Ag nanoparticles as core). The nanocomposites had good upconversion
emission with the strongest green emission centered at about 540 nm from the photoluminescence spectra, which
is helpful to apply in intracellular imaging to diagnose lesion. Furthermore, the samples possessed better
paramagnetism and photothermal conversion properties. MTT measurement demonstrates that the nanocomposites
have better biocompatibility. When incubated with HeLa cells, the nanocomposites had bright green upconversion
imaging under 980 nm irradiation. Compared with commercial computed tomography (CT) imaging contrast agent
iobitridol, the Ag@BaGdF5:Yb*, Ho* nanocomposites had higher CT imaging properties. The heat converted from

the nanocomposites could kill HeLa cells.
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nanocomposites (a); Heating effect of nanocomposites with different concentrations of Ag@BaGdFs:Yb*, Ho* (b) under

980 nm laser irradiation; Infrared images of nanocomposites under 808 nm irradiation (c)



%6 MM i &

W ST H ) Ag@BaGdFsYb™, Ho 22 DI BE AN K & & Bk 4 il 46 S Lk 993

NIR fE5) 5 min G 22.0 C EFHE] 59.1 «C, IF
HLBE % G T ] B3 m AR 2 b I R s 4k
2L BI, XKW Ag@BaGdFsYb™ , Ho* 9 K & G 41 L
A BRI T IR A0 6 D' BRaa T
2.6 MTT WD

2 7 2 b R R A I T A A ) G e TR
Y HeLa 40 MOAE AR 56 40 B 47 MTT i 5 1

fli Ag@BaGdFsYb*, Ho* 9Kk & Mk s, K 8
S F A E B Ag@BaGdFs:Yb*  Ho* 9 K & &
MBS 535 9% Hela 4188 24 h, MR AT LU ) 94
KA MEIREE L E] 1 mg-mL I, 40 AL %
A LAIRE] 79% MTT X5 W] Ag@BaGdFsYb*, Ho*
KIS BEREXS A LA B PEAR /N AT AR TR W)
5

100+

Cell viability / %

0 0.05
Concentration of Ag@BaGdF,:Yb*, Ho*" / (mg:mL~")

8 HelLa 20 A AR e 1 Ag@BaGdFs Y™, Ho 9 K &2 & b BHIL R K5 3% 24 b i) 40 i 16 1 & 77 ]
Fig.8 Cell viability histogram of HeLia cells incubated with different concentrations of
Ag@BaGdFs:Yb*, Ho* nanocomposites for 24 h

27 LEEBIABEG

VEH Hela 40 MIAE XS 42 W58 T Ag@BaGdFs:
Yb*, Ho 9K & G4 BHE RGO E , FaiK
EAMEMAZI A 5% 6 h J5, RAILER AR

Bright field

Bright field image (

a); UC fluorescent image (|

[ 24h

0.1 0.2 0.5 1

Ot W OB AT SR A B 440 i 5 BB S i AROE A 5 (I 9
(b)), I ELIN I 9(c) " L5 ) 20 Mg W i T 4ok 2 & 4
BT B A AR S b SR 25 R 90 OK S5 6
HHREAE I T A ML B8 b e S SR BIF I

Overlay

b); Overlay image (c)

&9 [l Ag@BaGdFsYb*, Ho 41k & & b BH L [R5 35 (1) HelLa 40 J7E 980 nm WOG IR T 1 I 4% 4 5% I8 v
Fig.9 UCL imaging images of HeLa cells incubated with Ag@BaGdFs:Yb*, Ho™ nanocomposites under 980 nm excitation

28 CT %

Ag F1 Gd TG R BAT B R MR F 1740, Be 8% 1
CT BRI 3E 52 300 M1 AS TR) v B %) 7 P 3 5 791 A
FLEE(D A Ag@BaGdFs:Yb* , Ho** 44 K & & # EH(NCs)
) CT AR B A B 10(a) i, CT i 5ok B &
FE SRR B (C) Ry 3G i HE 8 & 10(b) A AS [R) ¥ B 1

Ag@BaGdFsYb* , Ho* 4 K A2 R FIL LG 5 X6 1 1Y
hounsfield unites(HU){H , 5350 F &k, A1k, 2K 7 &}
Mz AT ULk Ak, 239020 10.86 F1 5.0, 1 BA [F]

BRECEEAR LG, 9K E BB R BRI CT 2 Ak
Ji, Wk, 9K SRR BEGE AR CT WUR Y i
E'/}IIJ



994 b7/ V| R A= S %35 &
(6))
NCs
C/ (mol-L) 0006 0012
I
() 1500
* Ag@BaGdF :Yb, Ho*
1200 - ® Iobitridol

o 900 -

2 £=10.86

>

=

600 =
300 =
0 \J L) J 1
0 20 40 60 80 100
C/ (mmol-L)
B 10 R EE R Ag@BaGARYbY, Ho™ ik 5 & b RH AL LB CT PR (ayF1 HU 18 B2 HE X T ()
Fig.10  CT imaging images (a) and HU values (b) of Ag@BaGdFs:Yb*, Ho* nanocomposites and iobitridol with
different concentrations (a)
29 SERGET AR ] Hela 40 3L W15 5% | B0 WO ST | Hela 41

HI T Ag QKR F BA DG T, T HIE
S G MRHREBEAE A HGA T R AT, SR FDA/
PI AL QLA TR AL HOCHGRITROR o 4% Hela 402
[F) 29 K 52 G b RL I [R] 355 37 5 72 808 nm IO H RS
5 min, i 5 MR A WG T RAE (K] 11),
Pl R] DL, | Tl 1% 5 22 i i W s i 2 0, 808 nm ¥
SRR AN AT B ST IR K 9K A R

Bright-field Live

NCs

NCs
laser

11
Fig.11

laser irradiation for 5 min

JILT- A SET:, XA U B 9 K 52 & bR HAT R &
PP ARAE . ] 808 nm WOGHRSE , KB K &
MPEIET, VLRGN S FEHE NIR BT 27k
B A A R LR FE ICER S e A 3 — 2D 15
T Ag@BaGdFs:Yb* ,Ho 44 K &2 & M A3 ¥ 1 i H
TR YT R,

Dead

Merge

Ag@BaGdFsYb*, Ho 44 K &2 & 4 kLSt R 57 72 19 FDA/PL 3: 44 1) HeLa 40 7E 808 nm HOG ST 5 min J& 09 35 £ K4

Confocal images of FDA/PI co-staining HeLa cells incubated with Ag@BaGdFs:Yb*, Ho™ nanocomposites under 808 nm



%6 MM

W it 0 5 BT A Ag@BaGdFs Y™, Ho™ 2 T RE AN K &2 A A1 R il o5 K HL 4 g 995

3 & it

3 o A7 PR VR AR VR L) G T ST AE I Ag
@BaGdFsYb* , Ho* K& G Ak, %56 Bkl Bk
B F¥ AR 106 nm,, [RIEHA R AFH A YA 2
PE R | 4 RO RO IS bk BB TTR H T
ARG CT %, 76 NIR MG 99Kk E
A MRIRRE A U B I, A RCR AR A, Rt
Ag@BaGdFsYb* , Ho™ 4K & & ARHE i Jeg 4t it 1Y 3L
B LR AR T 0 HGAR T 5 A TR N H

Sk,

[1] Chen X Q, Tang Y J, Liu A, et al. ACS Appl. Mater. Interfaces,
2018,10(17):14378-14388

[2] Liu Y L, Zhang J L, Cheng G, et al. Nanotechnology, 2012,
23(42):425702

[3] Liu B, Li C X, Yang P P, et al. Adv. Mater., 2017,29(18):
1605434-1605458

[4] Xu J T, Han W, Jia T, et al. Chem. Eng. J., 2018,342:446-
457

[S] Wu Q, Lin Y I, Wo F J, et al. Small, 2017,13(39):1701129

[6] Zhang J H, Hao Z D, Li J, et al. Light Sci. Appl., 2015,4(1):
€239

[7] Naccache R, Yu Q, Capobianco J A. Adv. Opt. Mater., 2015,
3(4):482-509

[8] Mou X M, Wang J X, Meng X F, et al. J. Lumin., 2017,190:
16-22

[91 Li H L, Liu G X, Dong X T, et al. J. Lumin., 2017,186:6-15

[10]Wang T, Yang M, Huang J H, et al. Science Bulletin, 2017,
62(13):903-912

[11]Zhang P, He Y Y, Liu J H, et al. RSC Adv., 2016,6(17):
14283-14289

[12]Chen Z Y, Liu G X, Sui J T, et al. Appl. Surf. Sci., 2018,
458:931-939

[13]Jiao M X, Li H J, Liu C Y, et al. Chem. Commun., 2016,52
(34):5872-5875

[14]An R, Lei P P, Zhang P, et al. Nanoscale, 2018,10(3):1394-
1402

[15]Sui J T, Liu G X, Song Y, et al. J. Colloid Interface Sci.,
2018,510:292-301

[16]Liu W J, Liu G X, Dong X T, et al. Phys. Chem. Chem.
Phys., 2015,17(35):22659-22667

[17]Han Q X, Dong Z, Tang X L, et al. J. Mater. Chem. B, 2017,5
(1):167-172

[18]Feng Y, Chen H D, Ma L N, et al. ACS Appl. Mater.
Interfaces, 2017,9(17):15096-15102

[19]Huang J L, Xie Z X, Xie Z Q, et al. Anal. Chim. Acta,
2016,913:121-127

[20]Cui Y Y, Yang J, Zhou Q F, et al. ACS Appl. Mater.
Interfaces, 2017,9(7):5900-5927

[21]Mishra S K, Kannan S. Inorg. Chem., 2017,56 (19):12054-
12066

[22]Li Z, Tian L L, Liu J L, et al. Adv. Healthcare Mater.,
2017,6(18):1700413

[23]Wang Y J, Yang Y, Sun Y, et al. RSC Adv., 2017,7(19):
11578-11584

[24|Liu TY, Li SZ, Liu Y X, et al. J. Mater. Chem. B, 2016,4
(15):2697-2705

[25]Xue P, Sun L H, Li Q, et al. Colloids Surf. B, 2017,160:11-
21

[26]Lei Q, Qiu W X, Hu J J, et al. Small, 2016,12(31):4286-
4298

[27]Yong Y, Zhou L J, Zhang S S, et al. NPG Asia Mater.,
2016,8:¢273

[28]Meng Z Q, Wei F, Wang R H, et al. Adv. Mater., 2016,28
(2):245-253

[29]Yu N, Wang Z J, Zhang J L, et al. Biomaterials, 2018,161:
279-291

[30]Luo H H, Wang Q L, Deng Y B, et al. Adv. Funct. Mater.,
2017,27(39):1702834

[31]Huang W, Huang Y Y, You Y Y, et al. Adv. Funct. Mater.,
2017,27(33):1701388

[32]Chang Y, Cheng Y, Feng Y L, et al. Nano Leit., 2018,18(2):
886-897

[33]Li Z B, Ye E Y, David, et al. Small, 2016,12 (35):4782-
4806

[34]Gao F L, Sun M Z, Xu L G, et al. Adv. Funct. Mater., 2017,
27(24):1700605



