%36 % 512 1] T WL MR 2 AR Vol. 36 No. 12
2021 4E 12 H Journal of Inorganic Materials Dec., 2021

XEHS: 1000-324X(2021)12-1297-08 DOI: 10.15541/jim20210201

AEGR R R MR BIRLH & X H SERS 1E#E

XFWS, FEa, FkA

(1. AR T k¥ MERFE TRER, L 200237;2. EAFKF WFRLIFE, 57TT 832003)

OB ARWETOR R T — T IS R SR A AR AR R B A AL 9K UKL (Ag@SHNPs) o B S P 5
PEHR BEIL T PSgo-b-PAA ¢ H L EAT J9 A 3-% 5 T A = P A0 B4 ot (MPTMIS) 72 56 K B B PAA X35 1K) 7K fidk 4 5% I 2
T A WURE IR A2 A g oK 450, R A LR 22 op = 3 3R B R0 JR AL i, AL AR SR B O ARAR, & fe
B SRR AR B T AL QR IIURL, X% A4 A 9K IR (K T3 45 ) LA B A o AL BRAE T 43 # o Jed A e e S [
YN R FEIEIOE 1 I R AT A AR 2R o BJE DL 4-50 52K R (4-MBA) IR EF 43 1, K ik 5 2 A 0K S IR 1) 3 THT
1% 58 51 2 HUH (SERSWE PEREAT AL o 7E 532 nm K FHOG UK T, 4-MBA Fric iReE 3 2% (o 40 K 0K FE 7 9 S5 1)
P S5 S ORREIE, BRI L4000 10°, Nk, i%EER AL RHE SERS A4 AR o R 0K T 5 ThT L AT v 7E
f1 82 FH T 5%

X 8 A PR BREEEE; BEALE R RN R 2 A

RESHEE: TQI74  SUHKFRERD: A

Silver Clusters-loaded Silica-based Hybrid Nanoparticles:
Synthesis and SERS Performance
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Abstract: In this research, a facile “in-situ reduction” strategy was developed to construct silver clusters-loaded
silica-based hybrid nanoparticles (Ag@SHNPs). Firstly, the formation of organosilica-micellar hybrid nanostructure
was achieved by self-assembly of amphiphilic block copolymer PSgo-b-PAA s and hydrolysis, and polycondensation of
(3-mercaptopropyl)trimethoxysilane (MPTMS) on the hydrophilic PAA segment. Then, the abundant thiol groups in
the organosilica framework were used as reduction sites to in-situ convert the silver salt into silver clusters, and finally
the Ag@SHNPs were obtained. Morphology, structure and composition of the hybrid nanoparticles were analyzed, and
their cytotoxicity on different cell lines were explored, showing good biocompatibility. The surface enhanced Raman
scattering (SERS) activity of the Ag@SHNPs substrate were detected by using 4-mercaptobenzoic acid (4-MBA) as
the probe molecule. Under an excitation wavelength of 532 nm laser, 4-MBA-labeled Ag@SHNPs exhibited obvious

Raman enhanced signal with an enhancement factor of about 10°. Therefore, the silica-based hybrid substrate material
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shows potential application prospects in SERS bioimaging and high-sensitivity detection.

Key words: silver nanoclusters; confined space; in-situ reduction; surface enhanced Raman scattering
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Fig. 1

Schematic illustration for the fabrication of Ag@SHNPs
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Fig. 2

(a) Hydrodynamic diameter distributions of PSgo-b- PAA ¢ micelles and SHNPs, and (b) hydrodynamic diameter

distributions of SHNPs prepared with different amounts of MPTMS (100, 150, 200 pL)

3 AN MPTMS HIE T il % ) SHNPs (135 5] f G108
Fig.3 TEM images of SHNPs prepared with different amounts of MPTMS
(a, d) 100 pL; (b, €) 150 pL; (c, £) 200 pL
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Fig. 5 TEM images of Ag@SHNPs
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Fig. 6 SEM images (a, b) and energy-dispersive spectra (c, d)
of Ag@SHNPs and Ag@SHNPs with 4-MBA
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Fig. 7 (a) Hydrodynamic diameter distributions and (b) histogram of Zeta potentials of SHNPs, SHNPs with 4-MBA,
Ag@SHNPs, Ag@SHNPs with 4-MBA, (c) FT-IR spectra of CMs, SHNPs, Ag@SHNPs,
and (d) UV-Vis spectra of Ag@SHNPs, Ag@SHNPs with 4-MBA
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Fig. 8 XRD pattern of Ag@SHNPs
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Fig. 9 (a) Hydrodynamic diameters of CMs, SHNPs, and
Ag@SHNPs in water against dilution, and (b) hydrodynamic
diameters of Ag@SHNPs dispersed in RPMI 1640 medium and

DMEM medium in 7 d
Colorful figures are available on website
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Fig. 10 CCK-8 cell viabilities of SMMC-7721, NIH-3T3, MEF,
and HaCaT cells incubated with different Ag concentrations of
(a) Ag@SHNPs and (b) Ag@SHNPs with 4-MBA for 24 h

Colorful figures are available on website
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Fig. 11 Raman spectra of Ag@SHNPs, Ag@SHNPs with
4-MBA and pure 4-MBA solution under 532 nm excitation
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