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Eu*/Tb*-Doped Silica Nanoparticles with Controllable Structure,
Composition and Fluorescent Properties
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(State Key Lab of Metal Matrix Composites, School of Materials Science and Engineering,
Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Lanthanides-doped fluorescent silica nanoparticles (FSNPs) were synthesized via a two-step protocol:
lanthanide ion was chelated with a conjugation of a chromophore, a ligand and a (3-aminopropyl)triethoxysilane
(APTES) molecule. Then the complex was condensed in a water-in-oil microemulsion system together with
tetraethyl orthosilicate (TEOS). The existence of coupling silane ensured the bonding in the formation of silica.
The influence of water-to-surfactant molar ratio and the amount of prepared conjugation on controlling the particle
size and the loading capacity of lanthanides were investicated. Meanwhile, an energy transfer process in
lanthanides-doped FSNPs was illustrated by using different chromophores and lanthanides, so that made the
excitation wavelength, emission wavelength and fluorescent intensity controllable. Thus, a framework was shaped
for the design of silica nanoparticles with diverse fluorescent properties based on engineering the energy levels.
In addition, the energy transfer process in rare earth doped FSNPs is further elaborated, and a new method for

adjusting the fluorescence of FSNPs by energy level is proposed.
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Table 1 Names, abbreviations and chemical

formulas of three sensitizers

Name Abbreviation Chemical formula
R
p-aminobenzoic acid PABA HO/\©\
NH,
A NH,
5-amino-1,10-phenanthroline PTA XN | N
N =

Cm120

7-amino-4-methylcoumarin
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Excitation (a) and emission spectrum (c) of APTES-DTPA-PABA-
Th*, X.,=547 nm, A.,=300 nm; Excitation (b) and emission
spectrum (d) of APTES-DTPA-PABA-Eu*, A,,,=617 nm, A,=308 nm
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Fig.2 Excitation spectra and emission spectra of

APTES-DTPA-PABA-Ln*
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Inset of (d): FSNPsin aqueous solution under irradiation of 254 nm Hg lamp
I3 FSNPs i TEM EZ (a), HAADF EHZ (b), JTCR 50 EHE (o) P& 63 (d)
Fig.3 TEM image (a), HAADF image (b), elemental mapping image (c¢) and emission spectrum (d) of FSNPs
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TEM images of FSNPs prepared with (a~d) different water-to-surfactant molar ratios (R=7.9, 10.0, 12.1, 14.2), and (e~j) different
APTES-DTPA-PTA-Eu* concentrations (10.8, 21.6, 43.2, 64.8, 108.0, 172.8 mmol - L")
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Fig.4 TEM images (a~j) and average size (k) of FSNPs under different reaction conditions
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Fig.5 TEM images of FSNPs with different DTPA-PTA-Eu* concentrations
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Fig.7

(a) Excitation and emission spectra of APTES-DTPA-Sensitizer-Eu*@Si0,; (b) Schematic diagram for the energy

transfer in APTES-DTPA-Sensitizer-Ln*@Si0,; (c) Emission spectra of APTES-DTPA-Sensitizer-Th*@Si0,
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