One-pot microwave synthesis of upconverting nanoparticles for biosensing
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Background

average diameter (nm)

• Up-converting nanoparticles are man-made materials that absorb two or
more photons of infrared light and emit in the visible range.
• Infrared excitation light can penetrate deeper and does not produce
background fluorescence in biological matrices.
• These nanoparticles are robust do not photobleach.
• They have very large anti-Stokes shifts and narrow emission bands.
• Application areas: multimodal imaging, biosensing.
• Microwave heating provides fast, fairly homogeneous heating.
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Figure 3. Morphology. SEM of NaYF4:Yb:Er nanoparticles synthesized at 315°C for 10 minutes

Figure 1: Stokes and anti-Stokes shifts. Fluorescein, left; quantum
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(10.8 ± 0.6 nm), 30 minutes (11.0 ± 0.6 nm) and 60 minutes (21.5 ± 1.9 nm).

dots, center; upconverting nanoparticles, right. a) Full width at half maximum
(FWHM). b) Overlap between excitation and emission at half maximum.
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Figure 2. Upconversion
luminescence spectra and
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lifetime.

4S
3/2

→ 4I15/2

nanoparticle dispersions in 2propanol at 5mg/ml were
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excited with a 500 mW, 980 nm
laser. The lifetimes of the green
(540 nm) and the red (655 nm)
emission were obtained by
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laser pulses.
The emitted light was focused on a Jobin-Yvon HR spectrometer, and detected
using a photomultiplier and an averager oscilloscope. The lifetime of these
nanoparticles ranges from 200 to 150 μs at 540 nm, and from 320 to 250 μs at
655 nm, and follows a decreasing trend with increasing synthesis time.
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Figure 5. Surface ligands.
FTIR of UCNPs synthesized at
315°C for 30 minutes in a
mixture of oleic acid and di-nbutyl phthalate (FT/IR 6300,
Jasco). The characteristic peaks
YbH2
of oleate ligands ( 3004, 2934,
C7H6F
and 2853 cm-1) are absent from
1000
500 this pattern. Inset: di-n-butyl
phthalate (DBP)

Temperature sensing in microcapillaries
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Table 1. Solvent properties.
The high boiling point, good chemical

stability at high temperature, and
moderately polar character makes di-nbutyl-phthalate well suited for
microwave synthesis. Oleic acid is used as a ligand to control the size and
shape of the nanoparticles. The commonly used non-coordinating solvent 1octadecene is a very low-microwave absorber and thus not ideal for this
application.
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Trifluoroacetate (TFA) salts of sodium,
yttrium, ytterbium, and erbium were
dissolved in a mix of oleic acid and dibutyl-phthalate at different ratios by first
heating the solution at 120 °C for 10
minutes, followed by heating at 315 °C
for 10 to 120 minutes. Trifluoroacetate
salts and di-n-butyl phthalate are good
microwave absorbers and allow the
temperature to rise from 120°C to 315 °C in approximately 5 minutes. The
microwave reactor was a CEM Discover using single mode and continuous
power at 2.45 GHz.
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X-ray powder diffraction pattern of
UCNPs synthesized at 315°C for 10
minutes (cubic phase) and 60 minutes
(mixed cubic and hexagonal phases)
(D8 Advance DaVinci, Bruker).
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Microwave-Assisted Synthesis
Figure 1. Schematic
representation of the one-pot
synthesis method.
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Figure 6. UCNPs as temperature sensors in glass capillaries. (a) Schematic of the experimental setup.
(b) Measurements of the fluorescence intensity peak ratio Peak542 nm / Peak 527 nm

Conclusions and future work
 This is a very simple and fast (15 to 150 minutes reactor time) one-pot synthesis method.
 Due to the fast and homogeneous microwave heating it is possible to obtain narrow nanoparticle
size distribution of 10 to 20 nm.
 The nanoparticles form stable colloidal dispersions in isopropanol at concentrations as high as 2
mg/ml.
 The well-established alternative synthesis method in oleic acid/octadecene yields oleate-capped
particles dispersible in non-polar solvents such as cyclohexane. To make nanoparticles waterdispersible, further processing such as ligand exchange and reverse-emulsion silica coatings are
necessary. In contrast, the particles synthesized by the method presented here can be coated by
hydrolysis of silicates in isopropanol to obtain ultrathin coatings without nanoparticle aggregation.
• This particles can be used as very robust temperature sensors, since they do not depend o the
intensity of the luminescence, but on a relative intensity of 542 nm and 527 nm peaks. Our results
suggest a resolution of 1°C or lower is possible.
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