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Fig. 1. Schematic design of core-shell structured upconversion nanoparticles synthesized with the hot injection method.
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Fig. 2. (a), (b) TEM images and (c) the corresponding size distribution of the of NaYF,: Yb, Tm.
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B 3  (a)—(d) NaYF,:Yb, Tm@NaYF, 44 K% T (K42 24 43.8 nm) BZ5 4 7% 73 (8], TEM & FIKL4%2 53 4 18] 5 (e)— (h) NaYF,:Yb,
Tm@NaYF, 44 KA T (K422 63.2 nm) FIE5 #4978 B, TEM B RURL AR 434 185 (1)— (1) NaYF:Yb, Tm@NaYF, 49K % T (Rt
#41 80.8 nm) AYZEHA /R B &, TEM & Rk 4243 4 [8]; (m)— (p) NaYF:Yb, Tm@NaYF, 4K 4 T (K42 £ 100.7 nm) BY 4514 7R 5 K

TEM & fiki 12 5345 &

Fig. 3. (a)—(d) The schematic core-shell structure, TEM images and size distribution of NaYF,:Yb, Tm@NaYF, (about 43.8 nm);
(e)—(h) the schematic core-shell structure, TEM images and size distribution of NaYF:Yb, Tm@NaYF, (about 63.2 nm); (i)—(1) the
schematic core-shell structure, TEM images and size distribution of NaYF;:Yb, Tm@NaYF, (about 80.8 nm); (m)—(p) the schematic
core-shell structure, TEM images and size distribution of NaYF,:Yb, Tm@NaYF, (about 100.7 nm).
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Fig. 4. (a) The energy transfer mechanisms of NaYF,:Yb, Tm@NaYF, UCNPs; (b) the upconversion luminescent spectra and

(c) the relative luminescent intensity of core-shell structured UCNPs with different shell thicknesses.
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Fig. 5. (a) Schematic structure of UCNP@PEG; (b) TEM
image of UCNP@PEG; (c) cell viabilities of HeLa cells after
incubation with various concentrations of UCNP@PEG.

Bright field UCL imaging

Merge

0.5 h

K 6 5 UCNP@PEG 3£ Al 3 5% 0.5, 3.0 #l 6.0 hJ5 i
HeLa 1 b #5205

Fig. 6. Upconversion luminescent images of HeLa cells after
culturing with UCNP@PEG for 0.5, 3.0 and 6.0 h.
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Abstract

In recent years, lanthanide-containing upconversion nanoparticles (UCNPs) have aroused the extensive
interest in bioimaging due to their unique upconversion fluorescent properties, such as the high tissue
penetration depth, good biocompatibility, low auto-fluorescence, and high imaging sensitivity. In this work, we
synthesize a series of NaYF:Yb, Tm@NaYF, core-shell structured nanoparticles with various shell thicknesses.
A “hot injection” strategy is introduced to fabricate the core-shell UCNPs through using high boiling-point
mixtures (sodium/rare-earth trifluoroacetates dissolved in oleic acid and octadecene at 150 °C) as shell
precursor solutions. The as-synthesized UCNPs are characterized by transmission electron microscope, particle
size analysis and fluorescence spectra. The experimental results show that the shell thickness of UCNPs can be
well controlled within a range from 4.2 nm to 32.6 nm by simply tuning the added quantity of the shell
precursors. Meanwhile, the upconversion luminescence intensity of NaYF,:Yb, Tm@NaYF, shows tens times
higher than that of NaYF,:Yb, Tm owing to the effective suppression of surface quenching. The optimized
thickness of the shell is determined to be 22.7 nm. An ultrathick inert shell (>22.7 nm) is not beneficial to
upconversion luminescence mainly due to a strong scattering effect. In addition, the in vitro upconversion
luminescent bioimaging application is demonstrated by using the as-synthesized core-shell structured UCNPs.
Typically, the prepared OA capped UCNPs are dispersed in HCI solution to obtain hydrophilic ones, followed
by polyethylene glycol (PEG) modification to improve their biological compatibility. The hydrophilic
NaYF,:Yb, Tm@NaYF,@PEG nanostructures (denoted as UCNP@PEG) show a good biocompatibility with
HeLa cells, as the viability of HeLa cells do not decrease obviously when the concentration of UCNP@PEG
increases to 0.2 mg/mL. Then, we evaluate the upconversion luminescent signals of UCNP@PEG in HeLa cells
under the excitation of 980 nm laser. An obviously increasing upconversion luminescent signal can be observed
in HeLa cells with the incubation time increasing from 0.5 h to 6.0 h, indicating that the UCNP@PEG can be
used as an excellent luminescence probe for cell imaging and monitoring the cell endocytosis process. All in all,
we offer an efficient “hot injection” strategy of fabricating the core-shell structured UCNPs with various shell
thickness for improving the upconversion efficiency of UCNPs, which will pave the way for new bioimaging and

medical applications.

Keywords: upconversion luminescence, hot injection, core-shell, bioimaging
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