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Abstract Lanthanide-doped upconversion nanoparticles (UCNPs) are capable of converting low energy near-infrared
photons into relatively high energy visible and ultraviolet photon. Their unique optical properties have a broad range of
applications such as volumetric dlsplay, securlty labelling and deep-tissue imaging. Herein, the optically active hexagonal
phased NaYF,:Nd™, YbH@NaYF4 Yb”, Tm* core-shell nanoparticles were synthesized via facile co-precipitation method
which can show upconversion 1um1nescence upon 745 nm laser excitation. This is accomplished by taking advantages of
the large absorption cross-section of Nd** ions between 720 to 760 nm plus efficient spatial energy transfer and migration
which starts from Nd'* ions to Yb*" ions and Tm® ions. Also, the formation of inert NaYF, shell significantly enhance the
upconversion efficiency. The core-shell-shell UCNPs were characterized with X-ray diffraction (XRD) patterns, scanning
electron microscope (SEM), transmission electron microscope (TEM), absorbance, and photoluminescence spectra.
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Fig. 1. Schematic illustration of energy transfer process for (a) ETU and (b) energy transfer mechanism of NaYF,Nd™, Yb' (40, 40
mol%)@NaYH:Yb’H, Tm’" (40, 1 mol%)@NaYF, UCNP under 745 nm laser excitation.
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UCNPs by co-precipitation method. Same procedures were
followed for inner and outer shell formation.
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Fig. 4. SEM images of (a) core, (b) core-shell, (c) core-shell-shell upconversion nanoparticles. Inset shows schematics of each
nanoparticles.
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(b)

Fig. 5. (a) TEM image of synthesized core-shell-shell UCNPs. (b) Selected area electron diffraction pattern of the UCNPs. (c) High-
resolution TEM image. The d-spacing of the diffraction ring highlighted with half-circle closely matches that of the (110) and (101)
plane of the NaYF, phase.
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Fig. 6. Photoluminescence spectra depends on the amount of (a) sensitizer and (b) activator under 980 nm laser excitation source
(Inset: Upconversion luminescence image of Yb/Tm = 40/1 mol% UCNPs sample under irradiation of 745 nm laser excitation

source.).
(a) T I T | T I T (b) T | T | T | T I T | T
B Nd3+ 3+ ; LT ¥ core-shell 500 % §
i (*Fs) Nd3+ absorpt.lon reg.lon 4 —— core-shell-shell enhancement
mm=m Yb™" absorption region B s
o | 1 2t t .
“:’ L Nd® = 2 Yb/Tm -@Mmi
S | (*F712) | % I~ \H. . 4 7
<L _— A Aex =745 nm 1
| (4F512) i
1 J b L /N ! e S,
700 800 900 1000 1100 300 400 500 600 700 800 900

X (nm)

A (nm)

Fig. 7. (a) Absorption spectrum of synthesized core-shell-shell UCNPs. (b) PL spectra of core-shell UCNPs and core-shell-shell
UCNPs.
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