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The synthesis and spectroscopy of upconverting nanocrystals
(NCs) have recently garnered considerable attention due to their
potential use as biolabels and in biological assay&lpconverting
phosphors have a number of properties that make them attractive
for use in these tasks!! Upconversion is the generation of higher
energy light from lower energy radiation, usually near-infrared
(NIR) or infrared (IR), through the use of transition metal, lan-
thanide, or actinide ions doped into a solid-state host. Organic dyes
and semiconductor quantum dots that emit at higher energies via
two-photon absorption processes requiring expensive high energy
pulse lasers have also been investigated for use in these tech-
niques!?-14 Due to the relative high efficiency of the upconversion
process in lanthanide-doped materials, inexpensive 980 nm NIR
diode lasers may be employed as the excitation source. The reali-
zation of efficient NIR to visible upconverting NCs should unlock
a realm of new possibilities in the field of biolabeling and bioassays.

The first step in achieving viable upconverting NCs is the
selection of a material that is an efficient host for lanthanide ion
upconversion. Gudel et al. have recently identified micrometer-
sized EFY/Yb®" or Tm¥/Yb3" co-doped hexagonal Na¥Rs the
material with the highest upconversion efficiencies’ Several
recent publications have reported upconversion from colloids of
either cubié® or hexagon&lNaYF,; NCs, as well as hexagorial
NaGdFR NCs. It is well-known that metal trifluoroacetates thermally
decompose to give the corresponding metal fluorides and various 0 10 20 30 40 50 60 70
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fluorinated and oxyfluorinated carbon specig&?The use of oleic Diameter (nm)
acid together with the noncoordinating solvent octadecene for the
synthesis of various types of NCs is also well documeftedi. C
Here we present a new synthetic route for cubic NaXEs that
exploits the combination of these two facts to provide highly
luminescent nanoparticles through a simple one-pot technique with e ] A l
only one preparatory step.
The procedure for the synthesis of Na¥Cs was adapted from
a recently reported synthesis of Lafanoplated? The lanthanide
trifluoroacetate precursors were prepared from the corresponding
lanthanide oxides and trifluoroacetic aéfdThe corresponding : | i |
amount of sodium trifluoroacetate was then added to the reaction d . : 2 : :
. . - : : 4 7
vessel with octadecene and oleic acid. The resulting solution was 30 02 Thse(:a {0)60 0 80
healtted to 106C under vacuum with stlr'rlng for 30 min to remove Figure 1. Characterization data for NaY¥F 2% Ef*, 20% YB** nano-
residual water and oxygen. The solution was then heated to SOOcrystab. (A) Transmission (_:_\|ectron micr_ogcopy (TEM) image. |nset; High-
°C at a rate of 10C/min under Ar and kept at this temperature for r?St?]IUtlontTllEM _(HRT%IE/I)_ lmdasfle of _?Esl\lﬂngle nanocglgtgl- (B) HlSt?E?ram
: [0} € particle sizes obtained from Images-e: nanocrystals.
1 h. Subsequently, the mixture was -a.llowed to cool to_ room (C) Experimental powder X-ray diffraction (XRD) pattern (top curve) and
temperature, and the NCs were precipitated by the addition of the calculated line pattern far-NaYF,; (bottom curve).
hexane/acetone (1:4 v/v) and isolated via centrifugation. The ynder vacuum for 24 h. The presence of the oleic acid ligand on
resulting pellet was then washed once with ethanol and further ihe surface of the NCs was confirmed via thé NMR of an
purlf!eq by dlspersmg in a minimum amountlof chloroform an.d undoped NaYksample (Figure S1 in Supporting Information). Due
precipitated with excess ethanol. The resulting NCs were dried {5 the presence of the capping ligand, the NCs could be dispersed
t Concordia University. in npnpolar solvenlts and were colloidally sFabIe in so[ution for a
* Universitedu Quéec. period of weeks with no visible agglomeration or settling.
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Figure 2. One wt % colloidal solutions of nanocrystals in dichloromethane ) ) y ) . ) )
] : . ] ' 500 600 700 800
excited at 977 nm demonstrating upconversion luminescence. (A) NaYF Wavelenath
2% ER*, 20% YIB+ solution showing its transparency. (B) Total upcon- avelength (nm)
version luminescence of Na¥F2% ER*, 20% YB** solution. (C and D) Figure 3. Luminescence emission spectra of 1 wt % colloidal solutions of
NaYFs: 2% ER*, 20% Y+ upconversion viewed through green and red  nanocrystals in dichloromethane excited at 977 nm. (A) NaY& ERT,
filters, respectively. (E) NaYE 2% Tn?+, 20% Y+ solution. 20% YB**" and (B) NaYR: 2% Tn#*, 20% YB.

Figure 1 shows the characterization data for a NaYZ®o ERt,
20% YbB*™ sample. The transmission electron microscopy (TEM)
images (Figure 1A) show that the synthesized particles are roughly
spherical. From the particle size distribution (Figure 1B), one can
observe that the particles vary in size from 10 to 50 nm, with the
majority falling in the range between 15 and 30 nm. The powder  Acknowledgment. The authors gratefully acknowledge NSERC
X-ray diffraction (XRD) pattern (Figure 1C) of the sample shows Canada for financial support.
well-defined peaks, indicating the high crystallinity of the synthe-
sized material. The peak positions and intensities from the experi-
mental XRD pattern match closely with the calculated pattern for
cubica-NaYF,.23 From the line broadening of the diffraction peaks,
the crystallite size of the sample was determined to be approxi-
mately 25 nm using the Deby&cherrer formula, which corre-
sponds well to the average particle size determined from the TEM

size distribution as well as corashell NCs where a shell of undoped
NaYF; is grown over the lanthanide-doped NaXdore. Investiga-
tion of additional capping ligands and postsynthetic surface
treatments are also ongoing to obtain water-dispersible NCs.

Supporting Information Available: Full synthetic procedure, NMR
of NaYF, sample, power dependence of upconversion emission, and
upconversion mechanism diagrams. This material is available free of
charge via the Internet at http://pubs.acs.org.
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