JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by ISTANBUL TEKNIK UNIV

Communication

A Strategy to Protect and Sensitize Near-Infrared
Luminescent Nd and Yb: Organic Tropolonate Ligands
for the Sensitization of Ln-Doped NaYF Nanocrystals
Jian Zhang, Chad M. Shade, Demetra A. Chengelis, and Stphane Petoud

J. Am. Chem. Soc., 2007, 129 (48), 14834-14835 « DOI: 10.1021/ja074564f
Downloaded from http://pubs.acs.org on February 9, 2009

e 6 Ot —Yb*
' — Nd*
Excitation ¢ ﬁ
o —- ¥ NaY,gLn,.F, 7,
’ )g}
_shan 800 1000 1200 1400
s 23 NIR emission Wavelength / nm

More About This Article

Additional resources and features associated with this article are available within the HTML version:

Supporting Information

Links to the 3 articles that cite this article, as of the time of this article download
Access to high resolution figures

Links to articles and content related to this article

Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja074564f

JIAIC[S

COMMUNICATIONS

Published on Web 11/10/2007

A Strategy to Protect and Sensitize Near-Infrared Luminescent Nd 3t and
Yb3*: Organic Tropolonate Ligands for the Sensitization of Ln 3*-Doped NaYF 4
Nanocrystals

Jian Zhang, Chad M. Shade, Demetra A. Chengelis, and Stéphane Petoud*
Department of Chemistry, Umérsity of Pittsburgh, Pittsburgh, Pennsghia 15260

Received June 21, 2007; Revised Manuscript Received October 12, 2007; E-mail: spetoud@pitt.edu

Lanthanide-based near-infrared (NIR) emitters have a great Scheme 1. Molecular Structure of Trg)golonate3 +and Schematic
potential to serve as bioanalytical reporters for several reasons: (j)!llustration of Tropolonate Capped Nd**- or Yb*-Doped NaYFs
. . S Nanocrystals and the Energy Transfer Process
NIR photons scatter less than visible photons, improving image

o

resolutiont (ii) Biological systems have low native autofluorescence ) 5 3y

in the NIR energy domaifresulting in higher detection sensitivity O : 7%

due to improved signal-to-noise ratio. (iii) Most luminescent i
lanthanide complexes are not susceptible to photodecomposition, 0 ! ""
allowing long or repeated experiments and simplifying sample e} o 'x'lpfuiem.ss.on

storage and preparation procedures. Sineé fransitions are
Laporte forbidder, free Lre™ have low extinction coefficients
resulting in low luminescence intensity. Therefore, it is necessary assigned to the original capping ligands of the NCs (oleic acid,
to sensitize these cations through a suitable chromophore (“antennaleylamine, and octadecene) present at 2924 and 2854 cm
effect”),* an area of research that has been highly active in recent disappear and are replaced by the characteristic absorption bands
years® However, this approach has intrinsic limitations because of Trop~ at 1595 and 1510 cm.
lanthanide luminescence is easily quenched through nonradiative The XRD patterns (Figure 1, right) of the uncapped and capped
routes when the cations are in close proximity to the vibrational NaYgglngoF4 NCs (Ln: Nd or Yb) reveal the formation of cubic
overtones of -OH, -NH, and -CH groups present in the sensitizing a-NaYF; (space groupFm3m). All diffraction peak positions and
ligand and/or solverftThis effect is particularly dramatic for NIR intensities agree well with calculated vald&3ransmission electron
emitting Lr*™ because of relatively small energy gaps between microscopy (TEM) images (Figure 1, left) of both uncapped and
ground and excited electronic stafeo alleviate this limitation, capped NC samples also indicate that the obtained nanocrystals
Ln3* have been incorporated into inorganic matrices, such agL.nF  are of single-crystalline nature with high crystalline size uniformity.
LNn,03,8 LNPOy,° LNV O,,10 TiO,,1t and Zeolited? These materials They are relatively monodisperse with roughly spherical shape. The
protect lanthanide cations from sources of nonradiative deactivation;average sizes are 64 0.6 nm, 6.0+ 0.6 nm, 5.3+ 0.7 nm, and
however, they have either limited (e.g., Ln¥®r no absorbance 5.3+ 0.6 nm for NaY, gYbo JF4 NCs, Trop capped NaY¥sYbo oF4
in the UV range. Thus, these inorganic materials are not able to NCs, NaYy gNdy JF4 NCs, and Trop NaYogYbg oF4 NCs, respec-
sensitize lanthanide luminescence with the efficiency of organic tively (Figure S3, Supporting Information). Such relatively small
sensitizers. sizes are compatible for use in many bioanalytical applications.
Here we introduce a strategy to overcome the limited lanthanide = The UV—vis absorption spectra (Figure 2) of Tropapped NCs
sensitization by binding organic tropolonate chromophoric groups in DMSO reveal the presence of two bands with apparent maxima
to the surface of NaYFnanocrystals (NCs), doped with NIR  centered around 323 and 384 nm, similar to those observed for
emitting Né#* or Yb®+ (Scheme 1). Tropolonate (Tropwas chosen [Ln(Trop)s]~ confirming the presence of Tromn the surface of
as a capping ligand since it has been previously demonstrated toNCs. Upon excitation at 340 nm, the characteristic sharp NIR
be a suitable sensitizer for several lanthanide cations emitting in emission bands arising from Ridor Yb®" were observed (Figure

the NIR range when coordinated in KLn(Trggpmplexes3 These 2). The excitation profiles of lanthanide luminescence in botfi"Nd
novel systems use the NayYFmatrix to protect LA™ from and YB* doped NCs are similar (Figure S3), demonstrating that
nonradiative deactivations, while a chromophoric coating sensitizes the lanthanide cations are sensitized through the same source: the
their luminescence. electronic structure of the Tropligand. For YB*, there is a

A synthetic method to prepare Ridor Yb3" doped NaYEk NCs significant energy gap between the energy donating levels of Trop
was developed on the basis of a recently reported synthesis ofand its accepting levels. Energy transfer over this large gap could
NaYF; NCs (see Supporting InformatioH)The Trop capped NCs be explained by phonon-assisted or electron-transfer mechakisms.
were synthesized using the following procedure. Tropolone was The lifetimes of the luminescence arising from™Ndnd Y+
dissolved in methanol, then deprotonated with an equimolar amountin Trop~ capped NCs and in [Ln(Trog]) complexes were
of KOH in methanol. Chloroform was added to obtain a 1/1 (v/v) determined in DMSO and are reported in Table 1. It is important
MeOH/CHCE} solvent mixture. This solution was added to a purified to note that the N& and Y luminescence decays in [Ln(Trap)
solution of NCs dispersed in chloroform. The resulting mixture was complexes are best fit as monoexponential decays, indicating a
sonicated for 2 h, and the solvent was removed under vacuum. Theunique coordination environment around the centraifL!a Since
resulting solid was washed with ethanol and DMSO and dried under there should be more than one coordination environment &t Ln
vacuum for 24 h. The binding of the Trogroups to the surface  in the NCs (i.e., core and surface), multiexponential decay profiles
of nanocrystals was monitored through FT-IR spectroscopy (Figure are expected. The experimental results reflect this hypothesis. For
S1, Supporting Information). Upon reaction, the absorption bands Yb3" in the NCs, the experimental decay was best fitted as a
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Figure 1. Transmission electron microscopy images (left, scale bar: 20
nm) and the X-ray diffraction patterns (right) of uncapped and capped NCs.
(a) NaYo.gYbo2F4 NCs, (b) Trop capped Na¥gYbo 4 NCs, (c) NaYs
Ndo2F4 NCs, (d) Trop capped Na¥gNdo o4 NCs.
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Figure 2. Normalized U\+vis absorption (left) and NIR luminescence
emission spectra (right) of the complex (bottorh)x(= 340 nm, 104 M)
and Trop-capped NCs (cal g L™1) in DMSO (top).

Table 1. Luminescence Lifetimes (us) of the Complexes and
Trop~-Capped NCs and Contribution to Luminescence Intensity in
Brackets. dex = 354 nm

NaYoglngoFs NC KLn(Trop)s
Yh3+ 68(3), [80(2)%)] 12.43(9)
4.1(4), [20(2)%)]
Nd3+ 12.6(9), [22(1)%] 1.10(4)

3.7(2), [63(6)%)]
1.1(2), [15(6)%]

biexponential function. The longest component is attributed to the
luminescence decay from cations in the NC core and is the major
contribution to the overall intensity. The second component is
significantly shorter and can be attributed to3Ylwith a lower
level of protection from nonradiative deactivation, likely located

at the surface of the nanocrystals. The experimental decay recorded

for Nd®" in the NCs is best fit with a triple exponential decay.
Similar to YB**, there is a long component which corresponds to
luminescence decay from Ridin the nanocrystal matrix. The two
shorter components are assigned t&'Nat or near the NCs surface
in different coordination environments. Since Ndunlike Y+,

has a large number of excited states, and thus additional routes for (;q)

nonradiative deactivations, it may be more sensitive to coordinating
ligands than YB' resulting in additional lifetime components.
Globally, significantly longer luminescence lifetimes were
observed for the Tropcapped YB"/Nd®** doped NCs than for the
corresponding molecular complex [Ln(Tragp). The longest com-

chromophores. The NC matrix protects thést.from nonradiative
deactivation via high-energy vibrations of solvent molecules and/
or of organic ligands, as proven by the longer luminescence
lifetimes. Through this work, we have established proof that it is
possible to combine the antenna effect provided by organic
chromophores with the protection from an inorganic matrix, thereby
reducing the usual limitations of NIR lanthanide luminescence in
coordination complexes. This is a general strategy that can be
expanded for application to different combinations of organic
chromophores, lanthanide cations, and inorganic matrices. The NCs
have a relatively small size, and combined with the proper choice
of ligand system(s) to give the capped NCs water solubility, it will
be possible to extend this methodology for bioanalytical applica-
tions.
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