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Abstract: Core-shell nanostructures consisting of FePt magnetic nanoparticles as the core and
semiconducting chalcogenides as the shell were synthesized by a series of reactions in a one-pot procedure.
Adding Cd(acac)2 as the cadmium precursor to a reaction mixture containing FePt nanoparticles afforded
FePt@CdO core-shell intermediates. The subsequent addition of chalcogens yielded FePt@CdX core-
shell nanocrystals (where X was S or Se). The reverse sequence of addition, i.e., adding X before Cd,
resulted in spongelike nanostructures because the chalcogens readily formed nanowires in the solution.
Transmission electron microscopy, energy-dispersive X-ray spectrometry, selected area electron diffraction,
fluorescence spectroscopy, and SQUID were used to characterize the nanostructures. These core-shell
nanostructures displayed superparamagnetism at room temperature and exhibited fluorescence with
quantum yields of 2.3-9.7%. The flexibility in the sequence of addition of reagents, combined with the
compatibility of the lattices of the different materials, provides a powerful yet convenient strategy for
generating sophisticated, multifunctional nanostructures.

1. Introduction

In this study set we out to synthesize fluorescent magnetic
nanoparticles with a core-shell nanostructure of FePt@CdX
(X ) S or Se) through the sequential addition of reagents in a
one-pot procedure. Nanomaterials with novel structures promise
applications in many fields such as superconducting materials,
biological sensors, and carriers of drug delivery.1 The design
and fabrication of sophisticated, multifunctional nanostructures
has recently been attracting increased research effort, especially
for biological applications.2 Among the well-established nano-
materials, both quantum dots (QDs) and magnetic nanoparticles
have found notable and successful applications in biology and
biomedicine. While the former are receiving increased ac-
ceptance as fluorescent probes for visualizing biological pro-
cesses in vitro and in vivo,3,4 the latter have served as magnetic

resonance imaging (MRI) agents for the diagnosis of many
diseases, including cancers.5

Many recent studies have demonstrated the potential of
quantum dots as biological probes in vitro and in vivo. For
example, Nie and co-workers demonstrated the application of
bioconjugates of quantum dots for ultrasensitive and multiplex
biological detection and imaging.6 Bawendi and co-workers
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reported the creation of InAs/ZnSe core-shell quantum dots
which fluoresced at near-infrared wavelengths and demonstrated
their applications for in vivo imaging.4,7 Mattoussi et al. used
quantum dot-peptide conjugates to monitor proteolytic activity
by fluorescence resonance energy transfer (FRET).8 Kotov et
al. applied a layer-by-layer approach to forming quantum dot-
based stable ultrathin films with regular periodicities9 and used
the self-assembly of CdTe nanocrystals to mimic protein
folding.10 Rao and co-workers reported an elegant approach
which used bioluminescence to “turn on” the fluorescence of
quantum dots in an intracellular molecular imaging process.11

Moreover, quantum dots with narrow and tunable fluorescence
properties can be covalently linked to oligonucleotides and used
as probes for detecting DNA with desired sequences.12 The most
prominent biomedical application of magnetic nanoparticles has
been as contrast agents in MRI, where they are gaining clinical
acceptance.13 Recently, techniques and procedures for producing
monodispersed magnetic nanoparticles or nanorods (for example,
FePt, CoPt, FePd, Fe3O4, and γ-Fe2O3) are close to being
perfected.14,15Several groups have explored the applications of
such magnetic nanomaterials in MRI and as magnetic carriers
for drug delivery, pathogen detection, or protein separation.16

For example, Weissleder and co-workers developed a cell-
labeling approach to track the distribution and differentiation
of progenitor and stem cells using Tat peptides linked with
magnetic nanoparticles.17 Moreover, they developed a novel,

biocompatible, and physiologically inert iron oxide nanoparticle
for in vivo MRI tracking of injected cells at near-single-cell
resolution.18

Such exciting and successful applications have inspired the
fabrication of nanostructures that exhibit both fluorescence and
magnetism, including FePt-CdS heterodimer nanoparticles,19

γ-Fe2O3/MS (M ) Zn, Cd, or Hg) heterojunctions,20 FePt-
ZnS nanosponges,21 Fe2O3 bead-CdSe/ZnS quantum dot nano-
composites,22 and Co@CdSe core-shell nanocomposites.23 At
the same time, other multicomponent and multifunctional
nanostructures have also emerged, for example, CoPt3-Au
heterodimer nanocrystals,24 Au-Fe3O4 dumbbell-like bifunc-
tional nanoparticles,25 CdSe-Au heterostructures,26 Fe3O4-Ag
and FePt-Ag heterodimer nanocrystals,27 and other binary or
ternary hybrid nanostructures.28 Despite the successful synthesis
of these sophisticated nanostructures, there has been little
reported effort to systematically explore the sequence of the
addition of the reagents and its influence on the formation of
the nanostructures.

In this study we aimed to develop a convenient means for
controlling the morphology of multifunctional nanostructures
by altering the sequence of addition of their reagents. Using
as-prepared FePt nanoparticles as seeds, two types of fluorescent
magnetic nanostructures were generated through a one-pot
synthesis procedure. As shown in Scheme 1, the addition of
Cd(acac)2 as a cadmium precursor promoted the formation of
FePt@CdO core-shell intermediate nanostructures, and then
the subsequent addition of a chalcogen yielded FePt@CdX
core-shell nanocrystals, where X denotes S or Se (this will be
termed route 1). The reverse sequence of precursor addition
yielded nanosponges of FePt-CdX (X ) S or Se). Apparently,
the addition of chalcogens allowed the formation of nanowires
of chalcogens in hot solution (about 120°C), which served to
connect FePt nanoparticles; the subsequent addition of Cd(acac)2

gave FePt-CdX nanosponges (route 2).
Variables controlling the formation of these nanostructures,

reaction conditions and the ratios of precursors, were varied
systematically, and the structures of the resulting products were
observed. For example, use of a higher boiling point solvent in
the route 1 synthesis was observed to result in the formation of
FePt-CdX heterodimer nanocrystals. These appear to be the
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first reported nanostructures with a FePt magnetic core and a
CdX shell. Their combination of superparamagnetism and
fluorescence at nanometer scale should help expand the biologi-
cal applications of multifunctional nanomaterials. They might,
for example, serve as bimodal imaging probes for MRI and
fluorescence microscopy,29 in which case they may represent a
new class of agents for molecular imaging.

2. Experimental Section

2.1. Chemicals.Oleic acid (99%), oleylamine (99%), sulfur pre-
cipitate (99.998%), selenium powder (99.5%), tellurium powder
(99.9%), trioctylphosphine oxide (TOPO; technical grade, 90%),
hexadecane-1,2-diol (technical grade, 90%), phenyl ether (99%), dioctyl
ether (99%), benzyl ether (99%), and 1,2-dichlorobenzene were
purchased from Sigma-Aldrich Corp. and Fe(CO)5, Pt(acac)2 (98%),
and Cd(acac)2 (99%) from Strem Chemicals Inc. All the chemical
reactions were carried out under an inert atmosphere in a glovebox to
prevent oxidation unless otherwise stated.

2.2. Typical Synthesis of FePt@CdSe Core-Shell Nanocrystals.
After the method reported by Sun et al.15 was used to form FePt
nanoparticles via the thermolysis of Fe(CO)5 (0.07 mL) and Pt(acac)2

(50 mg) in phenyl ether, the solution (about 15 mL) was cooled to 200
°C. Without further separation or purification, Cd(acac)2 (312 mg) and
hexadecane-1,2-diol (500 mg) were added, and the mixture was held
at 200°C for 30 min to decompose the Cd(acac)2 precursor to form
FePt@CdO core-shell intermediate nanostructures. The solution
changed from black to dark brown, indicating the formation of CdO
after the thermal decomposition of Cd(acac)2, similar to the decomposi-
tion of Zn(acac)2.30 Selenium powder (85 mg) was then added, and the
reaction mixture was heated to refluxing (258°C) for 60 min, which
resulted in a black dispersion of FePt@CdSe core-shell nanocrystals.
The reaction mixture was allowed to cool to room temperature after
removal of the heat source. Ethanol (20 mL) was added to the mixture,
and the black product was precipitated via centrifugation. Washing the
product with ethanol and hexane can easily purify the core-shell
nanocrystals thus produced. The final product redispersed well in
hexane.

2.3. Typical Synthesis of FePt-CdS Nanosponges.After formation
of FePt nanoparticles by thermal decomposition of Fe(CO)5 (0.07 mL)
and Pt(acac)2 (50 mg) in phenyl ether, the solution was cooled to 120
°C. Without any separation or purification, sulfur precipitate (35 mg)

was added, and the temperature was held at 120°C for 10 min, Cd-
(acac)2 (312 mg) was then added, and the temperature was raised to
200°C at the rate of 10°C/min and then maintained for 10 min. In the
final step, the hot solution (15 mL) was heated quickly to refluxing
(about 258°C) and left to reflux for 45 min to give a black dispersion
of FePt-CdS nanosponges. The product purification procedure was
similar to that described above.

2.4. Synthesis of FePt-CdSe Heterodimers of Nanocrystals.After
formation of FePt nanoparticles by thermal decomposition of Fe(CO)5

(0.07 mL) and Pt(acac)2 (50 mg) in benzyl ether (or dioctyl ether), the
solution was cooled to 200°C. Without any separation or purification,
Cd(acac)2 (312 mg) was added, and the temperature was maintained at
200°C for 30 min. Selenium powder (85 mg) was then added, and the
mixture was heated to refluxing (about 300°C in benzyl ether, about
286 °C in dioctyl ether) and held there for 90 min to give a black
dispersion of FePt-CdSe heterodimers of the nanocrystals.

2.5. Instrumentation. Transmission electron micrographs were
obtained using a JEOL 2010 electron microscope operated at 200 kV.
High-resolution transmission electron microscopy (HRTEM) images
and energy-dispersive X-ray (EDX) microanalysis were obtained with
this equipment. Absorbance and fluorescence spectra were recorded
on a Perkin-Elmer Lambda 900 UV/vis/NIR spectrometer and a Perkin-
Elmer luminescence spectrometer (LS55), respectively, and fluorescence
micrographs were recorded with an Olympus BX41 microscope.

3. Results

3.1. Formation of FePt@CdX (X ) S, Se) Core-Shell
Nanocrystals. The thermolysis of Pt(acac)2 and Fe(CO)5
according to the procedure reported by Sun and co-workers15

yielded monodispersed FePt nanoparticles with a diameter of
approximately 3 nm (Figure 1A). Selected-area electron dif-
fraction (SAED) indicated that these FePt nanoparticles were
in a disordered face-centered cubic (fcc) phase (Figure 1A,
inset). After the addition of cadmium sources, Cd(acac)2, and
reaction at 200°C for about 30 min, the subsequent addition of
chalcogens afforded FePt@CdX (X) S or Se) core-shell
nanocrystals (route 1 in Scheme 1). TEM images clearly display
the monodispersed core-shell nanocrystal structure. While the
FePt@CdS nanocrystals (Figure 1B) showed some degree of
aggregation and fusion of the nanocrystals, the FePt@CdSe
core-shell nanocrystals (Figure 1C) exhibited much better
monodispersity (around 10 nm outside diameter with a 3 nm
diameter of the FePt core). HRTEM images (Figure 1B,C,
insets) suggest that both the FePt parts and the CdS or CdSe
parts were crystalline. EDX spectrometry of FePt@CdS core-
shell nanocrystals (Supporting Information, Figure S1) showed
that the core consisted primarily of Fe and Pt and the shell of
Cd and S, corresponding to regions 1 and 2, respectively, in
the figure (the signals of Fe and Pt in region 2 should originate
from FePt cores). EDX spectrometry of the FePt@CdSe core-
shell nanocrystals (Figure S1) also confirmed that the cores
consisted primarily of Fe and Pt and the shells of Cd and Se,
corresponding to regions 3 and 4, respectively.

Both kinds of core-shell nanocrystals described above should
exhibit both fluorescence and superparamagnetism. The UV/
vis absorption peak at∼435 nm shown in Figure 2A corresponds
to CdS in the FePt@CdS core-shell nanocrystals, though it is
a weak peak. The fluorescence spectrum indicates a fluorescence
maximum for FePt@CdS nanocrystals at∼460 nm, which is
similar to that of about 5 nm sized CdS nanoparticles.31 The
FePt@CdSe core-shell nanocrystals exhibited an absorption
peak at∼445 nm (Figure 2B) resulting from the CdSe shells.

(29) Mulder, W. J. M.; Koole, R.; Brandwijk, R. J.; Storm, G.; Chin, P. T. K.;
Strijkers, G. J.; Donega, C. D.; Nicolay, K.; Griffioen, A. W.Nano Lett.
2006, 6, 1.
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Scheme 1. Some Reagent Addition Sequences and the
Corresponding Products
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Interestingly, the fluorescence spectrum of the FePt@CdSe
nanocrystals showed a fluorescence emission peak at∼465 nm,
which is similar to that reported for 2 nm CdSe nanoparticles.32

The fluorescence emission peaks in Figure 2A,B are slightly
asymmetric, which can be explained by variation in the
crystallinity of the CdS (or CdSe) shells around the FePt cores.
Compared with the symmetric photoluminescence (PL) peaks
of neat CdS (or CdSe) nanocrystals,33 the asymmetric PL peaks
of these two samples suggest the fluorescent properties origi-
nated from the FePt@CdS core-shell nanoparticles (or
FePt@CdSe core-shell nanoparticles). Moreover, the emission
peaks are broad (the full width at half-maximum (fwhm) is about
50-70 nm), which is likely due to the presence of multicrys-
talline CdS (or CdSe) shells (see the HRTEM images in Figure
1). There may perhaps be many CdS (or CdSe) clusters with
different sizes and shapes in the multicrystalline CdS (or CdSe)
shells. Since the emission peak of a semiconducting nanoparticle

is strongly dependent on its size and shape,33 the CdS (or CdSe)
nanoclusters’ crystallite domains23 with different sizes and
shapes result in the broad emission spectra. The blue emission
color (about 465 nm) of the FePt@CdSe core-shell nanocrystals
may result from the small size (about 2 nm in diameter32) of
the CdSe nanoclusters in shells around the FePt cores. Upon
illumination of a hand-held UV lamp (λex ) 365 nm), the
FePt@CdX (X) S or Se) core-shell nanocrystal dispersion
gives off blue emissions (Figure 2C,D), which is consistent with
the emission peaks in the fluorescence spectra. At room
temperature, the fluorescence quantum yield (QY) of FePt@CdS
core-shell nanocrystals is 2.3-3.5%, while that of FePt@CdSe
core-shell nanocrystals is a little higher at 7.5-9.7%.34 The
relatively low QYs of such multifunctional nanocrystals can be
a result of the partial quenching due to metallic (FePt) cores,
similar to the case of the Co@CdSe core-shell nanostructures
reported by Klimov et al.23 The photoluminescence excitation
(PLE) spectra (Figure S2, Supporting Information) of FePt@CdS
core-shell and FePt@CdSe core-shell nanoparticles are similar
in shape to the corresponding UV/vis spectra, indicating the
fluorescent properties of the nanoparticles are independent of
the excitation wavelength.

Magnetic measurements were performed immediately after
the synthesis of the core-shell nanocrystals. Standard zero-
field cooling (ZFC) and field cooling (FC) measurements gave
estimated blocking temperatures of about 13 K for the FePt@CdS
core-shell nanocrystals and 14 K for the FePt@CdSe core-
shell nanocrystals (Figure 3), suggesting that the superpara-
magnetic behavior of the FePt core essentially was preserved.
That is, the CdX shell had little effect on the magnetic properties
of the core. The well-defined sharp peaks indicate the uniform
size of the FePt cores and rather weak magnetic dipolar
interactions between the FePt parts in these two samples. This
is confirmed by extrapolating the plots of 1/m againstT to pass
through the origins (Figure 3, insets), showing that nanostruc-
tures with CdX (X ) S or Se) shells should minimize the
interactions between the FePt cores.

To test the stability of these types of nanoparticles in potential
biological applications, we chose FePt@CdSe core-shell nano-
particles as an example for the surface modification. After being
modified by glutathione (GSH) molecules, the nanoparticles
dispersed in water very well and also maintained the core-
shell nanostructures (Figure S3, Supporting Information),
indicating these types of nanoparticles were robust enough to
meet the essential requirements in biological applications.

3.2. Formation of FePt-CdX (X ) S, Se) Nanosponges.
Route 2 in Scheme 1 afforded only spongelike nanonetworks
(Figure 4A,B). The FePt nanoparticles apparently served as a
center from which CdX (X) S or Se) nanowires could branch
out, and all the FePt nanoparticles were coated with different
amounts of CdX (X) S or Se). HRTEM images (insets in
Figure 4A,B) indicate that the FePt parts and the CdX (X) S
or Se) parts were all crystalline. The FePt-CdX nanosponges
also exhibited fluorescence. Because of their low solubility, UV/
vis and fluorescence spectra were recorded with solid-state
samples (Figure S4, Supporting Information). UV/vis absorption
peaks of these two nanosponges appeared at∼510 nm. The
fluorescence emission peaks of these two nanosponge samples
appeared at∼530 nm with a Stokes shift of about 20 nm. To
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Figure 1. TEM images of (A) as-prepared FePt nanoparticles (inset: SAED
pattern analysis of FePt), (B) FePt@CdS core-shell nanocrystals (inset:
HRTEM image), and (C) FePt@CdSe core-shell nanocrystals (inset:
HRTEM image).
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observe the fluorescence of the samples directly, fluorescent
images (excitation range 460-490 nm) were taken under a
microscope. FePt-CdS nanosponges and FePt-CdSe nano-
sponges both displayed green emissions (Figure 4C,D), which
were consistent with the emission peaks in the fluorescence
spectra (Figure S4). ZFC/FC measurements gave estimated
blocking temperatures of 9 K for the FePt-CdS nanosponges
and 14 K for the FePt-CdSe nanosponges (Figure 4E,F),
indicating that they were superparamagnetic at room tempera-
ture. The blocking temperature of the FePt-CdS nanosponges
was lower than that of the FePt-CdSe nanosponges because
of the smaller size of the FePt nanoparticles (about 2 nm) in
FePt-CdS nanosponges. The divergence of the ZFC and FC

curves at temperatures higher than the blocking temperature
could be due to the relatively broad size distribution of the FePt
nanoparticles and relatively strong magnetic interactions between
particles, suggesting that some of the FePt nanoparticles were
close to each other in the nanosponges (Figure 4A,B).

3.3. Formation of FePt-CdSe Heterodimer Nanocrystals.
When much higher boiling point solvents such as benzyl ether
(boiling point 300°C) or dioctyl ether (boiling point 286°C)
replaced phenyl ether (boiling point 258°C) in the FePt@CdSe
core-shell nanocrystal synthesis, only FePt-CdSe heterodimer
nanocrystals were formed, as shown in Figure 5. The diameters
of the FePt particles remained at∼3 nm, but the CdSe
component had diameters of 6-8 nm (Figure 5A). An HRTEM
image shows that the CdSe parts were crystalline (Figure 5B).
The FePt-CdSe heterodimer nanocrystals retained the properties
of their individual components (FePt and CdSe), like the FePt-
CdS heterodimer nanoparticles that have previously been
reported.19 As shown in Figure 5C,D, the FePt-CdSe het-
erodimer nanocrystals exhibited fluorescence emission maxima
at ∼460 nm (UV/vis absorption peak at∼437 nm) and had an
estimated blocking temperature of∼10 K according to standard
ZFC/FC measurements.

4. Discussion

4.1. Effect of the Precursor Addition Sequence.The
sequence of addition of the reagents played a determining major
role in the formation of these multifunctional nanostructures.
To further demonstrate the formation mechanism proposed in
Scheme 1, stepwise characterization experiments were per-
formed. After the addition of cadmium precursors, FePt@CdO
core-shell intermediate nanostructures (Figure S5, Supporting
Information) formed easily, probably because FePt (a ) 3.816
Å) and CdO (a ) 4.695 Å) have the same face-centered cubic
lattice structures (space groupFm3m). Thus, FePt@CdX (X)
S or Se) core-shell nanocrystals result after the addition of the
corresponding chalcogen (Figure 1B,C).

It is also known that chalcogens such as selenium and
tellurium easily form nanowires in a high-temperature solvent
when surfactants are present. Similar to the results reported by
Xia et al.,35 selenium nanowires were also observed to form
readily in these experiments upon the addition of selenium
powder to a hot 1,2-dichlorobenzene solution containing TOPO

(35) (a) Gates, B.; Mayers, B.; Cattle, B.; Xia, Y. N.AdV. Funct. Mater.2002,
12, 219. (b) Xia, Y. N.; Yang, P. D.; Sun, Y. G.; Wu, Y. Y.; Mayers, B.;
Gates, B.; Yin, Y. D.; Kim, F.; Yan, Y. Q.AdV. Mater. 2003, 15, 353.

Figure 2. UV/vis and fluorescence spectra (λex ) 365 nm) of (A) FePt@CdS core-shell nanocrystals and (B) FePt@CdSe core-shell nanocrystals in a
hexane suspension. Fluorescence images of hexane solutions of (C) FePt@CdS core-shell nanocrystals and (D) FePt@CdSe core-shell nanocrystals excitated
by a UV lamp (λex ) 365 nm).

Figure 3. Temperature dependence of the ZFC/FC magnetization of (A)
FePt@CdS core-shell nanocrystals and (B) FePt@CdSe core-shell nanoc-
rystals with a magnetic field of 100 Oe (insets: FC, 1/m vs T).
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surfactant (Figure S6, Supporting Information). The resulting
Se nanowires were 10-80 nm in width and crystalline. As
shown in route 2 (Scheme 1), when the chalcogen precursors
were added to the hot organic suspension containing FePt
nanoparticles, the chalcogen nanowires with FePt nanoparticles
as nodes formed immediately (Figure S7, Supporting Informa-
tion), and the subsequence addition of a cadmium source yielded
the corresponding FePt-CdX nanosponge network (Figure
4A,B).

4.2. Role of Temperature.High-boiling-point organic sol-
vents are frequently used to synthesize nanostructures through
the thermolysis of precursors. For the synthesis of core-shell
nanocrystals and nanosponges, phenyl ether with a boiling point
of 258 °C was chosen as the reaction solvent. Had a solvent
with much higher boiling point been chosen, the nanostructure

of the products would have been different. FePt-CdS het-
erodimers are produced with dioctyl ether (boiling point
286 °C) as the reaction solvent.19 With benzyl ether (boiling
point 300°C), reactions following route 1 (Scheme 1) yielded
FePt-CdX (X ) S or Se) heterodimer nanocrystals as the only
product. The formation of nanocrystals at the higher temperature
is probably due to the difference in phase transition temperatures
between the FePt and CdX (X) S or Se) components.19 The
CdX (X ) S or Se) component may melt at the higher
temperature and induce dewetting from the FePt cores, resulting
in the formation of heterodimeric nanocrystals.

4.3. Reaction Time.To investigate the formation process
and the thermal stability of the FePt@CdSe core-shell nanoc-
rystals, the course of their synthesis reaction in phenyl ether
was tracked at 30 min intervals. As shown in Figure 6, 30 min

Figure 4. TEM images of (A) FePt-CdS nanosponges and (B) FePt-CdSe nanosponges (insets: HRTEM images). Fluorescence microscope images of
aggregations of (C) FePt-CdS nanosponges and (D) FePt-CdSe nanosponges. The nanosponges were spread on a glass slide and the images taken with a
fluorescence microscope (excitation wavelength range 460-490 nm). Temperature dependence of the ZFC/FC magnetizations of (E) FePt-CdS nanosponges
and (F) FePt-CdSe nanosponges with a magnetic field of 100 Oe.
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after the addition of Se stock solution, some FePt@CdSe core-
shell nanocrystals about 10 nm in diameter had been produced
(Figure 6A), in addition to amorphous material. This amorphous
material may have been precursors which had not yet reacted,
suggesting that the reaction was incomplete after 30 min. The
reaction was finished completely after 60 min, yielding

FePt@CdSe core-shell nanocrystals of uniform size (Figure
6B). When the reaction time was lengthened to 90 or even 120
min, the nanocrystals still maintained their core-shell nano-
structure without any further evolution (Figure 6C,D), indicating
that FePt@CdSe core-shell nanocrystals are stable in hot
solution during prolonged refluxing.

Figure 5. (A) TEM image and (B) HRTEM image of FePt-CdSe heterodimer nanocrystals formed over 90 min at about 300°C using benzyl ether as the
reaction solvent. (C) UV/vis and fluorescence spectra (λex ) 365 nm) of FePt-CdSe heterodimer nanocrystals in hexane. (D) Temperature-dependent
magnetization (ZFC/FC) of FePt-CdSe heterodimer nanocrystals measured with a magnetic field of 100 Oe.

Figure 6. TEM images of FePt@CdSe core-shell nanocrystals formed in reactions lasting (A) 30 min, (B) 60 min, (C) 90 min, and (D) 120 min.
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5. Conclusion

These experiments have shown that the one-pot synthetic
procedure for FePt nanoparticles and semiconducting chalco-
genides can be fine-tuned to generate core-shell nanocrystals
or nanosponges. Altering the sequence of addition of the
reagents is the most effective factor (Table 1). The synthesis of
these core-shell nanocrystals, nanosponges, or heterodimer
nanocrystals is highly reproducible and general. The same
synthesis can be extended to yield FePt@CdTe core-shell
nanocrystals (Figure S8, Supporting Information). Although the
optical properties of these nanostructures must still be improved
for higher quantum yields (replacing the metallic core with an
oxide core such as iron oxide, perhaps), this rather simple

approach indeed opens an avenue to sophisticated and multi-
functional nanostructures that promise new applications in
microelectronics, biology, and medicine.
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Table 1. Products Formed under Different Conditions

sequence of addn

first
addn

second
addn

solvent
(boiling point, °C)

reaction
time (min) final products

1 Cd(acac)2 S phenyl ether (258) 60-70 core-shell nanocrystals
Cd(acac)2 Se phenyl ether (258) 60-70 core-shell nanocrystals

2 S Cd(acac)2 phenyl ether (258) 45-60 nanosponges
Se Cd(acac)2 phenyl ether (258) 50-60 nanosponges

3 Cd(acac)2 S dioctyl ether (286) 80-90 heterodimer nanocrystals19

Se benzyl ether (300) or
dioctyl ether (286)

80-90 heterodimer nanocrystals
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