11l
od
)
=
&©
<
€
O
o
<
1
5
KR
a5

Copyright © 2008 American Scientific Publishers
All rights reserved
Printed in the United States of America

Synthesis and Characterization of
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We present a general method of supporting nanoparticles by using polymers. As a demonstra-
tion, a polystyrene was employed to rigidly support the superparamagnetic FePt nanoparticles
and CdS QDs. We successfully fabricated the FePt nanoparticles and CdS QDs rigidly sup-
ported in a polystyrene matrix by directly blending the FePt nanoparticles and CdS QDs with
the polystyrene at melt state of polystyrene. We characterized them with TEM, XRD, and PL

spectrometer.
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1. INTRODUCTION

Nanoparticles possess many advantages over bulk materi-
als due to their distinct properties and small size.! In order

“to utilize their properties for a variety of state-of-the-art

devices, however, nanoparticles occasionally need to be
rigidly supported in two-dimensional or three-dimensional
arrays prior to application. In this work, we report a sim-
ple method of rigidly supporting nanoparticles by using
polymers.

Nanopores, such as anodic aluminum oxide (AAO)
templates,” can be used to rigidly support nanoparticles.
Polymers, however, may be better materials for this pur-
pose because polymers can make fabrication much simpler
than nanopores. Also, mass production and fabrication in
any shape are all feasible. In this research, we present a
simple fabrication method, which is a direct-blending of
nanoparticles with a polymer. This method allows nanopar-
ticles to be combined with any polymer. By using this
method, we successfully fabricated the superparamagnetic
FePt nanoparticles and CdS QDs rigidly supported in a
polystyrene matrix. We expect that nanoparticles or QDs
rigidly supported in a polymer matrix can be, in general,
applied to a variety of areas by using electric, magnetic,
and optical properties of nanoparticles.

* Author to whom correspondence should be addressed.
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2. EXPERIMENTAL DETAILS

2.1. Synthesis of Superparamagnetic FePt
Nanoparticles and CdS QDs

FePt nanoparticles were produced by using the method
similar to that previously reported.’ All chemicals were
purchased from Aldrich and used as received. Briefly;
197 mg of Pt(acac), (acac = acetylacetonate), 390 mg of
1,2-hexadecanediol, 20 ml of dioctylether were mixed in
a reaction vessel and simultaneously magnetically stirred
under N, flow. After temperature reached 100 °C, 0.17 ml
of oleylamine, 0.16 ml of oleic acid, and 0.13 ml of
Fe(CO); were added to the reaction mixture. The mix=
ture was refluxed for 30 minutes at 297 °C and then,
cooled to room temperature. 40 ml of ethanol was added
to the solution to precipitate the FePt nanoparticles. CdS
QDs were synthesized by using the method similar to thal
previously reported.* Briefly, 10 mg of sulfur, 100 mg
of Cd(acac), (acac = acetylacetonate), 240 mg of tri
octylphosphineoxide (TOPO), and 210 mg of hexadecan®
1,2-diol were added to 10 ml of octyl ether. The mixturé
was reacted at 280 °C for one hour under N, flow and thep.
cooled to room temperature. After being cooled to room
temperature, 20 ml of ethanol and 10 ml of n-hexan
were added to the solution. Both FePt nanoparticle
and CdS QDs were separated from the solution b
centrifugation.
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. Fabrication of Superparamagnetic

FePt Nanoparticles and CdS QDs Rigidly
Supported in a Polystyrene Matrix
(Samples 1 and 2)

ps a representative, a polystyrene (M,, = 4,000-200,000,
=60-90 °C) was used to support both FePt nanoparti-
les and CdS QDs. Both FePt nanoparticles and CdS QDs
ere blended with 1 g of the polystyrene (see the blending
cheme in Fig. 1) at the melting point of the polystyrene
£ 120 °C or so, respectively. 14 mg of the FePt nanopar-
cles (sample 1) and 33 mg of CdS QDs (sample 2) were
sed. Mixtures were mechanically stirred at a speed of
00-200 rpm under N, flow for a few days to maximize a
omplete mixing. After blending, the mixtures were cooled
room temperature.
In order to prove whether or not both FePt nanoparti-
les and CdS QDs are rigidly supported in a polystyrene
atrix, both samples in ethanol solvent were sonicated for
everal hours. However, no FePt nanoparticles and no CdS
Ds were liberated from the samples, respectively, indicat-
g that both FePt nanoparticles and CdS QDs are rigidly
upported in a polystyrene matrix.

.3. Characterization

oth FePt nanoparticles and CdS QDs were character-
ed with a high resolution transmission electron micro-
ope (HRTEM) (Philips, CM 200, acceleration voltages
f 200 kV),. an X-ray diffractometer (XRD) (Philips,
-PERT, CuKa = 1.54184 A). FePt nanoparticles were
rther analyzed with a squid magnetometer (Quantum
esign, MPMS 7). CdS QDs were also further analyzed
ith UV-visible absorption (Beckman, DU 7500) and pho-
luminescence (PL) spectrometers (home-made).

- Both FePt nanoparticles and CdS QDs supported in a
 polystyrene matrix (samples 1 and 2) were characterized
ith an XRD and an TEM (Hitachi, H-7600, accelera-
ion voltages of 100-120 kV). For TEM measurement, the
- wmples were cut into slices by an ultramicrotome (RMC,
MT-X). Sample 2 was further characterized with a PL
Spectrometer

- Polymer Nanoparticles

Blending for
3 to 4 days
—l
120°C,
N, flow,
mechanical
stirring

fig. 1, Scheme for blending of nanoparticles or QDs with a
pql}’Styrene.
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Fig. 2. Summary of characterization of FePt nanoparticles. (a) The
HRTEM micrograph. (b) The XRD pattern; the assignments are the
Miller indices (hkl). (c) The field cooled (FC) and zero-field cooled

(ZFC) magnetization curves with an applied field of H = 100 Oe. (d) The -

hysteresis loops at 5 and 300 K.
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3. RESULTS AND DISCUSSION

31 Superparamagnetic FePt Nanoparticles and
CdS QDs

Figure 2 represents summarized results of characterization
of FePt nanoparticles. The particle diameter was measured
to be 3.540.5 nm with an HRTEM micrograph (Fig. 2(a)).
The crystal structure was determined to be face-centered

cubic (a=3.87 A) with an XRD pattern (Fig. 2(b)), which -

is consistent with the reported data.” Using the full widths
at half maximum of the peaks and the Scherrer’s formula,®
we obtained an average particle diameter of 4.7 nm, which
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Fig. 3. Summary of characterization of CdS QDs. (a) The HRTEM

micrograph. (b) The XRD pattern; the assignments are the Miller indices
(hkd). (c) The UV-visible absorption and PL spectra.
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is consistent with that observed in the HRTEM Micry
graph. Magnetic properties were characterized with a squi
magnetometer by recording both magnetization curveg Ver
sus temperature (M-T curves) (Fig. 2(c)) and hysteres;
loops (M-H curves) at 5 and 300 K (Fig. 2(d)). Theg
magnetic data show that the FePt nanoparticles have -
blocking temperature of 70 K and are superparamagn
at room temperature.

Figure 3 represents summarized results of characteri;,
tion of CdS QDs. The average particle diameter @) o
CdS QDs was estimated to be 4.5 nm with an HRTE
micrograph (Fig. 3(a)). The crystal structure was dete
mined to be zinc blende (a = 5.83 A) with an XRD
pattern (Fig. 3(b)), which is consistent with the repost
data.” Optical properties of the CdS QDs in n-hexane we;
characterized with UV-visible absorption and PL spect
(Fig. 3(c)). The wavelength of the absorption band ed
occurring at 450 £20 nm is shorter than that of bulk Cd:
(=512 nm),® which is explained by the quantum confin
ment effect.®'! The PL spectrum is slightly red-shif
from the absorption spectrum, as expected because emi
sion occurs after the excited levels are relaxed down to ¢
bottom of a conduction band.
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3.2. Superparamagnetic FePt Nanoparticles and
CdS QDs Supported in a Polystyrene Matrix
(Samples 1 and 2)

Figures 4(a) and (b) show XRD patterns of samples
1 and 2, respectively. As can be seen in Figures 4(

@) * : Polystyrene

o : FePt nanoparticles
x : CdS QDs

®)

Intensity (Arb. Unit)

T T T
20 40 60 80
26

Fig.5. Tn

Fig. 4. The XRD patterns of () FePt nanoparticles and (b) Cds Qb
& s rigialy

rigidly supported in a polystyrene matrix.
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d (b), weak peak intensities of FePt nanoparticles
d CdS QDs were observed, respectively, because
peir amounts with respect to that of polystyrene are

Figures 5(a) and (b) show TEM micrographs of sam-
Jes 1 and 2, respectively. As can be seen in Figure 3,
,oth FePt nanoparticles and CdS QDs are not homoge-
wously dispersed in a polystyrene matrix. Insteads, they

what randomly dispersed in each island in the polystyrene
wrix. The CdS QDs supported in a polystyrene matrix
sample 2) are further characterized with a PL spectrum
shown in Figure 6. As shown in Figure 6, it is inter-
sting to note that the full width at half maximum of
iie CdS QDs supported in a polystyrene is narrower than
at of free CdS QDs observed in n-hexane solution (as
rev10usly shown in Fig. 3(c)). This is primarily because

€ds QDSE

10 'm :
mma - Dolystyrene”

F‘g 5. The TEM micrographs of (a) FePt nanoparticles and (b) CdS
i s rigidly supported in a polystyrene matrix.
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e locally grouped together like islands and then, some-

——— CdS QDs in polystyrene
CdS QDs in n-hexane
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Fig. 6. The PL spectra of CdS QDs rigidly supported in a
polystyrene matrix (solid line) and free CdS QDs in #-hexane solution
(dotted line).

the CdS QDs fixed in a polystyrene matrix are free from
Doppler effect.

As discussed above, nanoparticles or QDs can be easily
supported by polymers. Polymer supported nanoparticles
or QDs will be useful for application. For instance, fer-
romagnetic nanoparticles can be applied to a high density
magnetic recording.'> " Flourescence QDs can be applied
to optical devices.'*'® Thus, the present fabrication method
will be extremely useful for these applications.

4. CONCLUSION

In this research, we demonstrated that polymers can be
generally used to rigidly support nanoparticles or QDs.
By using a polystyrene and two kinds of nanoparticles,

i.e., superparamagnetic FePt nanoparticles and CdS QDs,

we successfully fabricated the FePt nanoparticles and CdS
QDs which are rigidly supported in a polystyrene matrix.
This direct-blending method may be used in fabricat-
ing a variety of polymer-supported nanoparticles or QDs.
Such nanoparticles or QDs rigidly supported in a polymer
matrix, will be extremely useful for a variety of applica-
tions such as a high density magnetic recording, sensors,
optical devices, and so on by using electric, magnetic, and
optical properties of nanoparticles or QDs. Thus, a further
application research on polymer-supported nanopartlcles
or QDs is desired. :
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