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Engineering the surface of nanoparticles to tailor physical or
chemical properties for desired effects is the focus of numerous
research efforts. Interesting examples of eeskell nanoparticles
with unique or enhanced optical, magnetic, and catalytic properties
are well documente#:* As the patrticle size decreases, the surface
area increases, offering the promise of enhanced reactivity, greater
efficiency, and potentially new and unusual active sites. A problem
arises when the active sites of the nanomaterial are unstable under
ambient conditions. Methods to protect the active material from Wavenumber (cmt)
early or undesired reactions are required if easy, cost-effective
applications of these materials are to be realized. We have been
investigating the development of such methods usingriaao-
particles as model compounds. These nanoparticles are easy to X
produce by the sonochemical methédnd can be combined with ' [f
a number of organic materials both in situ and after-the-fact to form | m\/.
core-shell nanoparticle$® In some cases, the cershell nano- L .
particles are resistant to oxidation, which prevents the conversion 4000 3000 2000 1000 036 91215
of the F& core to an oxide form (k®,). These observations agree
well with results from other coreshell nanoparticle systems,
specifically C81° and FeP# nanoparticles with various organic Figure 1. FTIR and TEM analyses of iron-based coshell nanopar-

. - . . ticles: (a) top left, FTIR neat oleic acid; (b) bottom left, FTIR ireoleic
Stapl!lzers, prepared using high-temperature re(.juct.|0n or d,e,com'acid nanoparticles; (c) top right, TEM of iretAOT nanoparticles; (d)
position methods. Here, we demonstrate the oxidative stability of potiom right, size-distribution analysis of ire®OT nanoparticles.
two Fe-based coreshell materials and, more importantly, the ability
to regain reactivity using temperature as a trigger. quenching reaction that occurs between pyrene and oxygen in

In the preparation of the iron nanoparticles, a deoxygenated solution. The reaction is known to follow SteriWolmer kinetics
solution of Fe(CQ) in dodecane (0.11 M) was sonicated for 15 and can therefore be used to determine the oxygen concentration
min active time usig a 1 s on, 1 s ofprocedure. In the absence of  quantitatively.
the organic-shell component, the solution quickly turned dark, and  To obtain the baseline no-oxygen analysis, a hexane solution of
solid material was observed to settle out of solution. Once recovered,pyrene was exposed to dried®fenoparticles in a sealed reaction
the dark solid material (Penanoparticles) easily converted to a flask for ~5 min with agitation. An aliquot (2.5 mL) of this solution
reddish solid (Fg,) upon exposure to air or water. The same was then transferred to a high-temperature, high-pressure stainless
reaction performed with dioctyl sulfosuccinate sodium salt (AOT) steel optical cell (7 mL volume) and sealed undes. Nhe
or oleic acid present in solution at a concentration of 0.1 M fluorescence decay of pyrene was then recorded using a home-
produced a dark solution that yielded no precipitate. The solutions assembled time-resolved fluorescence spectrometer consisting of
were stable for a time period on the order of months and showeda N, laser (LSl VSL-337ND), narrow band-pass filters for
no visible changes upon exposure to air or water. FTIR analysis of wavelength selection (Andover Corp., Salem, NH), and a fast-wired
the core-shell nanoparticles indicated chemical bonding of the R928 photomultiplier tube as the detector. The instrument response
organic component to the iron-particle surface (Figures 1a an@l 1b). function was~2 ns. All decays were single exponential and
TEM analysis revealed nanoparticles with an average size7of sufficiently long to be characterized by a linear fit of the data. The
nm (Figure 1c and 1d) and an interesting ring pattern. Such patternsfluorescence lifetimes of pyrene in the absence of oxygen are plotted
have been observed in TEM images of sonochemically producedin Figure 2 as a function of temperature. At room temperature, the
bimetallic nanoparticle¥} however, in those cases, the darker pyrene lifetime was measured to be 430 ns, which is in excellent
regions represent the cores. The particles shown in Figure 1c reveabgreement with previously determined valégas the temperature
a darker region on the outside of the particle. The reactivity of the is increased, the lifetime is observed to decrease in a systematic
Fe& nanoparticles was investigated using the reaction of oxygen fashion.
with F& to form FgOy. The reaction was monitored using the To study the behavior of the corshell nanoparticles, 2.5 mL
fluorescence lifetime of pyrene as an indicator of oxygen concentra- of a 0.1 mg/mL solution of the nanoparticles in hexane (air saturated
tion. In the absence of oxygen, pyrene has a fluorescence lifetimeand containing pyrene) was transferred to the optical cell. The
of ~450 ns; however, in the presence of oxygen, the lifetime is headspace was purged with fd limit the initial oxygen concentra-
much shorter £20 ns for an air-saturated solution of hexale). tion to that present in solution~2.7 x 1073 M). At room
The shorter lifetime is due to the diffusion-controlled bimolecular- temperature, the lifetime of pyrene is sho®50 ns), indicating
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1T (K™ (Figure 2, inset). This value is somewhat smaller than previously
00020 00025 0.0030 determined values for pyreHebut is in good agreement with the
15.0 values obtained from studies of the temperature dependenge of
o o for other polyaromatic hydrocarbo#s15
14.4 The results of these experiments indicate that the long lifetimes
142 obtained for pyrene at temperatures abexel0°C are indeed due
8® o ::2 to the removal of oxygen from the optical cell. The fact that the
136 lifetime of pyrene remains short in the absence of the Fe
nanoparticles indicates the importance of Fe in this process. The
%:AO intriguing aspect of these results is the ability of the eeskell
OEO nanoparticles to inhibit the oxidation of the iron core at low
° temperatures and then to apparently open or release over a very
narrow temperature range, giving oxygen access to the iron core.
Such capability suggests applications with a view toward the
development of temperature-activated catalysts and reactive media.
Future efforts will be focused on understanding the activation
150 200 250 process-specifically, how molecules gain access to the core
Temp (°C) particlle, vyhether size restrictions apply, and whether the temperature
Figure 2. Plot of pyrene lifetime vs temperature for®enoparticles®), of activation can be tunedand_ the nature of the reaction between
iron—oleic acid nanoparticles (measured as a function of increasing 0Xygen and the Fe nanoparticles.
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