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Amphiphilic core-shell nanoparticles are of steadily growing
interest:~2 Most work in this area has, however, been focused on
the development of synthetic methodologies. Very little attention
has been directed to the modification of the cores of these
nanoparticled. Here we describe the synthesis of poly(organo-
siloxane) nanocapsules which can be filled with suspensions of iron
oxide nanoparticles (ferrofluids). The synthesis approach has two
essential features: (1) the synthesis of iron oxide;Qzenano-
particles induced by a chemical precipitation process in reverse
micellar cavities (RMCY, (2) in situ preparation of the ultrathin
poly(organo-siloxane) shells around the aqueous ferrofluid droplet.
The organic shell around the droplet surface was formed through
the hydrolysis and poly condensation of octadecyl-trichlorosilane
(OTS). During the polymerization process the original stabilizing
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surfactant shell was replaced by the very thin, coherent OTS-layer : partay [ FIT
(Figure 1). The next major step in the nanocapsule formation was saturated network §ﬂi
achieved by removing the magnetic iron nanoparticles by chemical /7:1—-,.\
etching processes. We finally obtained nanocapsules filled with an 4 \
aqueous core. The possibility of encapsulating or entrapping 4~ | )
different materials inside the nanospheres can be used to produce . ] h:lcwffoh/
new types of microreactofs3 oraanosiloxane

The physicochemical properties of the organic shell and the Figure 1. Schematic procedure used to generate hollow poly(organo-

internal phase of the poly(organosiloxane) nanocapsules can besjioxane) nanocapsules. (A) preparation of iron oxide nanoparticles in
customized widely. Different network forming monomers offer a microemulsion; (B) polymeriz_ation o_f oTS arounq the water droplets and
broad variability to tailor the wall design. The size of the subsequent etching of the iron oxide nanoparticles; (C) monomer and

: . surfactant were removed from the solution by four subsequent washing
nanocapsules can be controlled by varying the size of r(:'\Vers‘ecycles with water. The nanocapsules were dried in vacuum, and we finally

micelles. obtained redispersable nanocapsules.
Figure 2 shows the DLS results and the schematic picture of the
nanocapsules filled with ferrofluids (RMC@OTS). As shown in
Figure 2, a change in the color of the RMC@OTS occurred a few _.
] X ] ) Figure 2B-F).
minutes after the incorporation of OTS monomers. The final product
t t and ined stabl ths. Droplet . Measurements of the plasmon-resonance-band (PRB) of the
was fransparent and remained stable over montns. Lroplets con amnanocapsules provided an indirect piece of evidence supporting the
ing FeO, nanoparticles were brown in color. With increasing

. f OTS molecules th lor of th | h dformation of RMC@OTS coreshell morphology. Figure 3 shows
coqcentratlon 0 T molecules the color of the samples C anged, typical set of U\~vis spectra comparing @, and RMC@OTS
to light brown (partial etching of R©,). For OTS concentrations

X ~nanocapsules dispersed in isooctane solution. According to Figure
above 12.8 mM the solutions became yellow (complete etching 3, FeO, nanoparticles showed a broad PRB at-34@5 nm. This

process: yellow color represents pure Fe@foplets). These  prp corresponds well with that of K& nanoparticles. With
observations provide evidence for chemical reactions, which jhcreasing concentration of OTS monomers the height of the PRB
occurred mainly inside the nanodroplets (formation of poly- 455 decreasing (partial etching ofsPg) and for concentrations
(organosiloxane) networks and the release of HCI during the zpove 12.8 mM, the height of PRB remained almost constant
polymerization: Figure S3 & S4). (complete etching). PRB showed a blue-shift for OTS concentra-
The etching process of F®, into FeCk was induced by the  tjons less than 12.8 mM and a red-shift and narrow absorption peak
release of HCl into the aqueous phase. As shown in Figure 2A, an at elevated OTS concentrations. The observed blue shift can be
increase in OTS concentration led to the formation of smaller and explained by the partial replacement of surfactant molecules by
more monodisperse nanocapsules. polymerizing OTS molecules at the oil/water interface. This
The observed results can be explained by the formation of thin stabilization reduces the intermixing of the aqueous phase including
poly(organosiloxane) layers, which stabilized the droplet interfaces the FgO, precipitate and leads to the formation of more rigid
and reduced capsule interactions. This interpretation is consistentspherical nanodroplets. The red-shift and narrow absorption peak
with our observation that the RMC@OTS nanocapsules show no corresponds to the polycondensation and the evolution of the poly-
secondary growth with time while the pure surfactant stabilized (organosiloxane) networks (Figure S1). Any shell formation with

Fe;0,4 nanoparticles formed larger size particles with time (see
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Figure 2. (A) Particle size distribution (PSD) of nanocapsules containing
different amount of OTS monomers. {B) PSD of nanocapsules as a
function of aging time containing different amount of OTS monomers: (B)

0 mM, (C) 3.5 mM, (D) 6.8 mM, (E) 12.8 mM, and (F) 18 mM.
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Figure 3. (A) UV —vis absorption spectra of nanocapsules containing
different amounts of OTS monomers; (B) the two-dimensional stor@ge (
and loss £'') modulus of a polyorganosiloxane network as a function of

reaction time.

a different refractive index from solvent will cause a shift in PRB.
For OTS, with refractive index higher than isooctane, we predict

the observed red shift.
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Figure 4.
nanocapsules: (A) DLS results; (B) TEM; (C, D) AFM images and section
analysis. The scan size of the AFM image wasuh® x 10 um, and the
size of the tip was 10 nm. OTS concentrations of 18 mM were used for
TEM and AFM investigations.

Particle size distribution (PSD) of original and purified

dried in vacuum and redispersedrirhexane for TEM and AFM
analysis. The final suspensions remained transparent and stable over
months. Figure 4A shows the size distribution of the original and
redispersed nanocapsules. The results indicate that the purification
method and liquid evaporation did not influence the particle size
and shape. This suggests that this synthesis approach causes the
formation of molecularly redispersable RMC@OTS nanocapsules.
The TEM and AFM images of nanocapsules showed (Figure 4B,C)
that the majority of the particles were spherical with typical
diameters between 8 and 20 nm. The size of nanoparticles were
estimated from the height of the particles using AFM. These values
are in good agreement with the results of DLS experiments. These
observations suggest that spherical shape was maintained after
polymer coating, and the polymer shell did not collapse when liquid
was evaporated. The poor quality of TEM images in comparison
to AFM-images may be due to the low contrast of the poly-
organosiloxane shells. The TEM images also showed some ag-
gregation processes. This phenomenon was probably induced by
attractive or magnetic interactions when the solvent was removed.

To confirm that AOT surfactant molecules were replaced by OTS

water was poured into a beaker, and this AQiater interface was
covered wih a 5 mM OTSsolution in isooctane. With a two-
dimensional rheometer we measured the two-dimensional storage
modulus ') and loss modulug('). As shown in Figure 3B, the

A X ' In summary, we have demonstrated a practical route to synthesize
molecules, we performed a similar rheological experiment at the gpperical, poly(organosiloxane) nanocapsules which can be filled
plane isooctane/water interface. A 400 mM solution of AOT in itk ferrofiuids. This procedure can easily be modified to produce

different types of magnetic responsible nanocapsules.

Supporting Information Available: Experimental details. This

material is available free of charge via the Internet at http://pubs.acs.org.

increase ofi' describes the evolution of the polysiloxane network
as a function of reaction time. After a time span of approximately
5 min both moduli reach constant plateau values and the network
formation is then complete. This fast reaction rate is consistent with
the observed color changes of the;®g solution within a few
minutes after the addition of OTS. The dominant elastic modulus
of the plateau regime confirms the formation of a cross-linked, two-
dimensional polysiloxane network.

The RMC@OTS nanocapsules were purified by subsequent
washing cycles with water to remove excess OTS monomers and
surfactant molecules (Figure S2). The cleaned nanocapsules were
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