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Uniform-sized colloidal nanocrystals have attracted much atten- Scheme 1. Synthetic Procedure of Monodisperse Magnetite
tion because of their unique magnetic and optical properties, asNanocrystals Embedded in Mesoporous Silica Spheres (M-MSS)

compared with those of their bulk counterpdrt&specially, ‘b\ i
magnetic nanocrystals and quantum dots have been intensively * s
pursued for biomedical applications, such as contrast enhancement vcras |\ Self-assembly %
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agents in magnetic resonance imaging, magnetic carriers for drug Heating < /. Sok-Gel Reaction g
delivery systems, biological labeling, and diagnostiBaie to their 210
large pore size and high surface area, mesoporous materials and fe,0, nanoparticles Fe,0, nanoparticles Fe,0, ;a::p:r_ﬁdes
their composites with nanocrystals have attracted considerable in organic phase in aqueous phase embedded In
X . . ; mesoporous silica spheres
attention3 To use nanocrystals as functional delivery carriers and

catalytic supports, nanocrystals coated with porous silica shells arefo|lowed by removal of the organic templates generated M-MSS.
desirable. There have been a few reports on the preparation ofcTAB-stabilized nanocrystals acted as seeds for the formation of
nanocrystals coated with mesoporous shells. Gold nanoparticlesspherical mesoporous silica particles. CTAB served as not only
stabilized with mercaptopropyltrimethoxysilane were coated with the stabilizing secondary surfactant for the transfer of the nano-
mesoporous silica shells via sajel reaction on the surface of the  ¢rystals to the aqueous phase but also the organic template for the
nanoparticles.Nanorattles composed of gold nanoparticles encap- formation of the mesoporous silica spheres. Magnetite nanocrystals
sulated in mesoporous carbon and polymer shells were synthésized.ang green-emitting CdSe/ZnS quantum dots were simultaneously
Pt nanoparticles stabilized with poly(vinylpyrrolidone) were coated empedded in mesoporous silica spheres (M/GQD-MSS).

o

with mesoporous S|||Ca She”s through Sgbl reactiorﬁ M-agnetic FE-SEM image (Figure 1a) and TEM images (Figure lb,c) of
core/mesoporous silica shell structures were synthesized by sol \M-MSS revealed that the mesoporous silica spheres are quite
gel reaction on hematite particles followed byreduction’ Herein, uniform in size with an average particle diameter of around 150

we report a synthetic procedure for the fabrication of monodisperse nm, which is within applicable size range for drug and gene
nanocrystals embedded in uniform pore-sized mesoporous silicade"\,ery_lo Each silica sphere contained several monodisperse
spheres. As a representative example, we synthesized monodispers@agnetite nanocrystals. The hollow-like core structure seemed to
magnetite (F¢D;) nanocrystals embedded in mesoporous silica resylt from the trapping of ethyl acetate in the hydrophobic part
spheres and both magnetite nanocrystals and CdSe/ZnS quanturgyring sol-gel reactior® HRTEM image (Figure 1d) indicated that
dots embedded in mesoporous silica spheres. Furthermore, thesgnhe sjlica spheres possessed disordered mesopedawm() derived
mesoporous silica spheres were applied to the uptake and controlledrgm CTAB-templating, and that the embedded magnetite nano-
release of drugs. crystals retained the original crystallinity. M/GQD-MSS had

Atypical procedure for the synthesis of the magnetite nanocrystal yniform spherical morphology (Figure 1€) similar to that of M-MSS
embedded in mesoporous silica spheres (M-MSS) is shown in

Scheme 2. As-prepared 12 nm sized magnetite nanocrystals are (a)
typically stabilized with hydrophobic oleic acid ligands and are
dispersed in nonpolar organic solvents. To conductgel reaction

to form mesoporous silica spheres, it was necessary to transfer these
hydrophobic ligand-capped nanocrystals from organic phase to
aqueous phase. Recently, Fan et al. reported water-dispersible gold
nanocrystals prepared using various surfactawe. used a similar
approach to prepare water-dispersible nanocrystals, employing
cetyltrimethylammonium bromide (CTAB) as a secondary surfac-
tant. The subsequent sedel reaction of tetraethyl orthosilicate
(TEOS) in an aqueous solution containing CTAB (and oleic acid)-
stabilized magnetite nanocrystals and small amount of ethyl acetate

+ Seoul National University. Laboratory Figure 1. FE-SEM (a), TEM (b, c), and HRTEM (d) images of M-MSS
8 Sungkyunkwan University. ’ and TEM (e), and HRTEM (f) images of M/GQD-MSS (blue circles for
TChungbuk National University. magnetite nanocrystals and red circles for quantum dots).
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Figure 3. (a) A photograph showing magnetic capture of M-MSS. (b)
Release of ibuprofen from M-MSS and M-MSS8IH,.

per surface area in M-MSSNH,. To measure the amount of
released ibuprofen, the mesoporous silica spheres in buffer solution
were captured by using a magnet (Figure 3a). Figure 3b shows the
Figure 2. N adsorption/desorption isotherms (inset: PSD from adsorption release of ibuprofen from M-MSS and M-MS8IH,; 95% of the

branch) (a) and field-dependent magnetization at 300 K (b) of M-MSS, PL  adsorbed ibuprofen was release from M-MSS within 60 h, while

spectrafex = 450 nm) of pristine CdSe/ZnS nanoparticles (solid line) and _ _ . . P
M/GQD-MSS (dotted line) (c), and confocal microscope images from a M M.SS NH; could delay thoe release of |pupr0fen in a vivid
mixture suspension of RQD-MSS and M/GQD-MSS before (d) and after fashion. For example, only 15% of adsorbed ibuprofen was released

(e) removal of M/GQD-MSS by magnetic separation. from M-MSS—NH, even after 80 h incubation, suggesting that the
nf_avorable ionic interaction between the amino group on M-MSS
NH, and the carboxyl group of ibuprofen prevents the easy release
of ibuprofen. This demonstrated that the release rate of a drug from
M-MSS can be controlled by the surface modification of the silica
pheres.

and encapsulated both magnetite nanocrystal and CdSe/ZnS qual
tum dots (Figure 1f).

The N, adsorption/desorption isotherms (Figure 2a) exhibited a
type IV isotherm with a hysteresis loop, demonstrating their
mesoporous characteristics. The pore size calculated using the BJHF . ) ) )
method (Figure 2a, inset) was 3.5 nm. The uniform mesopores along In conclusion, we synthesized mon_odlsperse magn(_etlte nano-
with small particle size €200 nm) are advantageous for the drug crystals and quantum dots embedded in uniform pore-sized meso-

delivery applications compared to commercially available micrometer- porous silica _spheres with an average particle size of 150 nm.
sized magnetic polymeric beads. The BET surface area and theMesoporous silica spheres adsorbed ibuprofen, and the release rate

total pore volume were 7214yt and 1.09 crig?, respectively. of ibuprofen was controlled by the surface properties of mesoporous

Field-dependent magnetism at 300 K showed no hysteresis (Figuresmca spheres.. These mesoporous silica spheres are likely to find
2b), which represented that M-MSS, obtained after removal of many biomedical applications.

organic templates, exhibited the superparamagnetic characteristics Acknowledgment. We thank the National Creative Research
desirable for their applications to delivery and separation. The bare INitiative Program of the Korean Ministry of Science and Technol-
3.5 nm sized CdSe/ZnS quantum dots and the resulting M/GQD- ©9Y for the financial support.

MSS exhibited emission peaks at a similar position with a slight ~ Supporting Information Available: The Experimental Section,
red-shift (Figure 2c). To demonstrate the importance of magnetic TEM images, mechanism, and ibuprofen loadings. This material is
separation (guiding), the combined magnetic and luminescent available free of charge via the Internet at http://pubs.acs.org.
properties of M/GQD-MSS were tested simultaneously. We pre-
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