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[X]1 The effect of methanol weight ratio on the standard
deviation of average particle diameters.
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[X]2 Transmission electron micrograph of platinum-
incorporated MMSS. The dark spots represent the
platinum (From Ref.14, K. Yano, et al, J. Mater.
Chem., 14, 1579 (2004), with permission from
Royal Society of Chemistry).
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[X|3 Transmission electron micrograph (TEM) images of samples obtained at different times, (a) 144, (c) 240, (e) 240,

and (g) 600 sec after the commencement of the experiment. The scale bar represents 500 nm (From Ref.26, T. Nakamura,
et al, J. Phys. Chem. C, 111, 1093 (2007), with permission from the American Chemical Society).
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[X]4 SEM images of expanded particles obtained by the different number of TMOS addition times: (a) 0, (b) 2 and (c)
4, and schematic illustration of the particle growth. Standard deviations are in parentheses (From Ref.26, T.
Nakamura, et al, J. Phys. Chem. C, 111, 1093 (2007), with permission from the American Chemical Society).
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[X]5 Schematic illustration of the formation of core/shell
MMSS (From Ref.26, T. Nakamura, et al, J. Phys.
Chem. C, 111, 1093 (2007), with permission from

the American Chemical Society).
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16 TEM images of the platinum incorporated silica-core/mercaptopropyl modified silica-shell MMSS (From Ref.26, T.
Nakamura, et al, J. Phys. Chem. C, 111, 1093 (2007), with permission from the American Chemical Society).
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17 Small and wide-angle XRD patterns for monodispersed
iron oxide/silica nanocomposite spheres calcined at
1173 K (a), 1273 K (b), and 1373 K (c¢) (From Ref.22,
T. Nakamura, et al, J. Mater. Chem., 16, 2417 (2006),

with permission from Royal Society of Chemistry).
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[X]|8 SEM (a, c) and TEM (b, d) images of monodispersed
iron oxide/silica nanocomposite spheres calcined at
1273 K (a, b) and 1373 K (c, d) (From Ref.22, T.
Nakamura, et al, J. Mater. Chem., 16, 2417 (2006),
with permission from Royal Society of Chemistry).
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19 Field dependent magnetization curves for
monodispersed iron oxide/silica nanocomposite spheres
calcined at 1273 K (a) and 1373 K (b) (From
Ref.22, T. Nakamura, et al, J. Mater. Chem., 16, 2417
(2006), with permission from Royal Society of
Chemistry).
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[X]10 SEM image and transmission spectrum of a close-
packed array of the iron oxide/silica nanocomposite
spheres calcined at 1173 K (From Ref.22, T. Nakamura,
et al, J. Mater. Chem., 16, 2417 (2006), with
permission from Royal Society of Chemistry).
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[X[11 Scanning electron micrographs of SO;H-modified MMSS with different particle sizes: (a) 390 nm, (b) 500 nm, and

(c) 720 nm. Scale bar represents 0.56 mm (From Ref.37, T. Suzuki, et al, Microporous Mesoporous Mater., 111, 350

(2008), with permission from Elsevier).
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12 Changes in the activity of SO;H-modified MMSS with
different particle sizes in condensation reaction of
2-methylfuran and acetone: (a) 390 nm, (b) 500 nm,
and (c) 720 nm (From Ref.37, T. Suzuki, et al,
Microporous Mesoporous Mater., 111, 350 (2008),
with permission from Elsevier).
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Synthesis and Applications of Monodispersed Mesoporous Silica Spheres

Tadashi Nakamura and Kazuhisa Yano
Toyota Central R&D Labs., Inc.

Monodispersed mesoporous silica spheres (MMSS) are very unique, which have highly
uniform particle diameter and radially aligned ordered mesopores. In the synthesis, small
particles emerged suddenly and they grew homogeneously to their final size. By taking
advantage of this formation mechanism, hydrophilic-core/hydrophobic-shell MMSS could be
successfully obtained upon the further addition of different types of silica source. MMSS
have pores whose sizes are in nanometer range and various types of nanoparticles are
assumed to be incorporated. We have found that more than 19 wt% of iron oxide
nanoparticles could be incorporated in mesopores in only one operation by using
ferrocenecarbaldehyde as an iron oxide source. In addition, a colloidal crystal could be fabricated
from the iron oxide/MMSS composite. MMSS are expected to be useful as a model catalyst
in mesoporous catalyst research because they have uniform particles size, pore diameter, and
mesopore arrangement. The effectiveness factor of MMSS in an acid-catalyzed reaction was
obtained for the first time.

Keywords: Mesoporous silica, Monodispersed, Spheres, Colloidal crystal, Catalysis



