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Rapid Synthesis of Hollow Silica Nanoparticles by Inorganic Template Method
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This article in Japanese reviews our recent paper, ‘Rapid and high yield synthesis of hollow silica nanoparticles using an NH,F
catalyst”, published in Colloids and Surfaces A: Physicochemical and Engineering Aspects 446, 46-49, (2014) by C. Takai, T.
Ishino, M. Fuji and T. Shirai. The rapid synthesis of hollow silica nanoparticles based on the CaCO; template method is proposed.

Typically, it contains two steps for the silica coating on a CaCO, template by a sol-gel reaction and template removal by a dilute

acid solution. To promote the conversion of tetracthoxysilane (TEOS) to a silica shell on the CaCOj; template, the effects of

fluoride catalysts on the TEOS consumption rate during the silica coating were investigated using energy dispersive spectroscopy
(EDS). The TEOS consumption rate of the NH,F-catalyzed system reached 100% within 15 min while the conventional NH,OH

system took 120 min to consume the TEOS. The obtained samples using the NH,F system for 15 min showed a uniform hollow

structure with a thin silica shell. For the KF system as the other fluoride catalyst, the TEOS consumption rate did not reach 100%

even after 120 min. When the polystyrene (PS) template was used with the NH,F system, dense silica particles were formed as

well as hollow structures. Based on these results, a rapid and high yield of hollow silica nanoparticles can be achieved by not

only F, but also NH," using the CaCO, template method.
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Fig. 1. TEOS consumption rate of NH,OH catalyzed system (a)

with and (b) without CaCOj as a function of stirring time"
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Fig. 2. TEOS consumption rate of NH,F catalyzed system (a)

with and (b) without CaCOj as a function of stirring time"

(X, CaCO; 25FEL T BUGKER 15 43 & v 9 FikEH
TTEOS BMHEEINLZ L THLH, TNWwz., NH, i
CaCO, £ IZ F ) % 3 {. TEOS D WK 7 fit %
CaCO, KHTRELRLTVWEEZ BN,

NH,F A&, BUSHEER 15 3 THE sz v TV ol
EVHMSE (TEM) % Fig. 3 (@) 1R d. Fa2—Ev
ZIROT TV — MR E R L 72k AR L C
Wb ZENbh, L, NHOH %, 120 55 CTH LNz >
TVOBES (Fig. 3 (b)) &S5 E. ¥z VEIR
¥ 2 4 (NH,F % : 7.02 nm. NH,OH % : 15.12 nm)

Fig. 3. TEM observations of hollow silica nanoparticles
prepared in (a) NH,F (15 min), (b) NH,OH (120 min) catalyzed

systems"
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Fig. 4. TEOS consumption rate of KF catalyzed system (a)

with and (b) without CaCOj as a function of stirring time"

Fig. 5. STEM image of hollow nanoparticles using PS template
with NH,F catalyst for 15 min"
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