COMMUNICATION

nonionic W/O emulsion

ChemComm

www.rsc.org/chemcomm

DOI: 10.1039/b206020e

Stable hollow silica microspheres were synthesized by a sol—-
gel method in nonionic W/O emulsion; the mesoporous shell
wall of the spheres could have potential applications as
controlled release capsules for drugs, dyes, cosmetics and
inks, artificial cells, catalysts, and fillers.

Inorganic—organic hybrid materials with hierarcha morpholo-
gies have become one of the pursued areas because of their
potential applicationsin functional materialsand smart systems.
A number of papers have described the formation of hollow
spherical materials, and several of them are on silicamaterials.
So far, most of the systems reported were based on nozzle
reactor approaches, sol—gel/emulsion technologies, and self-
assembly processes.2 Recently layer-by-layer self-assembly of
preformed nanoparticles onto colloid particles to form hollow
spheres has also attracted considerable attention, and many
hollow particles with various diameters and wall thickness have
been fabricated for a variety of inorganic materials, such as
silica, iron oxide, titania, zeolite, clay, and inorganic-hetero-
composites.34 However, these porous materials usualy are
unstable, and hence limited in their applications. In this
communication, we report amethod to synthesize stable hollow
silica microspheres by a sol—gel process of tetraethyl orthosili-
cate (TEOS) in nonionic W/O emulsion containing kerosene,
sorbitan monooleate (Span 80, Cy4H440g), and water. The
method includes the following steps. (1) prehydrolysis of
TEOS; (2) self-assembly of the silicon source with the
surfactant. The microspheres synthesized show no agglomera-
tion and do not collapse even after calcination at 700 °C for 8 h.
Furthermore the shell of the hollow sphere is mesoporous with
pore size in the nm range. The shell is thermally stable and has
high specific surface area. These characteristics make it
potentially useful in applications like controlled release cap-
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sules for drugs, dyes, cosmetics and inks, artificia cells,
catalysts, and fillers.

It is well known that emulsion chemistry can be used to
control the macroscale topology of silica and other meta
oxides.56 The present procedure to prepare the hollow silica
microspheres is as follows: TEOS was firstly dissolved in
ethanol, and then distilled water and nitric acid were added to
promote hydrolyzing of the TEOS. The molar composition of
this mixture TEOS: H,O:HNO3: EtOH was 1:4:0.01:3. The
mixture was vigorously stirred for 30 min at 50 °C. Then the
TEOS molecules became water-soluble in the presence of the
acid catalyst. The mixed solution began to be changed into a
viscous sol, and was poured into a 200 ml Telflon beaker
containing 26.1 g kerosene and 7.9 g nonionic surfactant
(sorbitan monooleate). The resulting synthetic system was
agitated by using ahomogenizer at arate of 500 rpm at 80 °C to
form W/O emulsion solution. Complex structured (core-shell)
droplets were then formed after gelation (about 1 h) and
inorganic—organic microspheres with core-shell structure were
precipitated at the bottom of beaker. These spheres were
filtrated, washed with hexane, acetone and water, and dried for
3hat 100 °C. The dispersed sphereswith hollow structure were
obtained after the organic ‘oil’ and surfactant were removed by
calcination at 700 °C for 8 h. The prehydrolysis process was a
crucial step, without which it wasimpossible to produce hollow
silica microspheres.

Fig. 1 shows scanning electron microscopy (SEM) (JEOL-
6300F) images of the hollow microspheres. It is worth noting
that the spheres remain intact and preserve the three-dimen-
siona spherical nature of particles even after calcination (Fig.
1(a)). From the SEM images of the crushed spheres shown in
Fig. 1(b,c), we can see clearly the smooth internal structure (this
indicates that the silica spheres are of hollow structure). This
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Fig. 1 SEM images of the hollow microspheres after calcination at 700 °C (a) and crushed hollow silica spherical particles (b, c).
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Fig. 2 (A) Adsorption—desorption isotherm of nitrogen at 77 K for calcined samples, (B) shows the BJH pore size distribution cal culated from the desorption

branch of the isotherm.

could be the result of rapid gelation of silica piecesin the water
surrounding the oil droplets. Moreover, the kerosene phase
outside the water region also provided a complete isolation
condition, which avoided the agglomeration among spheres.
On the other hand, we found the inorganic precursors and
nonionic surfactant could be assembled into mesophases, which
leads to materials with extremely high porosities but less order
similar to MSU-X.7 The porosity of the shell was investigated
using nitrogen adsorption—desorption isotherms. As exempli-
fied in Fig. 2, nitrogen absorption isotherms at 77 K for the
hollow spheres showed atypical IV isotherm. Typical valuesfor
the specific surface area according to the BET method, and the
average pore diameter according to BJH calculated from
nitrogen isotherms are 875.3 m2 g—1 and 35.7 nm, respectivelys
(Micromeritics ASAP2000). Fig. 3 shows a TEM image of the
pore structure of the shells cut from the as-made spheres. It is
clear that the pores of shells are mesoporous with random
orientations similar to that of the phases made with neutral
surfactant with mono-sized pore distribution described by
Tanev and Pinnavia® and disordered mesoporous silica material
by using surfactant in presence of organic salts by Ryoo et al.10
It was suggested that hydrogen bonds between the surfactants
and the precursors direct the formation of the mesostructuresin
the interface of emulsion.® For mesoscale structures, this
approach generally works well, provided that there is sufficient
chemical and interfacial complimentarity between the organic
and inorganic components. Small angle X-ray diffraction

%

Fig. 3 TEM image of a crashed calcined spherical particle.

(XRD) patterns of as-made spheres before and after calcinations
didn’t exhibit the (100) basal peak and other reflection peaks
corresponding to a hexagona structure consistent with the
above TEM image. Furthermore, the results suggest that
crystallization did not occur and the mesopore provided a
pathway by which liquid could be removed from the hollow
spheres during the drying stage, thus keeping the hollow spheres
intact.

A new method for the preparation of thermally stable hollow
silica microspheres has been described using a sol—gel/
emulation technology. Owing to their large specific area,
stability and surface permesbility, the hollow spheres can be
used possibly in catalysis, separation technology, and optic
electronics. Although the mechanism of the formation of the
hollow microspheresisnot clear and isstill under investigation,
thiswork presents an easy method to control the microstructure
during the synthesis of materials. The present approach may
aso be applied to synthesize analogues of other oxide
composition such as Ti—Si, Ai-Si and Zr-Si eta hollow
microspheres.
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