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Submicrometer-sized mesoporous silica SBA-15 with
cuboidlike morphology has been prepared by using excess amounts
of decane as cosolvent in the presence ofyNH he channels of
the resulting material run parallel to the short axis of the cuboidlike
SBA-15, which had not been previously reported. It has also been
found that the materials have a well-ordered channel structure with
pore size ca. 12 nm.

Due to their uniform pore structure and high surface areas,
mesoporous materials such as MCM-41 and SBA-15 have been
studied extensively in the fields of catalysis, separation, adsorption, g p—
and even the fabrication of semiconductor or low dielectric devices. 200 nm 8 200 nm
Methods to tune the morpholody, pore sizet® and particle e :
sizé%~15 of the mesoporous materials have long been the target of
various groups. Organic cosolvents such as 1,3,5- trimethylbenzene
(TMB), alkanes, and amines, etc. are often used to tailor the pore
size of mesoporous materials, such as the cationic surfactant-
templated MCM-41 materials. Among the alkanes used, decane has
been proven to be a good swelling agent, though the obtained
mesoporous silica materials are often disordéred.

Well-ordered mesoporous materials with short channels have @ﬁ AR
attracted great attention because they are favorable for mass transfelgigre 1. SEM images (a-b) and TEM images ¢ed) of mesoporous silica
Control of the channel’s length could be attained by decreasing SBA-15 synthesized at different weight ratios of decane to P123 in the
the particle size or making the parallel orientation of channels presence of NkF: (a) and (c) 0.4:1; (b) and (d) 5.8:1. SEM images were
running along the short axis. Nanoparticles of cationic surfactant- taken on a Hitachi S8000 scanning electron microscope; TEM images were

. taken on a Philips CM 200 transmission electron microscope.
templated mesoporous materials such as MCM-41 have been
obtained by changing the composition of starting matetiaisby
using a double surfactant systéfor by quenching the reaction
by adding HCE* The synthesis of nanosized SBA-15 is rarely
reported. Typical SBA-15 materials have rope-like morphologies
with a relatively uniform length of~1 um and the channels running
parallel to the long axis of the rogeAt the same time, SBA-15
with other morphologies such as fiberlike and doughnutlike, which
have curving and even orbicular channel structdrese also
unfavorable for the mass transfer in separation and catalysis. Here

we present for the first time the synthesis of submicrometer-sized Without decane, particles with fiberlike morphology have been

mesoporous silica SBA-15 W_'th paralle_l channels running along obtained in the presence of WF6 When a small amount of decane
the short axis. It has been attained by using large amounts of decane

. . . is added (decane to P123 weight ratio 0.4:1), the morphology of
;ﬁf the coiolven;mtr;e pr:esg;cer?fl{:&'fdhunng Tyl;lthesbls. Receanch,j . the particles remains unchanged, but the fibers became thinner
thls new ﬁ)e c;hr_nzra“ertljg w Zxr c annets_ Ias_ eenlagp Iet n (Figure 1a). Figure 1c shows well-ordered channels running along
Tt?easstean:]e)é ?:atrflj 3{ Iaspirsael atg dnin;Z?L;:nzsclgnmgr ?oﬁra Ohr.BC/'hthe long axis of the fiberlike SBA-15. However when a large
obtal ystwas evaiuated | VErsIon, WhICh, mount of decane is added (decane to P123 weight ratio 5.8:1), a
exhibited good activity and stability at 773 K. . . .
As a tvpical svnthesi d 244 of EO, (P123 dramatic change occurs, i.e., the morphology of the particles
Sd"?‘ ypllcads_yré4e3f pfr?_fgl ur(le,t_ : 91002? MﬂC o q f[’rf t') d changes significantly from fiberlike into cuboidlike as shown in
was dissolved in o4 mL of solution (L ) and then surre Figure 1b. The size of the cuboidlike particles is relatively uniform,
at room temperature until the solution became clear. Different

. . . about 500 nm long and 200 nm in width. Most importantly, Figure
amounts of decane {gHz,) (with weight ratios of decane to P123 1d clearly shows that the channels of cuboidlike SBA-15 run parallel

" The Chinese Academy of Sciences. to_ the short axis, which is around 2Q0 nmin I_ength. It |s_obV|ously
* Fritz-Haber Institute of the Max Planck Society. different from all the SBA-15 materials previously obtairfédn

ranging from 0:1 to 7.6:1) were then added into the solution. The
mixture was stirred at room temperature for at least 1 h. Finally,
0.027 g of NHF was added under stirring as a hydrolysis catalyst,
followed by 5.1 g of TEOS. The above mixture was stirred at 313
K for 20 h and then transferred into an autoclave for further reaction
at 373 K for 48 h. The products were collected by filtration, dried
in air, and calcined at 813 K fo5 h to remove the templates.
Samples of different weight ratios of decane to P123 were thus
‘obtained.
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Figure 2. (a) Small-angle X-ray diffraction pattern and (b) &ddsorption-
desorption isotherm of calcined mesoporous silica SBA-15 synthesized at
decane to P123 weight ratio of 5.8:1 in the presence offNHhset is
adsorption pore size distribution by BJH method. XRD pattern was recorded
on D/max-2500/PC diffractometer;Mdsorption-desorption isotherm was
recorded on a NOVA 4200e surface area and pore size analyzer.

Scheme 1. Schematic Representation of the Bifunctional Roles of
Large Amounts of Decane
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which the channels are preferentially along the long axis. The
change of channels orientation can be further confirmed by HRSEM
images (Supporting Information: Figures S1, S2).

Figure 2a is a small-angle X-ray diffraction pattern of mesopo-
rous silica SBA-15 materials synthesized with a 5.8:1 decane to
P123 weight ratio in the presence of hH It shows four well-
resolved peaks that can be well indexed as (100), (110), (200), (210)
diffractions associated with a 2-D hexagonal symmetry (p6mm),
indicating a well-ordered mesostructure. Figure 2b gives an N
adsorptionr-desorption isotherm of the same sample. It yields a
type IV isotherm with H1-type hysteresis, which is a typical
hexagonal cylindrical channel mesoporous material. This can also
be confirmed by an HRTEM image (Supporting Information:

Figure S3). The pore size reaches 12.1 nm and the BET surface

area is 560 #lg. Therefore it can be concluded that the pore size

of SBA-15 materials could be expanded by adding decane as a
swelling agent. It should be mentioned that further increasing the
amount of decane (e.g., at a decane to P123 weight ratio 7.6:1)

decane will not lead to the phase transition but instead may build
discrete spaces within the synthesis mixture and thus confine the
formation of silicate-doped micelles. As a result, the side-on
condensations between short silicate-doped micelles are preferred;
thus a new kind of SBA-15 with channels running parallel to the
short axis was built (see Scheme 1).

Fluoride has been successfully used as a hydrolysis catalyst which
can promote silica polymerizatidfiln our current study, the use
of NHy4F is crucial for the formation of a highly organized porous
structure, i.e., in the absence of MWHdisordered mesoporous silicas
are obtained even with large amounts of decane. This indicates that
NH4F addition significantly improves the mesoscopic structure of
silica, which serves as a key factor to synthesize the well-ordered
SBA-15 with cuboidlike morphology.

In conclusion, unusual submicrometer-sized SBA-15 materials
with highly ordered short-pore channels have been prepared by
adding large amounts of decane, which plays a bifunctional role.
As shown in Scheme 1, on one hand, decane functions as a swelling
agent and can expand the pore size of the materials. At the same
time, the decane can confine the formation of silica-doped micelles,
resulting in a decrease of particle size and a change of the channels
orientation. The resulting materials are expected to be favorable
for mass transfer due to their short-pore channels.
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mesoporous silica SBA-15 synthesized at different weight ratios of
decane to P123 in the presence of JRAHThis material is available
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