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Since Mobil researchers reported the discovery of
a new family of silica-based mesoporous molecular
sieves (M41S) materials in 199221 there has been a
growing interest in using these nanoporous materials as
heterogeneous catalysts, catalyst supports, and nanoco-
mposite host materials for novel applications "=, All
these applications have stimulated many researchers to
synthesize mesoporous materials via different templat-
ing schemes. So far, ionic and neutral surfactants in-

[9]

cluding neutral alkylamine "*', polyethlene oxide ', gen-

imi "', and amphiphilic triblock copolymer "'" have
been the most commonly used as templates for the
synthesis of mesoporous molecular sieves. Here, we
present a low-cost and biodegradable amphoteric tem-
plating route to mesoporous materials. Using low-cost
and biodegradable tetradecyl betaine
(C1H2N* (CH3).CH-COO ™) as template, we success-

fully synthesized the mesoporous silica molecular

amphoteric

sieves under acidic conditions at mild temperature.

A typical synthesis was carried out as follows:
the appropriate amount of tetradecyl betaine (TB) was
dissolved in water, when the turbid mixture became
clear, aqueous HCIl was added to adjust the pH of this
solution to 2. 2. With magnetic stirring, the designed
amount of tetraethylorthosilicate (TEOS) was intro-
duced dropwise into the above mixture. The final com-
position of the reaction mixture was 1 TEOS: 0. 35
TB: 0.000173HCI: 40. 5 H,O. After allowing the re-
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sulting gel to age at 323 K under gentle stirring for 24
h, the resulting solid product was recovered by filtra-
tion, washed with distilled water and air-dried.

Template removal was achieved by solvent ex-
traction and calcination. The solvent extraction was
performed by stirring 1g of the air-dried product in 80
mL ethanol ( EtOH ) and water mixture (1/1, V/ V)
for 2 h. Then, it was filtered and washed with another
50 mL EtOH and water. This extraction procedure was
repeated four times (the final washing with water). The
extracted product was finally air-dried and calcined in
air at 973 K for 6 h.

The amphoteric surfactant tetradecyl betaine
(TB) has quaternary ammonium and carboxylate
functionalities for the head group and can therefore
bond with both negatively and positively charged
species. Under the low pH conditions of the reaction,
the quaternary ammonium group of TB is positively
charged, and the carboxylate group is partly protonat-
ed. Therefore, the charged silicate species may bond
with the quaternary ammonium cation and carbonxy-
late anion via static electrical interaction, or with the
carboxyl via hydrogen bonding interaction. Concurrent
surfactant bonding with the inorganic and aggregation
of the micellar structures lead to the formation of the
mesoporouse phase.

Fig. 1
(XRD, Rigaku, D/Max-2400, with Cu K. radiation;

shows the powder X-ray diffraction
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Fig.1 The powder XRD pattern of calcined STO

mesoporous silica molecular sieves

A=0. 154 18 nm) pattern of calcined mesoporous sili-
ca (designed STO) . It exhibits an intense reflection
corresponding to 5. 3 nm at low angle, while higher or-
der Bragg reflections are not resolved. The absence of
higher order reflections is attributed to the lack of
long-range order or finite size effects '°!. The strong
electrostatic interactions and charge matching are es-
sential for the formation of the long-range ordered
mesostructure phase. The single XRD reflections and
small X-ray scattering domain sizes of the obtained
materials suggest that their formation be governed by
weak interactions. Furthermore, the XRD pattern of the
obtained sample showed the typical MSU wormhole
structures assembled from polyethlene oxide as tem-
plate “’; this result is supported by the transmission
electron microscopy (TEM, Philips CM-120) in
Fig. 2. It can be clearly seen from Fig. 2 that STO pos-
sesses the typical wormhole-like framework of the
MSU mesoporous molecular sieves ''?!. The BET spe-
cific surface area and BJH pore diameter of the ob-
tained STO are 1013 m®*g~" and 3. 6 nm, respective-
ly. The N adsorption-desorption isotherms (Microme-
rtics ASAP 2010 sorptometer) (Fig. 3) clearly ex-
hibits the type IV isotherms with an obvious hysteresis
loop, three well-distinguished regions of the adsorbtion
isotherm are evident: ( i) monolayer-multilayer ad-

sorption, ( ii) capillary condensation, and (iii ) multi-

Fig.2 TEM image of calcined STO mesoporous silica
molecular sieves
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Fig.3 N adsorption-desorption isotherms of calcined

STO mesoporous silica molecular sieves

player adsorption on the outer particle surface.

Fig. 4 depicts the TG curves (Perkin-Elmer) for
the as-synthesized and solvent-extracted samples. Both
of the samples show similar weight loss during about
20 C to 150 T stage, due to the desorption of water or
EtOH. In the second stage from 150 C to 460 C, the
weight loss of the as-synthesized sample is attributed to
the decomposition of the organic template; we noted
that the solvent-extracted sample had little weight loss,
suggesting that nearly 100% template removal was
achieved by direct solvent-extraction and the surfac-
tants was permitted to recover and re-use. We have
used such recycled amphoteric tetradecyl betaine to
synthesize the high quality STO showing characteris-
tics properties identical to those presented above. The
weight loss during the third stage from 450 C to 600
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Fig.4 Thermagravity curves of (A) as-synthesized and (B) solvent-extracted STO samples
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