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1-Hexadecane-3-methylimidazolium bromide and 1-hexade-
cane-2,3-dimethylimidazolium bromide were used as new
templates for the syntheses of periodic mesoporous organosilica
(PMO) materials; using these new templates, ethane-bridged
PMO materials were successfully synthesized and characterized
under basic conditions.

Since the discovery of mesostructured materials by Mobil*-2 and
Japanese® researchers, several types of mesostructured materials
were synthesized using different templates and different reaction
conditions.47 Using the similar procedure, periodic mesoporous
organosilica (PMO) materials were also synthesized by several
groups.8-13 A number of papers have been published recently onthe
successful synthesis of highly ordered PMOs using a variety of
precursors under acidic conditions.14-19 Unlike the synthesis of
mesoporous silicamaterials, both synthesis conditions and types of
surfactant templates are more stringent in the synthesis of PMO
materials under basic media. For examples, only worm-hole
structured mesoporous materials have been obtained through the
use of cetyltrimethylammonium bromide (CTAB) and block
copolymers as templates.10.13 The difficulties associated with the
above template syntheses of PMO materials may be attributed to
the amphiphilic natures of bridged silsesquioxane precursors.
Superior templating surfactants should be optimized for not only
the static coulombic interaction between surfactant head groupsand
silica precursors but also the hydrophobic interaction between
surfactant head group and hydrophobic parts of precursor sil-
sesquioxanes. Such self-assembly syntheses through surfactant
templates require a carefully tailored structure that balances the
competing elements. Here, we report the successful synthesis of
mesostructured hybrid silica materials using 1-hexadecane-3-me-
thylimidazolium bromide (C,6MIB) and 1-hexadecane-2,3-dime-
thylimidazolium bromide (C,6DMIB) as new surfactant templates.
The bridged silsesquioxane used to demonstrate basic synthesis
processes is bis(triethoxysilyl)ethane (BTSE).

The new surfactant templates belong to a class of interesting
organic salts, which are used for making room-temperature ionic
liquids.2° lonic liquids are extensively explored as new solvent
systemsfor catalysis and separation.2° We2! and others?2 have been
interested in using ionic liquids as reaction media for synthesizing
advanced materials. The basic molecular structure of the new
surfactants is shown in Scheme 1. The head group of such new
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templates is akylated imidazolium, which can interact not only
with negatively charged silica precursors but aso potentially with
hydrophobic organic bridges of silsesguioxanes. Compared with
CTAB that is usually used for the preparation of mesostructured
materials,1-3 the new templates have larger and flatter head groups.
Such unique head groups could lead to optimized interactions with
organic-inorganic hybrid silica precursors (e.g. BTSE) for the
synthesis of PMO materials.

Another key factor affecting the self-assembly synthesis of
PMOsisthe ratio between surfactants and hybrid silsesquioxanes.8
Theratio of C;sMIB to BTSE was varied systematically from 0.06
t0 0.12 in order to find the optimal composition of the reactants for
the synthesis of the periodic mesoporous organosilica containing
ethane bridge with C;sMIB (PM O-E-M). The optimized ratio for
such synthesis was 0.1, which was verified by the nitrogen
adsorption-desorption measurements. The detailed synthesis condi-
tions are given in supporting materials. By the similar procedure,
the optimal composition of reactants for the synthesis of the
periodic mesoporous organosilica containing ethane bridge with
C16DMIB (PMO-E-DM) was also obtained.

Table 1 summarizes the surface areas, pore sizes, and d spacings
of PMO-E-M and PMO-E-DM. Both PMO-E-M and PMO-E-
DM showed mesoporosity with the BJH pore diameters of 2.1 and
1.9 nm, respectively (Table 1 and Fig. 1). The SAXS curves of
PMO-E-M and PMO-E-DM are shown in Fig. 2 with ad spacing
of 3.9 nm for both of them. The transmission electron microscopy
(TEM) images of these porous material sindicate that both PM O-E-
M and PM O-E-DM have anice one-dimensional ordered structure
(Fig. 3). Because any lamellar structure would not be stable during
the template-removal process via solvent extraction, the presence
of the ordered mesostructuresin the template-removed samples and
their SAX S curves are consi stent with hexagona structuresfor both
PMO-E-M and PMO-E-DM.

In order to verify the unique properties of such imidazolium-
based surfactants for the synthesis of PMO materials, both C;sMIB
and C;sDMIB were also used to synthesize mesoporous pure silica
materialsusing TEOS as asilica precursor. Again, several ratios of
surfactants to silica precursors in phase diagrams were explored to
definethe optimal ratio of reactantsfor the synthesis of mesoporous
silica materials (see ESI$). The nitrogen adsorption-desorption
measurements indicates that no ordered mesostructures were
observed in the silica materials synthesized using C;6sDMIB as the
micellar template. The surface area of the resulting material isless
than 100 m2 g—1. Thisobservationis consistent with thefact that the
C16sDMIB surfactant has arelatively hydrophobic head groups, and
thus only weakly interacts with the hydrophilic silica precursor.
However, the mesoporous silica material (MS-M) synthesized

Table 1 Properties of the synthesized mesoporous silica materials: BET
surface area, BJH pore diameter, pore volume, and d spacing.

PMO-E-M PMO-E-DM MSM
SA.ger/m2g-1 810 817 783
DBJH/nm 2.1 1.9 1.9
PV.ccg? 0.45 0.45 0.40
d/nm 39 39 31
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Fig. 1 Nitrogen adsorption-desorption isotherms and BJH mesopore size
distributions of a. PMO-E-M, b. PMO-E-DM, and c. MS-M.
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Fig. 2 SAX S spectraof prepared mesoporoussilicamaterias: a. PM O-E-M
and b. PMO-E-DM.
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Fig. 3 TEM images of (A) PMO-;E-;M and (B) PMO-;E-;DM.

using C;sMIB showed a characteristic feature associated with
mesoporous materials (Table 1 and Fig. 1).

In conclusion, we have demonstrated a self-assembly synthesis
of mesoporous PMO materials using the imidazolium-based
surfactants. The unique surfactant head groups can be the key for
the facile formation of the PMO structures. This research clearly
opens up a new opportunity of using the imidazolium-based
surfactants for synthesizing novel porous materials. The ster-
eochemical properties associated with the head groups of the
imidazolium-based surfactants are very different from those of
quaternary ammonium surfactants. Currently, the uses of these new
templates for the synthesis of PMO materials with other bridged
silsesquioxane precursors are being actively investigated.

Thiswork was supported by the Division of Chemical Sciences,
Officeof Basic Energy Sciences, U.S. Department of Energy, under
contract No. DE-AC05-000R22725 with UT-Battelle, LLC. HL
acknowledges support from U.S. DOE Environmental Science
Program.

Notes and references

1 C.T.Kresge, M. E. Leonowicz, W. J. Roth, J. C. Vartuli and J. S. Beck,
Nature, 1992, 359, 710.
2 J. S. Beck, J. C. Vartuli, W. J. Roth, M. E. Leonowicz, C. T. Kresge, K.
D. Schmitt, C. T-W. Chu, D. H. Olson, E. W. Sheppard, S. B. McCullen,
J. B. Higgins and J. L. Schlenker, J. Am. Chem. Soc., 1992, 114,
10834.
3 T. Yanagisawa, T. Shimizu, K. Kuroda and C. Kato, Bull. Chem. Soc.
Japan, 1990, 63, 988.
4 B.Z.Tian, X. Y. Liy, B.Tu, C. Z. Yu, J. Fan, L. M. Wang, S. H. Xie,
G. D. Stucky and D. Y. Zhao, Nature Mater., 2003, 2, 159.
5 P. T. Tanev and T. J. Pinnavaia, Science, 1995, 267, 865-867.
6 D. Zhao, J. Feng, Q. Huo, N. Melosh, G. H. Fredrickson, B. F. Chmelka
and G. D. Stucky, Science, 1998, 279, 548-552.
7 Z.R.Tian,J. Liu, J. A. Voigt, B. Mckenzieand H. F. Xu, Angew. Chem.
Int. Ed., 2003, 42, 414.
8 S. Inagaki, S. Guan, Y. Fukushima, T. Ohsuna and O. Terasaki, J. Am.
Chem. Soc., 1999, 121(41), 9611-9614.
9 T. Asefa, M. J. MacLachlan, N. Coombsand G. A. Ozin, Nature, 1999,
402, 867-871.
10 B.J. Melde, B. T. Holland, C. F. Blanford and A. Stein, Chem. Mater .,
1999, 11(11), 3302—3308.
11 Y. Lu, H. Fan, N. Doke, D. A. Loy, R. A. Assink, D. A. Lavanand C.
J. Brinker, J. Am. Chem. Soc., 2000, 122, 5258.
12 Z. Zhang and S. Dai, J. Am. Chem. Soc., 2001, 123, 9204.
13 H. G. Zhu, D. J. Jones, J. Zgjac, J. Roziere and R. Dutartre, Chem.
Commun., 2001, 2568.
14 W. Guo, I. Kim and C-S. Ha, Chem. Commun., 2003, 2692—2693.
15 W. Guo, J-Y. Park, M-O. Oh, H-W. Jeong, W-J. Cho, |. Kim and C-S.
Ha, Chem. Mater., 2003, 15(12), 2295-2298.
16 M. C. Burleigh, M. A. Markowitz, M. S. Spector and B. P. Gaber, J.
Phys. Chem. B, 2002, 106(38), 9712-9716.
17 S. Hamoudi and S. Kaliaguine, Chem. Commun., 2002, 2118-2119.
18 A. Sayari and Y. Yang, Chem. Commun., 2002, 2582-2583.
19 M. C. Burleigh, M. A. Markowitz, E. M. Wong, J. S. Lin and B. P.
Gaber, Chem. Mater., 2001, 13, 4411.
20 P. Wasserscheid and W. Keim, Angew. Chem,, Int. Ed., 2000, 39,
3772.
21 S.Dai, Y.H.Ju, H.J Gao, J. S. Lin, S. J. Pennycook and C. E. Barnes,
Chem. Comm., 2000, 243.
22 T. Nakashima and N. Kimizuka, J. Am. Chem. Soc., 2003, 125, 6386.

Chem. Commun., 2004, 240-241

241




