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We report the synthesis of periodic mesoporous organosilica (PMO) spheres of a size between 3 and
14 µm. The ethylene-bridged PMO spheres were prepared via surfactant (dodecyltrimethylammonium
bromide) mediated assembly of 1,2-bis(triethoxysilyl)ethylene without using any additional cosolvents
and/or cosurfactants. The PMO spheres exhibit molecular-scale ordering with a periodicity of 5.6 Å due
to a crystal-like arrangement of the ethylene groups in the organosilica framework. The morphology
(i.e., formation of spheres) and level of mesostructural ordering in the PMO materials were dependent
on the basicity of the synthesis media, while the size of the relatively monodisperse spheres was readily
controlled by variations in the concentration of surfactant. The PMO materials are mesostructurally well-
ordered and exhibit a high surface area (>900 m2/g) and pore volume (>0.8 cm3/g). The molecularly
ordered ethylene groups within the organosilica framework were found to present a versatile and reactive
functionality as demonstrated by bromination of the PMO spheres.

Introduction

In the past decade, mesostructured silica-based inorganic
materials prepared via supramolecular assembly have at-
tracted intense interest due to their potential use in a wide
range of applications.1,2 Mesostructured silica-based materials
are typically prepared via surfactant mediated self-assembly
of suitable silica precursors.1,2 Materials with various particle
morphology, including fibers, rods, tubes, films, monoliths,
spheres, and hollow spheres have been fabricated using a
variety of surfactants and silica precursors.2 In particular,
monodisperse spherical particles of micrometer sizes that
exhibit high surface area, high pore volume, and narrow pore
size distribution are attractive for many applications such as
in drug delivery, multifunctional catalysis, macromolecule
separations, photonic crystals,2,3 and, in particular, for
chromatographic applications.4 Monodisperse mesostructured
spherical particles have been prepared from both acidic and
basic media using a variety of surfactants and silica
precursors.5-8 In most cases, however, an additional cosol-

vent and/or cosurfactant is necessary to control the morphol-
ogy toward the formation of spheres.7,8

Purely siliceous materials, however, have limitations with
respect to their poor mechanical properties and limited range
of surface functionalities. Therefore, the introduction of
organic moieties into structurally well-ordered mesoporous
silica materials is an attractive theme in nanomaterial
research.9 Specifically, mesoporous organosilica materials
with a homogeneous distribution of organic species both in
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the pore wall framework and on the pore wall surface are
fascinating from both a materials and chemistry point of
view.9 Various organic moieties, including methylene, ethane,
ethylene, thiophene, allyl, phenyl, biphenyl, two- or three-
substituted phenyl, large heterocyclic groups, and three-ring
precursors, have been uniformly incorporated into the pore
walls of so-called periodic mesoporous organosilica (PMO)
materials.10-12 Phenyl, biphenyl, ethylene, and allyl-contain-
ing PMOs have been found to exhibit molecular-scale
periodicity in their pore walls.11 To date, there are, however,
very few reports on the synthesis of spherical PMO materi-
als;13 Ethane-, phenyl-, and ethylene-containing mesostruc-
tured organosilica spheres have been fabricated via modified
Stöber methods in the presence of ethanol,13 but so far, no
molecular scale ordering has been achieved in any spherical
PMO.4-8,13

One of the most exciting potential applications of spherical
PMOs is as a stationary phase in liquid-phase chromatog-
raphy. A limiting factor in this regard is sphere size; to use
spherical mesoporous silica in liquid-phase chromatography,4

it is desirable that the spheres be monodispersed and of a
size no lower than 2-3 µm so as to allow easy packing and
reduce hydrodynamic energy costs.4a,4c With no exception,
all mesoporous organosilica spheres that have been reported
to date are smaller than 2µm and typically between 0.2 and
1 µm.13 This is perhaps due to the fact that, in most cases,
sphere size is difficult to control for both silica and
organosilica materials.4-8,13Easy control of PMO sphere size
is therefore a desirable research goal that has so far not been
achieved. Apart from a controllable sphere size, it is also
desirable that PMOs have organosilica frameworks that are
amenable to further functionalization by way of reactive
organo groups. Ethylene is a versatile reactive organic group
that can be readily subjected to various chemical modifi-
cations.10a,10c,12c,13cFurthermore, molecularly ordered ethylene

groups would present advantages with respect to the ar-
rangement of functional groups. It is therefore highly
desirable to demonstrate the fabrication of ethylene-bridged
spherical mesoporous organosilica materials that possess
monodisperse spheres of controllable size in the micrometer
range. Here, we report the synthesis of structurally well-
ordered ethylene-bridged mesoporous organosilica materials,
which exhibit molecular-level periodicity in their pore walls
and spherical particle morphology with spheres of a tunable
micrometer size. We show that the morphology, structural
ordering, and sphere size of the PMO materials can be readily
adjusted by controlling the basicity and/or the concentration
of surfactant during synthesis and that the presence of
ethylene groups offers opportunities for further functional-
ization via simple chemical reactions.

Experimental Procedures

Material Synthesis.1,2-bis(Triethoxysilyl)ethylene (BTEE) was
synthesized following an established procedure.14 Only the distilled
fraction with a boiling point higher than 90°C/15µm Hg was used.
The synthesis procedure for the organosilica materials was as
follows: a calculated amount of dodecyltrimethylammonium
bromide (DTAB) was dissolved in 64.87 g of distilled water under
stirring, followed by the addition of NaOH to control the pH.
A total of 3.52 g of BTEE was then added to the mixture with
stirring to give a gel mixture of molar ratio 1 BTEE/0.6-1.6 DTAB/
1.6-2.4 NaOH/360 H2O. After continuously stirring for 20 h at
room temperature, the synthesis gel mixture was transferred to an
autoclave and aged at 100 ˚C for 24 h. The autoclave was then
cooled to room temperature, and the solid product was obtained
by filtration and repeatedly washed with a large amount of distilled
water. After air-drying at room temperature, the dry (as-synthesized)
material was subjected to refluxing in an ethanol solution containing
4 wt % HCl for 2 h toextract the DTAB surfactant. The solvent
extraction procedure was repeated 3 times to ensure complete
removal of the surfactant. Organosilica samples (prepared at a H2O/
DTAB molar ratio of 300) were labeled as EHOI-A, -B, -C, -D,
and -E for H2O/NaOH molar ratio of 225, 200, 180, 163.6, and
150, respectively. Two further samples (designated as EHOI-F and
-G) were prepared at a H2O/DTAB molar ratio of 600 and 225,
respectively, and a H2O/NaOH molar ratio of 150.

Bromination. The reactivity of the ethylene groups was probed
using the bromination reaction as follows: 0.2 g of surfactant-free
organosilica material (EHOI-C sample) was predried at 100°C for
several hours and loaded into a small glass vial, which was placed
in a glass beaker. Several drops of bromine were added to the
beaker, avoiding direct contact with the organosilica sample in the
vial. The beaker was covered with Parafilm to contain the bromine
gas, and the organosilica sample was exposed to bromine for a
period of 24 h at room temperature. The brominated organosilica
sample (designated BEHOI-C) was then washed with dichloro-
methane (CH2Cl2), followed by further washing with a large amount
of water and ethanol. The color of the product changed from orange
to white during the washing procedure, implying the complete
removal of any physisorbed bromine.10c

Material Characterization. Powder X-ray diffraction (XRD)
analysis was performed using a Philips 1830 powder diffractometer
with Cu KR radiation (40 kV, 40 mA). Scanning electron
microscopy (SEM) images were recorded using a JEOL JSM-820
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scanning electron microscope. Transmission electron microscopy
(TEM) images were recorded on a JEOL 2000-FX electron
microscope operating at 200 kV. Nitrogen sorption isotherms and
textural properties of the materials were determined at-196 °C
using nitrogen in a conventional volumetric technique by a
Micromeritics ASAP 2020 sorptometer. Before analysis, the
samples were oven dried at 150°C and evacuated for 12 h at 200
°C under vacuum. The surface area was calculated using the BET
method based on adsorption data in the partial pressure (P/P0) range
of 0.05-0.2, and a total pore volume was determined from the
amount of the nitrogen adsorbed atP/P0 ) ca. 0.99. The average
pore size was calculated using BJH analysis of the adsorption
isotherm. 29Si and 13C magic angle spinning (MAS) nuclear
magnetic resonance (NMR) spectra were acquired at the EPSRC
Solid-State NMR Service (Durham, UK) on a Varian Unity Inova
300 MHz spectrometer using a 7.5 mm probe.29Si spectra were
obtained with a Si-29 frequency of 59.55 MHz, spectral width of
30 kHz, acquisition time of 30 ms, and MAS rate of 5.1 kHz.13C
spectra were obtained using a cross polarization experiment at a
frequency of 75.39 MHz, spectral width of 30 kHz with an
acquisition time of 20 ms, and MAS rate of 5.0 kHz.29Si and13C
signals were referenced to tetramethylsilane (TMS).

Results and Discussion

Formation of PMO Spheres and Control of Sphere
Size. The particle morphology of organosilica materials,
prepared at various basicities (i.e., pH values determined by
H2O/NaOH ratios as given in Table 1), is shown by the SEM
images in Figure 1. Materials synthesized at a H2O/NaOH
molar ratio e180 exclusively exhibit spherical particle
morphology (Figure 1A-D). The spheres have smooth
surfaces and sizes typically in the range of 6-9 µm (Figure
1A-D). At lower basicity (H2O/NaOH molar ratio of 200),
the formation of spheres is less predominant (Figure 1E),
and hardly any spheres are formed at the lowest basicity
(H2O/NaOH molar ratio of 225) as shown in Figure 1F.
Remarkably, for samples (EHOI-C, -D, and -E) prepared at
H2O/NaOH molar ratios of between 150 and 180, virtually
all the spheres formed are free-standing without aggregation.
Furthermore, the basicity does not appear to have any
influence on the size (6-9 µm) of these well-formed and
free-standing spheres.

Most practical applications of spherical materials require
that the sphere size be readily controlled. We studied the
influence of surfactant (DTAB) concentration on the size of
the organosilica spheres; Figure 2 shows SEM images of
materials prepared at H2O/NaOH ratios of 150 and H2O/

DTAB molar ratios of 600, 300, or 225. The SEM images
indicate a gradual decrease in sphere size at higher concen-
trations (low dilution) of surfactant. We found that low
DTAB concentrations (H2O/DTAB molar ratio of 600)
generated spheres (sample EHOI-F) of sizes in the range of
7.5-12 µm (Figure 2A,B). An increase in the DTAB
concentration (H2O/DTAB molar ratio of 300, sample
EHOI-E) resulted in spheres of sizes of 5.0-8 µm. Further
increases in the surfactant concentration (sample EHOI-G,
H2O/DTAB molar ratio of 225) resulted in a decrease of
sphere sizes to between 3.0 and 4.5µm. In all three cases,
the spheres are well-formed and free-standing.

It is worth noting that the present ethylene-bridged
organosilica spheres were synthesized without using any
cosolvent and/or cosurfactant. We believe this was possible
because of the high basicity of the synthesis mixtures and
the hydrophilic properties of the DTAB surfactant in aqueous
solution as compared with other long-chain alkyltrimethyl-
ammonium surfactants.6b The hydrophilicity of the surfactant
is determined by the alkyl chain length and nature (polarity)
of the solvent. The high basicity of the synthesis mixtures
(for H2O/NaOH ratios between 150 and 180) and hydrophi-
licity of the DTAB surfactant prevented rapid silicate-
surfactant precipitation (i.e., the formation of heterogeneous
particle shapes with a broad size distribution was inhibited),
thus allowing relatively monodisperse spheres to be gener-
ated.

Structural Ordering, Molecular Ordering, and Porosity
of Spherical PMOs.The structural ordering of the organo-
silica materials was evaluated by powder X-ray diffraction
(XRD). Figure 3 shows the XRD patterns of surfactant-free
organosilica samples synthesized at various pH values (H2O/
NaOH ratios). The low-angle region of the XRD patterns
(Supporting Information Figure 1S) indicates varying levels
of structural ordering, ranging from patterns typical of highly
ordered MCM-41 type structures (samples EHOI-B and -C)
to less well-ordered materials (samples EHOI-A and -D).
The XRD pattern of sample EHOI-E (not shown) is similar
to that of sample EHOI-D. The XRD patterns of samples
prepared at H2O/NaOH ratios of 180 and 200 (samples
EHOI-B and -C) exhibit an intense basal (100) diffraction
peak and two well-resolved higher order peaks in the 2θ
range of 3-6°, which can be attributed to (110) and (200)
diffractions of a two-dimensionalP6mm hexagonal struc-
ture.15 The XRD patterns of the other samples show diffuse
basal peaks, suggesting lower levels of mesostructural
ordering. It is therefore clear that intermediate basicity
conditions (H2O/NaOH molar ratios in the range of 180-
200; samples EHOI-B and -C) generate structurally highly
ordered materials. When the basicity is too low (sample
EHOI-A) or too high (sample EHOI-D and -E), the meso-
structural ordering is compromised. The basal spacing
obtained from the XRD patterns (36.5, 39.6, and 37.8 Å for
samples EHOI-A, -B, and -C, respectively) is comparable

(15) (a) Kresge, C. T.; Leonowicz, M. E.; Roth, W. J.; Vartuli, J. C.; Beck,
J. S.Nature1992, 359, 710. (b) Beck, J. S.; Vartuli, J. C.; Roth, W.
J.; Leonowicz, M. E.; Kresge, C. T.; Schmitt, K. D.; Chu, C. T.-W.;
Olson, D. H.; Sheppard, E. W.; McCullen, S. B.; Higgins, J. B.;
Schlenker, J. L.J. Am. Chem. Soc.1992, 114, 10834.

Table 1. Textural Properties of Surfactant-Free Spherical
Mesoporous Organosilica Materials

sample
H2O/NaOH
molar ratio

H2O/DTAB
molar ratio

surface
area

[m2 g-1]

pore
volume

[cm3 g-1]
pore

sizea [Å]

EHOI-A 225 300 970 0.90 20.8
EHOI-B 200 300 978 0.99 21.0
EHOI-C 180 300 942 0.91 22.7
BEHOI-Cb 776 0.71 20.6
EHOI-D 163.6 300 959 0.84 20.0
EHOI-E 150 300 940 0.83 22.6
EHOI-F 150 600 944 0.83 20.0
EHOI-G 150 225 1006 0.88 20.9

a Average pore size calculated using BJH analysis of nitrogen adsorption
isotherm.b Brominated sample.
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for all PMOs. This suggests that the basicity of the synthesis
mixtures does not have a significant influence on the basal
spacing.

In addition to the low-angle XRD peaks, all the samples
exhibit a further peak at 2θ ) 16.5° (i.e., at a basal spacing
of 5.6 Å) arising from molecular-scale ordering of the
ethylene groups within the organosilica framework.11b The
intensity of this peak, for the various samples, suggests that
the materials have comparable levels of molecular ordering.
This implies that the basicity range used in our synthesis
conditions had no significant influence on the molecular scale
periodicity of ethylene groups. This is the first time that
molecularly ordered PMO spheres have been achieved. We
believe that appropriately basic conditions (i.e., pHg 12)
are necessary for the formation of molecularly ordered
ethylene-bridged PMOs. We have previously prepared small
PMO spheres (of sizes 0.5-1.0 µm) in the presence of
ethanol and under weakly basic media (pH of ca. 8-10) and
observed no molecular ordering.13c Furthermore, Sayari and
co-workers observed no molecular scale periodicity for

ethylene-containing PMOs that were prepared under acidic
conditions.12c Our observations therefore emphasize the
importance of using the optimum synthesis conditions (with
respect to pH, nature, and amount of surfactant) in generating
large (>2 µm) PMO spheres that possess molecular scale
periodicity.

The nitrogen sorption isotherms of the organosilica materi-
als are presented in Figure 4, and the corresponding textural
properties are summarized in Table 1. The materials exhibit
type IV isotherms with a typical capillary condensation step
into mesopores. All the isotherms exhibit type H2 hysteresis,
which we ascribe to network effects commonly observed for
this type of material.16 The average pore size estimated from
BJH analysis of the adsorption branch of the isotherms varies
between 20 and 23 Å (Table 1). (We note that the estimated
average pore size is dependent on the method used to
calculate the pore size. The adsorption rather than desorption

(16) (a) Kruk, M.; Jaroniec, M.Chem. Mater.2001, 13, 3169. (b) Tompsett,
G. A.; Krogh, L.; Griffin, D. W.; Conner, W. C.Langmuir2005, 21,
8214.

Figure 1. Representative SEM images of ethylene-bridged organosilica materials prepared at a H2O/DTAB molar ratio of 300 and varying basicity at a
H2O/NaOH molar ratio of (A and B) 150, (C) 163.6, (D) 180, (E) 200, and (F) 225.
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branch of the isotherms was used to calculate the pore size
distribution so as to avoid any ambiguities that may arise
from tensile strength effects, which are known to occur at
P/P0 of between 0.4 and 0.5 for nitrogen sorption at-196
°C.)16

The pore size distribution curves in Figure 4 indicate that
the spherical PMOs have relatively uniform pore size
distribution. Although the isotherms of samples EHOI-A, -B,
and -C suggest a slight bimodal pore structure, the pore size
distribution over a wide size range (Supporting Information
Figure 2S) did not show evidence of there being a significant
proportion of pores of sizes above 30 Å. The PSD curves
over wide pore size ranges (Supporting Information Figure
2S) therefore confirmed that the porosity of the PMOs is
dominated by pores in the size range of 20-25 Å, although
there is a contribution from pores in the range of 40-60 Å.
The larger pores may arise from defects in the pore ordering
or from interparticle voids (textural mesoporosity). The
presence of these larger pores would, however, be an asset
in the use of the PMO spheres as stationary phases in

chromatographic applications. The pore wall thickness of the
PMO materials can be estimated from the basal spacing and
pore size. The wall thickness was calculated as the difference
between the lattice parameterao (ao ) 2d100/x3), and the
pore size varies between 20 and 25 Å.10c Such thick pore
walls are advantageous with respect to the mechanical
stability of the PMO spheres especially for applications as
the stationary phase in liquid-phase chromatography.

The surface area (>900 m2/g) and pore volume (>0.8
cm3/g) of the spherical PMO materials are relatively high
and typical for well-ordered MCM-41 type mesoporous
materials.15 It is noteworthy that all the organosilica materials
have comparable textural properties (Table 1). This suggests
that even those samples that exhibit rather poor XRD patterns
are still highly porous and possess some mesostructural
ordering. Furthermore, nitrogen sorption isotherms of
organosilica spheres synthesized at various H2O/DTAB molar
ratios (Figure 5) indicate that despite differences in sphere
size (Figure 2), the spherical PMOs have comparable
mesostructural ordering. Indeed, the textural properties in

Figure 2. Representative SEM images of spherical ethylene-bridged organosilica materials synthesized at a H2O/NaOH molar ratio of 150 and various
DTAB concentrations; H2O/DTAB molar ratio of (A and B) 600, (C and D) 300, and (E and F) 225.
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Table 1 show that the surface area and pore volume of
samples EHOI-E, -F, and -G are similar. This confirms that
despite the changes in sphere size, the surface area, pore
volume, and pore diameter of the spherical PMOs remain
largely unaffected.

The structural ordering of the ethylene-bridged PMO
spheres was also evidenced by transmission electron mi-
croscopy (TEM) as shown by the representative TEM image
in Figure 6. Well-ordered pore channels are clearly observed
for sample EHOI-C, indicating good pore channel mesos-
tructural ordering. From the TEM image, it is possible to
estimate a pore channel diameter of 2.2 nm, which is similar
to the pore size obtained from nitrogen sorption studies
(Table 1). The information from the TEM image therefore
confirms that the pore size of the PMO spheres is ca. 2.2
nm. This agreement between TEM analysis and porosity data
is important given that the determination of pore size using
BJH analysis of nitrogen sorption data has a number of
limitations.16

Si-C Binding and Reactivity of Ethylene Groups;
Functionalization of CdC Bond. 29Si and13C MAS NMR
was used to probe the Si-C binding in the mesoporous
organosilica spheres. Representative29Si and13C MAS NMR
spectra for the materials (sample EHOI-C) are shown in
Figure 7. The29Si MAS NMR spectrum of surfactant
extracted sample EHOI-C (Figure 7A, top) exhibits two main
signals at-74.5 and-83.6 ppm. The signals are assigned

Figure 3. Powder XRD patterns of ethylene-bridged organosilica materials
prepared at a H2O/DTABr molar ratio of 300 and varying basicity at a
H2O/NaOH molar ratio of (a) 225, (b) 200, (c) 180, and (d) 163.6.

Figure 4. Nitrogen sorption isotherms of ethylene-bridged mesoporous
organosilica materials prepared at a H2O/DTABr molar ratio of 300 and
varying basicity at a H2O/NaOH molar ratio of (a) 225, (b) 200, (c) 180,
(d) 163.6, and (e) 150. For clarity, isotherms b-e are offset (y-axis) by
120, 240, 380, and 500, respectively. The inset shows the corresponding
pore size distribution curves. Curves b-d are offset (y-axis) by 0.01, 0.03,
and 0.07, respectively.

Figure 5. Nitrogen sorption isotherms of ethylene-bridged mesoporous
organosilica spheres synthesized at a H2O/NaOH ratio of 150 and various
H2O/DTAB molar ratios (a) 600, (b) 300, and (c) 225. For clarity, isotherms
a and b are offset (y-axis) by 300 and 150, respectively.

Figure 6. Representative TEM image of spherical periodic mesoporous
organosilica (sample EHOI-C) showing a well-formed sphere and a high
level of pore channel ordering.
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to silicon bonded to carbon (i.e., T2 [C-SiO2(OH)] at-74.5
ppm and T3 [C-SiO3] at -83.6 ppm). Qn[(Si(OSi)n(OH)4-n),
n ) 2-4] peaks in the range-90 to -115 ppm were not
observed, confirming that carbon-silicon cleavage of the
BTEE species did not occur during synthesis of the organo-
silica spheres. The relative intensity of the Tn peaks suggests
that ca. 70% of the Si in the materials is in the T3

environment. The13C NMR spectrum (Figure 7B, bottom)
displays a main peak at ca. 146 ppm due to ethylene
(sCHdCHs) functional groups linked to silicon. It is worth
noting that the13C NMR spectrum exhibits no significant
peaks in the range of 10-30 ppm, which gives a clear
indication that virtually all the surfactant was removed from
the organosilica samples during the template extraction
process.

To probe the reactivity and/or accessibility of the ethylene
groups, we performed bromination experiments on sample
EHOI-C. We first note that bromination did not have any
significant influence on the mesostructural ordering of the
organosilica material; the low-angle region of XRD patterns
and nitrogen sorption isotherms is relatively similar before
and after bromination (Supporting Information Figure 3S).
However, as expected the surface area, the pore volume and
pore size decrease after bromination (Table 1). The pore size

decrease from 22.7 to 20.6 Å is consistent with previous
reports on brominated ethylene-bridged PMOs.10a,10c,12c,13c

However, bromination significantly reduced the molecular
scale periodicity of the ethylene groups; the intensity of the
peak at 2θ ) 16.5° was much lower for the brominated
sample (Supporting Information Figure 3S). The decrease
in intensity of the peak at 2θ ) 16.5° may simply be a result
of disruption of the ethylene functional groups after reaction
with bromine to generate C-Br bonds. Bromination did not
affect the spherical particle morphology (Supporting Infor-
mation Figure 4S), except perhaps for an apparent increase
in the surface roughness. The bromination had little effect
on the Si environments as shown by the29Si NMR spectrum
of the brominated sample in Figure 7A. As expected, the
13C NMR spectrum of the brominated sample (Figure 7B)
exhibits a peak at ca. 33 ppm, which arises from carbon-
bromine (C-Br) bonds. This peak confirms that a proportion
of the ethylene groups in the spherical mesoporous organo-
silica is accessible to functionalization. It is noteworthy that
both carbon atoms in ethylene groups turn to chiral carbons
after bromination, which may present an alternative route
for the preparation of mesoporous organosilica materials with
chiral carbon centers.17 It is therefore possible that due to
the versatile reactivity of ethylene groups, chiral carbons can

Figure 7. Representative29Si MAS NMR (A) and 13C MAS NMR (B) spectra of spherical ethylene-bridged mesoporous organosilica (sample EHOI-C)
before and after bromination. (Asterisk denotes a spinning sideband.)
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be readily formed, thus extending the range of potential PMO
applications into chiral catalysis and separation. The retention
of the sCHdCHs peak (at 146 ppm) in the13C NMR
spectrum of the brominated sample (Figure 7B) is consistent
with the wide-angle XRD patterns (Supporting Information
Figure 3S) and confirms that under our reaction conditions,
not all the molecularly ordered ethylene groups react with
the bromine.

Conclusions

In summary, ethylene-bridged mesoporous organosilica
spheres, of sizes between 3 and 14µm, were successfully
synthesized via surfactant-mediated assembly of BTEE
without using any additional cosolvents and/or cosurfactants.
The resulting mesoporous spheres exhibit molecular-scale
periodicity (due to ethylene groups) in the organosilica
framework. The ethylene groups present a versatile func-
tionality that can be readily subjected to further chemical
modification. This means that new properties such as chirality
(of the ethylene carbons) may be introduced into the
mesoporous organosilica spheres. The morphology and
structural ordering of the ethylene-bridged mesoporous
materials can be easily adjusted by controlling the basicity

of the synthesis media. In particular, the PMO sphere sizes
may be tuned from 3 to 14µm via simple changes in the
concentration of surfactant in the synthesis gel mixtures. The
flexibility exhibited by the ethylene-bridged mesoporous
materials presented here, namely, molecular-scale periodicity,
good mesostructural ordering, reactive and readily function-
alized organo groups, and relatively monodisperse sphere
morphology with tunable sphere sizes, is attractive and likely
to find use in a variety of applications including multifunc-
tional catalysts, macromolecule separations, drug delivery,
and particularly as the stationary phase in liquid-phase
chromatography.
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