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Mesoporous silica films with uniaxially aligned large-sized mesochannels were prepared
using nonionic alkyl poly(ethylene oxide) surfactants and a rubbing-treated polyimide coating.
Although the increment of the pore size was small as long as conventional alkylammonium
surfactants were used, the use of nonionic surfactants with poly(ethylene oxide) headgroups
led to successful enlargement of the mesochannels. The directional distribution of the
mesochannels in the films, which is estimated by in-plane X-ray diffraction, was very narrow
and was comparable with that in the oriented mesostructured silica films prepared using
hexadecyltrimethylammonium chloride as a templating agent. The distribution of the
alignment direction of the mesochannels is nearly independent of the nature of the
hydrophilic headgroup, but is slightly affected by the alkyl-chain length of the surfactants
used. These results indicate that the alignment of the mesochannels is determined by the
hydrophobic interactions between the oriented polymer chains of the rubbed polyimide and
the surfactant tail groups.

Introduction

Because of the large demands for new molecular
devices, nanoscaled structural control of materials is one
of the most important issues in the technologies of the
21st century. Among the various methods for achieving
this aim, the strategies based on host-guest chemistry
are promising because of the ease and the cost of the
processes.1-3 In this strategy, various guest species such
as molecules,4-11 clusters,12-18 and metals19-22 are

incorporated into the nanospaces of host materials, and
the ordering of the guests can be realized using well-
ordered host materials. The consequent size effect and
isolation effect of incorporated guest species often lead
to the appearance of peculiar properties that are never
observed in bulk materials.5-8,12

Mesoporous materials synthesized through self-as-
sembling of surfactants are of special interest as host
materials because of their highly ordered porous
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structures23-28 and controllability of morphologies.29

Among the various morphologies, such as spheres,30-34

fibers,35-39 rods,40,41 and monoliths,42-45 thin films46-57

of mesoporous materials are most promising for optical
and electronic applications by incorporating various
guest species. Especially, mesoporous films in which the
orientation of the mesopores is precisely controlled at a
macroscopic scale56,57 are ideal host materials.

To control the porous structure of mesoporous materi-
als, various methods have been proposed. Tolbert et al.
reported the alignment of mesochannels using a mag-

netic field,42 and several groups reported the alignment
using a reactant flow.58-60 On the other hand, mesoch-
annels in mesostructured silica films can be aligned on
crystalline substrates with anisotropic surfaces.49-51,56

Recently, we developed a new method for aligning the
mesochannels in mesoporous silica films using polymer
coatings with a structural anisotropy such as Lang-
muir-Blodgett film61 and rubbing-treated polyimide
films39,57,62 and achieved high uniaxial alignment of
mesochannels. In this method, the mesostructured silica
films are formed through heterogeneous nucleation and
growth of the mesostuctured silica seeds, and the
mesochannels in films are aligned through interactions
at solid-liquid interfaces.

Although a cationic surfactant, hexadecyltrimethy-
lammonium chloride (CH3(CH2)15N(CH3)3Cl, abbrevi-
ated as C16TAC), has been commonly used in previous
reports, mesoporous silica films with an aligned channel
structure become more useful when the pore size can
be controlled. The solvent evaporation method, by which
precise control of mesochannel alignment cannot be
achieved, allows the use of a wide variety of surfactants
such as amphiphilic triblock copolymers to obtain me-
soporous silica films with large mesopores.54 However,
the surfactants applicable to the present method are
very limited because the present method requires ad-
ditional optimum interactions between the substrate
surface and the surfactant. Therefore, the selection of
appropriate surfactants and the reaction conditions are
essential for the formation of mesostructured silica films
with uniaxially aligned large mesochannels.

In this paper, we report the successful preparation
of mesoporous silica films with highly aligned large-
sized mesochannels through a combination of nonionic
surfactants, C12H25(OCH2CH2)10OH and C16H33(OCH2-
CH2)10OH (abbreviated as C12EO10 and C16EO10, respec-
tively), and a rubbing-treated polyimide coating. The
pore size in the film prepared using C16EO10 was 13 Å
larger than that in the film prepared using C16TAC, and
such large mesopores are never obtained as long as
alkylammonium surfactants are used. The detailed
study of in-plane XRD shows that the alignment of the
mesochannels is independent of the nature of the
hydrophilic headgroups of the surfactants and is deter-
mined by hydrophobic interactions between the surfac-
tant tail groups and the oriented polymer chains of the
polyimide film.

Experimental Section

Preparation of the Substrate. A clean silica glass sub-
strate was coated with a polyimide precursor, polyamic acid,
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by spin coating, and baked at 200 °C for 1 h in an air
atmosphere to convert the polyamic acid into a polyimide
film.63 The same polyimide used previously for the preparation
of the highly aligned mesoporous silica film57 was used in this
study. The ideal structure of the polyimide is shown in Figure
1. The thickness of the polyimide film was about 100 Å as
determined by ellipsometry. The polyimide film on the sub-
strate underwent rubbing treatment using a nylon-covered
cylindrical roller (buffing wheel). The details of the rubbing
treatment are described in the previous report.57

Preparation of the Mesoporous Silica Films. The
mesostructured silica film formation was performed through
the hydrolysis of silicon alkoxide in the presence of surfactants
under acidic conditions.49,57 Two polyoxyethylene ether non-
ionic surfactants, C12EO10 and C16EO10, and a cationic surfac-
tant, C16TAC, were used as templating reagents. Tetraethox-
ysilane ((C2H5O)4Si, abbreviated as TEOS) was mixed with an
acidic solution of one of the above surfactants, and the mixture
was stirred for 2.5 min at room temperature and transferred
into a Teflon vessel. The molar ratio of the reactant solutions
was 0.10:0.11:100:8.0: TEOS:surfactant:H2O:HCl for C16TAC
and 0.10:0.11:100:3.0 TEOS:surfactant:H2O:HCl for the non-
ionic surfactants, respectively. The rubbing-treated substrate
described above was held horizontally in the mixture using a
substrate holder with the rubbed polyimide surface downward.
The surface of the substrate was covered with another silica
glass plate with a 0.2-0.3-mm spacing to obtain a uniform
film. The vessel was sealed at 80 °C for 5 days for the formation
of the mesostructured silica films. After the reaction, the as-
synthesized films were washed with distilled water and dried
in air. The calcination of the samples was conducted under
an air atmosphere in a muffle furnace at 540 °C for 10 h at a
rate of 2 °C min-1.

Characterization. The mesostructured silica films were
observed with an optical microscope (Olympus BH2). The
porous structure of the films was elucidated by X-ray diffrac-
tion (XRD) (Rigaku RAD-2R) using Cu KR radiation with a
graphite monochromator. A grazing angle (the incident angle
of X-rays was 0.2°) in-plane XRD study64 was performed to
analyze the mesochannel orientation using an X-ray diffrac-
tometer equipped with a 4-axes goniometer (Rigaku ATX-G)
with a parabolic multilayer mirror as a primary beam con-
denser. Cu KR radiation from a copper rotating anode was used
for the experiment, and a soller slit with vertical divergence
of 0.48° was used to obtain a parallel beam. Two soller slits
with vertical and horizontal divergence of 0.48° were set before
the detector to record the φ-2θø scanning profiles, whereas
only one soller slit with vertical divergence of 0.41° was used
to record the φ scanning profiles. The two-dimensional XRD
patterns were recorded under a reflection geometry using
synchrotron radiation at the Photon Factory on beamline 4A.
The images of transmission electron microscopy (TEM) were
recorded on a Philips Tecnai F30 microscope at an accelerating
voltage of 300 kV. The details of the preparation of the
specimen for the cross-sectional TEM are described in a
previous paper.57 Nitrogen adsorption isotherms were mea-
sured using concomitant powder samples at 77 K on a
Quantachrome AUTOSORB-1 gas sorption system. The samples
were heated at 150 °C for 4 h in a vacuum prior to the
measurements. Pore size distributions were calculated by the
BJH method from the adsorption branches of the isotherms.65

Results and Discussion

Transparent continuous films were grown on the
substrates from each reactant solution described in the
Experimental Section. The optimum HCl concentration
in the reactant solution for obtaining a transparent film
differed with the hydrophilic headgroups of the surfac-
tants. For the cationic surfactant, C16TAC, the optimum
concentration was HCl/H2O ) 7-8/100, and the con-
centrations lower than HCl/H2O ) 7/100 led to the
formation of discrete films as reported previously.39

However, the HCl concentration optimized for the
cationic surfactants, HCl/H2O ) 7-8/100, is too high
for the nonionic surfactants to provide transparent
hexagonal mesostructured silica films. The optimum
HCl concentration was HCl/H2O ) 3/100 for the non-
ionic surfactants, though the condition provides meso-
structured silica with fiberlike morphology when the
cationic C16TAC was employed.39

The optical micrographs of the as-grown films are
shown in Figure 2. The characteristic texture observed
for the mesostructured silica films prepared using C16-
TAC and C16EO10 indicates the preferred alignment of
mesochannels perpendicular to the rubbing direction57

(Figure 2A,C). However, such texture was not observed
in the film prepared using C12EO10 (Figure 2B). Al-
though no definite texture was observed, partially
aligned domains at the discrete part in the film (edge
of the film) indicate the structural anisotropy (not shown
in Figure 2B) of the film. The mesostructured silica films
were not peeled from the substrate by the calcination
process for the surfactant removal, even though the
underlying polyimide film was lost. No cracks were
generated through the calcination process and trans-
parent films were obtained. The adhesive stability of
the films onto the silica glass substrate was improved
presumably by the formation of Si-O-Si bonds between
the film and the substrate through the condensation of
mutual silanol groups.

The structure of the films before and after the
surfactant removal by calcination was confirmed by
XRD. The θ-2θ scanning XRD patterns of the films
prepared using C12EO10 and C16EO10 are shown in
Figure 3. The patterns of the film prepared using
C16TAC are shown in a previous paper57(see Supporting
Information). For each film, the XRD patterns were
recorded with two sample geometries; the rubbing
direction of the samples was parallel and perpendicular
to the incident X-rays. In Figure 3, the diffraction
intensity is shown in log scales. In each sample, the
diffraction peaks assigned to (100) and (200) of the
corresponding two-dimensional hexagonal structure
were observed.

The profiles of the films after the calcination process
show that the hexagonal channel structure in the films
is completely retained after the surfactant removal. The
calcination-induced peak shift to higher 2θ positions was
observed for all the samples, showing the vertical
shrinkage of the structure. The shrinkage should be
caused by the condensation of silanol groups in the silica
wall. The retention of the hexagonal structure after the
removal of the surfactant is in contrast with the

(63) Mittal, K. L. Polyimides; Plenum Press: New York, 1984.
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Figure 1. Ideal structure of the polyimide.
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previous results on the mesostructured silica film
prepared by dip coating using C16EO10

66 in which a
remarkable structural change was observed through the
surfactant removal by a UV-ozone treatment. This
inconsistency should be caused by the difference in the
degree of polymerization of silica in the wall of the
uncalcined films.

In addition to these two peaks, (100) and (200), two
extra peaks were observed in each diffraction pattern
obtained with the geometry where the rubbing direction
was set perpendicularly to the incident X-rays. These
extra peaks are marked (b) in the figure. The positions
of these extra peaks correspond to the lattice spacings
of 2 and 2/3 times of each d100 value, which are forbidden
for a hexagonal structure. These extra peaks are
ascribed to the reciprocal lattice points that do not
contribute to the θ-2θ scanning XRD under an ideal
measurement condition, and it has been shown that the
vertical divergence of the incident beam and the small
diffraction angle made them detectable.67 This anisot-
ropy of the XRD patterns is easily understood using two-
dimensional XRD patterns. The two-dimensional XRD
patterns measured for the calcined mesoporous silica
film prepared using C16EO10 are shown in Figure 4. The
patterns (A) and (B) were recorded with the geometry
where the incident X-rays were parallel and perpen-
dicular to the rubbing direction, respectively. The dif-
fraction spots in Figure 4B clearly show that the
mesostructured silica film has a single-crystal-like
channel structure and that the channels are aligned
perpendicularly to the rubbing direction. Although the
reciprocal lattice points assigned to (010) and (110) do
not contribute to the θ-2θ scanning profile under an
ideal measurement condition, the diffraction peaks
corresponding to these reciprocal lattice points can be
observed under the present conditions with a vertical
X-ray divergence angle of 5° because the diffraction
angle is considerably small compared to the divergence
angle. The detailed results on the two-dimensional XRD
will be shortly published elsewhere.67 The fact that
these extra peaks are observable only in a peculiar
sample direction shows the strong anisotropy of the

(66) Clark, T., Jr.; Ruiz, J. D.; Fan, H.; Brinker, C. J.; Swanson, B.
I.; Parikh, A. N. Chem. Mater. 2000, 12, 3879.

(67) Noma, T.; Miyata, H.; Takada, K.; Iida, A. Adv. X-ray Anal.
2001, 45, in press.

Figure 2. Optical microscopic images of the as-grown meso-
structured silica films prepared using (A) C16TAC, (B) C12EO10,
and (C) C16EO10. Arrows show the rubbing directions. Scale
bar: 20 µm.

Figure 3. XRD patterns of the mesostructured silica films
prepared using C12EO10 (left) and C16EO10 (right). Profiles A:
as-grown films, rubbing direction // X-rays. Profiles B: as-
grown films, rubbing direction ⊥ X-rays. Profiles C: calcined
films, rubbing direction // X-rays. Profiles D: calcined films,
rubbing direction ⊥ X-rays.
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arrangement of the reciprocal lattice points and is
evidence of the highly aligned channel structure. The
anisotropy of the XRD patterns is retained after the
surfactant removal, indicating the retention of the
alignment of the mesochannels.

The lattice spacings of (100) estimated from these
XRD patterns are listed in Table 1. Because the
solubilities of alkyltrimethylammonium surfactants in
an aqueous medium are too low when the number of
the alkyl chain exceeds 18, C18TAC will provide the
largest mesostructure as long as the conventional cat-
ionic surfactants are used. However, the increment of
the lattice spacing was small when C18TAC was used
in place of C16TAC (see Supporting Information). As

shown in Table 1, the use of the nonionic surfactants
enables effective enlargement of the periodic structure.
The d100 value of the as-grown mesostructured silica
film prepared using C16EO10 is 14.6 Å larger than that
of the film prepared using C16TAC, though the hydro-
phobic parts of both surfactants are common. Even the
nonionic surfactant with a shorter alkyl chain, C12EO10,
gave a larger periodic structure than C16TAC. These
results show that the use of the surfactants with a large
hydrophilic part effectively enlarges the periodic struc-
ture in the film. However, the use of a nonionic surfac-
tant with a further larger hydrophilic part, C16EO20, led
to unsuccessful results under similar preparation condi-
tions. This indicates that the size of the hydrophilic part
has to be optimized in this strategy for the preparation
of mesostructured silica film with aligned mesochannels.

Since the structural period determined by XRD
contains the information on the silica wall thickness,
experiments of gas adsorption are needed for the
estimation of the pore sizes. Nitrogen adsorption experi-
ments were performed using the powder samples that
are concomitantly obtained with the mesostructured
silica films because the direct estimation of the pore
sizes using the thin film samples is too difficult. The
average pore sizes estimated by the BJH method along
with the d100 values of the powder samples are also
listed in Table 2. It was clearly shown that the use of
the nonionic surfactants led to considerable enlargement
of the pore size. However, it must be noted that the
channel structure in the films is not identical to that in
the powder samples, for example, the d100 spacings of
the films do not coincide with those of the corresponding
powder samples, even though the same surfactants are
used. The hexagonal porous structure in the films is
distorted, especially in the calcined films, and the
horizontal period is particularly longer, as will be
discussed later.

The alignment of the mesochannels was quantita-
tively estimated using grazing incident in-plane X-ray
diffraction. The details of in-plane diffraction are de-
scribed in our previous papers.56,57,62 The scanning axes
of the diffractometer used for in-plane diffraction are
schematically drawn in the inset of Figure 5.

The φ-2θø scanning profiles of the as-grown meso-
structured silica film prepared using C16EO10 are shown
in Figure 5. The rubbing direction of the sample was
parallel (profile A) and perpendicular (profile B) to the
incident X-rays at φ ) 0°. The in-plane diffraction peak
assigned to be (12h0) was observed only in the profile B
at a position of 2θø ) 2.34°, showing that the meso-
channels are aligned perpendicularly to the rubbing
direction. This is substantially identical to the previous
result using C16TAC.57 To estimate the distribution of
the alignment direction of the mesochannels, the φ

scanning profile of the (12h0) peak intensity was mea-

Figure 4. Two-dimensional XRD patterns of calcined meso-
porous silica film prepared using C16EO10. The rubbing direc-
tion was (A) parallel and (B) perpendicular to the incident
X-rays.

Table 1. Structure Parameters of the Mesostructured
Silica Film with Uniaxially Aligned Mesochannels

sample
d100
(Å)

d12h0
(Å) d100/d12h0

fwhm of the
φ scanning
peak (deg)

C12EO10 as-grown 47.2 33.3 1.42 15.0
calcined 40.2 33.5 1.20 12.6

C16EO10 as-grown 50.2 37.6 1.34 12.4
calcined 43.7 37.4 1.17 10.8

C16TAC as-grown 35.6 25.0 1.42 11.5
calcined 29.2 24.9 1.17 11.1

Table 2. Pore Structure Parameters of the Concomitant
Mesostructured Silica Powders

sample d100 (Å) pore size (Å)

C12EO10 as-grown 50.8
calcined 45.8 35

C16EO10 as-grown 56.6
calcined 51.1 42

C16TAC as-grown 38.3
calcined 35.4 29
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sured. The φ scanning profile of the film prepared using
C16EO10 is shown in Figure 6. The rubbing direction is
parallel to the incident X-rays at φ ) 0°. The observed
profile clearly shows that the mesochannels in the film
are aligned perpendicularly to the rubbing direction
with very narrow directional distribution. The distribu-
tion of the mesochannel alignment was estimated to be
12.4° from the values of the full-width at half-maximum
(fwhm) of the diffraction peaks in the φ scanning profile.

To confirm the reservation of the mesostructure
through surfactant removal, above in-plane XRD mea-
surements were performed for the same film sample
after calcination. The φ-2θø and φ scanning profiles of
the calcined mesoporous silica film prepared using
C16EO10 are shown in Figures 7 and 8, respectively.
Although a considerable diffraction peak shift toward
higher 2θ positions was observed in the corresponding
θ-2θ scanning profile through calcination (Figure 3),
the peak position in the φ-2θø scanning profile was
unchanged by calcination (Figures 5 and 7). This means
that the shrinkage of the structure is caused only in the
vertical direction and the strong adhesion onto the
substrate prevents the horizontal structural shrinkage.
The comparison of the two φ scanning profiles (Figures

6 and 8) recorded before and after calcination shows that
the alignment of the mesochannels is completely pre-
served through calcination. The fwhm of the diffraction
peak in Figure 8 is slightly narrower than that observed
for the as-grown film (see Table 1). The reason for the
observed narrowing in the directional distribution of the
mesochannels by calcination is not clear but it would
be related to the change in the density distribution.

A series of above in-plane XRD measurements were
also performed for the other two films prepared using
C12EO10 and C16TAC.57 Both of the films provided
substantially the same profiles as those observed for the
film prepared using C16EO10 apart from the peak
positions in the φ-2θø scanning profiles. From these
results, it was confirmed that the highly aligned channel
structure is achieved in all the films.

The lattice spacings of (12h0) estimated from each
φ-2θø scanning profile, which correspond to half the
horizontal distance between the neighboring pores, are
listed in Table 1. The observed spacings of (12h0) are
considerably larger than the values calculated from the
corresponding (100) spacings on the assumption of an
ideal hexagonal structure, showing the hexagonal struc-
ture in the films is distorted. The pore distance along

Figure 5. φ-2θø scanning profile of the as-grown mesostruc-
tured silica film prepared using C16EO10. The rubbing direction
was (A) parallel and (B) perpendicular to the incident X-rays
at φ ) 0°. Inset: the scanning axes of the diffractometer for
in-plane diffraction measurement.

Figure 6. φ scanning profile of the as-grown mesostructured
silica film prepared using C16EO10. The rubbing direction was
parallel to the incident X-rays at φ ) 0°.

Figure 7. φ-2θø scanning profile of the calcined mesoporous
silica film prepared using C16EO10. The rubbing direction was
(A) parallel and (B) perpendicular to the incident X-rays at
φ ) 0°.

Figure 8. φ scanning profile of the calcined mesoporous silica
film prepared using C16EO10. The rubbing direction was
parallel to the incident X-rays at φ ) 0°.
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the horizontal axis is peculiarly longer than those along
the other two directions. Crystallographically, this
phase is not hexagonal but orthorhombic. Because the
shrinkage of the structure by calcination is caused only
in the vertical direction, the distortion of the hexagonal
structure is amplified by calcination. To quantitatively
estimate the distortion of the hexagonal structure, the
d100/d120 ratio, which is equal to 1.73 for an ideal
hexagonal structure, was calculated for the each sample
and listed in Table 1. Interestingly, it was found that
the ratios are almost independent of the surfactants
used both for the as-grown and calcined films. This
would be explained by interfacial interactions between
the polymer chains of the rubbed polyimide and the
surfactants. At the interface, the adsorbed surfactant
molecules would be elongated by a certain degree,
comparing with the length of the corresponding “free”
surfactant molecules through the interactions. The
lattice spacings of (12h0) in the films are larger than
those in the corresponding powder samples, and on the
other hand, the spacings of (100) in the films are smaller
than those in the powder samples. The smaller vertical
distances in the films would be the consequence of the
compensation of the horizontal elongation to keep the
micelle volumes constant.

The fwhm values of the peaks in the φ scanning
profiles are also listed in Table 1. It was found that the
distribution of the alignment direction is nearly inde-
pendent of the surfactants used. This means that the
alignment distribution of the mesochannels is deter-
mined mainly by the degree of the rubbing-induced
structural anisotropy of the underlying polymer. Par-
ticularly, the distributions of the alignment direction
estimated for the two films prepared using C16TAC and
C16EO10, surfactants with different hydrophilic groups
and the same hydrophobic alkyl chains, are very close
to each other. This shows that the hydrophobic tail
groups of the surfactants mainly contribute to the
surface micelle alignment through the hydrophobic
interactions with the anisotropic polymer chains. The

alignment distribution in the film prepared using
C12EO10 is slightly wider than that in the corresponding
film prepared using C16EO10. This is consistent with the
above assumption that the hydrophobic interactions at
the interface determine the mesochannel alignment
because the hydrophobic interactions should be stronger
for the surfactants with longer alkyl chains.

Figure 9 is a cross-sectional TEM image of the as-
grown mesostructured silica film prepared using C16EO10.
The sample was sliced parallel to the rubbing direction.
The honeycomb structure of the mesochannels is ob-
served over all thicknesses of the film, demonstrating
perfectly aligned mesostructure. In this image, the
distortion of the hexagonal structure is obvious. The
lattice distance along the horizontal axis is peculiarly
longer than those along the other two directions, which
is consistent with the results of the XRD discussed
above.

In the present study, it was found that the distribu-
tion of the alignment direction of the mesochannels in
the mesostructured silica films was independent of the
hydrophilic part of the surfactants and that the surfac-
tant with a shorter alkyl chain provides wider distribu-
tion. Again, the degree of the distortion of the hexagonal
porous structure in the films was found to be indepen-
dent of the surfactants. These results strongly support
the previously reported alignment mechanism57,61 in
which the hydrophobic interactions between the polymer
chains of the rubbed polyimide and the surfactant tail
groups lead to the formation of aligned hemicylindrical
micelles at the polymer surface.

Conclusion

The combination of the rubbing-treated polyimide
coating with optimum chemical structure and the
optimum nonionic surfactants led to a successful forma-
tion of mesoporous silica films with highly aligned large
mesochannels. The hexagonal channel structures in the
films are distorted by means of the interfacial interac-
tions, and the degree of the distortion was independent
of the surfactants used. The distribution of the channel
direction in the film is independent of the hydrophilic
part in the surfactants but is slightly affected by the
length of the hydrophobic alkyl chains. These results
support the alignment mechanism that the hydrophobic
interactions between the polymer chains of the rubbed
polyimide and the surfactant tail groups lead to the
formation of the aligned hemicylindrical micelles at the
interfaces.

Acknowledgment. The authors acknowledge Mr. S.
Fujita and Ms. M. Asaki (Yuasa Ionics Co.) for the
nitrogen adsorption measurements. The authors also
acknowledge Prof. A. Iida (Photon Factory) for useful
discussion on the two-dimensional XRD results. This
work was partially supported by a Grant-in-Aid for COE
Research, MEXT, Japan.

Supporting Information Available: Figure of XRD
patterns of the mesostructured silica films prepared using
C16TAC and C18TAC and table of d100 values estimated from
the XRD patterns (PDF). This material is available free of
charge via the Internet at http://pubs.acs.org.

CM010412M

Figure 9. Cross-sectional TEM image of the as-grown meso-
structured silica film prepared using C16EO10. The film was
sliced parallel to the rubbing direction. Scale bar: 100 nm.
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