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Currently, titania (TiO2)-based solid composites have
attracted much attention as advanced materials due to their
unique properties, such as catalytic, electronic, photocon-
ducting, and molecular sensing properties.1 In particular,
since a mesoporous system typically provides a tunable pore
size and high specific surface area,2 mesoporous titania
(MPT) has the additional advantages of molecular sieving
effect, high reactivity, and enhanced sensing ability. To date,
the MPT materials have been typically fabricated in bulk
powder and film.3 For the specialized purposes of energy
conversion and molecular sensor devices, one-dimensional
(1D) morphology of MPT has distinctive advantages. Despite
such merits, few studies have tried to fabricate 1D MPT
nanomaterial4 because of the high reactivity of hydrolysis
and condensation of titania precursor.5 Therefore, a careful
synthetic strategy is required to fabricate 1D crystalline titania
mesoporous material, which is still a challenging work.

In this study, we have newly fabricated 1D MPT nanofi-
bers by using porous alumina as a morphology-directing
“hard template”. Within the cylindrical nanochannels of
porous alumina, an amphiphilic triblock copolymer (Pluronic
F127; EO106PO70EO106) was used as a structure-directing
“soft template” to make the mesoporous structure. For the
titania introduction within the “soft template”, titanium(IV)
isopropoxide was added in an acidic ethanol solution

containing the Pluronic F127. To fabricate MPT nanomate-
rials with different pore sizes, a different amount (2.84 and
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Figure 1. FE-SEM images of the mesoporous titania nanofibers: (A)
MPT-1 and (B) MPT-2. The insets are the magnified images of the
corresponding nanofibers.

Figure 2. X-ray diffraction patterns of the mesoporous titania nanofibers
in a small-angle region. The inset is the diffraction patterns of the
mesoporous titania nanofibers in a wide-angle region.
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1.64 g) of titanium(IV) isopropoxide was used for preparation
of the sol mixtures. Subsequently, these sol mixtures were
infiltrated within the porous alumina “hard template”, and
they became a gel within the template. After consecutive
removal of the triblock copolymer “soft template” and the
porous alumina “hard template” by calcination and dissolu-
tion, respectively, 1D MPT nanofibers could be easily
obtained (see Supporting Information for experimental
details). The resulting nanofiber materials are denoted
hereafter as MPT-1 and MPT-2 depending on the different
amounts (2.84 and 1.64 g) of titanium(IV) isopropoxide used
in the reaction, respectively.

Figure 1 shows the field emission scanning electron
microscope (FE-SEM) images of the resulting titania nano-
materials. The MPT-1 nanomaterial, which is fabricated by
using the porous alumina “hard template” with a channel
diameter of 200( 20 nm, is shown to have a fiber shape
(Figure 1A). The typical diameter and length of the fiber
are estimated to be 170-210 nm and 5-9 µm, respectively.
The diameter of the MPT-1 nanofiber is comparable to the
channel diameter of the porous alumina template. The MPT-2
nanomaterial also exhibits a nanofiber morphology (Figure
1B) of which the diameter and length (170-210 nm and
5-8 µm) are shown to be similar to those of MPT-1.

Figure 2 shows the X-ray diffraction patterns for the MPT
nanofibers in small-angle and wide-angle regions. In the

small-angle diffraction region, both nanofibers present only
one broad diffraction positioned at around 0.75° in 2θ (d-
spacing) ∼11.7 nm). Thisd-spacing is similar to the
reported values of the mesoporous materials that are fabri-
cated by using Pluronic F127 template.6 After the diffraction
peak position, a simple exponential-decay-like curve is
observed in the small-angle region of 0.9-4° without any

Figure 3. TEM images of the mesoporous titania nanofibers: (A) MPT-1 and (C) MPT-2. HR-TEM images are also presented for (B) MPT-1 and (D)
MPT-2.

Figure 4. Nitrogen gas adsorption-desorption isotherms of the mesoporous
titania nanofibers of (A) MPT-1 and (B) MPT-2 that are confined within
porous alumina. Nitrogen adsorption-desorption isotherm for the empty
porous alumina is also presented (triangle). The insets are pore size
distribution estimated by applying a Barrett-Joyner-Halenda (BJH) method
to the adsorption branches of the corresponding nanofibers.
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discernible diffraction peaks, which implies a lack of
mesostructural ordering for both MPT nanofibers. In the
wide-angle diffraction region (inset of Figure 2), however,
several diffraction peaks are observed on the MPT-1 nano-
material. Since these peaks are well-matched with the
diffraction patterns of anatase titania (JCPDS card No. 21-
1272), it can be suggested that the titania building blocks
constructing the MPT-1 nanofiber have anatase crystalline
phase. From the diffraction peak broadening that is typically
observed with decreasing crystal size,7 the average crystal
size of the titania building blocks is estimated to be∼6.5
nm based on a diffraction peak from the (101) plane. For
the MPT-2 nanofiber, only one distinguishable peak is
observed at the diffraction position corresponding to the (101)
plane, which is possibly due to a thinner wall framework
compared with that of MPT-1 as discussed below.

Transmission electron microscope (TEM) images reveal
that the MPT nanofibers have a mesoporous structure with
a wormlike nanochannel network inside of the nanofibers
and the wall frameworks consist of nanocrystalline titania
with a crystal size of 3-8 nm (Figure 3). These nanocrys-
talline phases of the titania building blocks constructing the
wall framework are shown to be in random orientation. When
a reduced amount of titanium(IV) isopropoxide is used for
fabrication, i.e., from 2.84 to 1.64 g, the thickness of the
wall framework becomes thinner. The high-resolution TEM
(HR-TEM) images indicate that the wall thicknesses are 5-8
nm for MPT-1 and 3-5 nm for MPT-2. Since thed-spacing,
which is a summation of the wall thickness and pore
diameter, is similarly observed for both nanofibers, it is
generally expected that pore diameter inversely increases with
reducing wall thickness.

Figure 4 shows nitrogen gas adsorption-desorption iso-
therms for the MPT nanofibers confined within porous
alumina as well as the empty porous alumina. Although only
MPT nanofibers should be subjected to the Brunauer-
Emmett-Teller (BET) measurement in order to provide the
practical information about possible applications, the MPT
nanofibers confined within porous alumina template are
applied for BET measurement due to the difficulties in
preparation of a large amount of sample (0.1-1 g) required
for the measurement: A single template of the utilized porous
alumina membrane (Whatman Anodisc 13) provides the pure
MPT nanofibers of several tens of micrograms. Therefore,
in this study, the estimated specific surface areas and pore
volumes (per unit gram) do not indicate specific information
on the MPT nanofibers itself due to the large weight
contribution of the porous alumina. However, the BET
parameters are provided for comparative studies to support
the existence of the mesoporous phase within the porous
alumina. Compared with the empty porous alumina that
shows low BET surface area (SBET ) 9.4 m2/g) and pore
volume (Vp ) 0.015 cm3/g), the MPT nanofibers filled porous
alumina membranes exhibit relatively high BET surface areas
and pore volumes, although these composite membranes
include a massive weight contribution (at least more than
90 wt %) by the porous alumina:SBET ) 23.7 m2/g andVp

) 0.039 cm3/g for MPT-1 andSBET ) 34.9 m2/g andVp )
0.058 cm3/g for MPT-2. Moreover, unique adsorption-

desorption hysteresis loops are observed from both samples,
which is typically observed with mesoporous materials.8 The
adsorption branches of the MPT nanomaterials indicate that
the major pore diameters are 4.2 and 5.6 nm for MPT-1 and
MPT-2, respectively (insets of Figure 4). In addition, from
the UV-Vis absorption spectra (Figure 5), the resulting MPT
nanofibers exhibit characteristic absorption onsets near the
bulk band gap (387 nm; 3.2 eV) of anatase titania,9 regardless
of the structural changes of wall thickness and pore size.

In summary, we have fabricated mesoporous titania
nanofibers by using a bimodal templating concept, an
amphiphilic triblock copolymer template within a porous
alumina template. Resulting MPT nanofibers consist of
nanocrystalline anatase titania, and the pore size can be easily
controlled with the utilized amount of titania precursor. Due
to unique characterestics of these MPT nanofibers, they can
be hopefully applied to the fields of photocatalysis, energy
conversion, and molecular sensing with size selectivity.
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Figure 5. Absorption spectra of the mesoporous titania nanofibers of
MPT-1 (solid line) and MPT-2 (dashed line) that are confined within porous
alumina. The absorption spectrum for the empty porous alumina is also
presented (dotted line). The absorption spectra are obtained by applying a
Kubelka-Munk function to the diffuse reflectance spectra.

3074 Chem. Mater., Vol. 17, No. 12, 2005 Communications


