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Highly crystallized anatase TiO2 nanorod bundles have been
prepared by a hydrothermal method in the presence of tetramethyl-
ammonium hydroxide (TMAOH) for the first time. TMAOH plays a
structural template role to modify the TiO2 particle shape to nanorod.
Many nanorods stick together in the middle, obtaining a special
nanorod bundle. The TiO2 nanorod bundles show relatively higher
photocatalytic activity than Degussa P25 evaluated via the degradation
of phenol.

Over the past decade, there has been growing interest in
controlling the size and shape of nanomaterials, because these
parameters play a key role in their physical and chemical
properties.1,2 Particularly, the synthesis of one-dimensional
(1-D) semiconducting nanostructures such as nanorods and
nanowires has received much attention due to their peculiar
electrical transportation properties, field emission properties and
potential applications in nanodevices.3,4 So far, many methods
have been uesd to prepare 1-D nanostructure semiconductors,
such as electrodeposition,5 template-directed synthesis,6,7 laser-
assisted catalytic growth,8 solution-phase methods,9 and the
chemical vapor deposition (CVD) route.2 The solution-phase
method, avoiding complicated processes and special instru-
ments, is favorable for producing 1-D nanostructure materials in
terms of its low cost and convenience.10

Recently, 1-D structures of nanosize TiO2 have attracted
great research interests because of their size- and dimensionality-
dependent physicochemical properties and extensive potential
applications in the field of solar-energy conversion, lithium
batteries, and supercapacitors.11,12 TMAOH is a strong organic
alkali which used in TiO2 syntheses.1315 For example, Moritz
and his partners13 synthesized anatase superlattices with packed
hexagonal nanocrystallites. Burnside et al.14 obtained a TiO2

nanorod array in thin films by the same method. Chen et al.15

synthesized well-aligned nanosquares and nanorods. Differently,
in our work, nanorod bundle-shaped anatase was fabricated in
the presence of TMAOH for the first time.

All reagents were of analytical purity, purchased from
Shanghai Chemical Reagent Co., Ltd. of China and used without
further purification. In a typical synthesis, 3.4mL of tetrabutyl
titanate (Ti(OBu)4) was rapidly added to 100mL of distilled
water and stirred for 2 h. Awhite precipitate formed immediately
upon addition of the Ti(OBu)4. The resulting white products
were filtered and washed until the electric conductivity of the
filtrate was below 100¯s cm¹1. Under continuous magnetic
stirring, the filtered wet gel was added to 30mL of 1.732 g
TMAOH solution. Then the formed peptization was heated at
90 °C for 6 h. The resultant product was transferred into a 50-mL
Teflon-lined stainless autoclave 70% filled. The final product
was thus obtained after heating at 160 °C for 4 h.

The XRD analysis was performed using a Rigaku D/MAX-
2000 X-ray diffractometer at room temperature, operating at
30 kVand 30mA, using CuK¡ radiation ( = 0.15418 nm). The
TEM image was recorded on a JEOL JEM-200 CX microscope
at an acceleration voltage of 200 kV. FT-IR spectra were
measured on an AVATAR 370-IR spectrometer (Thermo Nicolet,
America) with a wavenumber range of 4000 to 400 cm¹1. Phenol
is a representative phenolic compound in aqueous solution and a
major industrial pollutant. Hence, the photocatalytic activity of
the TiO2 photocatalysts was evaluated by photocatalytic degra-
dation of phenol. The initial concentration of phenol was
10mgL¹1, equivalent to 1.0 g L¹1 of TiO2 in aqueous solution.
A 16W UV lamp (365 nm) was used. The samples were
immediately centrifuged and the phenol concentration of
the solution was detected by a UV-2501 PC spectrometer
(Shimadzu, Japan) at a wavelength of 200400 nm.

Figure 1 shows the XRD pattern of the obtained sample.
All diffraction peaks correspond to anatase phase without any
other impurity phase. The diffraction lines are relatively broad,
indicating the nanosize of high crystallinity. The particle size of
anatase calculated using the Scherer formula16 is 23.0 nm.

Further structural characterization of the TiO2 sample was
carried out using TEM image analysis. Figure 2 shows the TEM
image of the product. As shown in the TEM image, many
nanorods stick together in the middle and display uniform
broom-like bundles with two ends fanning out. The nanorod
bundle has a width of 520 nm and length of 270430 nm. The
presence of TMAOH, as a structural template, provide organic
cation to assist and direct the polycondensation process,15

resulting in the formation of nanorod bundle anatase. This
may contribute to the longer heat time at 90 °C before
hydrothermal process. A detailed investigation for the effect of
TMAOH in determing bundle-shaped TiO2 is now in progress.

The FT-IR spectroscopy is shown in Figure 3. The bands
observed at 3405 and 1630 cm¹1 are due to stretching and

Figure 1. XRD pattern of the TiO2 nanorod bundles.
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bending vibration modes of H2O molecules while the band at
2925 and 2850 cm¹1 belong to antisymmetric and symmetric
CH stretching vibrations of the TMAOH and the band at
2960 cm¹1 is attributed to CH3 groups.17 Comparing with the
standard spectra of TMAOH and TMA, the spectrum of TiO2

nanorod bundles in the range of 10002000 cm¹1 is closer to that
of TMA. The bands below 1000 cm¹1 are ascribed to the
vibrations of TiOTi network in anatase.

The photocatalytic activity of the two TiO2 photocatalysts
is shown in Figure 4. The blank test in the absence of TiO2

photocatalyst was carried out. After photolytic reaction for 6 h,
the concentration of phenol solution was almost unchanged.
In the presence of TiO2 nanorod bundles, the photocatalytic
degradation of phenol is 62.3% while the photocatalytic
efficiency of P25 is 58.6%. Many factors can affect the
photocatalytic activity. Many studies18,19 reported that the
bicrystalline framework, high crystallinity, large surface area,
mesoporous structure, high visible light absorption, and the
nanocrystals with abundant surface states can make the TiO2

nanocrystals possess enhanced photocatalytic activities. There-
fore, the relatively high photocatalytic activity may be due to the
higher surface-to-volume ratio, large surface area, and the
mesoporous structure, which would guarantee a high density of
active sites available for surface reactions as well as a high
interfacial charge-carrier transfer rate. The increased delocaliza-
tion of carriers in rods would reduce the e¹/h+ recombination to
ensure a more efficient charge separation.17,20 It is expected that
large surface area contributes to high photocatalytic activity of
TiO2 nanocrystals with certain crystallinity by creating more
possible reactive sites on the surface of photocatalyst. Kominami

et al.21,22 also reported that the higher activity of the TiO2

photocatalyst is attributed to both high crystallinity and large
surface area. From the experimental result we obtained, the
photocatalyst of TiO2 nanorod bundles possess relatively higher
surface area of 105.6m2 g¹1 while the value of P25 is 51m2 g¹1.
Moreover, the nanorod bundles may stagger to form porous
structure, which could adsorb more pollutants to increase the
photocatalytic activity.

In summary, TiO2 nanorod bundles have been successfully
fabricated by a simple hydrothermal process in the presence of
TMAOH. The presence of TMAOH accelerates the formation
of crystalline anatase and modifies the shape of particles as a
structural template. The nanorod bundle-shaped TiO2 exhibits
relatively higher photocatalytic activity than Degussa P25
evaluated via the degradation of phenol.
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Figure 2. TEM image of the TiO2 nanorod bundles.

Figure 3. FT-IR spectrum of the TiO2 nanorod bundles (a) and the
standard spectra of TMAOH and TMA.

Figure 4. Process of photocatalytic degradation of phenol under UV
light illumination of TiO2 nanorod bundles (a) and Degussa P25 (b).

295

© 2010 The Chemical Society of JapanChem. Lett. 2010, 39, 294295 www.csj.jp/journals/chem-lett/

http://dx.doi.org/10.1038/nature01353
http://dx.doi.org/10.1126/science.1060367
http://dx.doi.org/10.1021/jp036168z
http://dx.doi.org/10.1021/jp036168z
http://dx.doi.org/10.1021/jp036826f
http://dx.doi.org/10.1021/jp036826f
http://dx.doi.org/10.1002/(SICI)1521-4095(200004)12:7<520::AID-ADMA520>3.0.CO;2-#
http://dx.doi.org/10.1021/ja0345064
http://dx.doi.org/10.1021/ja0345064
http://dx.doi.org/10.1002/1521-4095(200009)12:18<1346::AID-ADMA1346>3.0.CO;2-8
http://dx.doi.org/10.1002/1521-4095(200009)12:18<1346::AID-ADMA1346>3.0.CO;2-8
http://dx.doi.org/10.1126/science.279.5348.208
http://dx.doi.org/10.1021/ja002608d
http://dx.doi.org/10.1016/j.inoche.2003.08.009
http://dx.doi.org/10.1016/j.inoche.2003.08.009
http://dx.doi.org/10.1021/ja048068s
http://dx.doi.org/10.1021/ja048068s
http://dx.doi.org/10.1021/jp052458z
http://dx.doi.org/10.1021/jp052458z
http://dx.doi.org/10.1021/jp9705131
http://dx.doi.org/10.1021/jp9705131
http://dx.doi.org/10.1021/cm980702b
http://dx.doi.org/10.1016/j.jcis.2007.01.046
http://dx.doi.org/10.1016/j.jcis.2007.01.046
http://dx.doi.org/10.1021/ja036505h
http://dx.doi.org/10.1021/ja036505h
http://dx.doi.org/10.1021/jp062946m
http://dx.doi.org/10.1016/j.jcis.2009.02.047
http://dx.doi.org/10.1021/ja003055+
http://dx.doi.org/10.1021/ja003055+
http://dx.doi.org/10.1023/A:1019022719479
http://dx.doi.org/10.1016/S1010-6030(03)00227-2
http://dx.doi.org/10.1016/S1010-6030(03)00227-2
http://www.csj.jp/journals/chem-lett/

