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A low-temperature solution-based synthetic method was developed titanates in gram quantities. Successful synthesis of such
for the large-scale synthesis of one-dimensional nanostructures nanostructure in large scale will open up the possibilities of
of alkali titanates. Two kinds of highly pure ribbonlike titanates sufficient study of the physical and chemical properties of
were synthesized successfully in gram quantities without introducing 1D nanomaterial systems.

any templates or catalysts. The structure and composition of the Alkali titanates have attracted increasing atterifioft
titanates were characterized by XRD, HRTEM, and EDX. The owing to their high photocatalytic activities, as well as

interesting ion-exchange/intercalation properties. Their ap-
plications in photo cleavage of watémphotocatalysis® and

fuel cell electrolyte¥ were expected. In order to improve
the functional properties such as photocatalytic activity or
ion-exchange ability, it is highly desirable to control the size
and morphology of the titanatésRecently, nanosized TiO

chemical and physical properties were preliminarily characterized,
and some distinctive properties were observed.

In the past decade, one-dimensional (1D) nanostructures,

such as nanotub®%and nanowire$;* have attracted extra- der has b 4 . ol f .
ordinary attention for their novel physical properties and powder has been used as a starting material for preparation

potential applications in constructing nanoscale electronic of nanqtubeé?ln th's_ papgr, two kinds of tltanatg, ribbonlike
and optoelectronic devices. Recently, the discovery of POassium and sodium titanate, were synthesized.
semiconducting oxide nanobelts (ZnO, SN0, CdO, The chemical reaction for the synthesis of the potassium
Ga0s, PbQ) has initiated intense interest in such beltlike titante (KTigO17) can be formulated as
nanostructurezThere has been much speculation about the
properties and potential application of these nanostructures;
for example, they were considered candidates for fabrication
of nanoscale devices. Up to now, considerable efforts have In a typical procedure, 1.5 g of TiOpowder with an
been focused on the synthesis of different compounds with average diameter size of 4 nm prepared using the method
this nanostructure, and several beltlike structures of com- reported® was dispersed in 40 mL of-410 mol/L KOH
pounds such as PbOSi’ zn? and GgN,° have been (A.R. grade) aqueous solution. The resulting suspension was
reported. However, to the best of our knowledge, the beltlike stirred for 10 min and then transferred into a Teflon-lined
microcrystals obtained were all based on a thermal evapora-stainless autoclave, sealed, and maintained at-160 °C
tion/reaction process at a temperature usually in the rangefor 48 h. The resulting white precipitate was filtered, washed
1000-1400 °C. In this work, a simple solution synthetic with deionized water, and finally dried in a vacuum at 60
method was used to fabricate beltlike nanostructures of °C for 3 h.

8TiO, + 2KOH — K, TigO,; + H,0
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Figure 1. (a) A XRD pattern of KTigO17. (b) A typical TEM image of

bulk KoTigOur Figure 3. (a) A typical TEM image of sodium titanate. (b) TEM image

of a twisted beltlike sodium titanate.

even synthesized with the yield as high as-30%2° Herein,
the solution-based synthesis method we proposed provides
a new approach to the synthesis of this 1D nanostructure.
This method is simple without delicate equipment, and the
reaction conditions are mild, as the reaction temperature
decreased to 16TC. The starting materials could be mostly
translated to the final products, and the yield was estimated
to be more than 95% from repeats of a typical synthetic
. . , process and TEM observations of the samples from different
Figure 2. A HRTEM image of KTigO17 nanobelts. Inset: Electron . .
diffraction recorded along th®01zone axis indicates the growth direction batches of SynthES|S- Furthermore, this method can be easy
along the (010) direction. to scale up. Our experiment results indicated that about 15
g of products can be obtained at one time using a Teflon-
The crystal structures of the products were characterizedlined stainless autoclave with 300 mL capacity, which makes
with powder X-ray diffraction (XRD) using a Brucker D8- it possible to develop this method in large-scale synthesis

advance X-ray diffractometer with CucKradiation § = for industrial application.
1.5418 A). All of the reflections of the XRD pattern in Figure  |n order to explore the possibility for synthesis of other
la can be indexed to a pure monoclinic phase £lfi4O:7 kinds of nanobelts using this method, we expanded it to the

[space groupgC2/m(12), JCPDS 84-2057]. This XRD data synthesis of sodium titanate due to the similarity of their
indicates that the reaction was complete under the currentcrystal structure and chemical properties. The beltlike sodium
synthetic conditions. The peak of (020) was higher and far titanates were prepared successfully under similar conditions,
narrower than other peaks in the reflections, implying the except that NaOH was used instead of KOH. The charac-
high orientation of this nanostructure. terization of the final products by XRD and TEM indicated
The morphology of the synthesized potassium titanates wasthe beltlike structure of sodium titanates. The effect of the
characterized with a transmission electron microscope (TEM, reaction time was also studied. When the reaction was
Hitachi H800) and a high-resolution transmission electron terminated after 2 days, some poorly crystallized fibrous
microscope (HRTEM, JEOL-2010F), both operated at 200 Products were obtained; when it was terminated after more
keV. A typical TEM image (Figure 1b) showed that the than 10 days, uniform and well-crystallized beltlike sodium
products consisted of a large quantity of uniform ribbonlike titanates were obtained. Elongatlng_the_ reaction tlme_ could
bent and twisted KTizO1- several micrometers in length and lead to the improvement of crystallization and the size of
tens of nanometers in width and thickness. Analysis of a th€ nanostructure.
number of belt-like structures with different widths reveals A typical TEM image (Figure 3a) exhibited exclusively
that the average width-to-thickness ratio is in the rang&G beltlike structures. The titanate was long, smooth, and
The HRTEM image recorded on individuabRisOy7 (Figure uniform. Each belt has an unchanged width along its entire
2) provided further insight into the nanostructure. The €ngth, and the typical widths of the belts are in the range
selected area electron diffraction (SAED) patterns (inset in 100-500 nm. No particle or ripples were observed at the

Figure 2) recorded perpendicular to the growth axis of the ends or edges of the nanostructures. A twisted belt (Figure
single nanowire could be indexed to the [001] zone axis of 3b) showed that the thickness of the nanostructure was about

30 nm and the width-to-thickness ratios were about 10 nm.
EDX analysis on different individual nanobelts indicated the
identical atomic Na/Ti ratio of 1:2. Thermal gravity analysis
(TGA, TA instruments, TGA 2050) indicated that water was
completely removed at 70, while the corresponding XRD

the belt and thus suggests that they grow along the [010]
direction, which was consistent with the result of XRD, in
which the reflection of (020) is higher and far narrower. The
energy-dispersive X-ray (EDX) analysis on the titanate

showed the existence of only K, Ti, and O with a K/Ti atomic O ) ) . . .
y pattern indicated the identical pattern with starting material.

ratio of 1:4. . . o .
) ) ) So it contains no crystallization water molecule. The reaction
A thermal evaporation method to synthesize this nano-
structure has been further developed, since it was first (20) Hu, J. Q.; Ma, X. L.: Shang, N. G.: Xie, Z. Y. Wong, N. B.: Lee, C.

proposed by Z. L. Wang et &lLater, Sn@ nanobelts were S.; Lee, S. TJ. Phys. Chem. R002 106, 3823.
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might be formulated as nanobelts may be promising materials in selective catalysis,
i i photocatalysis, gas sensors, and so on.
4TiO, + 2NaOH— Na,Ti 0O, + H,0 In summary, we have exploited a low-temperature solu-

tion-based method to large-scale synthesis of titanate 1D
nanostructures. Two kinds of highly pure ribbonlike titanates
were synthesized successfully in gram quantities. We believe
that this solution synthetic route, based on simple reactions
with no participation of catalysts or templates, requiring no
expensive equipment, and ensuring higher purity and uni-
formity of the products, will greatly reduce the production
cost and offer great opportunity for large-scale synthesis of
such 1D nanostructured materials.

When the sample was heated to 90D, a mixture of
N&TisO; and NaTigO13 formed, which supported our
proposal. It is notable that the as-prepared beltlike sodium
titanate may be a new phase. Its standard XRD pattern is
not available in the ICDD PDF-2 database (setbQ plus
70—88). The further solution of the crystal structure of the
sodium titanate is under investigation.

Preliminary characterization on the sodium titanate showed
some distinctive properties. To our knowledge, the titanate
nanostructures reported herein are the first ion-exchangeable Acknowledgment. This work was supported by the
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