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Single crystalline tin dioxide nanoribbons have been synthe-
sized in bulk quantity by a mild solution approach using cetyltri-
methylammonium bromide surfactant as a soft template. The as-
synthesized SnO2 nanoribbons have a length up to tens of micro-
meters, width of several hundred nanometers, and thickness of
several tens of nanometers.

Tin dioxide, an important wide bandgap semiconductor, has
been used as effective gas sensors,1 transparent conducting elec-
trodes,2 and dye-based solar cells.3 Low-dimensional SnO2

nanomaterials, such as nanowires, nanorods, and nanoribbons
can be expected to exhibit special optical and electrical proper-
ties. Recently, nanoribbons or nanobelts of SnO2 have been syn-
thesized by chemical vapor deposition (CVD) methods in many
groups,4–12 and the ribbon-like nanostructures have been expect-
ed to represent important building blocks for nanodevices and
offer exciting opportunities for both fundamental research and
technological application. For example, Yang et al. have demon-
strated that SnO2 nanoribbons are excellent gas sensors for nitro-
gen dioxide.13 However, high temperature (800 �C or higher)
was needed for these groups to synthesize SnO2 nanoribbons
and complicated experimental setups were generally required.

In this letter, we introduce a novel solution approach to syn-
thesize nanoribbons of the semiconductor SnO2. In a typical syn-
thesis, cetyltrimethylammonium bromide (CTAB; 1.093 g) was
added to a 0.015M SnCl2 solution (80mL), and NaOH solution
was added to bring the pH value of this solution to 14, with vig-
orous stirring for 2 h to ensure the complete dissolution of CTAB
and sufficient attachment of HSnO2

� on head groups of CTAB.
To the solution 1.0mL of H2O2 was added. After the solution
was stirred at room temperature overnight, it was maintained
at 60 �C for 4 h, and then the resulting pale white products
(SnO2) were collected, washed several times using absolute
ethanol and distilled water, and dried at room temperature.

For the synthesis of SnO2 nanoribbons, the redox reaction at
basic condition can be shown as follows:

HSnO2
� þ HO2

� ! SnO2 þ 2OH�

The standard Gibbs free energy change �rGm
� of the redox

reaction was calculated to be �119:5 kJ�mol�1 on the basis of
standard reduction potential values, which implied a very strong
tendency for the reaction to proceed toward the products. X-ray
powder diffraction (XRD) pattern of the sample is shown in
Figure 1, where all diffraction peaks can be indexed to the tetrag-
onal SnO2 (space group: P42=mnm) with lattice constants
a ¼ 0:4734 nm and c ¼ 0:3180 nm (JCPDS 41-1445). The
XRD pattern indicates that the nanoribbons obtained via our cur-
rent synthetic approach consist of pure phase of tetragonal SnO2,
and there is no other phase of SnO2 or any phase of SnO in the
products. Though the crystalline quality might not be perfect, the

SnO2 nanoribbons are stable under the intense electron illumina-
tion in a microscope.

The morphology of the as-synthesized SnO2 nanoribbons
was studied with scanning electron microscopy (SEM). Typical
SEM images (Figure 2) showed that the sample consists of SnO2

nanoribbons and nanoplatelets. The nanoribbons are typically
tens of nanometers to near 1mm in width and up to tens of micro-
meters in length, with their thickness being very small. A repre-
sentative transmission electron microscopy (TEM) image of a
1mmwide SnO2 nanoribbon is displayed in Figure 3a. The bend-
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Figure 1. XRD pattern of the SnO2 nanoribbons. All the dif-
fraction peaks can be readily indexed to tetragonal phase SnO2.
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Figure 2. SEM images of the SnO2 nanoribbons. (a) and (b) are
low magnification and high magnification views, respectively.
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ing contours are clearly observed and typical for nanoribbons.
Figure 3b exhibits a high-resolution electron microscopy
(HREM) image of the nanoribbon. The spacing of 0.471 nm be-
tween two lattice planes corresponds to the separation between
(010) planes of tetragonal SnO2. The selected-area electron dif-
fraction (SAED) pattern taken along h10�22i zone axis in the inset
shows that the growth direction of the nanoribbon is along [101].
The nanoribbons are bound by pairs of (10�11) top, (010) edge and
(201) end surface planes. On the basis of the HREM image and
the SAED pattern, the SnO2 nanoribbons in the present study are
determined to be single crystalline. What worth mentioning is
that the production of SnO2 nanomaterials by the present method
is very effective and more than 90% of the precursor can be
transformed to the final product. However, relatively pure SnO2

nanoribbons could only be obtained above a moderately high
CTAB concentration.

Surfactants have been frequently used to direct or template
the growth of a wide variety of nanostructures.14–18 When reach-

ing a critical concentration, surfactants will form various struc-
tures known as micelles.19 Layered structure is also well-docu-
mented for many surfactants and is displayed schematically in
Figure 4. After this structure formed, and HSnO2

� sufficiently
adsorbed on the surface near the head part of the CTABmicelles,
upon the oxidation by H2O2, SnO2 would nucleate and eventu-
ally, single crystalline SnO2 nanoribbons were obtained after
stirring and heat treatment processes. However, as reported in
the literature19 and noted in the present study, the concentration
of the surfactant and the ionic strength of the solution played a
significant role in the formation of various micellar structures.
We also found out that changing these experimental parameters
could lead to morphology transformation of the nanostructure,
including nanoparticles, nanowires, and nanoribbons. Further
work is underway to clarify the structural evolvement processes.

In summary, we have obtained single crystalline SnO2 nano-
ribbons by a novel, mild solution route. The control of concen-
tration of the surfactant CTAB is the critical factor for obtaining
large quantity of single crystalline SnO2 nanoribbons. Our meth-
od is facile, less costly and reproducible. We believe that this
novel approach can be extended to preparation of a wide variety
of other oxide nanoribbons.
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Figure 3. (a) and (b) TEM and HREM images of a SnO2

nanoribbon, respectively. Inset in (b) is the corresponding SAED
pattern taken along h10�22i zone axis.

Figure 4. Schematic illustration of layered structure of a sur-
factant micelle. � denotes positively charged head group of
the surfactant CTAB molecules, (CH3)3N

þ here; — denotes
the tail of the surfactant CTAB molecules, CH3(CH2)15 here;
– near the head of the micelle denotes negatively charged
HSnO2

� ions.
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