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In recent years, metal nanostructures with specific size and
morphology have been the focus of intensive research owing
to their potential applications in the fabrication of electronic,
optical, optoelectronic, and magnetic devices. The intrinsic
properties of a metal nanostructure can be tuned by control-
ling its size, shape, and crystallinity.[1] One-dimensional (1D)
nanostructures such as nanowires, nanotubes, and nanobelts
(or nanoribbons) have attracted much attention on account of
their numerous potential applications in science and engi-
neering.[2] In particular, the planar nanostructures of nano-
belts have been intensively studied because the nanobelts
may represent a good system for examining dimensionally
confined transport phenomena.[3] However, there are very
few reports on the synthesis of metal nanobelts (or nano-
ribbons), although many processes have been successfully
applied to the synthesis of oxide,[4] sulfide,[5] and carbon[6]

nanobelts. Xia et al. reported the synthesis of silver nanobelts
by heating an aqueous dispersion of spherical colloids of silver
with a diameter of 3.5 nm under reflux.[7] Qian and co-
workers prepared ultrathin nickel[8] and tellurium nanobelts[9]

by a hydrothermal method.
Ultrasound has become an important tool for the syn-

thesis of metal nanoparticles in recent years.[10] It is well
known that ultrasonic irradiation of liquids has a variety of
physical and chemical effects derived from acoustic cavita-
tion, and can provide a unique method for driving chemical
reactions under extreme conditions.[11] The sonochemical
method is advantageous as it is nonhazardous, rapid in
reaction rate, and produces very small metal particles.
Unfortunately, metal nanoparticles prepared by sonochem-
ical reduction generally have multiple shapes and wide size
distributions. To solve these problems, surfactants and co-
existing alcohols are usually used in the sonochemical process
to control the particle shape and size.[12]

More recently, with the advent of green chemistry, the
biosynthesis of nanostructures has attracted much interest in
materials science because of the minimized adverse environ-

mental effects.[13] The biomaterial templating technique has
been demonstrated to be an efficient method for directing the
synthesis and manufacture/assembly of artificial nanostruc-
tures of crystalline inorganic materials under environmentally
benign conditions.[14] Many biomaterials, such as DNA,
viruses, and sugars, have been used as biological templates
to grow nanostructures of noble metals,[15] oxides,[16] sul-
fides,[17] and metal alloys.[18]

It is interesting to fabricate various gold nanostructures,
which may find practical applications in nanodevices, and the
syntheses of nanorods,[19] nanowires,[20] nanorings,[21] nano-
cubes,[22] and nanoplates[23] have been reported. Herein, we
report a method for synthesizing single-crystalline gold
nanobelts through the combination of ultrasound irradiation
and a biological directing agent. In this route, an aqueous
solution of HAuCl4 containing a-d-glucose was ultrasonically
irradiated to produce gold nanobelts. This method has some
clear advantages: it is green, simple, rapid, and can be
performed under ambient conditions.

The major reactions that occur in the sonolysis of an
aqueous solution containing HAuCl4 and a-d-glucose can be
summarized by the following steps [Eq. (1)–(4)]:[24]

H2O ! HC þ COH ð1Þ

sugar ! pyrolysis radicals ð2Þ

AuIII þ reducing radicals ! Au0 ð3Þ

nAu0 ! Aun ð4Þ

The two reducing radicals, generated from the reaction of
a-d-glucose with primary radicals such as the hydroxyl radical
and the hydrogen radical originating from water molecules
[Eq. (1)], and from the direct decomposition of glucose at the
interfacial region between the collapsing cavities and the bulk
water [Eq. (2)], are effective for the reduction of AuCl4

�

[Eq. (3)] followed by particle growth [Eq. (4)].
Figure 1a and b show representative scanning electron

microscopy (SEM) images of the as-synthesized gold prod-

Figure 1. a,b) SEM images and c,d) high-magnification SEM images of
as-synthesized gold nanobelts; [HAuCl4]=50 mgmL�1, [a-d-gluco-
se]=0.2 m, ultrasound time=1 h.
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ucts. The initial concentrations of HAuCl4 and a-d-glucose
were 50 mgmL�1 and 0.2 m, respectively, and the ultrasound
irradiation time was 1 h. The geometrical configuration of the
nanobelts is clearly displayed in the SEM images. The gold
nanobelts typically have a width of 30–50 nm and a length of
several micrometers. They are highly flexible and can bend
> 908 without breaking. To further analyze the characteristics
of the nanobelts, high-magnification SEM images are given in
Figure 1c and d. Typical nanobelts have smooth side edges
and an even thickness of approximately 10 nm. Figure 1d
shows the tip surface of a typical nanobelt, in which a
rectangular-shaped cross section is observed, similar to those
of semiconducting oxide nanobelts.[4f]

The detailed microstructure of the gold nanobelts was
further characterized by transmission electron microscopy
(TEM; see Figure 2a). The TEM images also reveal that the

width of the gold products is in the range 30–50 nm and that
the length can reach several micrometers. The characteristic
variation in lateral dimension associated with a belt is clearly
observed from the bending in the middle of a 1D nano-
structure (see Figure 2b). A high-resolution TEM (HRTEM)
image of typical nanobelts is shown in Figure 2c, which was
obtained with the incident electron beam perpendicular to the
wide surface of the nanobelt. The measured interplanar
spacing for all the lattice fringes is 0.235 nm, which corre-
sponds to the (111) lattice plane of face-centered-cubic (fcc)
gold. Figure 2d presents the selected-area electron diffraction

(SAED) pattern of the gold nanobelts, which was obtained by
focusing the electron beam on a nanobelt lying flat on the
TEM grid. A diffraction pattern with hexagonal symmetry is
generated, which demonstrates that the gold nanobelt is a
single crystal with preferential growth along the Au[111]
direction.[23a,25] The SAED patterns are essentially identical
over the entire belt, thus revealing the single-crystalline and
structurally uniform nature of the nanobelts. X-ray diffraction
(XRD) gives further support to the phase structure of the
gold nanobelts. The four diffraction peaks shown in Figure 2e
correspond to the (111), (200), (220), and (311) diffraction
peaks of metallic gold, which indicates that the products are
composed of pure crystalline gold. The gold nanobelts were
additionally characterized by energy-dispersive X-ray spec-
troscopy (EDS) and X-ray photoelectron spectroscopy
(XPS), which confirmed that the nanobelts are pure gold
(see Supporting Information).

To investigate the details of the sonochemical formation
of gold nanobelts, we studied the different stages in the
growth of gold by changing the reaction time (see Figure 3).

When the irradiation time was as short as 10 min, directional
aggregates of gold were formed (8 nm average width;
Figure 3a). The HRTEM image of the same sample (Fig-
ure 3b) shows that two neighboring gold particles are fused at
their junction and exhibit a polycrystalline structure. When
the ultrasound time was prolonged to 30 min, short 1D
nanostructures of gold with an average width and length of
20 nm and 0.5 mm, respectively, were obtained. The beltlike
shape is clearly observed from the curving and bending in the

Figure 2. TEM images with a) lower and b) higher magnification,
c) HRTEM image, d) SAED pattern, and e) XRD pattern of gold nano-
belts; [HAuCl4]=50 mgmL�1, [a-d-glucose]=0.2 m, ultrasound
time=1 h.

Figure 3. TEM images of gold after ultrasound irradiation for a) 10 and
c) 30 min, and the corresponding HRTEM images (b,d);
[HAuCl4]=50 mgmL�1, [a-d-glucose]=0.2 m. The arrow in (b) marks
the junction of two neighboring gold particles; the arrows in (c) reveal
characteristic variations in lateral dimensions associated with a beltlike
shape; the rectangles in (d) show structures that are not fully crystal-
lized.
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middle of these short 1D nanostructures (marked with arrows
in Figure 3c). Figure 3d is the corresponding HRTEM image.
By comparison with Figure 2c, it is noted that the structure of
these short nanobelts is the same as that of the nanobelts
obtained after ultrasound irradiation for 1 h. However, these
short nanobelts are not fully crystallized and are somewhat
disordered (see rectangles marked in Figure 3d). The longer
ultrasound irradiation time gives rise to high-quality single-
crystalline nanobelts (see Figure 2). It can therefore be
concluded that the nanobelts grow from the merged particles.
We reasonably speculate that the nanobelt formation process
has following steps: 1) gold nuclei are formed and grow into
nanoparticles; 2) the gold nanoparticles are directionally
aggregated, melted, and then bound to each other (actually
a recrystallization process); and 3) growth along the Au[111]
direction and further crystallization result in the single-
crystalline nanobelt structure. Note that some spherical
particles with smaller sizes (2–3 nm) were observed in the
early stage of the reaction (10 min, see Figure 3a). We suggest
that the anisotropic growth of gold nanobelts follows the
Ostwald ripening process at the expense of the small gold
nanoparticles.[1a,26]

The above formation process of the gold nanobelts is
similar to that of single-crystalline selenium nanowires
prepared by the sonication method.[27] As for the reason for
the formation of nanobelts, we believe that a-d-glucose can
selectively adsorb onto the crystallographic planes of gold,[28]

thus serving as a directing agent and kinetically controlling
the anisotropic growth of gold. To understand the function of
a-d-glucose, we conducted a contrast experiment with b-
cyclodextrin, which is a cyclic oligomer containing seven a-d-
glucose units. The other conditions were the same as those for
preparing the gold nanobelts with a-d-glucose. The results
showed that only spherical particles with a diameter of
approximately 30 nm were obtained in the presence of b-
cyclodextrin (see Supporting Information). This finding
indicates that a-d-glucose plays a key role in the formation
of gold nanobelts. We also found that the formation of gold
nanobelts depends on the concentration of a-d-glucose.
When its concentration was as low as 0.05 m, only gold
particles with a size of approximately 40 nm were obtained
(see Supporting Information). The reason may be that the
capping effect of the glucose in the dilute solution is not
sufficient for the effective coverage or passivation of gold
facets, thus resulting in the formation of nanoparticles instead
of nanobelts. In addition, cavitations and shock waves created
by ultrasound irradiation can not only accelerate solid
particles to high velocities and drive them together to
induce effective melting at the point of interparticle colli-
sion,[27,29] but may also enhance the entanglement and
rearrangement of the a-d-glucose molecules on gold crystals.
All these effects induced by ultrasound may partly contribute
to the final formation of single-crystalline gold nanobelts.

Gold nanomaterials show unique optical properties as a
result of surface plasmon resonance. It is well known that
spherical gold nanoparticles exhibit a single absorption band
at 520 nm, whereas anisotropic gold particles show two
surface plasmon resonance absorption peaks that are charac-
teristic of the short (transverse band) and long (longitudinal

band) axes of these systems.[30] Spectrum a in Figure 4 shows
the UV/Vis absorption spectrum of gold nanobelts suspended
in water. One peak corresponding to the short axes of the
nanobelts appears at about 544 nm; the other peak increases

into the IR region with no indication of leveling off, as also
observed for gold nanowires,[31] and can be attributed to the
long aspect ratio of the gold nanobelts. For gold particles with
a diameter of approximately 30 nm synthesized in the
presence of b-cyclodextrin, the characteristic surface plasmon
band is observed at lmax= 530 nm (spectrum b in Figure 4).
Thus, the appearance of the absorption band actually mirrors
the appearance of the different nanostructures of gold.

In conclusion, we have successfully synthesized single-
crystalline gold nanobelts by a sonochemical route in the
presence of a-d-glucose. This method is simple, convenient,
economical, and environmentally benign, and can be per-
formed under ambient conditions. The gold nanobelts have
potential for incorporation into functional electronic, opto-
electronic, or sensing devices, which could lead to extreme
miniaturization and enhanced performance. In addition, such
gold nanobelts can be used as building blocks to form a
variety of functional nanostructures with special physical and
chemical properties. This method may be applied to the
synthesis of other nanosized metal materials.

Experimental Section
HAuCl4·4H2O, a-d-glucose, and b-cyclodextrin were provided by the
Beijing Analytical Instrument Factory. Deionized water was used. In
a typical experiment, an aqueous solution of HAuCl4 (50 mgmL�1)
was placed in a sonication vessel, and then mixed with the desired
amount of a-d-glucose (or b-cyclodextrin). The solution was exposed
to high-intensity ultrasound irradiation (40 kHz, 100 W) for 10–
60 min. The products were collected after deposition and aging, and
then washed with deionized water.

The morphologies of the products were characterized by SEM
(Hitachi-530) and TEM (Tecnai 20, Philips). The HRTEM images
and SAED patterns were recorded on a JEOL JEM-2010 trans-
mission electronmicroscope operating at 200 kV. XRD analysis of the
samples was carried out by using an X-ray diffractometer (Model D/
MAX2500, Rigaku) with CuKa radiation. X-ray photoelectron spectra

Figure 4. UV/Vis spectra of a) gold nanobelts and b) gold nanospheres
synthesized in the presence of a-d-glucose (a) and b-cyclodextrin (b),
respectively; [HAuCl4]=50 mgmL�1, [a-d-glucose]=0.2 m, [b-cyclodex-
trin]=0.2 m, ultrasound time=1 h.
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were collected by an ESCALab220i-XL spectrometer operating at
15 kV and 20 mA, at a pressure of 3 I 10�9 mbar with AlKa as the
exciting source (hn= 1486.6 eV). UV/Vis absorption spectra of gold
particles suspended in water were collected by a TU-1201 Model
spectrophotometer (Beijing General Instrument Company).
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