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Wurtzite-structured cadmium selenide (CdSe) is an important
II-VI semiconducting compound for optoelectronics.1 CdSe quan-
tum dots are the most extensively studied quantum nanostructure
due to their size-tunable properties, and they have been used as a
model system for investigating a wide range of nanoscale electronic,
optical, optoelectronic, and chemical processes.2 CdSe was also the
first example of self-assembled semiconductor nanocrystal super-
lattices.3 With a direct band gap of 1.8 eV, CdSe quantum dots
have been used for laser diodes,4 nanosensing,5 and biomedical
imaging.6

Although CdSe quantum dots have been the dominant material
for studying the quantum confined effect, there are only a few
reports on the synthesis of quasi-one-dimensional CdSe nanostruc-
tures. Shape-controlled synthesis of CdSe nanorods7,8 and template-
assisted synthesis of CdSe nanowires9 and nanotubes10 have been
demonstrated through electrochemical and chemical approaches.
Two-dimensional arrays of CdSe pillars have been fabricated using
e-beam lithography.11 These nanowire and nanotubes are composed
of nanosize grains, and they are polycrystalline in nature; thus, the
grain boundary scattering could greatly affect the optoelectronic
performance. In this paper, we report, for the first time, a single-
crystal nanoribbon structure of wurtzite CdSe, which has “saw”-
shaped teeth on one side. The asymmetric growth behavior of the
ribbon is likely induced by the polarization of thec-plane.

The CdSe nanobelts were synthesized through a thermal evapo-
ration process in a horizontal tube furnace. Commercial-grade CdSe
powder (Alfa Aesar, 99.995% purity, metal basis) was placed in
the center of a single zone tube furnace (Thermolyne 79300) and
evacuated for several hours to purge oxygen in the chamber. After
the evacuation process was complete, the temperature of the system
was elevated to 750°C at a rate of 20°C/min and the pressure
was maintained at 300 mbar. Nitrogen was sent through the system
at a rate of 50 sccm to act as a carrier gas to transport the sublimated
vapor to cooler regions within the tube furnace for deposition. The
system was held at these conditions for a period of 60 min. Single-
crystal silicon substrates, dispersed with gold particles of typical
sizes 3-5 nm, which acted as catalyst, were used for growing the
nanostructure. The substrates were placed downstream to collect
the deposited CdSe nanostructures.

The most dominant morphology found in the as-grown sample
is the “saw”-shaped nanoribbon (Figure 1a), with one side flat and
the other side with sharp teeth (Figure 1b, c). Nanobelts of CdSe
are also found, but they are not the dominant component (Figure
1d).

Transmission electron microscopy shows that the nanosaw is a
single-crystal, dislocation-free, and dominated by((2 -1 -1 0)
facets. The bending of the saw ribbon produces the bending contour
as observed in the TEM image (Figure 2a). The saw teeth can be
parallel cantilevers and triangular teeth. The front-end of the
nanosaw ribbon clearly shows an Au particle, as indicated by an
arrowhead, but the tips of the saw teeth show no catalyst particles.
The structure of the saw can be separated into two segments. In

the left-hand side of Figure 2a, where the parallel cantilever arrays
along [0001] are formed, the saw ribbon extends along [0 1-1 0].
High-resolution transmission electron microscopy (TEM) image
shows that the end of the cantilever is atomically rough, clearly
representing the growth front, while the side surfaces are atomically
flat (Figure 2c). In the right-hand side of Figure 2a, where the
triangular teeth are present, the saw ribbon is along [0-1 -1 1]
(Figure 2d).

The nanosaw is formed by a two-step growth process: the first
step is a fast growth along [0 1-1 0] or [0 1-1 1] as guided by a
gold catalyst based on the vapor-liquid-solid (VLS) growth
process (see the SEM image in Figure 1b), forming a ribbon

Figure 1. Scanning electron microscopy images of CdSe (a, b, c) nanosaws
and (d) nanobelts.
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structure with the top and bottom surfaces being((2 -1 -1 0)
facets and the side surfaces being((0001); the second step is a
subsequent growth of the teeth along [0001], which can be
understood from the structure characteristic of the wurtzite family
(Figure 2e). Energy-dispersive X-ray analysis shows that the sample
is CdSe (Figure 2f) and the catalyst particle at the tip of the saw is
mainly gold (Figure 2g).12

Structurally, the wurtzite-structured CdSe is described schemati-
cally as a number of alternating planes composed of four-fold
coordinated Cd2+ and Se2-, stacked alternatively along thec-axis.
The c-plane terminates either with Cd or with Se, resulting in the
formation of positively charged (0001)-Cd and negatively charged
(0 0 0-1)-Se polar surfaces. The adsorption probability of the CdSe
vapor onto the (0001)-Cd- and (0 0 0-1)-Se-terminated polar
surfaces could be very different. As for ZnO, a typical wurtzite
structure, it is known that the alcohols adsorbed dissociatively on

the (0001)-Zn-terminated surface to form alkoxide intermediates
which decomposed to form net dehydration and/or net dehydro-
genation products; in contrast, the (0 0 0-1)-O surface was found
to be unreactive toward these alcohols; only molecular adsorption
occurred on this surface.13 For the decomposition reactions of
methanol, formaldehyde, and formic acid,14 the (0 0 0-1)-O polar
face exhibited no reactivity, while the (0001)-Zn surface is active
in oxidizing HCOOH and CH2O into CO2. Recent study shows
that the (0001)-Zn-terminated surface is chemically active and it
can be the self-catalyst for growing “comblike” structures.12 Polar
surfaces can also induce the formation of helicals of ZnO nano-
belts.15 Therefore, the formation of the one-sided saw teeth structure
for CdSe reported here is suggested to be a result of the chemically
active (0001)-Cd surface.

The optical property of the CdSe nanostructure was characterized
by a UV photoluminescence (PL) system using a N2 pulse laser
with an excitation wavelength of 337 nm. As compared to the PL
spectrum acquired from the source CdSe powders, whose lumi-
nescence peak is located at 735 nm, the CdSe nanosaws show a
peak at 712 nm (Figure 2h), shifted toward blue for 23 nm possibly
because of the small thickness of the CdSe nanosaws.

In conclusion, single-crystal nanosaws and nanobelts of CdSe
have been synthesized for the first time. The formation of the saw
structure is likely induced by the surface polarization. The formation
of the saw ribbon follows a VLS growth, while the saw teeth are
the result of self-catalyzed growth possibly from the Cd-terminated
(0001) surface. The photoluminescence spectrum of the nanosaws
shows a blue shift of 23 nm. The nanosaw structure presented here
could be a model system for investigating CdSe-based optoelec-
tronic processes in quasi-one-dimensional nanostructures.
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Figure 2. (a) TEM image of a CdSe nanosaw and (b) the corresponding
electron diffraction pattern, showing the ribbon direction is [0 1-1 0] and
switches to [0 1-1 -1], while the teeth direction is [0001]. (c, d) High-
resolution TEM images recorded from the areas indicated by black and
white boxes in (a), respectively. The nanosaw has a high crystallinity and
is free from dislocations, although stacking fault parallel to (0001) can be
found occasionally. (e) TEM image of a CdSe nanosaw and the corre-
sponding electron diffraction pattern. (f, g) Energy-dispersive X-ray spectra
recorded from a nanosaw and the catalyst particle at the tip, where the Cu
and carbon signals come from the TEM grid. The sample is dominated by
Cd and Se, and the catalyst particle is dominated by Au. (g) UV
photoluminescence measured from the CdSe powder (dotted line) and from
CdSe nanosaw, which were measured under identical experimental condi-
tions.
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