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High aspect ratio single-crystalline CdSe micrometer rods
with a uniform and smooth surface texture are synthesized via
�-ray irradiation at 170 �C. The length of the rods and the diam-
eter of the CdSe micrometer rods are about tens micron and 240–
300 nm, respectively.

One-dimensional (1D) nanostructures, such as nanowires,
nanorods, nanoribbons, and nanotubes, are known to have many
fascinating physical properties and are of great importance in
both basic scientific research and potential technological appli-
cations.1 Many unique and interesting properties have been pro-
posed or demonstrated for nanoscale 1D materials, such as supe-
rior mechanic toughness, higher luminescence efficiency, en-
hancement of thermoelectric figure of merit, and lowered lasing
threshold.2–4 1D nanostructures are also ideal systems for inves-
tigating the dependence of electrical transport, optical proper-
ties, and mechanical properties on size and dimensionality.5

1D nanostructured materials, including metals and alloys,6–8

oxides,9,10 semiconductors,11,12 inorganic salts,13 have been suc-
cessfully synthesized via chemical vapor deposition,14 tem-
plates,15 hydrothermal,16 wet chemistry,6–8 laser ablation,17

self-assembled process.18 CdSe nanorods19 came to be exciting
materials because of some important properties: up to 100% po-
larized luminescence.20 In this communication, we report single-
crystalline CdSe nanorods that have been synthesized via �-ray
irradiation. This method for the synthesis of rod-like CdSe par-
ticles is simple, inexpensive, and without an extremely danger-
ous organomrtallic.

To prepare CdSe micrometer rods CdCl2 (0.00025mol),
Na2SeO4 (0.00025mol), and isopropyl alcohol (0.025mol) were
dissolved in water. Water was added to the solution until final
volume is 25mL. After the solution transferred into a 50-mL au-
toclave, and was bubbled with N2 for 20min to eliminate oxy-
gen, it was sealed and irradiated by � rays with 110Gy/min,
heating at 170 �C for 48 h. The system was then allowed to cool
to room temperature. The final product was collected by filtra-
tion, and washed with deionied water to remove any possible
ionic remnants, and then dried at 60 �C.

Salts of Cd2þ and SeO4
2� ions were chosen as the source of

Cd2þ and Se2� ions, respectively. When solution was irradiated
by �-rays, sets of reactions could sequentially occur in the reac-
tion system. In the procedures, several products were initially
generated by the radiolysis in aqueous solution as follows:

H2O ��������!
� irradiation

H3O
þ
aq, OH, H, H2O2, H2, e

�
a ð1Þ

In the presence of isopropyl alcohol, some oxidative radicals
such as OH were scavenged in solution owing to the following
reaction:

�OHþ CH3CH(OH)CH3 ! H2Oþ (CH3)2(OH)C� ð2Þ

Meanwhile, because of the produced reductive radicals (such
as hydrated electron), the reductive atmosphere of the system
was maintained and several reactions sequentially occurred as
follows:

SeO4
2� þ 6e�aq þ 8H3O

þ
aq ! Seþ 12H2O ð3Þ

Seþ 2e�aq ! Se2� ð4Þ

Cd2þ þ Se2� ! CdSe ð5Þ
The homogeneously dispersed SeO4

2� reacted with the re-
ductive particles (such as hydrated electron) to form elemental
Se and further reduced to produce Se2� ions in Eqs 3 and 4,
which could react with Cd2þ ions in solution to produce CdSe
nanoparticles in Eq 5. It is impossible to produce comparable
rod-like CdSe particles without the irradiation of �-rays under
otherwise the same conditions and even a temperature higher
than 170 �C.

The concentration of Cd2þand SeO4
2� was found to play a

significant role in the formation and growth of the CdSe nano-
particles. Figure 1 is a typical SEM image of the products, clear-
ly showing that CdSe possesses micrometer-sized rod structures.
Examining numerous SEM images of the sample prepared at
170 �C for 48 h, most of the particles are micrometer rods with
a uniform and smooth surface texture. The products were further
characterized by transmission electron microscopy (TEM). A
typical TEM image is shown in Figure 2a, indicating that the mi-
crometer-sized CdSe micrometer rods are indeed observed. The
length of the rods is about several hundreds micron and the rods
can be seen by microscopy. This result is agreement with that ob-

Figure 1. SEM images of CdSe micrometer rods.

Figure 2. TEM images of CdSe nanoparticles.
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served from the SEM. Electron diffraction patterns (Figure 2b)
taken from a single CdSe micrometer rods reveal the single-crys-
talline nature of the sample, and can be indexed as the c axis of
the hexagonal CdSe, which is consistent with the XRD results
present below. Figure 2c shows a TEM image of the product ob-
tained by irradiating the solution containing 0.02mol L�1 of
CdCl2 and 0.02mol L�1 of Na2SeO4 at 170

�C for 48 h. The ob-
tained products are the dendritic structures of the CdSe clusters.
It indicates that well-defined CdSe micrometer rods can be ob-
tained under the presented experimental conditions. We believe
that the excess of Cd2þ in the solution may be favorable for the
aggregation and growth into the dendritic structures of the CdSe
clusters.

If the reaction took place at room temperature, the spherical
particles can be obtained.21 The growth of such anisotropic
structure should require a relatively high chemical potential.

X-ray diffraction (XRD) analysis is used to examine the
crystal structure of the products. The XRD pattern of the as-syn-
thesized CdSe nanostructures is shown in Figure 3. From this
figure, it is clear that the obtained product is pure-phase wurtzite
crystal structure with lattice parameters close to the reported data

(JCPDS 5-0596), and is preferentially oriented in the c axis
direction.

The composition of the products is analyzed by X-ray pho-
toelectron spectroscopy (XPS) and the typical survey spectrum
of the CdSe nanostructure was shown in Figure 4a. The two
strong peaks at about 54 and 405 eV show the presence of the
Se and Cd. Meanwhile, the spectra also reveal the existence of
C and O due to the gaseous molecules absorbed from the surface
of the products. Figure 4b is the spectrum for Se 3d (54.00 eV)
core, which shows that no elemental selenium or SeO2 was ob-
served in the produced CdSe nanostructure. The close-up spec-
trum of Cd was shown in Figure 4c and the obtained value of
the binding energy for Cd 2d5=2 is 405.05 eV. Peak areas of
the measured Zn and Se cores were used to calculate the Cd/
Se ratio for the CdSe nanocrystallites. Molar ratio of the Cd/
Se is about 0.972:1. This result shows that the �-ray irradiation
reductive CdSe nanocrystallites are close to stoichiometric.
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Figure 3. XRD patterns of products.

Figure 4. XPS spectra of an as-grown CdSe micrometer
rods: (a) survey spectrum; (b) Cd (3d) binding energy spectrum;
(c) Se (3d) binding energy spectrum.
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