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Photochemical synthesis of CdSe and PbSe nanowire arrays
on a porous aluminum oxide template
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Abstract

CdSe and PbSe nanowire arrays have been successfully prepared by a photochemical method in porous anodic aluminum oxide

template from an aqueous solution of lead acetate, cadmium chloride and sodium selenosulfate in the presence of nitrilotriacetic

acid. The products were characterized by XRD, TEM, SEM, PL and UV–vis.
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1. Introduction

One-dimensional (1D) nanostructure materials have

been the subject of intensive research due to their

application in fabricating nanoscale electronic, pho-

tonic, electrochemical, and electromechanical devices

[1–6]. Many experimental approaches to fabricate

nanowires have been reported, utilizing a variety of
nanofabrication techniques [7–11] and crystal growth

methods, including arc discharge [12], laser ablation

[13,14], catalytic CVD growth [15,16], and template

synthesis [17], etc. In this field, it is still a challenge to

synthesize aligned and well-distributed nanowire arrays

as well as highly crystallized structures.

PbSe and CdSe are two kinds of the most attractive

selenides. PbSe has a wide variety of applications in IR
detectors, photographic plates, selective and photovoltaic

absorbers, and so forth [18]. CdSe has been widely used as

photoconducting device owing to its high photosensitiv-

ity [19,20]. Lead selenide and cadmium selenide have been

synthesized by various methods, including chemical bath

deposition [21,22], molecular beam epitaxy [23], vacuum

deposition [24], electrodeposition [25,26], pulse sono-

electrochemical method [27], sonochemical method [28]
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and successive ionic layer adsorption and reaction tech-

nique [29]. At present, one-dimensional semiconductor

CdSe and PbSe nanowire arrays are synthesized by elec-

trodeposition [30–32] methods in alumina oxide template.

Here we attempt to use a new method, photochemical

method, to synthesize CdSe and PbSe nanowires arrays in

the alumina oxide template.

Photochemical synthesis is an important technique
for the preparation of nanoparticles in recent years.

Here we used ultraviolet light irradiating on an alumina

template to synthesize the PbSe and CdSe nanowires.

Pb(Ac)2 Æ 3H2O and CdCl2 Æ 2.5H2O were employed as

Pb2þ and Cd2þ source and the Na2SeSO3 was employed

as Se2� source because it could decompose slowly under

the ultraviolet irradiation light and release Se2� ions

homogeneously in the presence of complexating agent
nitrilotriacetic acid (NTA). To the best of our knowl-

edge, preparation of II–VI group semiconductors

nanowires by photodeposition method in the anodizing

aluminum oxide (AAO) template has never been re-

ported before.
2. Experimental

All the reagents used were of analytical purity and

without further purification. Pb(CH3COO)2 Æ 3H2O,

CdCl2 Æ 2.5H2O and Na2SO3 were purchased from
lsevier Ltd. All rights reserved.
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Shanghai Second Chemical Reagent Factory (China).

Absolute ethanol, acetone and KOH were purchased

from Nanjing Chemical Reagent Factory (China). Se

and nitrilotriacetic acid (NTA) were purchased from
Aldrich Company. Distilled water was used in all our

experiments.

The AAO templates with pore sizes of about 80 nm

were grown by potentiostatically anodizing aluminum

plates (0.17 mm thick, 99.99%) in an aqueous solution of

3% oxalic acid. After the anodization, the remaining

aluminum was etched by a 20% HCl–CuCl2 mixed

solution. Then, the barrier layer was dissolved using 5%
H3PO4 and 20% H2SO4.

In a typical procedure, Pb(CH3COO)2 Æ 3H2O (or

CdCl2 Æ 2.5H2O), nitrilotriacetic acid (NTA) and

Na2SeSO3 were introduced into distilled water to give

the final concentrations of 50 mM Pb(CH3COO)2 Æ
3H2O (or CdCl2 Æ 2.5H2O), 75 mM NTA, and 50 mM

Na2SeSO3 with a pH of 10 (11 for CdCl2 Æ 2.5H2O

solution) adjusted by KOH, and the total volume of the
solution was 50 ml. 0.2 M Na2SeSO3 solution was pre-

pared by stirring 2.4 g Se fine powder and 9.5 g Na2SO3
in 150 water at 70 �C for 24 h [33]. An alumina template
with pores of 80 nm diameter was immersed in the above

solution. Then the mixture solution was placed in a glass

beaker about 10 cm away under a 500 W, column-like,

high-pressure mercury lamp (k > 290 nm) and exposed
to ultraviolet irradiation for 1.5 h (CdCl2 Æ 2.5H2O
solution for 12 h) at room temperature. When the

reaction was finished, the AAO templates with the

nanowires were removed from the solution and washed

with double distilled water. Finally dried in air at room

temperature and subjected to further analysis.

XRD measurements were performed on a Ka X-ray
as the excitation source (Shimadzu XD-3A X-ray dif-

fractometer at a scanning rate of 4�/min in the 2h range
from 10 to 55�, with graphite monochromatized CuKa
radiation (k ¼ 0:15418 nm) and nickel filter). The

products for transmission electron microscopy were

made by dissolving the AAO template in 6 M NaOH at

25 �C for 10 min and washing several times with de-

ionized water, collected on a carbon-coated copper grid,

and dried in air before measurements. TEM images were

obtained on a JEOL-JEM 200CX TEM at an acceler-
ating voltage of 100 kV. The products for scanning

electron microscopy were made by dissolving the AAO

template in 1 M NaOH at 25 �C for 1 h and carefully
washing two times with deionized water. SEM images

were obtained using a JSM-5900 SEM.
Fig. 1. (a) SEM image of CdSe nanowire arrays in the alumina tem-

plate. (b) SEM image of CdSe spheres on the surface of the alumina

template. (c) SEM image of portrait slice of CdSe nanowires in the

alumina template.
3. Results and discussion

A typical morphology of the CdSe nanowires pre-

pared by ultraviolet photodeposition in AAO template

is shown in Fig. 1(a). It is shown that CdSe nanowires
have uniform diameters of about 70–80 nm, which

corresponds closely to the pore diameters. The nano-

wires are about 40 lm in the length. It is visible that all
of CdSe nanowires are not randomly oriented and the
length, diameter, and direction of growth of CdSe

nanowires are quite uniform. The nanowires with

somewhat dispersed and elongated spots in the SEM

image imply that the CdSe nanowires grow with uni-

form morphology nearly parallel to each other.

In this experiment, it is surprising to find that the top

of AAO membrane is covered with spheric-like of CdSe

which shown in Fig. 1(b), we have observed that the
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spheres are formed by many rods which grew in the

AAO template and extended to the surface of the tem-

plate. Fig. 1(c) is the portrait slice of CdSe nanowires in
Fig. 2. (a) SEM image of PbSe nanowires on the surface of AAO. (b)

SEM image of PbSe nanowires arrays in the AAO template.

Fig. 3. (a) TEM and ED image of single PbSe nanowire synthesized in
the template. Further study indicated that the CdSe

nanowire is polycrystalline consisted of little particles.

Fig. 2(a) shows SEM images of solid PbSe wires ob-

tained within the pores of the AAO template. The sur-
face layer is not completely removed which makes the

fibers stick together. As was the case for CdSe, the PbSe

nanowires (Fig. 2(b)) are 70–80 nm in diameter and 40

lm long. The lengths of the wire are also found to be

quite uniform.

Fig. 3 shows the TEM image of single PbSe nanowire.

The PbSe nanowire has a relatively straight morphology

and a uniform width of 70–80 nm. The electron dif-
fraction pattern taken from the PbSe nanowires is

shown in the inset on the micrograph (Fig. 3(a)), which

demonstrates that the PbSe wires are crystalline, several

circles can be observed in the electron diffraction pattern

because of many little particles on the wire.

The typical X-ray diffraction pattern of the sample is

shown in Fig. 4. The diffraction peaks of CdSe corre-

spond to the (1 1 1), (2 2 0), (3 1 1) and the diffraction
peaks of PbSe correspond to the (1 1 1), (2 0 0), (2 2 0),

(3 1 1), and (2 2 2), which confirms that the nanostruc-

tures are composed of CdSe and PbSe, respectively, after

comparison with the standard diffraction spectrum of

literature values JCPDS no. 6-354 and JCPDS no. 19-

191.

There is a blue shift in the PL spectrum of as-pre-

pared CdSe nanoparticles shown in Fig. 5. A strong
emission peak is observed at 680 nm, in comparison

with that of bulk CdSe at 730 nm [34]. The excitation

wavelength was 450 nm. This effect may be related to the

quantum effects. The UV–visible absorption spectrum of

CdSe samples with the AAO template is shown in Fig. 6.
the AAO template. (b) TEM image of several PbSe nanowires.
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Fig. 4. XRD pattern of (a) the CdSe and (b) PbSe nanowires on the

AAO template.

620 630 640 650 660 670 680 690 700 710

In
te
ns
ity
(a
.u
.)

Wavelength(nm)

Fig. 5. Photoluminescence spectra of an ethanol solution containing

CdSe nanoparticles. The excitation wavelength was 450 nm.
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Fig. 6. The UV–vis absorbance spectra of an ethanol solution con-

taining CdSe nanoparticles.
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There is an obvious absorbance step of CdSe with a

maximum value at 400 nm.

Several factors were found to affect the quality of the

product. The optimal pH of PbSe is in the range of 9–10

and that of CdSe is in the range of 10–11. If the pH of
the solution is lower than 7, no products could be ob-

tained, because free Se is released. In the experiments,

we found that complexating agent NTA is very impor-

tant in the preparation of PbSe and CdSe nanoparticles,
they can reduce the rate of reaction. Without complex-

ating agents, the reactions conducted were unsuccessful.

The reaction mechanism of photochemical synthesis of

PbSe and CdSe may be as follows:

PbðNTAÞ4�2 ! Pb2þ þ 2NTA3� ð1Þ

H2O!
hm
H� þOH� ð2Þ

2H� þ SeSO2�3 !hm Se2� þ 2Hþ þ SO2�3 ð3Þ
Pb2þðCd2þÞ þ Se2� ! PbSeðCdSeÞ ð4Þ
nPbSe! ðPbSeÞn ð5Þ
The formation of PbSe (CdSe) nanoparticles may

include the above-given five steps. Initially, the com-

plexing actions between Pb2þ and NTA lead to the

formation of Pb–NTA; in the presence of photoirradi-
ation, H2O is reduced to H

�, further, the SeSO3
2� is re-

duced to Se2�; Se2� ions can combine with Pb2þ ions

that are released from the Pb–NTA complexes to yield

PbSe nuclei. These freshly formed nuclei in the solution

may be unstable and have the ability to grow into larger

PbSe particles. The reaction (2) may be a slow reaction

and the reaction (3) may be a fast reaction.
4. Conclusion

In summary, photodeposition directly in the AAO

template is a simple and efficient method to produce II–

VI group compound semiconductors such as CdSe and

PbSe nanowire arrays. SEM, TEM and XRD results

demonstrated that these CdSe and PbSe nanowires have
a uniform length, diameter, and direction of crystal

growth. Furthermore, this presented approach can be

used to fabricate other semiconductor nanowires in

aqueous solution system.
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