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Abstract

Rectangular lead selenide and cadmium selenide nanoparticles have been successfully prepared by a photochemical

method from an aqueous solution of lead acetate, cadmium chlorate, and sodium selenosulfate in the presence of

complexating agents of nitrilotriacetic acid at room temperature. It was found that the effects of the photonic intensity,

the pH of the solution, and the species of complexating agents played important roles on the morphology control of the

PbSe and CdSe nanoparticles. The products were characterized by X-ray diffraction, electron microscopy, X-ray

photoelectron spectra, and photoluminescence spectrum. The mechanism for the formation of the PbSe and CdSe was

discussed.
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1. Introduction

Due to their special crystal structure, morphol-
ogy and grain size, semiconductor nanocrystals
have many unique properties, including electrical,
optical, magnetic properties [1–5]. Metal selenides
have attracted considerable attention because of
their interesting properties and wide use as
thermoelectric cooling materials, optical filters,
optical recording materials, solar cells, superionic
materials, and sensor and laser materials [6–9].
Many methods have been used to prepare metal
selenides including solid-state reaction [10], solid-

state metathesis [11], self-propagating high-tem-
perature synthesis [12], electrochemical method
[13–15] and chemical bath deposition [16]. Gen-
erally, all these methods have some limits. Finding
a convenient, mild, and efficient method for the
preparation of nanocrystalline selenides is still a
challenge to synthetic chemists and materials
scientists.

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
[17]. CdSe has been widely used as photoconducting
device owing to its high photosensitivity [18,19].
During the past two decades, PbSe has also been the*Corresponding author.
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object of an inquiry into nanosized effects. Lead
selenide and cadmium selenide have been synthe-
sized by various methods, including chemical bath
deposition [20,21], molecular beam epitaxy [22],
vacuum deposition [23], electrodeposition [24,25],
pulse sonoelectrochemical method [26], sonochem-
ical method [27] and successive ionic layer adsorp-
tion and reaction technique [28]. Generally, each
method has its advantages and limits.

Here we report a shape-controlled route to
fabricate rectangular nanoparticles of PbSe and
CdSe by a novel photodeposition technique at
room temperature. Compared with the above
method, the present photodeposition technique is
more convenient and environmental friendly. The
slow ultraviolet irradiation photoreduction pro-
cess may prefer the formation of the shaped-
controlled nanoparticles. Pb(Ac)2 � 3H2O and
CdCl2 � 2.5H2O were employed as Pb2� and Cd2�

source and the Na2SeSCO3 was employed as Se2�

source because it could decompose slowly under
the ultraviolet irradiation light and release Se2�

ions homogeneously in the presence of complex-
ating agent nitrilotriacetic acid (NTA). It was
found that the ultraviolet irradiation intensity, the
pH of the solution and the species of complexating
agents played important roles in the morphology
control of the PbSe and CdSe nanoparticles. This
is a convenient and efficient route to produce the
PbSe and CdSe nanoparticles with controllable
morphologies in only one step.

2. Experimental section

All the reagents used were of analytical purity
and without further purification. Pb(CH3COO)2 �
3H2O, CdCl2 � 2.5H2O and Na2SO3 were pur-
chased from Shanghai Second Chemical Reagent
Factory (China). Absolute ethanol, acetone and
KOH were purchased from Nanjing Chemical
Reagent Factory (China). Se and potassium
nitrilotriacetate (NTA) were purchased from
Aldrich Company. Distilled water was used in all
the experiments.

In a typical procedure, Pb(CH3COO)2 � 3H2O
(or CdCl2 � 2.5H2O), NTA and Na2SeSO3 were
introduced into distilled water to give the final

concentrations of 50mM Pb(CH3COO)2 � 3H2O
(or CdCl2 � 2.5H2O), 75mM NTA , and 50mM
Na2SeSO3 with a pH of 10 (11 for CdCl2 � 2.5H2O
solution) adjusted by KOH, and the total volume
of the solution was 50ml. 0.2M Na2SeSO3

solution was prepared by stirring 2.4 g and 0.5M
Na2SO3 at 70�C for 24 h. Then the mixture
solution was placed in a glass beaker about
10 cm away under a high-pressure mercury lamp
(l > 290 nm) and exposed to ultraviolet irradiation
for 1.5 h (CdCl2 � 2.5H2O solution for 12 h) at
room temperature. When the reaction was fin-
ished, precipitates were obtained. The precipitates
were centrifuged, washed with distilled water,
absolute ethanol, and acetone in sequence. The
products dried in air at room temperature. The
final products were collected for characterizations.

The products were characterized by X-ray
diffraction (XRD), electron microscopy (TEM),
Powder XRD measurements were performed on a
Ka X-ray as the excitation source (Shimadzu XD-
3A X-ray diffractometer at a scanning rate of 4�/
min in the 2y range from 15� to 55�, with graphite
monochromatized Cu Ka radiation (l=0.15418
nm) and nickel filter). TEM images were obtained
by employing JEOL JEM-200CX transmission
electron microscope, using an accelerating voltage
of 200 kV. The surface of the products detected by
X-ray photoelectron spectra was recorded on
ESCALAB MK II X-ray photoelectron spectro-
meter, using non-monochromatized Mg XPS).
Photoluminescence (PL) spectrum was carried out
on an RF-540 spectrophometer (Japan, Shimadzu).

3. Results and discussion

To study the nature and morphology of the
products, the characterization techniques including
powder XRD, TEM, PL and XPS were employed.

3.1. XRD studies

The powder XRD pattern of the product PbSe
and CdSe are shown in Figs. 1a and b. The
diffraction peaks of PbSe correspond to the (1 1 1),
(2 0 0), (2 2 0), (3 1 1), and (2 2 2), and the diffraction
peaks of CdSe correspond to the (1 1 1), (2 2 0),
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(3 1 1). All the intensities and positions of the
diffraction peaks of PbSe and CdSe are in good
agreement with the literature values [29,30], which
indexed to be pure clausthalite and sphalerite phase.
The average particle sizes of PbSe and CdSe are
calculated to be ca. 40 and ca. 3 nm, respectively
according to the Debye–Scherrer equation [31].

3.2. TEM measurements

TEM images of PbSe and CdSe are presented in
Figs. 2a and b. Fig. 2a shows that the PbSe is
consisted of monodispersed rectangular nanopar-

ticles. The average length and width of the
particles are calculated from the TEM images to
be 40 and 30 nm, respectively. This result agrees
with XRD results. In Fig. 2b, irregular rectangular
particles of CdSe with length and width about 70
and 60 nm are observed. Further detail observa-
tion, it can be found that these irregular rectan-
gular particles are composed of some small
particles. The small particles aggregate to rectan-
gular shape.

3.3. XPS analyses

The products were also characterized by XPS.
Fig. 3 shows the XPS spectra of the as-prepared
product of PbSe. On the wide-scan XPS picture
(Fig. 3a), the Cls peak lies at 289.5 eV, which
should be corrected to standard value 284.6 eV.
The binding energies obtained in the XPS analysis
are corrected according to the standard value of
Cls. No peaks of other elements except C, O, Pb,
and Se are observed on the picture, indicating the
high purity of the product. The high-resolution
XPS spectra of the as-prepared rectangular PbSe
are shown in Figs. 3b and c. The two strong peaks
(Fig. 3b) taken for the Pb region at 141.3 and
136.2 eV are corresponded to the Pb (4f) transi-
tions, and the peak (Fig. 3c) at 52.9 eV is
attributed to the Se (3d) binding energy. The
atomic ratio of Pb to Se is approximately 56:44
according to the quantification of the peak areas

Fig. 1. Powder XRD pattern of the as-prepared PbSe and CdSe

rectangular nanoparticles.

Fig. 2. TEM image of the as-prepared PbSe and CdSe nanoparticles.
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of Pb(4f) and Se(3d), which shows that the surface
of the product is rich in lead. The XPS measure-
ment was also performed. The ratio of the Pb to Se
is approximately 58:42, which shows this sample is
rich in lead.

3.4. PL spectrum

There is a blue shift in the PL spectrum of as-
prepared CdSe nanoparticles shown in Fig. 4. A
strong emission peak is observed at 680 nm, in
comparison with that of bulk CdSe at 730 nm [32].
The excitation wavelength was 450 nm. This effect
may be related to the quantum effects.

In this experiment, several factors were found to
affect the quality of the product. Light intensity
can affect the particle size and morphology. The

Fig. 3. XPS analysis of the sample as-prepared PbSe rectangular nanoparticles.

Fig. 4. Photoluminescence spectra of CdSe nanoparticles.
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experiment results are listed in Table 1. These
results are obtained by comparing present experi-
mental route and previous experimental route
[33,34]. When the 300W high-pressure indium
lamp was used as light source, close to spherical
PbSe nanoparticles were observed, and the size of
the particles is about 25 nm. When 500W high-
pressure mercury lamp was used, about
40� 30 nm2 rectangular shape of the particles
was obtained. At the same time, the reaction time
becomes short with the light intense increasing.
Moreover, the pH of the reaction is also one of the
important factors. 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 obtained, because free Se is
released. In the experiments, we find that complex-
ating agent NTA is very important in the
preparation of PbSe and CdSe nanoparticles, they
can reduce the rate of reaction and cause the
particle size to be small. Without complexating
agents, the reactions conducted were unsuccessful.
The reaction mechanism of photochemical synth-
esis of PbSe and CdSe may be as follows:

PbðNTAÞ4�2 -Pb2þ þ 2NTA3�; ð1Þ

H2O!
hn
Hd þOHd; ð2Þ

2Hd þ SeSO2�
3 !

hn
Se2� þ 2Hþ þ SO2�

3 ; ð3Þ

Pb2�ðCd2þÞ þ Se2�-PbSeðCdSeÞ; ð4Þ

nPbSe-ðPbSeÞn: ð5Þ

The formation of PbSe (CdSe) nanoparticles
may include the above-given five steps. Initially,
the complexing actions between Pb2+ and NTA
lead to the formation of Pb-NTA; in the presence
of photoirradiation, H2O is reduced to Hd;
further, the SeSO3

2� is reduced to Se2�; Se2� ions

can combine with Pb2+ ions which 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. Reaction (2) may be a slow
reaction and reaction (3) may be a fast reaction.
This mechanism might be similar to the prepara-
tion of PdSe by sonochemical method [27].

4. Conclusion

In summary, PbSe and CdSe rectangular shape
nanoparticles have been prepared by the photo-
chemical method. It is a simple and efficient
method for producing nanoparticles. Further
studies may extend this method for the prepara-
tion of other nanocrystalline selenide semiconduc-
tors.

Acknowledgements

This work is supported by the National Natural
Science Foundation of China and JiangSu New
Technique Program of China (BG 2001093).

References

[1] C.C. Chen, A.B. Herhold, C.S. Johnson, A.P. Alivisatos,

Science 276 (1997) 398.

[2] M.G. Bawendi, M.L. Steigerwald, L.E. Brus, Annu. Rev.

Phys. Chem. 41 (1990) 477.

[3] L. Motte, F. Billoudet, E. Laxaze, J. Douin, M.P.J. Pleni,

Phys. Chem. B 101 (1997) 138.

[4] J. Yang, F.C. Meldrum, J.H.J. Fendler, Phys. Chem. 99

(1995) 5500.

[5] N. Herron, Y. Wang, H. Echert, J. Am. Chem. Soc. 112

(1990) 1322.

[6] F. Mongellaz, A. Fillot, R. Griot, L.J. De. Lallee, Proc.

SPIE-Int. Soc. Opt. Eng. 156 (1994) 2227.

Table 1

Results of characterizations on different light source

Lamp Power (W) Size of PbSe(nm) morphology of PbSe Time (h)

High-pressure indium lamp 300 25 Irregular spherical 2

High-pressure mercury lamp 500 40� 30 Rectangular 1.5

W.-B. Zhao et al. / Journal of Crystal Growth 252 (2003) 587–592 591



[7] W.Z. Wang, Y. Geng, P. Yan, F.Y. Liu, Y. Xie, Y.T.

Qian, J. Am. Chem. Soc. 121 (1999) 4062.

[8] S.T. Lakshmikvmar, A.C. Rastogi, Sol. Energy Mater.

Sol. Cell 32 (1994) 7.

[9] M.A. Korzhuev, Fiz. Khim. Obrab. Mater. 3 (1991) 131.

[10] R. Coustal, J. Chem. Phys. 38 (1958) 277.

[11] H.C. Yi, J.J. Moore, J. Mater. Sci. 25 (1990) 1159.

[12] I.P. Parkin, Chem. Soc. Rev. 25 (1996) 199.

[13] D.S. Xu, X.S. Shi, G.L. Guo, L. Gui, Y.Q. Tang, J. Phys.

Chem. 104 (2000) 5061.

[14] Y. Mastai, R. Polsky, Y. Kolypin, A. Gedanken, G.

Hodes, J. Am. Chem. Soc. 121 (1999) 10047.

[15] J.J. Zhu, Y. Koltypin, A. Gedanken, Chem. Mater. 12

(2000) 73.

[16] O. Yamamoto, T. Sasamoto, M. Inagaki. Mater. Res. 13

(1998) 3394.

[17] R.N. Mulik, C.B. Rotti, B.M. More, D.S. Sutrave, G.S.

Shahane, K.M. Garadkar, L.P. Deshmukh, R.R. Hankare,

Indian J. Pure Appl. Phys. 34 (1996) 903.

[18] L.E. Brus, J. Chem. Phys. 80 (1984) 4403.

[19] A.P. Alivisatos, T.D. Harris, P.J. Carroll, M.L. Stieger-

wald, L.E. Brus, J. Chem. Phys. 90 (1989) 3463.

[20] S. Gorer, A. Albu-Yaron, G. Hodes, Chem. Mater. 7

(1995) 1243.

[21] S. Gorer, A. Albu-Yaron, G. Hodes, J. Phys. Chem. 99

(1995) 16442.

[22] H. Zogg, C. Maissen, J. Masek, T. Hoshion, S. Blunier,

A.N. Tiwari, Semicond. Sci. Technol. 6 (1991) C36.

[23] D.V. Das, K.S. Bhat, J. Mater. Sci. 1 (1990) 169.

[24] H. Saloniemi, T. Kanniainen, M. Ritala, M. Leskela, R.

Lappalainen, J. Mater. Chem. 8 (1998) 651.

[25] A.N. Molin, A.I. Dikusar, Thin Solid Film 265 (1995) 3.

[26] J.J. Zhu, S.T. Aruna, Yu. Koltypin, A. Gedanken, Chem.

Mater. 12 (2000) 143.

[27] J.J. Zhu, H. Wang, S. Xu, H.Y. Chen, Langmuir 18 (2002)

3306.

[28] T. Kanniainen, S. Lindroos, J. Ihanus, M. Leskela, Mater.

Chem. 6 (1996) 983.

[29] JCPDS Card File, No 6-354.

[30] JCPDS. No. 19-191.

[31] H. Klug, L. Alexander (Eds.), X-Ray Diffraction Proce-

dures, Wiley, New York, 1962, p. 125.

[32] W.Z. Wang, Y. Geng, P. Yan, F.Y. Liu, Y. Xie, Y.T.

Qian, J. Am. Chem. Soc. 121 (1999) 4062.

[33] J.J. Zhu, X.H. Liao, X.N. Zhao, J. Wang, Mater. Lett. 47

(2001) 339.

[34] J.J. Zhu, X.H. Liao, J. Wang, H.Y. Chen, Mater. Res.

Bull. 36 (2001) 1169.

W.-B. Zhao et al. / Journal of Crystal Growth 252 (2003) 587–592592


	Photochemical preparation of rectangular PbSe and CdSe nanoparticles
	Introduction
	Experimental section
	Results and discussion
	XRD studies
	TEM measurements
	XPS analyses
	PL spectrum

	Conclusion
	Acknowledgements
	References


