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Abstract

CdSe nanoparticles were prepared by a simple reaction between CdCl and Na SeSO in the presence of a complexant2 2 3
Ž . Ž .using photoirradiation. The nanoparticles were characterized by X-ray diffraction XRD , electron microscopy TEM ,

Ž .diffuse reflection and photoluminescence PL spectrum. The sizes of the as-prepared sample were calculated by the
Debye–Scherrer formula according to the XRD spectrum to be about 7 nm. Similar results can also been obtained from the
TEM images. q 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Nanoparticles have been investigated intensively
in recent years because of their size-dependent prop-
erties and the possibility of arranging them in micro
Ž . w xand nano assemblies 1–5 . Intriguing prospects for
the development of novel electronic devices,
electro-optical applications, and catalysis have also

w xbeen suggested 6–8 .
Selenides have been widely used as thermoelec-

tric cooling materials—optical filter, optical record-
ing materials, solar cells, superionic materials, and

w xsensor and laser materials 9–17 . Recently, low-di-
w xmensional selenides, such as nanorods 18 and quan-
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w xtum dots 19,20 have been attracting attention due to
their brilliant prospects.

A variety of methods can be used for the forma-
w xtion of selenides, such as solid-state reaction 21 ,

w xsolid-state metathesis 22 , self-propagating high-
w xtemperature synthesis 23 , and the electrochemical

w x w xmethod 24–26 . Organometallic precursors 27–29
have also been used to obtain selenides. Some reac-
tions require high temperature for initiating the reac-

w xtion, using toxic H Se as source 10 or mechanical2

alloying of Se and metals with a high-energy ball
w xmill 30 .

Obtaining materials under mild conditions has
been a goal of many scientists. Traditional methods
usually need high temperature, andror high pressure,
andror inert atmosphere protection, andror toxic
organometallic precursors and it is difficult to grow
nanocrystalline materials under such conditions.
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However, nanoscale materials are becoming impor-
tant for studying the variation of a material’s prop-
erty with size.

In this paper, we report a photochemical method
in synthesizing CdSe nanoparticles at room tempera-
ture by a very simple reaction between CdCl and2

Na SeSO in the presence of complexant nitriletri-2 3
Ž .acetic acid NTA . The nanoparticles were character-

Ž .ized by X-ray diffraction XRD , electron mi-
Ž .croscopy TEM diffuse reflection spectrum, and

Ž .photoluminescence PL spectrum. The sizes of the
as-prepared sample, which were calculated by the
Debye–Scherrer formula according to the XRD spec-
trum and as seen in the TEM images, is about 7 nm.
The advantages of this process are that it is a simple
and efficient method for producing nanoparticles.

2. Experimental

2.1. Materials

The starting materials for the preparation of CdSe
nanoparticles were CdCl P2.5H O and NTA, which2 2

were purchased from Shanghai Second Chemical
Ž .Reagent Factory China and Aldrich. Doubly dis-

tilled water was used. Acetone was purchased from
Ž .Nanjing Chemical Reagent Factory China .

2.2. Instruments

Powder XRD patterns were recorded on a Shi-
Žmadzu X-ray diffractometer XD-3A Cu Ka radia-

.tion, ls0.15418 nm . TEM was performed using a
Ž .JEOL-JEM 200CX instrument TEM . The samples

used for TEM observations were prepared by dis-
persing some products in ethanol followed by ultra-
sonic vibration for 30 min, then placing a drop of the
dispersion onto a copper grid coated with a layer of
amorphous carbon. Reflection spectroscopy was
recorded on a Shimadzu UV-Visible 240 spectro-
photometer. Photoluminescence spectrum was car-

Žried out on an RF-540 spectrophotometer Japan,
.Shimadzu .

2.3. Preparation of CdSe nanoparticles

A stock solution of 0.2 molrl selenosulfite
Ž .Na SeSO was prepared by stirring the aqueous2 3

solution containing 0.5 molrl Na SO and 0.2 molrl2 3

elemental Se at approximately 708C for 24 h. The pH
Ž .of 0.5 molrl nitriletriacetic acid NTA stock solu-

Fig. 1. X-ray diffraction pattern of as-prepared CdSe nanoparticles.
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Fig. 2. Transmission electron microscopy of the as-prepared CdSe
nanoparticles.

tion was adjusted with KOH to 9. In addition, 0.5
molrl CdCl stock solution was used in the experi-2

ment. All stock solutions were filtered.
In a typical preparation procedure, a 300-W, col-

Žumn-like, high-pressure indium lamp ls420–450
.nm was used as an irradiation source. An aqueous

solution of CdCl complexed with NTA was mixed2

with an aqueous solution of Na SeSO to give a2 3

final concentration of 90 mM CdCl and Na SeSO2 2 3

and 180 mM NTA with a pH of 11. The volume of
the solution is 50 ml. The mixture solution, which
was placed in a glass beaker about 10 cm away from
an indium lamp, was irradiated for 60 h under the
present irradiation at room temperature. The precipi-
tate was centrifuged and washed with distilled water
and acetone, and dried in air. The final product was
collected for characterization.

3. Results and discussion

3.1. XRD study

The as-prepared CdSe were characterized by X-ray
powder diffraction, which showed a perfect match
with the diffraction pattern published in the literature
w x25 . The average crystalline size, which was deter-
mined from the half-width of the diffraction using
the Debye–Scherrer equation, is approximately 7 nm
in diameter. CdSe was obtained in the cubic
Ž .sphalerite phase. The XRD patterns are shown in
Fig. 1.

Fig. 3. Diffuse reflection spectroscopy of as-prepared CdSe nanoparticles.
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3.2. TEM measurements

The morphology of the prepared nanoparticles
was studied by TEM. Fig. 2 shows a typical image
for CdSe nanoparticles. It is apparent the CdSe
grains are spherical and monodisperse. The average
grain sizes from the TEM images are 5–8 nm. This
result is in good agreement with the XRD result.

3.3. Optical properties

3.3.1. Reflectance spectrum
The importance of crystal size in the quantum dot

Ž .size regime for CdSe smaller than 12 nm is ex-
pressed in the variation of the semiconductor energy
level structure, and these properties, optical transmis-

Ž .sion absorption spectra are often the most com-
monly and simply measured. Since our product was
a powder, we employ diffuse reflection spectroscopy
as a characterization tool. We have carried out the
optical reflection spectra measurement of CdSe pow-
der in order to resolve the excitonic or interband
Ž .valence-conduction band transitions of CdSe, which
allows us to estimate the bandgap. Fig. 3 depicts the
optical reflection spectrum of the CdSe powder. The
optical absorption edge of CdSe is approximately
680 nm. The absorption edges of CdSe blue shifted
from the absorption edge of bulk CdSe. From the
spectrum, we estimated the bandgap of CdSe to be

Ž .approximately 1.82 eV bulk CdSe 730 nm, 1.70 eV
w x25 . This clearly indicates the presence of quantum
size effects in the prepared CdSe nanoparticles

3.3.2. PL spectrum
There is a blue shift in the PL spectrum of

Ž .as-prepared CdSe nanoparticles Fig. 4 : a strong
emission peak is observed at 680 nm, in comparison

w xwith that of bulk CdSe at 730 nm 13 . The excita-
tion wavelength was 450 nm. This effect may be
related to the quantum effects.

The proposed mechanism of photochemical syn-
thesis of CdSe nanoparticles may be as follows:

SeSO2yqe™SeyqSO2y
3 3

Seyqe™Se2y

Cd2qqSe2y™CdSe

SeSO2yqCd2qq2e™CdSeqSO2y
3 3

Fig. 4. The photoluminescence spectrum of an ethanol solution
containing CdSe nanoparticles. The excitation wavelength is 450
nm.

The formation of CdSe nanoparticles may include
the above-given three steps through photoirradiation:
first, SeSO2y is reduced to Sey, then Sey is further3

reduced to Se2y; finally, Se2y reacts with Cd2q to
form CdSe nanoparticles. The first reaction may be a
slow reaction; the second reaction may be a fast
reaction. In experiments, we noted that there was no
appearance of powder in the first 50 h, but 10 h later
the precipitate increases as time increases. This
mechanism may be similar in the preparation of

w xCdSe by electrochemical methods 31 . In addition,
NTA, being a good complexant, promotes the pro-
duction of nano-sized CdSe.

4. Conclusion

ŽMonodispersed CdSe nanoparticles approxi-
.mately 7 nm has been successfully prepared by

photoirradiation. The band gap was also calculated to
be approximately 182 eV by diffuse reflection, which
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pointed the quantum effect. A strong peak was ob-
tained in the photoluminescence spectrum, which
showed CdSe nanoparticles having a higher quality.
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