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Abstract

PbSe nanoparticles have been prepared by a simple reaction between Pb(Ac)2 and Na2SeSO3 in the
presence of complexating agent using photoirradiation. The nanoparticles were characterized by X-ray
diffraction (XRD), energy-dispersive X-ray analysis (EDAX), transmission electron microscopy
(TEM) and X-ray photoelectron spectra (XPS). The sizes of the sample as prepared were calculated
by Debye-Scherrer formula according to XRD spectrum to be about 25 nm. Similar results can also
been obtained in the TEM images. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Recently, nanoparticles have been investigated intensively because of their size-dependent
properties and the possibility of arranging them in micro (and nano) assemblies [1–5].
Intriguing prospects for the development of novel electronic devices, electrooptical appli-
cations, and catalysis have also been suggested [6–8].

Selenides have been widely used as thermoelectric cooling materials, optical filter, optical
recording materials, solar cell materials, superionic materials, and sensor and laser materials
[9–12]. A variety of methods can be used for the formation of selenides, such as chemical
bath deposition [13], thermal decomposition of metal alkoxide [14], self-propagating high-
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temperature synthesis [15], sonochemical method [16], electrochemical method [17] and
sonoelectrochemical method [18–19]. Organometallic precursors [20–22] have also been
used to obtain selenides. Some reactions require high temperature for initiating the reaction,
using toxic H2Se as source or mechanical alloying of Se and metals with a high-energy ball
mill [23].

Obtaining materials under mild conditions have been a goal of many scientists. Traditional
methods usually need high temperature, and/or high pressure, and/or inert atmosphere
protection, and/or toxic organometallic precursors and it is difficult to grow nanocrystalline
materials under such conditions. However, nanoscale materials are becoming important for
studying the variation of a material’s property with size.

PbSe is one kind of the most attractive selenides for a wide variety of applications, e.g.,
IR detectors and Pb21 ion–selective sensors. Lead selenide has been synthesized by various
methods, including chemical bath deposition [7], vacuum deposition [24], electrodeposition
[25–26], sonochemistry [27] and sonoelectrochemistry [19], and microwave heating [28].
Unlike chemical gas phase methods, photochemical deposition does not involve the use of
toxic gaseous precursors.

In this paper we report a photochemical method to synthesize PbSe nanoparticles at room
temperature by a very simple reaction between Pb(Ac)2 and Na2SeSO3 in the presence of
complexating agents nitriletriacetic acid (NTA). The nanoparticles were characterized by
X-ray diffraction (XRD), energy-dispersive X-ray analysis (EDAX), transmission electron
microscopy (TEM). The sizes of the sample as prepared were estimated by Debye-Scherrer
formula according to XRD spectrum. 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 PbSe nanoparticles were Pb(Ac)2.3H2O,
Na2SO3, Se and NTA, which were purchased from Shanghai Second Chemical Reagent
Factory (China) and Aldrich company. Twice distilled water was used. Acetone was pur-
chased from Nanjing Chemical Reagent Factory (China).

2.2. Instruments

Powder X-ray diffraction (XRD) patterns were recorded on a Shimadzu X-ray diffrac-
tometer XD-3A(Cu Ka radiation, l 5 0.15418 nm). Energy-dispersive X-ray analysis
(EDAX) was recorded on PV9100 instrument. Transmission electron microscopy (TEM)
was performed using a JEOL-JEM 200CX instrument. X-ray photoelectron spectra (XPS)
were recorded on ESCALAB MKII instrument. The samples used for TEM observations
were prepared by dispersing some products in ethanol followed by ultrasonic vibration for
30 min, then placing a drop of the dispersion onto a copper grid coated with a layer of
amorphous carbon.
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2.3. Preparation of PbSe nanoparticles

0.2 mol/L selenosulfite (Na2SeSO3) stock solution was prepared by stirring the aqueous
solution containing 0.5 mol/L Na2SO3 and 0.2 mol/L elemental Se at ca. 700C for 24h. The
pH of 0.5 mol/L nitriletriacetic acid (NTA) stock solution was adjusted with KOH to 10. In
addition, 0.5 mol/L Pb(Ac)2 stock solution was used in the experiments. All stock solutions
were filtrated. The exact composition of the mixed solution is not critical, but it is important
that the solution pH should be greater than 7 before the addition of Na2SeSO3 to prevent the
formation of free Se.

In a typical preparation procedure, a 300W, column-like, high-pressure indium lamp
(l 5 420 – 450 nm) was used as an irradiation source. An aqueous solution of Pb(Ac)2,

complexed with potassium nitriloacetate, was mixed with an aqueous solution of
Na2SeSO3 to give a final concentration of 60 mM Pb(Ac)2 and Na2SeSO3 and 100mM
NTA with a pH 10. The volume of the solution is 50 ml. The mixture solution in a glass
beaker about 10 cm away from the indium lamp was irradiated for 2 h under the present
irradiation at room temperature. The precipitate 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 and EDAX study

The as-prepared PbSe nanoparticles were characterized by X-ray powder diffraction,
which showed a perfect match with the diffraction pattern published in the literature [19].
The average crystalline size was determined from the half-width of the diffraction us-
ing Debye-Scherrer equation. The XRD patterns are shown in Fig. 1. The XRD peaks
correspond to ca. 25 nm particle sizes in diameter. PbSe was obtained in the cubic
(sphalerite) phase.

The EDAX pattern for the PbSe shows the presence of Pb and Se peaks. The average
atomic ratio of Pb:Se was 55:45, which shows that the sample of PbSe is slightly rich in lead.
This result is similar to the result reported in ref. 19.

3.2. TEM measurements

The morphology of the prepared nanoparticles was studied by transmission electron
microscopy. Fig. 2 shows a typical image for PbSe nanoparticles. The shape of these
nanoparticles is irregular, close to spherical, although aggregation is found in the image, we
still can clearly observe single particle in the image. The grain sizes from the TEM images
are 10–30 nm. This result is in good agreement with XRD result.
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3.3. XPS measurements

PbSe nanoparticles using the described methods were also characterized by XPS to study
their composition. XPS analysis was performed using Mg Ka as the exiting source. The
binding energies obtained in the XPS analysis were standardized for specimen charging
using C1s as the reference at 284.5 eV. The peaks at 137.0 and 142.0 eV corresponded to
Pb4f of PbSe (Fig 3a). The peak at 52.9 eV corresponded to Se of PbSe (Fig 3b). The results
are similar to those reported in reference 29. The peak areas of the Pb and Se cores are
measured and yield a ratio of Pb to Se as 56:44, which is in good agreement with EDAX
result.

The proposed mechanism of photochemical synthesis of PbSe nanoparticles may be as
follows:

SeSO3
22 1 e3 Se2 1 SO3

22

Se2 1 e3 Se22

Pb21 1 Se223 PbSe

SeSO3
22 1 Pb21 1 2e3 PbSe1 SO3

22

The formation of PbSe nanoparticles may include above three steps through photoirradiation:
first SeSO32- is reduced to Se -, then Se2 further is reduced to Se 2-, finally, Se 2- reacts
with Pb21 to form PbSe nanoparticles. The first reaction may be slow reaction; the second
reaction may be fast reaction. This may be similar to the mechanism of electrochemical
methods to prepare selenides [30]. In experiments we noted that there was no powder

Fig. 1. X-ray diffraction pattern of as-prepared PbSe nanoparticles.
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appearing in the first 1h, but after 1h the precipitate increases with increasing time. In this
experiment several factors affect the particle size and quality of the product. Light intensity
can affect the particle size. If the solution in a glass beaker about 5cm away from the indium
lamp was irradiated, we could find that PbSe nanoparticles were formed about one hour,
which shows the shorting of time. The size of the particle observed from XRD and TEM is
to be about 50nm, which is slightly larger than that reported in this paper. The pH of the
reactions is one of the most important factors: a pH range of 10–11 is optimal, and products
with impurity were obtained at pH lower than 8 as shown in Fig 4. The reason may be that
the free Se is released at lower pH. Complexating agents also play an important role: they
can retard the rate of reaction and cause the particle size to be small. The reactions conducted
without complexating agents were unsuccessful.

4. Conclusions

PbSe nanoparticles have been prepared by the photochemical method. The advantages of
this process are that it is a simple and efficient for producing nanoparticles. We can foresee
the upscaling of the process to form large quantities of nanosized PbSe. These nanoparticles
could find use in photoresistors, photodetectors, and photoemitter.

Fig. 2. Transmission electron microscope of the as-prepared PbSe nanoparticles.
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