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Sonochemical preparation of HgSe nanoparticles

by using different reductants
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Abstract

A convenient sonochemical process for the preparation of HgSe nanoparticles by using different reductants has been

discovered. The HgSe nanoparticles, which were prepared in polyethylene glycol 400 (PEG 400), dextrose and hydroxylamine

reductive systems, were analyzed by X-ray powder diffraction (XRD), transmission electron microscopy (TEM) and X-ray

photoelectron spectroscopy (XPS). It was found that all the products were cubic phase HgSe by XRD measurements. The TEM

observations showed that the HgSe nanoparticles were monodispersed and electron diffraction images of selected areas show

that the products were polycrystalline. The sizes of most of all the HgSe nanoparticles were mainly among 30–40 nm, which

were in coincidence with the very sizes that were estimated by Debye–Scherrer equation from the XRD patterns. XPS result

showed that the ratio of Hg to Se was 57:43, indicating that the final products were rich in mercury.
D 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction by means of chemical bath deposition [5]. While
In recent years, there has been an increasing interest

in semiconductors with nanosized dimensions in light

of their quantum size effect [1–3], especially in the

field of plumbum chalcogenide, cadmium chalcoge-

nide, and zinc chalcogenide. Nevertheless, maybe due

to the toxicity of mercuride, only a small number of

reports relating to the synthesis of mercury chalcoge-

nides nanoparticles are discovered. In those reports,

some researchers prepared Hg (S, Se, Te) nanoparticles

at room temperature [4] while others prepared mercury

(II) selenide thin layers on transparent polyester sheets
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concerned with how to synthesize chemical materials

fast and conveniently, they found it really a challenge.

The key to this problem is the sonochemical method. It

is a quick synthetic method for many chemical reac-

tions. The ultrasonic radiation on chemical reactions

creates a very instantaneously high temperature and

pressure, which develop in and around the collapsing

bubble. These conditions formed in the hotspots have

been experimentally determined, with transient temper-

atures off 5000 K, pressures of 1800 atm, and cooling

rates in excess of 1010 K/s [6–9]. As a result, sonication

provides an ideal atmosphere for the preparation of

nanomaterials.

During the past decades, hydroxy compounds

especially the dextrose, hydroxylamine and polyol

solvents had been widely employed as reductants in
ts reserved.
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the preparation of materials [10–14]. Nowadays,

more and more polyol solvents are introduced into

sonochemistry and the method is known as the polyol

process [5,16]. In this report, three different reductive

systems have been employed to prepare HgSe nano-

particles. Up to now, there has not been any literature

reporting the synthesis of selenides by employing

dextrose and hydroxylamine as a reductant and poly-

ethylene glycol 400 (PEG 400) as a reductive solvent

in combination with sonication.

In this paper, a simple and quick sonochemical

method was employed to prepare HgSe nanoparitcles,

by using acetic mercury and selenium as the source of

mercury and chalcogenide, commercial polyethylene

glycol 400 (PEG 400), dextrose and hydroxylamine as

the reductant, respectively. At last, the as-prepared

HgSe nanoparticles were characterized by such tech-

niques as XRD, TEM and XPS.
Fig. 1. The XRD patterns of the HgSe prepared in different reductant

systems (a) PEG 400, (b) dextrose, and (c) hydroxylamine.
2. Experimental

2.1. Materials and instrumentation

All the reagents used in the experiments were of

analytical purity. Hg(Ac)2, dextrose and Se powder

were purchased from Shanghai Second Chemical

Regent Factory (China). The polyethylene glycol

400 (PEG 400) was purchased from Huakang Sci-

Tech (China) and the hydroxylamine was purchased

from Shangdong chemical research institute (China).

The X-ray diffraction (XRD) patterns were re-

corded on a Shimadzu X-ray diffractometer XD-

3A(Cu Ka radiation, k = 0.15418 nm). The trans-

mission electron microscopy (TEM) images were

obtained by employing a JEOL-JEM 200CX instru-

ment, working at 200 kV accelerating voltage. The

X-ray photoelectron spectra (XPS) measurements

were performed on ESCALAB MKII instrument,

using non-monochromatized Mg K. X-ray as the

excitation source.

2.2. Synthesis

The synthesis process of HgSe nanoparticles is as

below. A mixture of 0.8 g (f 0.0025 mol) mercury

acetate and 0.2 g (f 0.0025 mol) selenium powder

were put into a 150-ml round bottom flask. In the
reductive system of polyethylene glycol 400 (PEG

400), 80 ml PEG 400 was introduced into the flask. In

the other two reductive systems, after adding 2 g

(f 0.01 mol) C6H6O6�H2O or 0.5 g (f 0.015 mol)

NH2OH into the two flasks separately, we adjusted the

alkali concentration of the two solutions tof 2.0 mol/

l. All of the solutions were irradiated one by one with

a high-intensity ultrasonic probe immersed directly in

the solution (Xinzhi JY92-2D, Ti-horn, 20 kHz,

diameter of ultrasonic probe: 0.6 cm). The time of

irradiation in every reaction lasted 60 min under

ambient air. At the end of the irradiation, black

precipitate was obtained. The precipitate was centri-

fuged, washed with distilled water and acetone and

dried under vacuum for 4 h. The final products were

collected for further characterizations.
3. Results and discussions

3.1. Results of characterizations

XRD measurements were employed to determine

the crystalline phase of the as-prepared black pow-

ders. The XRD patterns of the product are shown in

Fig. 1. All the diffraction peaks located at (111),

(200), (220), (311), (222), (400) and (331) can be

indexed to be a pure cubic phase, which is in
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coincidence with the literature values (JCPDS card

No. 8-469). No peaks of any other phases are

detected, indicating the high purity of the product.

Based on Debye–Scherrer equation, the average

crystalline size is estimated to be ca. 35, 30 and 40

nm in PEG 400, dextrose and hydroxylamine system,

respectively.

The TEM images for the as-prepared HgSe

nanoparticles are shown in Fig. 2(a–d). It is

obvious that the morphologies of the HgSe nano-

particles prepared in three reductive systems are

different. In PEG 400 system, monodispersed HgSe

nanoparticles could be obtained. Although there are

some irregular nanoparticles, most of the nanopar-

ticles are close to sphericity. The similar shape of

nanoparticles can be found in hydroxylamine sys-

tem. Although many aggregations are found in the

TEM, we still can clearly observe lots of single

particles in the aggregations. However, in the dex-

trose system, the shape of the HgSe nanoparticles is

irregular, although we can also observe some single

particles in this image. The average sizes are in the

range of 30–40 nm, which are in coincidence with

those estimated by Debye–Scherrer equation from

the XRD patterns. Fig. 2(d) is the electron diffrac-

tion (ED) picture of a selected area of the as-

prepared HgSe nanoparticles in PEG 400 reductive

system. The ED measurements show that the prod-

uct is polycrystalline. The same result is also found

in the other two reductive systems.

XPS measurements provide further information for

the evaluation of the composition and purity of HgSe

nanopariticles in PEG 400. The high-resolution XPS

spectra taken for Hg (4f) and Se (3d) regions are

shown in Fig. 3(a and b), respectively. The C1s (Fig.

3(c)) peak lies at 284.75 eV, which should be cor-

rected to 284.6 eV. All the other peaks are corrected

accordingly. The two strong peaks at 100.20 eV and

54.10 eV correspond to Hg (4f) and Se (3d), respec-

tively. Peak areas of Hg (4f) and Se (3d) are measured

and quantification of the peaks shows that the atomic

ratio of the Hg:Se is approximately 57:43, indicating

that some mercury was left alone in the final prod-
Fig. 2. The TEM images of the HgSe nanoparticles prepared in

different reductant systems: (a) in PEG 400, (b) in dextrose, (c) in

hydroxylamine, and (d) ED picture of HgSe (in PEG 400 reductant

system).



Fig. 3. The high-resolution XPS spectra of the Hg and Se region of

HgSe and C1s (a) Hg (4f), (b) Se (3d), and (c) C (1s).
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ucts. Similar results were obtained in both dextrose

and hydroxylamine system.

3.2. Discussion

In the preparation of HgSe, different ultrasonic

power was applied in PEG 400, dextrose and

hydroxylamine reductive systems. In dextrose and

hydroxylam reductive systems, only when the

power was above 60 W/cm2, pure HgSe products

could be obtained. It was found that when PEG
400 was selected as a reducing agent, the reaction

proceeded smoothly at the power of 40 W/cm2. It

might be noted that the final temperature and

pressure reached after the collapse of the bubble

is proportional to the ultrasonic power. If the ultra-

sonic power was increased, the extent of the

collapse of the bubble would be greatly increased,

leading to a higher temperature and pressure

accordingly, which would enhance the effect of

ultrasonic chemical reaction as a whole [17]. Due

to the viscosity of PEG 400, forming a cavity will

require a much higher threshold than water. Thus,

the implosive collapse of bubbles in PEG 400

solvent would result in higher temperature and

pressure than in aqueous solvent. That might be

one of the reasons why ultrasonic power is lower in

PEG 400 system than in dextrose and hydroxyl-

amine systems. Taking this into account, PEG 400

is an excellent solvent for sonochemical reaction.

To study the ultrasonic effect upon the reaction,

several experiments were carried out in the PEG 400

system. When the reaction was conducted in heater

with constant stir in the absence of sonication, pure

HgSe nanoparticles could not be obtained. Another

experiment was also performed in the presence of

ultrasound wave in ice-bath, in which no expected

HgSe nanoparticles were yielded. Thus, we could

deduce that the temperature plays an important role

to promote the reaction.

Another interesting phenomenon that was found in

the preparation of HgSe was that metal mercury

appeared during the process of the reaction in all the

three reductive systems. But at the end of the reaction,

almost no metal mercury was detected in the final

products. We proposed the reaction took place through

two steps. The first step is the formation of metal

mercury and the second step is the combination of

metal mercury with selenium powder. During the

reaction, ultrasound promotes the formation of HgSe

nanoparticles.
4. Conclusions

In summary, HgSe nanoparticles were successfully

produced by sonochemical method using PEG 400,

dextrose and hydroxylamine as reluctants, which is

proved to be an efficient and quick way. Also, the
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sonochemical method may be explored to synthesize

other selenide semiconductor materials.
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