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a b s t r a c t

A facile direct synthesis has been done to prepare HgO nanocrystallites of different shapes. The effect of
different parameters such as the presence of alkali salts or stabilizers, power of the ultrasound, time of
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sonicating, and the starting materials on the size, morphology and crystallinity degree of the products
were studied. Scanning electron microscopy observations revealed that using of polyvinyl alcohol (PVA)
or alkali salts led to different shapes of product.

© 2009 Elsevier B.V. All rights reserved.
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. Introduction

In recent years, the preparation of metal oxide nanostructures
as been intensively pursued because of their useful applications

n catalysis, energy storage, magnetic data storage, sensors, and
errofluids [1–4]. Transition metal chalcogenides, as important
emiconductor materials, have attracted many attentions because
f their special physical and chemical properties, and broad appli-
ation in many fields [5–10]. Recently, nano-scale chalcogenides
re assuming great importance both in theory and in practice
wning to their novel properties as a consequence of the large
umber of surface atoms and the three-dimensional confinement
f the electrons [11–14]. These unique properties lead to appear-
nce of many practical properties and new application areas,
uch as quantum size effect, luminescence properties, non-linear
ptical properties and their use in solar cells, photo-detectors,

ight-emitting diodes, and laser communication [15]. Among the
emiconductor compounds, HgO was suggested to be the most
nusual one in terms of its structural properties at ambient pres-
ure, which are largely determined by the strong tendency for
inear coordination of Hg to form the O–Hg–O chain geometry
16]. The structure of HgO is built up of planar O–Hg–O zigzag

hains lying in the ac-plane. The band gap of the HgO at room
emperature was measured to be 2.19 eV from the photoconduc-
ivity, and n-type electrical conductivity has been reported [17,18].
n applications, HgO is applied to the cathode in the mercury bat-
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tery cell, which was widely used in small electronic equipment
[19].

Many effective methods have been established for synthesiz-
ing of transition metal chalcogenides, such as non-aqueous system
[20], microwave irradiation [21], gamma-irradiation [22], sono-
chemical way [23], pyrolysis [24], vesicles [25], organic-metallic
precursor [26], hydrothermal synthesis [27,28], gas reaction,
solid reaction and so on, and some new methods are coming
out.

Recently, sonochemical synthesis has been used in the prepa-
ration of many materials [29–31]. Ultrasound induces chemical
changes due to cavitation phenomena involving the formation,
growth, and instantaneously implosive collapse of bubbles in
liquid, which can generate local hot spots having a temper-
ature of roughly 5000 ◦C, pressures of about 500 atm, and a
lifetime of a few microseconds [32]. These extreme conditions
can drive chemical reactions such as oxidation, reduction, dis-
solution, and decomposition, which have been developed to
fabricate a variety of metal, oxide, sulfide, and carbide nanoparticles
[33–37].

In the present article, a direct sonochemical method to syn-
thesize mercury oxide nanocrystallites, the influence of different
factors on the size, morphology and crystallinity of HgO nanocrys-
tallites is reported.
2. Experimental

HgO nanocrystallites were prepared by the reaction of
Hg(CH3COO)2 with NaOH or tetramethylammonium hydroxide
(TMAH) in water as solvent under ultrasound power. The molar ratio

http://www.sciencedirect.com/science/journal/13858947
http://www.elsevier.com/locate/cej
mailto:morsali_a@yahoo.com
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Table 1
Experimental conditions for the preparation of HgO nanocrystallites.

Sample Hg(OAc)2 Base Additives Sonicating time Ultrasound power

1 50 ml (0.1 M) 50 ml (NaOH 0.2 M) – 1 h 60–90 W
2 25 ml (0.1 M) 50 ml (NaOH 0.2 M) – 1 h 60–90 W
3 25 ml (0.1 M) 50 ml (TMAH 0.2 M) – 1 h 60–90 W
4 25 ml (0.1 M) 50 ml (NaOH 0.2 M) 2 g PVA 1 h 60–90 W
5 25 ml (0.1 M) 50 ml (NaOH 0.2 M) 1 g NaNO3 1 h 60–90 W
6 25 ml (0.1 M) 50 ml (NaOH 0.2 M) 2 g PVA 2 h 60–90 W
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25 ml (0.1 M) 50 ml (NaOH 0.2 M)
25 ml (0.1 M) 50 ml (TMAH 0.2 M)

f initial materials, the time of sonicating, the power of the ultra-
ound and the type of titrated base were optimized. To investigate
he role of alkali salts on the size and morphology of nanoparti-
les, it was used 1 g of NaNO3 in the reaction number 6. Table 1
hows the conditions of reactions in detail. A multiwave ultra-
onic generator (Sonicator 3000; Misonix Inc., Farmingdale, NY,
SA), equipped with a converter/transducer and titanium oscillator

horn), 12.5 mm in diameter, operating at 20 kHz with a maximum
ower output of 600 W, was used for the ultrasonic irradiation.
he ultrasonic generator automatically adjusted the power level.
he wave amplitude in each experiment was adjusted as needed.
-ray powder diffraction (XRD) measurements were performed
sing a Philips diffractometer of X’pert Company with monochro-
atized Cu K� radiation. The crystallite sizes of selected samples
ere estimated using the Scherrer method. TGA and DTA curves
ere recorded using a PL-STA 1500 device manufactured by Ther-
al Sciences. The samples were characterized with a scanning

lectron microscope (SEM) (Philips XL 30) with gold coating. IR
pectra were recorded on a SHIMADZU-IR460 spectrometer in a KBr
atrix.
. Results and discussion

XRD patterns of as-prepared samples are given in Fig. 1. Fig. 1a
s corresponding to HgO nanostructures of sample No. 2 and Fig. 1b
hows the XRD pattern of sample No. 4. By comparison with the

ig. 1. X-ray powder diffraction pattern of (a) HgO (sample No. 2) and (b) HgO
sample No. 4).
1 h 150–180 W
1 h Without ultrasound

data from JCPDS file No. 37-1469, the diffraction peaks shown in
Fig. 1a and also Fig. 1b accord with the orthorhombic crystal sys-
tem mercury oxide (HgO) with the space group of Pmnb and lattice
parameters of a = 5.5254, b = 6.6084, c = 3.5215 and Z = 4. As it can
be seen the XRD pattern obtained for the sample No. 2 (Fig. 1a)
with the reaction conditions shown in Table 1, shows very sharp
peaks compared with the diffraction peaks obtained for the sam-
ple No. 4 with the reaction in which PVA was used as a stabilizer.
The sharpening of the peaks is due to the good crystallinity of
sample No. 2. No characteristic peaks of impurities are detected
in the XRD patterns. The broadening of the peaks indicated that
the particles were of nanometer scale. In a diffraction pattern, peak
broadening is due to four factors: microstrains (deformations of
the lattice), faulting (extended effects), and crystalline domain size
and domain size distribution. If we assume that analyzed sam-
ples are free of strains and faulting, peak broadening is only due
to crystalline domain size D, which can then be calculated by the
Scherrer formula [38], so it is always observed that the average size
obtained by this formula is less than the one which is obtained
from SEM and TEM images. Estimated from the Scherrer formula,
D = 0.891�/ˇ cos �, where D is the average grain size, � is the X-
ray wavelength (0.15405 nm), � and ˇ are the diffraction angle and
full-width at half maximum of an observed peak, respectively [39],
the average size of the particles of sample number 2 was 23 nm,
which is to some extent in agreement with that observed from SEM
images.

The SEM micrographs of the as-prepared HgO nanostructures
are shown in Fig. 2. The influence of different factors given in
Table 1, on the morphology of HgO nanocrystallites is very obvi-
ous. The role of using PVA in the reaction can be seen in Fig. 2d–f
which shows an unusual morphology for HgO nanostructures.
PVA is one of the surfactants which are used in preparation
of nanomaterials in order to control the dispersion of the par-
ticles and prevent the particles from agglomeration. As it can
be seen from Fig. 2d–f, in this case using PVA has an obvious
role in arranging the particles in a one-dimensional order with
less agglomeration. The role of using alkali salts can be seen in
Fig. 2g. Alkali salts have been used in many procedures of syn-
thesizing nanostructures to change the morphology and to design
advanced materials with anisotropic properties. In this case there
was not any special change in the morphologies because of using
NaNO3.

The rmogravimetric analyses (TGA) were carried out to show
that the obtained products of the direct sonochemical route are
oxide compounds of Hg. As it can be seen in the TGA curve
(Fig. 3) the 98% loss of weight at 430–580 ◦C is due to the
complete decomposing of HgO and the curve seen in the DTA
diagram is due to the endothermic reaction of HgO decompos-

ing.

The IR spectrum of HgO nanostructures (Fig. 4) shows the
absorption peaks at 470 and 600 cm−1 are assigned to the
�(Hg–O) modes, which confirms the formation of HgO nanocrys-
tallites.
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Fig. 2. SEM images corresponding to HgO nanostructures of samples (a) No. 1, (b) No. 2, (c) No. 3, (d) No. 4, (e) No. 4, (f) No. 4, (g) No. 5, (h) No. 8 (the scale bar in parts (a),
(

p
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w
t

c) and (f) is 200 nm, parts (b) and (g) is 500 nm, part (e) is 2 �m, part (f) is 1 �m).

To investigate the role of ultrasound irradiation on the com-

osition, size and morphology of the products the reactions of
g(CH3COO)2 with TMAH with the same conditions as the reaction
o. 3 without any ultrasound irradiation and by mechanical stirring
ere performed (Table 1, reaction No. 8). The XRD patterns show

hat the obtained product is HgO with high crystallinity as products
of sonicating. SEM images show that the products obtained without

ultrasound have totally different morphology from the products of
sonicating and the size of the obtained structures is not in nanome-
ter scale (Fig. 2h). So we can approach to this result that ultrasound
irradiation have special roles on the morphology of the nanoparti-
cles and their size.



186 A. Askarinejad, A. Morsali / Chemical Engin

Fig. 3. TG–DTA curves of HgO nanostructures (sample No. 3).
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Fig. 4. IR spectrum of HgO nanostructures (sample No. 2).

. Conclusion

In summary, a simple sonochemical route has been used to
ynthesize different shapes of HgO nanostructures by modifying
ifferent parameters. The SEM images and XRD, TG/DTA and IR
nalyses confirm the nanostructures of pure HgO. To the best of

ur knowledge it is probably the first time that HgO nanostructures
re synthesized and also the first time that this method is used to
repare HgO nanostructures and it can be used at industrial scale
ecause it does not need special conditions like high temperature,
pecial surfactants, long times or pressure controlling.
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