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Simple Synthesis of Mercury Sulfide Nanstructures
Via a One-Step Method
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High-quality and high-yield rod-like HgS dendrites with cubic structure was synthesized by a wet
chemical route, without using any surfactant and organic solvents at 180°C for 5 h, by using Hg(NO3)2.H20
and thioglycolic acid (TGA) as starting reagents. The obtained HgS with different morphologies and sized
were characterized by FT-IR, SEM, TEM, EDX, and XRD. The morphology of HgS nanostructures could be
changed from rod-like dendrites to nanoparticles by only decreased temperature reaction to 110°C. The op-
tical absorption results showed that HgS is considered as an important material in the field of optoelec-

tronics
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1. INTRODUCTION

HgS usually crystallizes in two forms: the cubic
phase (b-HgS, metacinnabar) and the hexagonal phase
(a-HgS, cinnabar). Recently, nanocrystalline chalcogen-
ides are relatively scarce due to the high toxicity prob-
lem of mercury. Nevertheless, HgS is an useful materi-
al with wide application in many fields such as ultra-
sonic transducers, image sensors, electrostatic image
materials, and photoelectric conversion devices [1, 2].
Also HgS is promising material for catalysts and infra-
red detectors, because of its narrow gap bond [3]. So
far, various morphologies and architectures HgS
nanostructures have been reported, such as nanoparti-
cles [4, 5], tube-like particles [6], star-shape [7], rod-
like particles [8]. Many efficient techniques were devel-
oped for preparing HgS, mainly two-step procedure at
ambient temperature [2], sonochemical method [5],
microwave method [6], Langmuir—Blodgett (LB) meth-
od [9], solid-state reaction at high temperatures [10],
sol-gel procedure [11], gas reaction and so on. Yang
and co-workers has recently developed a mild hydro-
thermal route to synthesize metal sulfides using of thi-
oglycolic acids (TGA) as nontoxic template [12], and it
reveals that TGA acts as an oriented growth reactant
during above process. Herein, we present a one-step
hydrothermal method which is milder, simpler, more
practical, and environmentally friendly method than
other methods. The trick in hydrothermal synthesis of
HgS nanostructures presented here is the using of TGA
as a sulfur source and stability agent which was previ-
ously used as the stability agent to prevent the chalco-
genide nanocrystals from aggregating [13, 14].

2. METHODS OF SAMPLE MANUFACTURING
AND ANALYSIS

In a typical synthesis 1.46x10-3 mol
Hg(NO3)2.H20 solution was puddled with 2.9 x 10-6
mol TGA solution at ambient temperature and under
magnetic stirr. When solutions is dissolved together,
the precipitate appeared because Hg*?2 reacted with
TGA to from complex ions (HgS)m(HgSCH2COOH)" in
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aqueous solution. The resulting homogeneous solution
was transferred to a 250 ml Teflon-line stainless steel
autoclave. The autoclave was sealed and maintained at
180°C for 5 h in a digital temperature controlled oven.
The complex ions could be decomposed to form HgS at
high temperature and pressure. After thermal treat-
ment the resulting black precipitate was washed with
distilled water and absolute ethanol to remove the pos-
sibly remaining any impurities, and finally dried before
characterization.

SEM images were obtained on Philips XL-30ESEM
equipped with an energy dispersive.

3. RESULTS AND DISCUSSION

The IR spectra (no reported in this article) of the HgS
obtained at 180°C for 1 h exhibit many differences from
the pure TGA, which should be due to the ordered
alignment and regular conformation of TGA molecules in
the precursors, while in liquid-state TGA the orientation
and conformation of the molecules are randomized due
to thermal perturbation. From the result of FT-IR analy-
sis, it is suggested that the organic component
CH2COOH should exist in the composite [15]. We believe
that these results, the whole process can be expressed as
follows;

HSCH2COOH + Hg 2 — HgHS" + CH2COOH"
HgHS" —» HgS + H*
mHgS + kFHSCH2COOH + kHg 2 —
— (HgS)m(HgSCH2COOH) "k + kH" — HgS

Series of reaction parameters were investigated for
a better understanding of the crystal growth mecha-
nism. When the molar ratio of reactants is near the
stoichiometric ratio (1:1), rod-like HgS dendrite pro-
duced (Fig. 1a). For the dendrites of HgS, when the
molar ratio of reactants increased to 1:2, 1:4 and 1:6
cannot cause the further increase of their size but lead
to the destruction of dendritic patterns and three pat-
terns nanoparticle, flower-like and rod-like HgS parti-
cle formation (Fig. 1b, ¢ and d).
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Fig. 1 — SEM images of HgS samples obtained to using Hg(NOs):-H20 and TGA with atomic ratio of Hg:S is 1:2 at 5 h for: (a) 150 °C,
(b) 110 °C, (c) sample obtained with atomic ratio of Hg:S 1:2 at 180 °C for 18 h.and (d) 24 h

The flower-like structure were presumed to be the in-
termediate states of particle to dendrite transition. The
dendrietes formed through the crystallization of the ag-
gregates that fused gradually into one crystal. The XRD
pattern (no reported in this article) can be indexed as
cubic HgS with calculated lattice parameters of a = 5.851
A, which agree well with the reported values for HgS
(JCPDS Card No. 06-0261) [4, 6]. By the use of Debye-

Scherrer equation crystallite sizes of products were es-
timated and results indicated: 39.9 nm. If the reaction
proceeds at 150°C, more dendrites can be found (Fig. 2a)
When the raw materials react at 110°C for 5 h, no there
is any dendrites patterns (Fig. 2b) For the preparation of
HgS irregular structures, the crystallization time should
be prolonged up to 18 and 24 h (Fig. 2c and d).
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4. CONCLUSIONS

In summary, we report a simple convenient and ef-
ficient method for the morphology control (nanoparti-
cle, rod-like, and dendrites) of HgS by a hydrothermal
method in the ranges of 110-180°C for 5-24 h. Mercury
sulfides are promising materials for catalysts and in-
frared detectors when coated with Rh or used alone.
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