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INTRODUCTION

The speciation and transformation of mercury-sulfur sys-
tems is important in understanding the transport, toxicity, and
bioavailability of mercury in the environment. Mercury-sulfur
aggregates are particularly important in reducing environments,
which often act as sinks for heavy metals, such as those found
in soils and sediments, contaminated land, and anoxic marine
and lacustrine conditions. Although a good understanding of
the structural and electronic properties of solid crystalline mer-
cury sulfide phases exists, other aspects of the chemical be-
havior of such systems are much less well known. In particular,
the structural and chemical relationships between the first-
formed solid phases and the final stable products are poorly
understood, and the reactivity and properties of intermediate
phases have not been established.

There are two common polymorphs of HgS: metacinnabar,
which is stable at high temperatures and has a cubic ZnS struc-
ture, and cinnabar, the stable low-temperature phase, which is
trigonal and contains linear S-Hg-S linkages. However, in many
natural and contaminated surface anoxic environments cubic
HgS has been recognized as the stable phase (see, for example,
Barnett et al. 1997). X-ray absorption spectroscopy (XAS) can
be used to probe the local environment around the mercury
atoms, even in phases lacking long-range order, and therefore
is an excellent tool for following changes in the structure of
HgS precipitates. We used three techniques in this study. For
our initial measurements we used HgS precipitates frozen at
various times after mixing Hg(NO3)2 and NaHS solutions, and
recorded the extended X-ray absorption fine structure (EXAFS)
from each sample with conventional scanning techniques. For
ambient temperature measurements of precipitates as they

evolved we used either combined quick extended X-ray ab-
sorption fine structure spectroscopy and X-ray diffraction
(QEXAFS/XRD) or energy dispersive XAS (EDXAS).
QEXAFS/XRD has a time scale per scan on the order of min-
utes, and so was used to follow changes that take place be-
tween 10 and 1000 minutes. To investigate faster processes
(<1–10 minutes) we used EDXAS, which can produce a good
quality spectrum in less than one second.

EXPERIMENTAL PROCEDURES

Scanning XAS
Amorphous HgS was formed by mixing 20 mM Hg(NO3)2 with 10% excess

of 20 mM NaHS solution using a Y-tube and quenching in liquid nitrogen at 77
K after ageing times ranging from 2 seconds to 96 hours at ambient tempera-
ture; as in all the experiments in this study, the precipitates were black. The
quenching time was on the order of one or two seconds, and so should not affect
the species present. Hg L(III)- and Hg L(II)-edge XAS data were collected at
station 16.5 of the SRS at CLRC Daresbury using a double crystal Si(311) mono-
chromator. Due to positioning of monochromator “glitches” (spikes in the mono-
chromator output at certain energies), the X-ray absorption near edge structure
(XANES) spectra were obtained from the Hg L(III)-edge and the EXAFS data
from the Hg L(II)-edge. The data were collected at ca. 77 K in a vacuum in a
liquid nitrogen cooled cryostat from frozen “ice-core” samples (5 mm diam-
eter) or precipitates filtered and mounted on filter paper. Data were collected in
fluorescence mode using a 30-element solid state detector. Two to four 30 minute
scans were collected and summed for each sample. Transmission spectra were
also collected from cinnabar and metacinnabar standards. All solutions were
prepared, stored, and mixed under an N2 atmosphere. No replicate measure-
ments were made.

QEXAFS/XRD
These data were collected at ambient temperature and pressure at station

9.3 of the SRS at Daresbury using a set-up similar to that described by Sankar et
al. (1993). Equal volumes of solutions of 100 mM Hg(NO3)2 and 0.5 M NaHS
were injected into a Perspex cell with Mylar windows via a Y-tube from two
syringes; the plungers were remotely and simultaneously activated using com-
pressed air. The XRD patterns were calibrated by collecting a cinnabar stan-* E-mail: j.m.charnock@dl.ac.uk
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ABSTRACT

We investigated structural changes during precipitation of HgS from sulfidic solutions using X-
ray absorption and X-ray diffraction techniques. The results show that initially an unstable low Hg
coordination complex forms that is probably chain-like in structure, with one sulfide atom at 2.35 Å
and one at 2.97 Å. This is rapidly transformed to a four-coordinate mercury sulfide compound that
initially forms as clusters with the local ordering characteristics of cubic metacinnabar. However,
during aggregation the black Hg-S precipitate loses its initial longer-range ordering and becomes
pseudocubic. As it ages, the pseudocubic structure transforms to a cubic structure, and then to stable
crystalline metacinnabar. This study provides clear evidence that the precipitation and formation of
metal sulfides is a complex multistage process.


