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Abstract The Hg L3-edge XANES spectra of montmorillonite treated with Hg(NO3)2 0.01M aqueous

solution and the mixing solution of Hg(NO3)2 0.01M aqueous solution and cysteine 0.01M aqueous solution

have been measured at several high temperatures. The adsorption and desorption of mercury in Hg-rich

montmorillonite minerals and the effect of cysteine on the adsorption of mercury by this clay mineral were

studied. Our analysis shows that mercury is six fold coordinated by water molecules and the oxygen atoms

of montmorillonite surface without the amino acid introduction. Mercury atoms prefer to bond with sulphur

atoms of the amino acid cysteine to form more stable Hg-S bonds when the amino acid cysteine has been

introduced. This result suggests that the treatment with the amino acid enhances the stability of mercury

sorbed by the montmorillonite mineral and efficiently retard the release of mercury ions into the geosphere.
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1 Introduction

Mercury is one of the most important contam-

inants in water and sediment because of its high

volatility. Even if present in traces, its high toxic-

ity makes it an environmental threat in industrial,

mining, and domestic wastes
[1]

. It is well known

that the toxic properties of any element are critically

dependant by the molecular form; for example, di-

alkylmercury derivatives are toxic even at low lev-

els, whereas mercuric selenide has a relatively low

toxicity
[2]

. Therefore, by binding the heavy metals

with its coordination of nonmetallic elements, the

toxicity of the heavy metals can be removed.

Fine-particle materials that present a large sur-

face area such as oxides, oxyhydroxides and layer sil-

icates are among the principal sorbents of the metal

species[3]. Furthermore, clay minerals are ubiqui-

tous components of natural environments and control

many environmental processes. Clays structure can

be assimilated to polymers, species formed by molec-

ular units repeated in modular way. Clays belong to

the class of phyllosilicate minerals, which are made

of sheets of silica tetrahedra, bound to octahedrally

coordinated divalent or trivalent metal cations. The

tetrahedral and octahedral sheets are bound into lay-

ers that form a repeated modular structure. The in-

terlayer space can be filled by water, mobile mono-

and divalent ions like K or Ca, and solvated ions.

This layered structure, characterized by weak electro-

static bonds in the interlayer space, gives clays a great

ability to sorb most chemical species. Thus, sorption,
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diffusion and precipitation reactions at the mineral-

water interface can significantly modify the release of

absorbed metal ions into the environment
[4]

.

The knowledge of the heavy metal binding to the

mineral structure is of fundamental importance to

predict mobility and long term behavior of heavy met-

als in natural systems. Several manuscripts devoted

to the investigations of pollution of different clay min-

erals with heavy metals (i.e. Cu, Cd and Hg) and

amino acids (i.e. cysteine and glycine) have been re-

cently published
[5—7]

. In these studies the local en-

vironment of metals has been characterized by X-ray

absorption spectroscopy (XAS) trying to clarify the

binding mechanisms of metals and their subsequent

mobilization. The results demonstrated that Cu and

Cd are six fold coordinated by water molecules in the

interlayer, whereas Hg is tetrahedrally coordinated

by water molecules and forms phases such as mon-

troydite (HgO). Studies on clay mineral treated also

with amino acids (cysteine and glycine) indicated a

short range order in which Cu preferentially bonds to

the aminic and carbossilic group of the amino acids

cysteine. While the results obtained for Cu and Cd

are satisfactory and allow to describe the relation-

ship between clay minerals, heavy metals and organic-

metallic complexes, the problem is still open for Hg

and Hg-amino acid polluted clays. Preliminary XAS

results point out the presence of two different popula-

tions of Hg cations - Hg tetrahedrally coordinated by

water molecules and mercury oxide, but are not able

to explain the thermal events, providing evidence for

the release of Hg cation at high temperature.

In order to gain better insight into the relation-

ship between the structure, the composition of sorbed

phases and the mercury desorption in clay miner-

als, that are very important not only to prevent

the possible evolution of polluted environments but

also to set up technologies capable to recover or to

make inert pollutant phases, we measured Hg L3-edge

XANES spectra of montmorillonite treated with two

Hg-contained solutions: Hg(NO3)2 0.01M aqueous so-

lution and the mixing solution of Hg(NO3)2 0.01M

aqueous solution and cysteine 0.01M aqueous solu-

tion at different high temperatures.

2 Materials and method

Montmorillonite minerals used in our samples

was from Gonzales County, Texas, USA. Details of

the mineralogical, chemical and surface properties of

montmorillonite can be found in Ref. [8]. The Hg(/)

0.01M stock aqueous solution used for all treatments

was obtained from the dissolution of Hg(NO3)2 •7H2O

analytical grade reagent and acidified with nitric acid

until pH 2.0 to avoid Hg precipitation. Cysteine

0.01M solution was prepared using a 99% pure from

Carlo Erba reagent. Hg-rich montmorillonites were

prepared by mixing approximately 10 g of each mont-

morillonite sample with 250mL of Hg(/) 0.01M solu-

tion. The suspensions were stirred overnight at room

temperature, and then centrifuged; the solution was

then aspirated off and fresh solution was added; the

sequence was repeated three times. Excess salts were

removed from the homoionic clays by dialysis until

the aspirated solution tested negative with AgNO3.

Finally, filtrates from all ion-exchange experiments

were analyzed by atomic absorption spectrophotom-

etry, to check the presence of metal cations used in

the exchange.

XANES spectra at the Hg L3 edge were measured

using the Si (111) double crystal monochromator at

the X-Ray absorption station (beam line 1W1B) of

the Beijing Synchrotron Radiation Facility (BSRF).

We measured the two model compounds in transmis-

sion mode using ionization chambers, while fluores-

cence yield detection was used for the samples inves-

tigated: Hg(NO3)2 0.01M aqueous solution and the

mixing solution of Hg(NO3)2 0.01M aqueous solution

and cysteine 0.01M aqueous solution, labeled by MHg

and MHgCys respectively, at several temperatures.

The storage ring was working at the typical energy of

2.2GeV with a current decreasing from ∼ 120mA to

∼ 60mA during a typical run of 12 hours.

3 Results and discussion

Fig. 1 shows the Hg L3-edge XANES spectra of

the two model compounds HgS and HgO. XANES
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spectra of HgS and HgO compounds show similar

features, labeled as A, B, C and D, because of the

similar chemical environment around the absorbing

atoms in these two systems. Indeed, while HgS and

HgO compound structure belongs to different space

groups the absorbing mercury atoms are in both sys-

tems coordinated by six atoms as the first nearest

neighbor shell. HgS belongs to the space group P3221

whereas Hg(OH)2 belongs to Imm2. In both cases,

the six next-neighbour atoms form a distorted octa-

hedron. According to previous investigations on a

similar compound
[9]

, the features A, B, C and D has

to be assigned to the 2p core state transition to 5d2
z
,

5dx2
−y2 , 5dxy and 5dxz+5dyz states, respectively. Be-

cause mercury is present in Hg2+ oxidation state both

in HgO and HgS, the peak A is located at the same

energy position for the two XANES spectra of these

compounds. However, the position of peaks B, C and

D of the XANES spectrum of HgO is shifted to high

energy if compared to HgS, reflecting the lengthening

of the Hg-S bond respect to the Hg-O bond length.

Fig. 1. Normalized Hg L3-edge XANES spectra

of the two model compounds HgS and HgO.

The XANES features were labeled as A, B, C

and D.

Fig. 2 and 3 show the Hg L3-edge XANES spectra

of the two Hg-rich montmorillonite minerals vs. tem-

perature, and insets in both figures show the normal-

ized XANES spectra. Following the position of the

peak A in these samples mercury is Hg2+ in both the

two Hg-rich montmorillonite minerals. Peak A and B

in the XANES spectrum of the MHg sample at room

temperature are located at about 12.281 and 12.296

keV respectively, the same as in the HgO model com-

pound. Actually, the nearest neighbor chemical en-

vironment of mercury atoms in the MHg sample is

similar to HgO, e.g., Hg is coordinated by six oxy-

gen atoms in the first shell. However, the XANES

spectrum of the MHg sample does not shows C and

D features clearly, but just present a broad peak la-

beled E addressing large distortion effects of the first

shell around the mercury atom in the MHg.

Fig. 2. Original Hg L3-edge XANES spectra of

a montmorillonite mineral treated with Hg-

contained solution at 25℃, 150℃, 400℃ and

700℃. The inset shows the corresponding nor-

malized XANES.

Fig. 3. Original Hg L3-edge XANES spectra

of montmorillonite mineral treated with Hg-

Cysteine solution at 25℃, 150℃, 400℃ and

700℃. The inset shows the corresponding nor-

malized XANES.

The XANES spectrum of the MHgCys sample at

room temperature, that is the montmorillonite min-

eral treated with the mixing solution of Hg(NO3)2

0.01M aqueous solution and cysteine 0.01M aque-

ous solution, presents four main features also la-

beled as A, B, C and D. These peaks are located

at 12.281, 12.290, 12.304 and 12.324keV respectively,

the same as in the HgS model compound. This sug-

gests the presence of mercury coordinated by six sul-

phur atoms, forming Hg-S bonds. Because the feature

B at 12.296keV in the XANES spectrum of HgO, used

as the fingerprint
[10, 11]

of Hg-O bonding, is overim-
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posed to the broad peak C, data at romm temper-

ature does not allow to determine if Hg-O bonding

exists in the MHgCys sample.

In order to determine the local chemical environ-

ment of sorbed mercury atoms, stability and desorp-

tion process, Hg L3-edge XANES spectra were per-

formed vs. temperature within a sample cell inside an

oven working up to 900℃. For MHg, the absorption

intensity decreases with the temperature. But the

peak A do not disappear up to 400℃. Data suggest

that not only Hg-H2O complex, but also other more

stable Hg-O bonds are formed in the montmorillonite

mineral treated with the Hg-contained solution.

The desorption process shows a two step behav-

ior. At first, the bond between mercury and water

molecules gradually breaks up and some mercury is

released. Later, bonds between mercury and oxygen

atoms of the montmorillonite surface gradually de-

compose. When the temperature is increased up to

700℃, the emission of mercury continues up to the

almost complete desorption of Hg in this sample.

Looking now at the MHgCys behaviour, the

XANES spectrum does not show significant varia-

tions at temperature lower than 150℃, indicating

that Hg-S bonds between Hg and cysteine are formed

before Hg-H2O complex. Thus, due to the presence of

the cysteine amino acid, the Hg-H2O complex concen-

tration in the MHgCys is lower then in MHg. When

the temperature increases up to 400℃, the absorption

intensity decreases but peak A does not disappear up

to 700℃. As a consequence Hg-O bonds between mer-

cury and oxygen atoms of the montmorillonite surface

are formed and, the Hg-S bonds are stable at temper-

atures lower than 400℃. The desorption process can

be also divided into two steps. The first in which

Hg-O bonds between mercury and oxygen atoms of

the montmorillonite surface gradually breaks up and

mercury is partially released. In the second one the

Hg-S bonds between mercury and cysteine gradually

decompose.

4 Summary

Temperature controlled Hg L3-edge XANES spec-

tra of two montmorillonite minerals treated with Hg-

contained solution and Hg-Cysteine solution respec-

tively have been collected and analysed. By compar-

ison with XANES spectra of model compounds we

address that:

a) mercury is present as Hg2+ in both Hg-rich

montmorillonite minerals;

b) in the montmorillonite treated with Hg-

containing solutions, mercury can be adsorbed by

formation of Hg-H2O complex and the Hg-O bonds

between Hg and the oxygen atoms of the montmoril-

lonite surface. All mercury atoms are six fold coordi-

nated by water molecules or oxygen atoms;

c) the amino acid may enhance the adsorption ef-

fect of the mineral clay and prevent mercury by de-

composition and desorption, through the formation of

more stable Hg-S bonds. However, in the mineral clay

Hg-S bonds begin to decompose at high temperature.

The result suggests that treatments with amino acids

may enhance the stability of mercury sorbed by mont-

morillonite minerals and retard efficiently the release

of mercury ions into the geosphere.
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