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Mercury (Hg) is mainly discharged into the environment in industrial wastewaters, causing serious 
soil and water pollution and affecting the health of living organisms. Its removal from wastewaters 
is achievable by adsorption, using adsorbent materials with a strong affinity to heavy metal ions 
[1]. Among them, amorphous silica (SiO2) nanoparticles have proved promising because of their 
nontoxic nature and the possibility to modify their surface with the adsorptive organic functional 
groups, such as thiols (Figure 1). Thiols with –SH groups have been well known to interact with 
heavy metal ions, especially Hg2+, to form mercaptides. 

 

Figure 1: Schema for surface modification of silica (SiO2) nanoparticles using 3-
mercaptopropyltrimethoxysilane (MPTMS) molecules.  

Monodispersed silica (SiO2) nanoparticles with a narrow (~70 nm ± 10 nm) particle size distribution were 
formed by Stöber’s process based on the hydrolysis and condensation of tetraethoxysilane (TEOS) in the 
presence of ammonia in alcoholic medium. The surface of the prepared SiO2 nanoparticles was treated by the 
covalent attachment of mercaptopropyl groups (-(CH2)3-SH) through the condensation reactions between the 
3-mercaptopropyltrimethoxysilane (MPTMS) molecules and surface silanol (≡Si-OH) groups. 

Fourier transform infrared (FTIR) spectra confirmed the binding of mercapto-silane molecules onto the 
surface of the silica nanoparticles by the analysis of ≡Si–O–Si≡ and -SH vibrations. Transmission electron 
micrographs TEM–EDXS (Jeol Fx-2010) indicated monodispersed particles of spherical morphology, with a 
strong signal of Si and S, implying the coating of mercapto groups onto the silica surface. Adsorption of 
Hg2+ ions to mercapto groups (-SH) was analyzed using Atomic Absorption Spectrometry (AAS, Perkin 
Elmer).  

We employ EXAFS method to probe the local environment of Hg in the tentative Hg-S complex after 
adsorption by thiol (-SH) groups. 

The surface-treated silica nanoparticle powder was pressed into a tablet. The Hg L3 –edge EXAFS spectrum 
of the sample was recorded at beamline C of HASYLAB with Si 111 double crystal monochromator. The 
crystals were detuned to 60 % of the rocking curve maxiumum to suppress higher beam harmonics. 
Ionization detectors were filled with 300 mbar Ar, 890 mbar Kr, and 930 mbar Kr. Approximately 200 mg of 
sample per cm2 yielded Hg L3 edge jump d of ~0.06. Despite the low signal, relatively good quality of 
data enabled EXAFS analysis up to k ≈ 11 Å-1. The IFEFFIT program package [2,3] was used for data 
evaluation. 
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Figure 2: Hg L3 edge EXAFS signal and the first shell model in k and r space, k3 weighing, k = 3.5 
Å-1 - 11 Å-1, Hanning window. 

Figure 2 shows the EXAFS signal and its Fourier transform. Only the lowermost peak is analyzed since it 
comprises the signal of the first neighbours around the Hg atoms and testifies of the Hg binding. Excellent 
match is found to an ad-hoc model of sulphur neighbours: the best fit procedure yields 2.2(3) S atoms in the 
first shell around Hg at the distance 2.34(1) Å with a moderate Debye-Waller factor of 0,005(1) Å2

. The  Hg-
S distance is consistent with alpha-HgS [4] (2.37 Å) and it is larger than a typical Hg-O distance, for 
instance ~2.05 Å in HgO [5]. The difference of ~0.3 Å stems from difference in ionic radii of S and O ions. 
Thus EXAFS analysis indicates complete Hg complexation with thiol groups. 
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