
Available online at www.sciencedirect.com 

* r- .- . JOURNAL OF 
% ScienceDirect couoidand 

Interface Science 
ELSEVIER Journal of Colloid and Interface Science 301 (2006) 452-460 

www.elsevier.com/locate/jcis 

Thermodynamic assessment of Hg(II)-gibbsite interactions 

Rohan Weerasooriya a b*, Wasana Seneviratnea, Heasha A. Kathriarachchia, Heinz J. Tobschallb 

a CML, Institute of Fundamental Studies, Hantana Rd., Kandy 20 000, Sri Lanka 
b Institut fiir Ceologie und Mineralogie, Lehrstuhulfur Angewandte Ceologie, Friedrich-Alexander Universitdt, Schlossgarten 5, 

Nurnberg, Erlangen D-91054, Germany 

Received 27 February 2006; accepted 25 May 2006 

Available online 12 July 2006 

Abstract 

As discrete particles and/or as surface coatings on other minerals in natural systems, aluminum hydroxides are efficient sinks for Hg(Il). 
The Hg(II) adsorption on gibbsite was determined as a function of temperature (T), pH, and the type of background electrolytes, i.e., NaNC>3, 
NaClC>4, and NaCl. When the equilibration time r_ ~ 2 h, the Hg(Tl) retention on gibbsite was found to be a reversible process, which was 
ascribed to adsorption. The Hg(II) adsorption capacity, i.e., /Hg(H). varied with the type of electrolyte used in accordance with the following 

order: ^Hg(II) ^ ^Hg(H) > ^Hg(II)' " n a " c a s e s > m e estimated thermodynamic parameters showed that the Hg(II) adsorption on gibbsite was 
endothermic and spontaneous. The Hg(II) adsorption data were quantified with the Langmuir or Hill, and Dublin-Radushkevick (DR), isotherms 
at all temperatures and acidity levels examined. Always, the Hg(II) adsorption data were in compliance with the DR model. However, the Hg(II) 
adsorption in NaNC<3 or NaCI04 was interpreted in terms of the Langmuir model. When NaCl was used as electrolyte, the Hg(ll) adsorption was 
modeled well with the Hill equation. The mean free energy values calculated from DR plots concluded that Hg(JI)-gibbsite interactions are a 
result of chemical bonding. 
© 2006 Published by Elsevier Inc. 

Keywords: Hg(II); Langmuir isotherm; Hill isotherm; Dubinin-Radushkevick (DR) isotherm; Gibbsite 

1. Introduction 

Mercury has long been known as a potential health and 
environmental hazard. It is carcinogenic, mutagenic, and ter­
atogenic and promotes tyrosineme [ 1 - 4 ] . Principally mercury 
(valence configuration 6 s 2 5 d 1 0 ) occurs in three valence states 
(0, -f-1, and + 2 ) , which can be interconverted. In typical aerated 
waters, however, Hg(II) is most stable [5,6]. A peculiar feature 
of Hg(II) is its strong affinity for biological tissues and in gen­
eral the slow elimination from the biological systems [5 -7 ] . 

The toxicological concerns of Hg(II) to both fish and wildlife 
are undisputed and human health concerns arise in the vicin­
ity of Hg-contaminated sites [8,9]. Hg(U) can become asso­
ciated with stream sediments, particulate matter, precipitated 
matter, natural organic matter, and other substrates that can 
settle out, effectively removing Hg(II) from the mobile aque-
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ous phase [9]. Therefore, sorption, diffusion, and precipitation 
reactions at the soils or sediment-water interface can signif­
icantly retard the release of metal ions in the environment. 
However, the natural soils and sediments are inherendy com­
plex geological moieties with respect to both their structure and 
the composition that demands identification of surface-active 
dominant mineral phases discretely, which are called as soil 
building blocks [10]. These building blocks for a given geo­
logical substrate generally include gibbsite, goethite, clay, etc. 
The rationale here is to well characterize the physicochemi­
cal processes at the solid-water interface of discrete mineral 
phases separately in order to extrapolate the knowledge gath­
ered objectively to understand similar interfacial processes with 
natural substrates [10,11]. Because of their chemical proper­
ties and physical structure, aluminum (hydr)oxides are efficient 
sinks for Hg(U) and other toxic elements as well. For a better 
prediction of the fate of Hg(II), therefore, there is a need for 
a reference data set for the adsorption of Hg(H) on individual 
mineral phases such as gibbsite, goethite, and clays, that are 
ubiquitous in nature. Once such a database is available, the fate 
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