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Abstract 

Thermodynamic parameters of the activation state for phenol and three monochlorophenol (MCP) isomer-pyrite complexes, i.e., MCP isomers 
used were 2-chlorophenol (2-CP), 3-chlorophenol (3-CP), 4-chlorophenol (4-CP), have been derived from the temperature-dependent kinetic data. 
Both the initial rate and adsorption density values increased in the order phenol < 2-CP < 3-CP < 4-CP. This suggests that the presence of chlorine 
substituent on the aromatic ring results in enhanced CP adsorption on pyrite. The activation energy (£ a ) . Gibbs free energy ( A G # ) , entropy ( A S * ) , 

and enthalpy ( A / / # ) of the activation stage for MCP adsorption on pyrite were calculated by Arrhenius and Eyring models. Always AS* values 
approximate to zero and —TAS# values are positive, which indicates that the activation state of MCP adsorption process is entropy-controlled, 
and the observed linear dependence of A / 7 # on —TAS* signals an entropy-enthalpy compensation effect of the MCP adsorption process. The 
T m c p data were quantified well both by 1 — pK diffused double layer (1 — pK DLM) and Langmuir models. 
© 2005 Elsevier Inc. All rights reserved. 
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1. Introduction 

Pyrite is the most abundant of metal sulfides in nature; it is 
distributed in a wide variety of geochemical settings and is con-
sequendy found in association with many minerals and coal de­
posits [1,2]. Pyrite showed great promise as a starting material 
for decontamination of water polluted with organic pollutants 
in both the presence and absence of light [3-6]. It is an intrin­
sic semiconductor that exhibits both n- and p-type conductivity 
[7,8]. The band gap is around 1 eV thus it can efficientiy be used 
as a photocatalyst in the destruction of both organic and inor­
ganic pollutants [8,9]. Very recent evidence suggests that the 
defect sites of pyrite are capable of splitting H2O to form re­
active OH radicals (the key for chemical oxidation of organic 
pollutants) in the absence of light [10]. Hence, pyrite can effec­
tively be used as a substitute for Fe 2 +/H202 used in the design 
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of Fenton's process, commonly used to destroy organic pollu­
tants [3,10]. 

The final motivation for this project is, therefore, to propose 
an in situ degradation mechanism for the chemical oxidation of 
monochlorophenols (MCP) in pyrite-mediated systems. Previ­
ously several workers have shown the catalytic role of pyrite 
exhibiting slow oxidizing kinetics of CCI4 [5], TCE [6], and 
TNT [3]. The pyrite-mediated catalytic process is believed to 
occur via adsorptive step preceding the degradation of organic 
pollutants on the pyrite surface [5,6]. Therefore, the aim of 
the present work was laid to evaluate the thermodynamics of 
MCP adsorption on pyrite at the activation state. The selec­
tion of MCP was made since these compounds are well-known 
mutagenic and carcinogenic industrial chemicals, and is listed 
as priority pollutants [11]. Due to their low biodegradability 
and high solubility, these compounds are persistent in the en­
vironment (i.e., logATow = 2.17; solubility 28500 mg/L for 
2-CP) [12]. Comparably, a large amount of data is available 
on MCP adsorption mechanism/s onto different solids such as 
activated carbon [13,14], peat [15], fly ash [15,16], and other 
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