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aBStract

A method for the prediction of the enthalpies of formation 'Hqf for minerals of hydrous sulfates is 
proposed and is decomposed in the following two steps: (1) an evaluation of 'Hqf for anhydrous sulfates 
based on the differences in the empirical electronegativity parameter 'HO= Mz+(c) characterizing the oxy-
JHQ�DI¿QLW\�RI�WKH�FDWLRQ�Mz+; and (2) a prediction of the enthalpy of hydration based on the knowledge 
of the enthalpy of dissolution for anhydrous sulfates.

The enthalpy of formation of sulfate minerals from constituent oxides is correlated to the molar 
IUDFWLRQ�RI�R[\JHQ�DWRPV�ERXQG�WR�HDFK�FDWLRQ�DQG�WR�WKH�GLIIHUHQFH�RI�WKH�R[\JHQ�DI¿QLW\�'HO= Mz+(c) 
between any two consecutive cations. The 'HO= Mz+(c) value, using a weighing scheme involving the 
electronegativity of a cation in a given anhydrous sulfate, is assumed to be constant. This value can be 
calculated by minimizing the difference between the experimental enthalpies and calculated enthalpies 
of formation of sulfate minerals from constituent oxides.

The enthalpy of hydration is closely related to the nature of the cation in the anhydrous salt, to the 
number of water molecules in the chemical formula and to the enthalpy of dissolution for the anhydrous 
salt. The results indicate that this prediction method gives an average value within 0.55% of the experi-
mentally measured values for anhydrous sulfates and 0.21% of the enthalpies of hydration or hydrous 
sulfates. The relationship between 'HO= Mz+(sulfate), which corresponds to the electronegativity of a 
cation in a sulfate compound, and known parameter 'HO= Mz+(aq) was determined. These determinations 
allowed the prediction of the electronegativity of some anhydrous transition metal double sulfate and 
contributed to the prediction of the enthalpy of formation for any hydrous double sulfate.

:LWK�D�VLPSOL¿HG�SUHGLFWLRQ�RI�WKH�HQWURS\�RI�D�K\GURXV�VXOIDWH��FDOFXODWLRQV�RI�*LEEV�IUHH�HQHUJ\�RI�
formation can be evaluated and contribute to the knowledge of the stability of some hydrous sulfates in 
different environmental conditions such as temperature or air moiety. Therefore, to check the reliability of 
WKH�SUHGLFWLYH�PRGHO��VWDELOLW\�¿HOGV�IRU�VRPH�K\GURXV�IHUULF�VXOIDWHV�VXFK�DV�SHQWDK\GUDWH�IHUULF�VXOIDWH��
lawsonite, kornelite, coquimbite, and quenstedtite vs. temperature and relative humidity were studied 
and compared with experimental measurements.
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introduction

Sulfate minerals can be of economic interest (gypsum for 
manufacturing wallboard, Al-sulfates in the tanning and dying 
industries, barite in petroleum industry, jarosite in metallurgical 
industry, and in agriculture, etc.) and are of ecological interest 
too (sulfates are used to remove metals from polluted water), but 
they can also induce several environmental problems (Alpers et 
al. 2000). Indeed, the solubility of some sulfate minerals induces a 
provisional storage of metals and acidity, but when they dissolve, 
metals are released and water becomes very acidic, causing di-
sastrous environmental consequences such as the death of aquatic 
organisms, destruction of plants, massive erosion of land, and the 
corrosion of anthropogenic infrastructure.

Sulfate minerals occur in various natural environments (points 
1, 2, 3, 5, and 6 below) and are sometimes modified later by hu-
man activities (point 2 below) or are only the result of human 
activities (point 4 below). Some examples of sulfate occurrences 

are presented below, and the usefulness of thermodynamic data of 
sulfate minerals are demonstrated in a few examples.

(1) Evaporite deposits: the evaporation of seawater or conti-
nental water leads to sequences of mineral formation, including 
especially sulfate minerals. Spencer (2000) predicted various 
sequences of sulfate formation from modern marine or non-marine 
water using the thermochemical model of Harvie et al. (1984). 
Concurrently, Spencer (2000) performed careful petrographic 
studies (mineral texture and fabric, replacement features…) on 
evaporite rock, formed from the evaporation of modern seawater. 
His ultimate goal is to calibrate the model to perform the reverse 
modeling, i.e., find the chemical compositions of ancient sea 
waters from the mineralogy of evaporite deposits. Note that, in 
the mineralogical sequences predicted by Spencer (2000), few 
double sulfates occur and thermodynamic data of them are rarely 
available in literature. Do not take into account the multitude of 
potential intermediate phases that can form, can lead to errors in 
the prediction of sulfates formation.

(2) Weathering (oxidation) of sulfide minerals in coal deposits 
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