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Application of the simple salt lattice energy approximation to the solubility of minerals
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ABSTRACT
The simple salt approximation for the lattice energy of double salts is used to provide an estimate
of their molar solubilities. These calculations are compared with solubilities obtained from literature
thermodynamic data and are within an order of magnitude for about 75% of the 81 minerals and
other double salts examined. The solubilities of about two-thirds of the double salts are similar to the
solubilities of the less soluble simple salt “constituents,” and the solubilities of the other one-third
lie between the solubilities of the “constituents.” In general, the solubilities of a series of salts with
different stoichiometries containing the same ions are dependent on both the stoichiometry of the salt
and the proportion of the less soluble constituent. This generalization is rationalized with the simple
salt approximation and is used to explain the observed stoichiometries of a variety of minerals.
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INTRODUCTION
Many minerals can be visualized as “double salts,” that is, as
compounds containing two or more different cations and/or two
or more different anions. For example, dolomite can be thought
of as a double salt of calcium carbonate and magnesium carbonate. We have shown that the lattice energy (the energy released
when one mole of the solid is formed from the gaseous ions) of
double salts can be calculated to within approximately 1% by
summing the lattice energies of the simple salt “constituents”
using weightings that correspond to the stoichiometry of the
compound (Yoder and Flora 2005). Thus, the lattice energy of
azurite, Cu3(CO3)2(OH)2, is approximated as two times the lattice
energy of CuCO3 plus the lattice energy of Cu(OH)2. As a result
of this approximation, the heat of formation of a double salt also
can be approximated as the sum of the heats of formation of the
simple salt constituents. The absolute entropy of the double salt
can be approximated in the same way (Yoder and Flora 2005).
It must therefore be the case that the free energy of formation of
a double salt also can be analyzed through the simple salt “constituents.” The objective of the present work was to determine
how accurately the simple salt approximation could predict the
solubilities of double salts and to use the approximation to derive
generalizations about the relative solubilities of minerals.

RESULTS
Table 1 contains the Gibbs free energies of dissolution (25
°C, 1 atm, inÞnite dilution for aqueous species) calculated using literature values (Wagman et al. 1982) of the free energies
of formation of the compounds (from the elements) and the free
energies of formation of the aqueous ions. The Ksp was calculated
from the free energy of dissolution, and the molar solubility (x)
of the compound was then determined from the Ksp, assuming
that no other equilibria need be considered (an assumption that
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is obviously incorrect for accurate calculation of solubility, but
should sufÞce for the comparisons offered here). The table also
shows the molar solubility calculated by determining the lattice enthalpy using the simple salt approximation as discussed
previously (Yoder and Flora 2005) combined with the heats of
hydration of the gaseous ions (Marcus 1987) to obtain the heat
of dissolution. For a double salt, MNX2, containing the M2+,
N2+, and X2– ions, the heat of dissolution would be obtained as
follows:
MNX2(s) → M2+(g) + N2+(g) + 2 X2–(g) → M2+(aq) + N2+(aq)
+ 2 X2–(aq)
ΔHdiss = ΔHlattice + ΔH hydration
The heat of dissolution was then converted to the free energy
of dissolution by employing either literature values of absolute
entropies or by approximating the entropy using Latimer’s approximation (Latimer 1952). [The Latimer method gave a better
estimation of the absolute entropies of seven of nine double
salts available in the literature (Wagman et al. 1982) relative
to Jenkins’s method (Jenkins and Glasser 2003) based on ion
volumes (Jenkins et al. 1999).]
The silicates are not easily treated in this fashion both because
of the absence of discrete anions in many silicates and the absence of heats of hydration for ions such as the nesosilicate that
hypothetically could exist in aqueous solution. For compounds
with two or more cations and two or more anions, there is more
than one way to combine the simple salts, and for these cases
an average of all combinations was used.
A comparison of the molar solubility obtained with experimental free energies with solubilities determined using the simple
salt approximation shows that for about 75% of the compounds,
the solubilities agree to within an order of magnitude or less.
For example, for malachite, the molar solubility obtained from
experimental thermodynamic data is 2 × 10–7 mol/L, whereas the

