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INTRODUCTION

The mineral hydrotalcite occurs in nature as white crystals, 
similar in appearance to the mineral talc, in foliated and contorted 
plates and/or Þ brous masses. Hydrotalcite-like solids form in 
association with other phases such as serpentine and calcite. 
Takovite [Ni6Al2(OH)16(CO3)·4H2O], a Ni-bearing hydrotalcite-
like phase, occurs in karstic bauxites and with minerals such 
as gaspeite, nepoutite, and carrboydite in weathered Ni-sulÞ de 
deposits (Bish 1980). The structure of hydrotalcite (Fig. 1) was 
Þ rst elucidated by Allmann (Allmann 1970) for the CO3-Mg,Al 
system (hydrotalcite), and by Taylor (Ingram and Taylor 1967) 
for CO3-Mg,Fe compounds (pyroaurite). The structure of hydro-
talcite can be visualized as being composed of brucite-type lay-
ers, in which trivalent cations substitutes for divalent cations, and 
alternating layers, or interlayers, containing anions that balance 
the positive charge resulting from the substitution. The remaining 
sites in the interlayers are occupied by water molecules.

Now the term hydrotalcite-like compound (HTLC) encom-
passes a growing class of minerals and materials that possess 
this type of layered structure. These materials possess a general 
stoichiometry: M2+

1�xMx
3+(OH)2[An�]x/n·mH2O, where �x� represents 

the mole fraction of the trivalent cation in the brucite-layer (based 
on one mole of cations), �An�� is the intercalating anion, and 
�m� represents the water content. These materials contain a 
variety of cations including Mn2+, Mg2+, Co2+, Ni2+, Zn2+, Fe2+, 
Al3+, Fe3+, and Cr3+, as well as interlayer anions such as CO3

2�, 
NO3

�, Cl�, and SO4
2�. 

Interest in HTLCs has grown due their use as catalysts, 
catalyst precursors, and specialty chemicals (Cavani and TriÞ rò 
1991), as well as their potential use as anion-exchange materials 
(Cavani and TriÞ rò 1991; Miyata 1980, 1983; Miyata and Okada 
1977; Reichle 1986a, 1986b). Hydrotalcites are also interesting 
because of their role in controlling the mobility of aqueous met-
als in the environment (dʼEspinose de la Caillerie et al. 1995a, 
1995b; Scheidegger et al. 1997, 1998; Thompson et al. 1999a, 
1999b, 2000; Towle et al. 1997).

Even though numerous applications have been developed for 
HTLCs, and a great deal of research has centered upon their ef-
fects on total dissolved concentrations of transition metals in the 
environment, little is known about their energetics. Standard-state 
thermodynamic data are essential for design calculations for the 
development of novel chemical processes and new materials, as 
well as for more accurate calculations in environmental chemis-
try. For example, solubility products for HTLCs are necessary 
for calculations involving their equilibrium with minerals in 
natural waters and generating phase diagrams. Similarly, solu-
bility data are necessary for determining the capacity of HTLCs 
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ABSTRACT

Interest in hydrotalcite-like compounds has grown due to their role in controlling the mobility of 
aqueous metals in the environment as well as their use as catalysts, catalyst precursors, and specialty 
chemicals. Although these materials have been studied in a number of contexts, little is known of 
their thermodynamic properties. Here we present a complete thermochemical study of hydrotalcite-
like compounds of the MgO-Al2O3-CO2-H2O system. Using high-temperature oxide-melt solution 
calorimetry, we determined the enthalpies of formation at 298 K from the elements (ΔH0

f) for the 
compounds: Mg0.69Al0.31(OH)2.013(CO3)0.15·0.30H2O, Mg0.74Al0.26(OH)2(CO3)0.13·0.39H2O, Mg0.67Al0.33

(OH)2(CO3)0.16·0.69H2O, and Mg0.66Al0.34(OH)2(CO3)0.17·0.70H2O to be �1171.55 ± 1.81, �1165.98 ± 
2.06, �1284.65 ± 1.97, and �1292.07 ± 2.05 kJ/mol, respectively. We also present the heats of formation 
of these materials from the single-cation hydroxides [Mg(OH)2 and Al(OH)3] and carbonates (MgCO3) 
and water (ΔHf

scc); they are energetically stable by 10�20 kJ/mol. Using low-temperature adiabatic 
heat-capacity measurements we determined the third-law entropy (S0) for the compound Mg0.74Al0.26 

(OH)2(CO3)0.13·0.39H2O [85.58 ± 0.17 J/(mol·K)], neglecting any conÞ gurational contributions. From 
our experimental data for Mg0.74Al0.26(OH)2(CO3)0.13·0.39H2O, we calculated the free energy at 298 K 
(ΔG0

f = �1043.08 ± 2.07 kJ/mol). Our thermodynamic studies also provide insight into the state of the 
interlayer water in hydrotalcite, namely the water of hydration appears to exist in a state intermediate 
in thermodynamic properties between that of ice and liquid water. 


