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Predicting phase relations and reactions involving clay 

minerals is of critical importance when modelling geological 
reservoirs and making thermobarometric estimates at 
temperatures inferior to 350°C. Applying simple oxide 
summation techniques is insufficient to estimate the 
thermodynamic properties of these phases with a satisfactory 
precision; more sophisticated numerical techniques are 
required when experimental results are not available. Recent 
atomistic techniques allow constraining activity models 
independently from kinetics. Amongst the various solid 
solutions occurring in phyllosilicates, the magnitude and the 
thermodynamic significance of the pyrophyllitic substitution 
have strong implications on the stability of clay minerals at 
surface conditions. We have applied a lattice energy 
estimation method combined with Monte Carlo simulations to 
estimate the energy of mixing along the muscovite-
pyrophyllite solid solution. The results show a positive and 
asymmetric Gibbs free energy of mixing, concordant at first 
order with previous thermodynamic models issued from phase 
relations in micas and with field observations. This implies 
that minerals with compositions intermediate to pyrophyllite 
and muscovite are unstable at low temperatures, suggesting 
that illites and smectites are metastable phases. However, clay 
minerals also contain water in interlayer position, and phase 
relations and experimental results suggest that its 
incorporation competes with the non-ideal pyrophyllitic 
substitution to stabilize these phases at surface conditions. 
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Biomolecules have a significant impact on the fate and 
transport of contaminant metals in soils and natural waters. 
Siderophores, biogenic chelating agents with high affinities 
for iron that are exuded by microbes and plants, may also form 
strong complexes with contaminants metals [1]. Specifically, 
we have recently demonstrated that siderophores may form 
complexes with Co (III) that possess higher stability constants 
than the corresponding Fe (III) complexes [2]. This 
observation suggests that siderophores may play a role similar 
to synthetic chelating agents in the dispersion of cobalt in 
contaminated sites.  

To better understand the possible effects of siderophores 
on cobalt mobility, we conducted a series of spectroscopic, 
computational, and chemical experiments to characterize the 
stability and structure of Co-siderophore complexes and to 
elucidate the mechanisms of their formation and degradation 
in the environment. Experiments conducted using the model 
siderophore desferrioxamine B (DFOB) have shown that 
siderophores may solubilize cobalt from mineral phases, 
resulting in dissolved Co (III)HDFOB+ complexes and Co (II). 
Dissolution rates from heterogenite (CoOOH) are significantly 
greater than those of goethite (FeOOH) at corresponding 
conditions, suggesting a strong kinetic preference for cobalt 
solubilization. The resulting Co (III)HDFOB+ complexes may 
also sorb to the surfaces of metal oxides in a manner similar to 
that of Fe (III)HDFOB+ complexes [3], suggesting that 
minerals may be an important sink for Co-siderophore 
complexes. The results suggest that siderophores may play 
significant roles in regulating cobalt bioavailability, fate, and 
transport in the environment. 
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