Thermodynamics Exercise 4
1.Ferric oxides and hydroxides are very insoluble in groundwater. For the reaction:


Fe(OH)3 +3H+ = Fe3+ +3H2O  log K= 5.52 at 298 K


Ferric hydroxide

Calculate the equilibrium Fe3+ concentration at pH 2 and pH 6
2. Given the following standard state free energies calculate the pH-pe lines for the reaction:


Fe2+ = Fe3+ + e-
And for the reaction involving Fe2+ and Fe(OH)3(solid) and plot them on a pe-pH diagram (Dont forget to take account of the free energy of H2O)
Fe2+ -90000 J; Fe3+  -16700 J; H2O -237100 J; H+ 0; e- 0
 Fe(OH)3 (solid) -696500 J

Assume equal amount of Fe2+ and Fe3+ for the first part and 10-6 M for aqueous species in equilibrium with solid ferric hydroxide. Don’t forget to convert lnK to logK and R=8.314; T=298
3.Oxygen fugacities of mantle peridotites are generally estimated from the equilibrium


6Fe2SiO4 + O2 = 6FeSiO3 + 2Fe3O4

Olivine
orthopyroxene  spinel

Olivine and orthopyroxene are extremely abundant in most peridotites and both have XFe of about 0.1.  Spinel is much less abundant, is dominated by Mg, Al, Cr and Fe2+ but is an important (low volume) host for ferric iron in the Fe3O4 component. A typical spinel has an activity of Fe3O4 of 0.002

Given the following thermodynamic data calculate the oxygen fugacity of the mantle assemblage at 12000 bars and a typical partial melting temperature of 1560K assuming the olivine and orthopyroxene are ideal Fe-Mg solid solutions. Take the standard states of the solids to be the pure phase at P and T of interest and of gas at 1 bar and T of interest
DHo(1 bar) = -472500J

DSo = -169.3 J.K-1

DVo(solids)= +0.9 J.bar-1
R=8.314 J.mol-1K-1
