EXERCISE 1
1) Given the following values of entropy and volume, chemically balance the reactions written below and state whether products or reactants will be favoured by a) Increase in temperature and b) Increase in pressure. (Note that I'm giving 298K values, but that V and Sare insensitive to temperature and pressure for solid-solid reactions. In the case of solid-liquid reactions the assumption is less good, but still ok for this purpose.
S (298 K) J/mol.K   V (298 K) cm3
Albite    NaAlSi3O8                                          210.0                 

100.27

Kyanite  Al2SiO5                                              83.8                    

44.09

Sillimanite                                                       96.1                    

49.9

Jadeite  NaAlSi2O6                                           133.5                 

60.4

Quartz                                                              41.33                 

22.7

Anorthite CaAl2Si2O8                                     
202.7                 

100.8

Forsterite  Mg2SiO4                                         95.19                   

43.8

Pyrope Mg3Al2Si3O12                                      200.8                  
 
113.3

Grossular Ca3Al2Si3O12                                   241.4                 

125.3

Liquid SiO2                                                      47.4
       

27.3

1) Kyanite = Sillimanite

            
 2)Jadeite + Quartz = Albite

            
 3) Anorthite + Forsterite = Pyrope + Grossular

4) Quartz = Liquid
2) For most solid-solid reactions it can be assumed that  H=Constant, S=constant
and V = Constant. Making these assumptions calculate and sketch a pressure-temperature

diagram for the reaction:-

             3Fe2Al4Si5O18 = 2Fe3Al2Si3O12 + 4Al2SiO5 + 5SiO2

             Cordierite                Garnet          Sillimanite   Quartz

             V = -160.0 cm3 = -16.0 J.bar-1
             S = + 27.4  J/mol.K

             H(1bar) = 75980 J 
  3) Calculate and sketch the Aluminosilicate (Al2SiO5) pressure-temperature phase diagram given the  following information :-


Andalusite = Sillimanite  H(1bar)=3054 J, S=2.97 J/K, V=-1.63 cm3

Andalusite= Kyanite       H(1bar)=-4352 J, S= -9.37 J/K, V=  -7.44 cm3
 Don't forget to convert from cm3 to J.bar-1 or use m3 and pressure in Pa
Use Hess’s Law to derive the properties of the Kyanite=Sillimanite reaction.

 Assume the thermodynamic properties are temperature-independent and that V is constant. 

What is the pressure and temperature of the point at which the 3 reactions intersect?

Note that the reactions intersect at one point and that some parts of each line are metastable ie the Andalusite-Sillimanite line is metastable in regions where Kyanite is more stable than either of these phases.
