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Given: R =8.314 J/K:-mol =0.08206 L-atm/K-mol
In(2) = 0.6931, In(3) =1.0986, In(5) =1.6094, In(7) =1.9459, In(10) = 2.3026
1 bar = 10° Pa

1. Please express the following items in the mathematical form.
(@) First Laws of Thermodynamics (4%)
(b) Second Laws of Thermodynamics (4%)
(c) Combination of the First and Second Laws of Thermodynamics (4%)
(d) Third Laws of Thermodynamics (4%)
(e) The van’t Hoff equation (4%)
(F) The Gibbs Phase Rule (4%)
(9) The enthalpy of mixing for a regular solution (4%)

2. (a) Show that (g)P - —(g—i)T (6%)

(b) Show that €, — C, = [(%)T +P] (g—‘;)P (8%)

(c) Derive that the general expression for the chemical potential of a component A (i) in an

ideal binary solution ( A-B system) is givenby u, = G, + RTInX, =G + ng ,
A

where G, is the free energy of pure A, X, is the mole fraction of A in solution, X is the
mole fraction of B in solution, and R is the gas constant. (8%)
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9.85 g gold (Au) and 21.6 g silver (Ag) are mixed together to form an ideal single-phase solid
solution. The molar mass of gold and silver are 197 g/mol and 108 g/mol, respectively.

(@) What are the mole fractions of gold (Xay) and silver (Xaq) ?(5%)

(b) What is the molar entropy of mixing (ASmix) ?(5%)

(c) What is the total entropy of mixing?(5%)

(d) What is the change in the molar Gibbs free energy of mixing (AGnmix) at 773 K ?(5%)

(e) If we assume both the Gibbs free energy of gold and silver are zero, what will be the
chemical potentials of gold (pay) and silver (pag) at 773 K ?(5%)

The molar volume of copper is 8.0 x 10°° m* for the liquid phase and 7.6 x 10°® m* for the solid
phase. The melting point of copper is 1085°C. The latent heat of fusion of copper is 13.05
kJ/mol.

(a) Please express the Clapeyron equation, which is the relationship between the pressure and
temperature for conditions of equilibrium between two condensed phases. (5%)

(b) What is the change in the equilibrium melting point of copper caused by a change of
pressure of 10 kbar? (10%)

The composition region x and the composition at y are pointed out in the following free energy
diagram. Please state which one is more stable and explain why. (10%)
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