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1. An ideal solution is made of 79 mol% of A, 20 mol% of B and 1 mol% of C at
298 K and 1 atm. Calculate the relative integral molar free energy of the
solution, G™. (10%)

2. The equilibrium constant for ammonia synthesis reaction is 775 at 25°C based on
1 atm ideal gas standard state. The enthalpy change associated with the reaction,
or the heat of reaction, AH,° =-45.9 kJ]. Assuming that AH,® is independent of

; (2) estimate the equilibrium

temperature, (1) derive : [a(énK)] _AH
P

aT "~ RT?

constant for the reaction at 45°C. (15%)

3. The specific heat of solid copper above 300 K is given by
Cp=22.64+6.28x10° T Jmol'K"
How much does the entropy of copper change on heating from 300 to 1000 K?
(10%) ’

4. The free-energy increase by introducing vacancies into a crystal may be written as
follows:
Gy=n,w-T8,
The entropy arising in the presence of vacancies is an entropy of mixing. Show
that the ratio of vacancies to atoms in a crystal can be expressed as
ny/ ng = exp [-w/kT]
where G, = the free energy due to vacancies
S, = the entropy due to vacancies
w = work to form one vacancy,
k = Boltzmann constant
T = the absolute temperature
n, = number of vacancies

ngp = number of atoms. (15%)

5. If homogeneous nucleation of ice occurs at -43°C, calculate the critical radius given
values of -3.1 x 10® J/m® and 25 x 10° J/m?, respectively, for the latent heat of
fusion and the surface free energy. (25%)
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6. Express AGM, AH, AS, y and G*° for binary ideal and regular solution in detail,
where M means "mixing", XS means "excess property", (5%) (for binary system)

7. Use the phase diagram in Fig. 1 to plot the each phase relationship of the Gibbs
free energy of mixing curve vs. compositions, and activity vs. composition at
various temperatures (20%)

Temperature

A composition B

Fig.1 Simple eutectic system




