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1. (15%)

A reversible heat engine, operating in a cycle, withdraws heat from a high-
temperature reservoir (the temperature of which consequently decreases), performs
work w; and rejects heat into a low-temperature reservoir (the temperature of which
consequently increases). The two reservoirs are, initially, at the temperatures T, and
I; and have constant heat capacities C, and C; respectively. Calculate the final
temperature of the system and the maximum amount of work, which can be abtained
from the engine.

2. (15%)
A quantity of supercooled liquid tin is adiabatically contained at 495 K.
Calculate the fraction of the tin which spontancously freezes. Given
OHigsey = 7070 (Joules) at T, = 505 K
Cpsa) = 34.7-92x 107 T  (Joule/K)
Cpsaip) = 185426 x 107 T (Joule/K)

3. (15%)
Below the triple point (-56.2°C ) the vapor pressure of solid CO; is given as
In patm)=-3116/T + 16.01
The molar latent heat of melting CO; is 8330 joules. Caleulate the vapor pressure
exerted by liquid CO, at 25°C and explain why solid CO; is referred to as “dry ice”.

4. (15%)

n moles of an ideal gas 4 and (1-n) moles of an ideal gas B, each at | atm pressure,
are mixed at total constant pressure.  'What ratio of 4 to B in the mixture maximizes
the decrease in the Gibbs free energy of the system?  If the decrease in the Gibbs free
energy is /\G™, to what value must the pressure be increased in order to increase the
Gibbs free energy of the gas mixture by % AGM ?
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5. (10%)

Gold and silicon are mutually inscluble in the solid state and form a eutectic
system with a eutectic temperature of 636 K and a eutectic composition of Xs; = (.186.
Calculate the Gibbs free energy of the eutectic melt relative to (1) unmixed liquid Au
and liquid Si, and (2) unmixed solid Au and solid Si.

Given HHpy = 50,200 Joule and T, = 1685 K for Si

DHy = 12,600 Joule and T, = 1338 K for Au.

6. (15%)

Three equations for the oxidation of Mg according to Mg + 1/2 Oy = MgOy,, are
AGE=-604,000-536T In T+ 142.0T (Joule) (i}
AG"=-759800-134T InT+317T  (Joule) (ii)
AGY=-608,100-044T In T+ 112.8T (Joule) (iii)

One of these expressions is for the oxidation of solid Mg, one is for the oxidation of
liquid Mg, and one is for the oxidation of gaseous Mg. Determine which equation is
for which oxidation. (You have to provide your explanations). Also calculate the
melting and normal boiling temperature of Mg,

7. (15%)

A CHi-H; gas mixture at 1 atm total pressure, in which py;; = 0.957 atm, is
equilibrated with an Fe-C alloy at 1000 K. Calculate the activity of C with respect to
graphite in the alloy. 'What would the value of pyy; in the gas mixture (at Py = 1
atm) have to be in order to saturate the Fe with graphite at 1000 K ?

Given: AG®=-91,040 + 110.7 T (Joules) for reaction Cigraphire) + 2Haig = CHagy




