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INSTRUCTIONS: Complete answers to all of the problems below. You need not 

restate the problem as part of the solution, but you must explain your methodology 

carefully and in detail, including the specific assumptions you use .. No credit will be 

given unless the reasoning which led to your answer is clear. Reasoning is more 

important than a numerically correct answer. Schematics should be used and 

considered as part of your solutions. Be careful to define all of the symbols you use in 

your solutions and the units of each term in numerical problems, including the final 

answer. 

1. A metatectic binary phase diagram displays the following invariant transformation 

on cooling: ~ • a+L 

(a) Sketch such a phase diagram. (5%) 

(b) Draw free energy curves of mixing just below the invariant temperature. ( 5%) 

(c) Draw free energy curves of mixing at the invariant temperature. (5%) 

(d) Draw free energy curves of mixing just above the invariant temperature. (5%) 

2. The change in enthalpy when one mole of solid water (ice) is melted at 273 K is 

6008 J. Take the heat capacity of liquid water to be 75.44 J/K. and that of solid water 

to be 38 J/k over the range in temperatures of the problem. The enthalpy of liquid 

water at 298 K may be set equal to zero. 

(a) Calculate the change in enthalpy when ice is melted at 298 K. Is this process 

possible at 1 atrn? (8%) 

(b) Calculate the change in enthalpy when supercooled water solidifies at 260 K. 

(8%) 

( c) Calculate the change in entropy for the freezing of water at 260 K. (9%) 

3. It is known that at 300 K the value of Kp for a certain reaction is 1012. For the 

reaction t:.H 0 is 100 kJ/mole. 

(a) Determine if this reaction is favorable at 800 K and estimate Kp (800K). 

Explain your answer. (6%) 

(b) The actual value of Kp (800) is 35. Explain any discrepancy from your 

estimate. (4%) 
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4. All regular solutions with positive heats of mixing have the same value of the 

activity of its components (A or B) at the critical point of the miscibility gap. 

(a) Calculate this activity (represent as a). (6%) 

(b) Plot a8 vs. X8 for a regular solution at TC for a miscibility gap. (6%) 

5. The Pressure Temperature phase diagram of a certain material is shown below. 

Construct the Volume Temperature diagram for this substance and label all phase 

fields. (15%) 

6. A weak magnetic field is applied to a system of up and down spins. The up spins 

have a slightly lower energy state than those with down spins. This is because the up 

spins are favored by the weak magnetic field. Thus 

E j < € J, 

(a) Determine the partition function for this system under the influence of the 

week magnetic field. ( 6%) 

ni 
(b) Determine the ratio of: nt for very high temperatures and very low 

temperatures. (6%) 

ni 
( c) Determine the ratio of: nt for very high temperatures and very low 

temperatures. (6%) 


