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Name:
Read all of the following information before starting the exam:

e This is a closed book exam. You are permitted an aid sheet consisting of two sides of a
8.5” x 11” piece of paper. Your aid sheet must be turned in with your exam.

e Show all work, clearly and in order, if you want to get full credit. I reserve the right to take
off points if I cannot see how you arrived at your answer (even if your final answer is correct).

e Please keep your written answers brief; be clear and to the point. I will take points off for
rambling and for incorrect or irrelevant statements.

e Justify your answers. Clearly state any assumptions you make.
e Circle or otherwise indicate your final answers.

e You have 75 minutes to complete the exam. There are a total of 67 points on the exam, so
budget your time accordingly.

e For problems involving calculations, set up your calculations first and then do the computa-
tion if time permits.

e Be sure to read all the questions first. You do not have to complete the problems in any
particular order.

e Good luck!

Use of wireless communication devices at any time
during the exam is strictly prohibited.

Question | Score | Total
1 16
2 18
3 17
4 16
Total 67




1. (16 points) Consider two possible processes for the vaporization of one mole of HoO at 95°C
and 1 atm.

A. The H50 is the only substance in the container which is kept at constant pressure and
temperature giving the process:

H>0 (1, 95°C, 1 atm) — H20 (g, 95°C,1 atm)

B. One mole of He is present in the container along with one mole of HyO. The container
is kept at constant pressure and temperature. The HyO(l) and He(g) are initially not
mixed since one is a liquid and the other is a gas. But after vaporizing, the HoO(g) then
mixes with the He(g) in the container, giving the total process:

H>0 (1, 95°C,1 atm) + He (g, 95°C,1 atm) — (H20 + Heé)mized (g, 95°C, 1 atm)

You can assume that He(g) and HoO(g) are ideal gases.

The following data may be useful:

The equilibrium boiling temperature of water is 100°C at 1 atm.
AHyqp = 40,525 J/mol
ASyqp = 108.6 J/molK

Assume that both the enthalpy of vaporization and the entropy of vaporization are
independent of temperature in the range of 95°C to 100°C.

(a) Find AG for process A. Is this process spontaneous? (4)

(b) What are ASpizing and AGpizing for mixing one mole of He(g) with one mole HyO(g)
at a constant pressure of 1 atm and a constant temperature of 95°C?

(4)



(c) What is AG for the complete process B. Is this process spontaneous? (4)

(d) Predict whether ASyniverse for process B will be positive, negative, or equal to zero.
Briefly explain your choice. [Bonus +4 if you calculate ASypiverse for process B ]

(4)

2. (18 points) The gas phase dissociation of molecule A is given by:

A(g) = B(g) + C(9)

Initially pure A is placed in a container.

(a) At 80°C and 1 bar, the fraction a of “A” that is dissociated is 0.4. (If n moles of A
are initially placed in the container, then an moles will have dissociated leaving n — an
moles of A at equilibrium). Calculate the equilibrium constant K, and the standard
free energy change AG® for the dissociation of A at 80°C. (6)



(b) Calculate the pressure at which the fraction « that is dissociated is 0.9 at 80°C. (6)

(c) At 320°C, K, = 1.076. Calculate the standard heat of reaction AH® for the dissociation
of “A” if AH®° is assumed to be independent of temperature.

[If you were unable to do part (a), then use (incorrectly) K,(80°C') = 0.30]. (6)



3. (17 points) Unary phase diagrams, such as the one for water shown below,
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are often constructed from data obtained using a constant pressure calorimeter. A carefully
measured number of moles of the compound is placed in the calorimeter. Heat is added to
the calorimeter at a constant rate and 7' is measured vs. time, t. A T vs. ¢ plot for HyO at
P = 4.5 kbar might look like the sketch below:

p = 4.5 kbar

(a) What is happening at 77 and 157 (3)

(b) Based on the above phase diagram for HyO, what are the approximate values of 77 and
Ty? (3)



(c) If P is decreased from P = 4.5 kbar to P = 4.0 kbar, how will the temperatures of the
horizontal regions of the T vs. ¢ plot change? What do these changes tell you about the
sign of AV for the I — V and V — liquid phase transitions?

(4)

(d) Sketch a similar heating curve for a pressure of 2.5 kbar. Indicate any relevant trans-
formation temperatures on the sketch.

(4)

(e) Why do the non-horizontal portions of the heating curve have different slopes? (3)



4. (16 points) Please identify each of the following statements as true or false. Give a brief
justification for each answer.

(a) The mixing of ideal gases is spontaneous at high temperatures but non-spontaenous at
low temperatures. (4)

(b) The entropy of a system is always maximized at equilibrium. (4)

(c) The chemical potential of 12 grams of ice at 0°C and 1 atm is equal to the chemical
potential of 12 grams of liquid water at 0°C and 1 atm. (4)

(d) Increasing the pressure on a gas-phase reaction will always shift equilibrium towards the
products. (4)



Potentially useful information

R = 0.0821 L-atm/mol-K = 8.314 J/mol-K

PV
AG

=AH —-TAS

= nRT for an ideal gas

The Periodic Table of the Elements

1 2
H He
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1.00794 4.003
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