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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 117 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 72 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 16
3 20
4 20
Total 72




1. (16 points) For the following processes, predict whether ¢, w, AU, and AH will be posi-
tive (4+), negative (—), or equal to zero (0) for the system. Explain briefly in the space

provided.

(a) An ideal gas is compressed isothermally against an external pressure of 1 atm. (8)
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The process involves an ideal gas and is isothermal.

This immediately means that

AU = AH = 0 because for an ideal gas the internal energy and enthalpy are only
functions of temperature. Because AU = ¢ + w this means that since AU = 0 that
g = —w. The gas is being compressed, so work is being done on the system, so w > 0

and therefore ¢ < 0.

(b) An ideal gas is heated at constant volume.
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The process is being done at constant volume, thus dV = 0 and no work can be done
(Ow = —PdV). The gas is being heated, so heat is flowing into the system and g > 0.
Since AU = g+ w, then AU is also greater then zero. Also, AH = AU + A(PV), so
since V is constant, P must be increasing and AH will also be positive.



2. (16 points) One mole of ideal gas is expanded at 400.0 K isothermally from a volume of 3.3 L
to 10.9 L.

Calculate w, q, AU, AH, and AS for the system when the process is done in the following
two manners. Show your work below and enter your results in the table. Be sure to include
the appropriate units.

It is important to note that part (a) and (b) end up in the same state, so values of state
functions (AU, AH,AS) for the processes are going to the same for both parts. Also for
both part the process is isothermal and since this is an ideal gas, AU = AH = 0.

(a) the process is done reversibly (8)
Since AU = 0, we know that ¢ = —w, so we can first solve for the work done:
Va
ow=—PdV — w= / —PdV
i

Using the ideal gas law to write P in terms of V' (P IS NOT CONSTANT, so it cannot
be pulled out of the integral):
109 10.9

10.9 T
w = / _nRTdV = —nRTIn —— = —(1 mol)(8.314 J/mol K)(400K ) In ——
3.3 V 3.3 3.3

w=—3974 J qg=—w=+3974 J

The process is isothermal, so we can solve for the entropy change of the system as

follows:
a(]7'61) _ Grev 3974 J

T T 400K

ASgys = =9.93 J/K

(b) the process is done irreversibly against a constant zero external pressure (P, = 0, i.e.
a ”free” expansion)

(8)
AU,AH, and AS are the same as in part (a) because they are state functions and the
starting and ending states for both processes are the same. The external pressure on
the system is a constant zero pressure meaning no work is done during the expansion.
Also, since AU = ¢ + w and both AU and w are 0, ¢ = 0 as well.

w q AU AH AS
Part (a) | —3874 J | 3974 J 0 0 9.93 J/K
Part (b) 0 0 0 0 9.93 J/K




3. (20 points) Superheated water is water heated above 100°C without boiling. Much like
supercooled water, superheated water is thermodynamically unstable.

Suppose 1.5 moles of superheated liquid water are converted to gaseous water (steam) at
110°C and a constant pressure of 1 atm.

The enthalpy of vaporization of water at its boiling point of 100°C is 40.79 kJ/mol. The
J J

molar heat capacity of liquid water is 75.5 = and of gaseous water (steam) is 34.4 == —.
(a) Without doing any calculations predict whether AHgystem, ASsystem, ASsurroundings
and ASyniverse Will be positive (4), negative (—), or equal to zero (0) for the process
described above. Enter your predictions in the table below and briefly justify your

answer. (6)

AI{system ASsystem Assu’r’r‘oundings Asum'verse

+ |+ - |+

AH for the system is positive because head is absorbed by the system to transform a
liquid into a gas. ASgystemn Must be positive because you are transforming a liquid to
a gas and the entropy of the gas phase is greater than that of the liquid phase. The
entropy change for the surroundings must be negative since heat is flowing into the
system and out of the surroundings. Finally, ASyniverse must be positive because the
conversion of a liquid to gas at a temperature above its boiling point is spontaneous.

(b) Using the data supplied above, determine AHgygem for the process. You may assume
that the heat capacities are independent of temperature. Show your work and enter
your numerical result in the table below. Be sure to include the appropriate units.

(4)

A-FI‘system

60568 J or 60.57 kJ

We want the enthalpy of the system (vaporization) at 383 K. Since we know the enthalpy
of vaporization at the boiling point of 373 K and the heat capacities of the liquid &
we can construct a path along which we can actually solve for the enthalpy change at

383 K.
383

373 o
AHgystem = | nCY™ AT + nAHye, + [ nCI™dT
383 373

AHqystem = n[CHT4(373 — 383) + AH,qp, + C9%(383 — 373)]

AHqystem = 1.5(40379 J/mol) = 60568 J



(c) Using the data supplied, calculate ASsystem, ASsurroundings, and ASypiverse. You may
assume that the heat capacities are independent of temperature. Show your work and
enter your numerical results in the table below. Be sure to include the appropriate units.

(10)

ASsysifem ASsurroundings ASum‘verse

162.4 J/K | —158.14 J/K | +4.26 J/K

For ASgystem We can use a similar approach as we did for solving for the enthalpy change,
but use dS = %:

578 nCPT T | nAHugy | /383 nCgedT
3

ASsystem = / - T

383 T Thoiting

373 AH 383
ASS stem = Clzquzdl ore vap C9as "
ystem = MGy TN gea 4 e T G 53]

ASystem = 162.4 J/ K

For ASgurroundings We need to use the actual heat flow into or out of the surroundings.
In part (b) you calculated that 60658 J of heat will be absorbed by the system during this
process. Therefore, since qsystem = —Qsurroundings: the surroundings lost heat or the heat
flow out of the surroundings was —60658 J.

_ Gsurr _AHsys —60568 J .

ASsu?“roundings = Tourr = Tourr = 383 K = —158.14 J/K

Finally, ASyniverse is the sum of the entropy change of the system and the surroundings:

ASuniverse = ASsystem + ASsurroundings = 162.4 J/K + —158.14 J/K = +4.26 J/ K



4. (20 points) Please identify each of the following statements as true or false. Give a brief
justification for each answer.

(a) The entropy of a system must always increase for a spontaneous process.. (5)

FALSE. AS of the universe must always increase for a spontaneous process. ASsystem
will always increase for an isolated spontaneous process since there is no contact with
the surroundings.

(b) For a reversible, cyclic process w = ¢ = 0. (5)
FALSE. We have a counter example, namely the Carnot cycle, where there is cyclic
process and there is work and heat flow. It is true that w and ¢ are not state functions
and thus are not always zero for a cyclic process , but this does not mean they couldn’t
be zero. So saying that w and ¢ are not state functions does not fully explain why this
statement is false.

(c) In the reversible adiabatic expansion of a gas, the internal energy always decreases. (5)

TRUE. In an adiabatic expansion there is no heat flow (¢ = 0) and work is done by the
expanding gas (w < 0). Since ¢ = 0, AU = w and since w is less than zero the change
internal energy is also negative (decreases).

(d) To determine the work done in a process all you need to know are the initial and final
states of the system. (5)

FALSE. Work is NOT a state function, therefore in order to determine the work done you
need to know the path taken, i.e. how the process is done (constant volume, constant
pressure, adiabatic, isothermal, etc.)



PERIOD

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

PV =nRT for an ideal gas
dsystem = —dsurroundings

Potentially useful information
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