
The Richard Stockton College of New Jersey
Chemistry Program, School of Natural Sciences and Mathematics

PO Box 195, Pomoma, NJ

CHEM 3410: Physical Chemistry I — Fall 2008

Exam 1 — Model Solutions
October 3, 2008

12:45–2 PM
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Read all of the following information before starting the exam:

• 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.

• 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).

• 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.

• Justify your answers. Clearly state any assumptions you make.

• Circle or otherwise indicate your final answers.

• You have 75 minutes to complete the exam. There are a total of 70 points on the exam, so
budget your time accordingly.

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

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

• Good luck!

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

Question Score Total

1 14

2 16

3 20

4 20

Total 70
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1. (14 points) For the following complete processes, predict whether q, w, ∆U , and ∆S for the
system will be positive (+), negative (−), or equal to zero (0). Enter your answers in the
tables and explain briefly in the space provided, no calculations necessary.

(a) A sample of an ideal gas is carried through a complete Carnot cycle (isothermal ex-
pansion, adiabatic expansion, isothermal compression, and adiabatic compression — all
reversible). (7 )

q w ∆U ∆S

+ − 0 0

For any cyclic process the change in a state function will be zero, so ∆U and ∆S are
both equal to zero. In the Carnot cycle, there is a net output of work (the system does
work) meaning w < 0 and since ∆U = 0, q > 0.

(b) An ideal gas expands adiabatically and reversibly. (7 )

q w ∆U ∆S

0 − − 0

The process is done adiabatically, so there is no heat flow and q = 0. Since the process
is also reversible, qrev = 0 and ∆S = 0. Finally, the gas is expanding, meaning work is
being done by the gas and w < 0 and thus ∆U < 0.
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2. (16 points) While running a marathon, it is not unusual for a runner to consume 4 L (4 kg)
of H2O and to lose about 4 kg of body mass. For simplicity, pretend that all of the loss of
body mass is due to loss of H2O (g, T = 37◦C P = 1 atm) by evaporation.

Using the data below, compute ∆Hsystem and ∆Ssystem for the conversion of 8.0 kg of H2O
from liquid to vapor at T = 37◦C. You may assume that the heat capacities are independent
of temperature.

∆Hvap(100◦C) = 41 kJ/mol

Cp(H2O, g) = 34 J/mol-K

Cp(H2O, l) = 75 J/mol-K

Molecular weight (molar mass) of H2O = 18 g/mol = 0.018 kg/mol

We need to figure out the enthalpy of vaporization at 310 K (37◦C). We know the enthalpy
of vaporization at 373 K and the heat capacities of the liquid and gas, so we need to employ
a Hess’s loop to figure out the enthalpy at 310 K.

∆H(310 K) =
∫ 373

310
nC l

pdT + n∆Hvap(373 K) +
∫ 310

373
nCg

pdT

8.0 kg of water is equivalent to 444.4 moles of water. Since the heat capacities are inde-
pendent of temperature:

∆H(310 K) = nC l
p∆T

∣∣∣373

310
+ n∆Hvap(373 K) + nCg

p∆T
∣∣∣310

373

∆H(310 K) = 444.4 mol [75 J/molK(373− 310) + 41000 J/mol + 34 J/molK(310− 373)]

∆H(310 K) = 19368 kJ = 19.37 MJ

To find the entropy change we employ a similar strategy:

∆S(310 K) =
∫ 373

310

nC l
pdT

T
+

n∆Hvap(373 K)
Tvap

+
∫ 310

373

nCg
pdT

T

∆S(310 K) = 444.4
[
75 J/molK ln

373
310

+
41000 J/mol

373 K
+ 34 J/molK ln

310
373

]
∆S(310 K) = 52.2 kJ/K
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3. (20 points) Consider 1 mol of a monatomic ideal gas initially at P1 = 1 atm, T1 = 300 K,
V1 = 25 L. The heat capacity at constant volume for this gas is Cv = 3

2R. For the following
processes, all of which end at final volume V2 = 50 L, give the results for w, q, ∆U , ∆H, and
∆S for the system. Show your work below and enter your results in the table. You may use
any system of units you like, but be consistent throughout your answer.

It is important to note that part (a) and (b) end up in different states, so values of state
functions for the processes are going to be different for each part. Also, you might have
noticed that the initial temperature, pressure, and volume are not physical since they do not
conform to the ideal gas law.

(a) Reversible, constant pressure heating until volume V2 is reached. (10 )

For a constant pressure heating we can find the work:

w =
∫
−PdV = −P

∫
dV = −P∆V = −1 atm(50− 25 L)− 25 Latm = −2532 J

The volume doubles, so the temperature must also double giving us a final temperature
of 600 K. This is a constant pressure heating so:

qp = ∆H =
∫

CpdT =
5
2
R∆T =

5
2
R(600− 300 K) = 6236 J

∆U = q + w = −2532 + 6236 = 3704 J

Finally, we can find ∆S:

∆S =
∫ 600

300

CpdT

T
=

5
2
R ln

600
300

= 14.4 J/K

(b) Reversible isothermal expansion to volume V2. (10 )

Since this is an isothermal process involving an ideal gas, we can immediately write
down that ∆U = ∆H = 0. This leaves us with q = -w.

w =
∫ V2

V1

−PdV

But pressure is NOT constant, so we need to write P in terms of V using the ideal gas
law:

w =
∫ V2

V1

−nRT

V
dV = −nRT ln

V2

V1
= −R(300 K) ln

50
25

= −1729 J

∆S =
q

T
=

1729 J

300 K
= 5.76 J/K (since it is isothermal)

w q ∆U ∆H ∆S

Part (a) −2532 J 6236 J 3704 6236 14.4 J/K

Part (b) −1729 J +1729 J 0 0 5.76 J/K
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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 universe must always increase for a spontaneous process. (5 )

TRUE. This is a result of the second law. For a process to occur spontaneously, the
entropy of the universe must increase.

(b) For a reversible, cyclic process ∆U > 0. (5 )

FALSE. For any cyclic process the change in a state function is EQUAL to zero. This
is because a state function only depends on the initial and final states. If the initial and
final states are the same, as they are in a cylce, the change in a state function is zero.

(c) In an reversible, isothermal expansion of an ideal gas, the internal energy always de-
creases. (5 )

FALSE. For any isothermal process involving an ideal gas, the internal energy change is
equal to zero.

(d) A piece of iron at 400 K contains more heat than a piece of iron at 300 K. (5 )

FALSE. Heat is not a substance. An object cannot contain more heat than another
object.

5



Potentially useful information

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

PV = nRT for an ideal gas
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