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59-240 Introductory Physical Chemistry I - Fall 2004 - Prof. R.W. Schurko
Assignment #2
Posted on web: Saturday, October 30, 2004
Due date: Monday, November 8, 2004 - In class at 12:30 p.m.

Instructions:
Complete all five questions.  Show all work and units used in the calculations.  Be sure to place final
answers or key calculations within a clearly marked box.  Each question is worth 10 marks out of a
possible 50.  Assignments not handed in at the start of class will be graded at half value, and late
assignments receive a grade of zero.  Please write legibly and be sure to staple all pages together - failure
to do so may result in your assignment not being marked!  Write answers clearly in blue or black pen. Do
not write in pencil, do not use whiteout, tape or other obscuring implements. 

1.  A Carnot engine operates between Thot = 25.0 oC and Tcold = 0.0 oC, using 1.00 mol of an ideal
monatomic gas.  The initial pressure-volume conditions are 1.000 bar and 24.8 L.  During the
isothermal expansion step (step 1), the volume changes to 50.0 L.
(a) Calculate q, w, ∆U, ∆H and ∆S for each step of the cycle, as well as for the overall process. 
Show all work, and tabulate the results of your calculations in a table like the one shown below.
(b) On a piece of graph paper or using appropriate software, prepare a p-V plot for this Carnot
cycle. Label steps 1-4, and points A-D.  Be sure to title this graph, and correctly label the axes.
(c) Prepare a plot of entropy as a function of temperature.  Determine the area of the figure in the
plot and identify its significance.
(d) What is the efficiency of this engine?  Would the efficiency of the engine be higher if Thot
was 100 oC?  Briefly explain.

Step q w ∆U ∆H ∆S

1

2

3

4

2.  Graphite and diamond are two of the pure allotropes of carbon.
(a) Calculate ∆Ssys, ∆Ssurr and ∆Suniv for the chemical reaction which converts graphite and
hydrogen gas to methane:

C(graphite, s)   +   2H2(g)    6    CH4(g)         =  -74.81 kJ mol-1∆f H
o

298

(b) The density of graphite is 2.25 g cm-3 and that of diamond is 3.51 g cm-3.  If  = 2.900∆G o
298

kJ mol-1 for the solid state transformation of graphite to diamond, determine the pressure at
which graphite and diamond are in equilibrium at 25 oC.
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C o
p,m / (J K &1 mol &1) ' 89.07 % 0.14868 [T / (K)] & 1.314 × 10&5 [T / (K)]2

C o
p,m / (J K &1 mol &1) ' 115.21 % 7.953 × 10&2 [T / (K)]

3. For the alpha form of potassium sulphate, α-K2SO4(s),  = 175.544 J K-1 mol-1.  At 857 K,S o
298,m

the alpha solid makes a phase transition to the beta solid.  Determine the standard molar entropy
at 1000K, , for the β-solid, given that for α-solid:S o

1000,m

for the β-solid:

and  = 8.452 kJ mol-1.∆α6βH
o

857

4. For the systems below, state whether ∆Ssys, ∆Suniv and ∆Ssur are positive, equal to zero or
negative, along with your reasoning (where possible). Remember that dS = dqrev/T and ∆Suniv =
∆Ssys + ∆Ssur.

(a) Reversible melting of solid benzene at 1 atm at the normal melting point of benzene
(b) Reversible melting of ice at 1 atm at 0°C
(c) Adiabatic expansion of a perfect gas
(d) Reversible isothermal expansion of a perfect gas
(e) Adiabatic expansion of a perfect gas into a vacuum in the Joule experiment.
(f) Reversible heating of a perfect gas at constant pressure
(g) Reversible cooling of a perfect gas at constant volume
(h) Combustion of benzene in a sealed container with rigid adiabatic walls

5. The following questions require brief, clearly written responses (2 to 4 sentences for each
section, maximum).  Large rambling paragraphs will be severely penalized.  Do not hand in the
first thing you write!

(a) Why aren’t explosions reversible?  Consider the famous Halifax explosion, which occurred
on December 6, 1917.  At 7.30 a.m. on December 6, the French ship Mont-Blanc left her
anchorage outside the mouth of the harbour to join a convoy gathering in Bedford Basin. She
was loaded with 2,300 tons of wet and dry picric acid, 200 tons of TNT, 10 tons of gun cotton
and 35 tons of benzol: a highly explosive mixture. At the same time the Norwegian vessel Imo,
in ballast, set off from the Basin bound for New York to pick up a cargo of relief supplies for
Belgium. At the entrance to the Narrows, after a series of ill-judged manoeuvres, the Imo struck
the Mont-Blanc on the bow. Although the collision was not severe, fire immediately broke out
on board the Mont-Blanc. The captain, pilot and crew, expecting the ship to blow up
immediately, launched the lifeboats and took refuge on the Dartmouth shore. The ship burned for
twenty minutes, drifting until it rested against Pier 6, in the Richmond district, the busy,
industrial north end of Halifax. The spectacle was thrilling, drawing crowds of spectators,
unaware of the danger. 
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Just before 9.05 a.m., the Mont-Blanc
exploded. Not one piece of her remained beside
the dock where she had finished her voyage.
Fragments rained on the surrounding area,
crashing through buildings with enough force to
embed them where they landed. Churches,
houses, schools, factories, docks and ships were
destroyed in the swath of the blast. Children who
had stopped on their way to school, workmen
lining the windows, families in their homes,
sailors in their ships, died instantly. Injuries were
frightful, blindness from the splintering glass
adding to the shock and bewilderment.  1,630

homes were completely destroyed and the death toll rose to just over 1,900.  Discuss: From what
you know about thermodynamics, why was it not possible for the atoms and molecules in all of
the wreckage to spontaneously reassemble themselves into the original objects?

(b) Age of the universe? A student thinks very deeply about the philosophical implications of the
second law of thermodynamics, and presents the following position to a physical chemistry
professor, in order to get extra marks:  “The second law requires that the total entropy change for
any process to be positive.  Therefore, since the universe progresses spontaneously from one day
to the next, we must have ∆Suniv = Suniv (day n+1) - Suniv (day n) > 0.  That is, if we compute the
total entropy of the universe on a given day, it would necessarily be greater than the entropy of
the universe on the previous day.  Consequently, a plot of Suniv versus time might be a
monotonically increasing function [as shown below].  Since the combination of the Third Law
and the relationship between entropy and disorder requires that Suniv $ 0, we know that the plot
can never have a negative value.  Hence, if we extrapolate the curve shown in the figure to the
point at which Suniv = 0, we must have the earliest point in time at which the universe could have

been created.  Of course, the creation point could
have been later, because we do not know if there
was perfect order at the point of creation, and the
total entropy then might have been greater than
zero.  Creation cannot have occurred at an earlier
date; thus, we have found an upper limit to the
age of the universe.  Of course, there are technical
difficulties in calculating the total entropy of the
whole universe, but such difficulties have nothing
to do with fundamental theory.”

Discuss: Are there any valid points in the
proposal above?  Are there any flaws in this
analysis?

Good luck on the problem set!


