
59-240 Introductory Physical Chemistry I
Assignment #3
Handed out: October 23, 2001 - On web
Due date: October 31, 2001 - In class
Corrected version October 25, 2001 (mistakes in Question 5 are fixed)

Instructions:
Complete all of the questions below.  Show all work and units used in the calculations.  Late
assignments will be graded at half value.  These questions are only slightly more challenging
than those assigned in class!  Each question is worth 2 marks out of a possible 10.  Surround all
final answers with a clearly marked box.

1. Write an expression for an infinitesimal change in pressure, dp, given that p is a function
of V and T (use partial differentials and see Further Information 1 in Atkins).  Find an
expression for d ln p in terms of the expansion coefficient, �, and the isothermal
compressibility, �T.

2. 1.5 mol of CO2 (g) is initially at 15oC and 9.0 atm, and confined in a cylinder with a cross
section of 100 cm2.  The sample expands adiabatically against an external pressure of 1.5
atm until the piston moves outwards by 15 cm.  If CO2 is considered as a perfect gas with
CV,m = 28.8 J K-1 mol-1, calculate q, w, �U, �T and �S.

3. Sketch a diagram of the Carnot cycle as shown in the notes (or in Atkins, Fig. 4.5).  State
for each step whether each of q, w, �U and �S is negative, zero or positive, and explain
your reasoning.

4. We revisit our old friend (fiend?) from problem set #2.  For the systems below, state
whether �S, �Suniv and (when possible) �Ssur are positive, equal to zero or negative, along
with your reasoning.  Remember that �S is the change in entropy for the system, dS =
dqrev/T, and �Suniv = �S + �Ssur.

i) Reversible melting of solid benzene at 1 atm at normal melting point
ii) Reversible melting of ice at 1 atm at 0°C
iii) Reversible adiabatic expansion of a perfect gas
iv) Reversible isothermal expansion of a perfect gas
v) Adiabatic expansion of a perfect gas into a vacuum
vi) Reversible heating of a perfect gas at constant pressure
vii) Reversible cooling of a perfect gas at constant volume
viii) Combustion of benzene in a sealed container with rigid adiabatic walls

Classify the following processes as reversible or irreversible, and state your reasoning:
a) Freezing of water at 0oC and 1 atm
b) Adiabatic expansion of a gas into a vacuum
c) Rolling a ball on a floor with friction
d) Burning of carbon(s) in O2(g) to give CO2(g) at 800 K and 1 atm



5. (a) Calculate the difference in molar entropy between liquid water and solid ice at -5oC,
given that Cp,m(H2O, l) = 75.29 J K-1 mol-1 and Cp,m(H2O, s) = 37.98 J K-1 mol-1, given the
following cycle:

and that �fusH = 6.008 kJ mol-1 at Tfus  = 273.15 K.

That is, you must calculate �trsS(l�s, -5oC) from this cycle! 

(b) Calculate �Ssur and �Stot for the transition between solid and liquid at -5oC, given that
�Ssur = �fusH(T)/T .  Is the transition from liquid to solid at -5oC spontaneous?

Good luck on the problem set!


