
59-240 Introductory Physical Chemistry I
Assignment #3
Handed out: Nov. 4, 2002 Due Date: November 13, 2002

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 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. A Carnot engine using 1 mol of an ideal diatomic gas is operating between 500oC and
0oC.  If V1 and V2 are 10 L and 100 L, respectively, calculate V3 and V4, as well as q, w,
)U, )H and )S for steps 1 through 4 and for the entire process.  Construct a table to
contain all of the data from your calculations.

2. 1.00 mol of a van der Waals gas at 27 oC expands isothermally and reversibly from 0.020
m3 to 0.060 m3. For the vdW gas, )U (and therefore )H = )U + )(pv)) may actually not
be zero in an isothermal process, since the internal energy has a small contribution from
the interactions of the gas particles, (MU/MV)T = a/Vm

2 = n2a/V2.  If a = 0.556 Pa m6 mol-2;
b = 64 × 10-6 m3 mol-1, calculate q, w, )U, )T and )S for this transformation.  Hint: to get
a measurable quantity, be sure to integrate!

3. Use the Maxwell and Euler chain relations to express  in terms of heat capacity,
the expansion coefficient, ", and isothermal compressibility, 6T.



4. This question considers the reaction:
2 NO2 (g) 6 N2O4 (g)

at 25oC and 1 bar pressure, where heat capacities are independent of temperature change.
a) Using Table 2.6 in Atkins, compute )Ho and )So for this reaction.
b) Discuss your calculated entropy and what it means in terms of order or disorder
resulting from this reaction.
c) Compute the total entropy change, state whether this reaction will be spontaneous at
25oC and 1 bar of pressure, and explain your reasoning.

5. Calculate )S when 25 g of ethanol at 50oC is poured into 70 g of ethanol at 10oC in a
vessel with adiabatic walls, given that Cp,m = 111.5 kJ K-1 mol-1.  Is this process
spontaneous?  Explain.

 
Good luck on the problem set!


