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1. The graph below shows the dependence of the compression factor (Z) on the
pressure at T =400 K for the ideal gas and three different gases: Ha, 02, and C2Ha.
Assign each trace (A, B, C, and D) and explain your answer. Indicate on the graph
the regions where the attractive interactions and the repulsive interactions dominate,

respectively. (20%)
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Table 1. van der Waals coefficients

a/atm L? mol™ b/L mol!
H> 0.242 0.0265
0. 1.364 0.0319
C:Ha 4,552 , 0.0582

Ref: a van der Waals equation: [P+a/(Vi®)](Vm-b)=RT

2. A camper stranded in snowy weather loses heat by wind convection. The camper is
packing emergency rations consisting of 58% sucrose, 31% fat, and 11% protein' by
weight. Assuming the fat content of the rations can be treated with palmitic acid data

" and the enthalpies for combustion of sucrose, palmitic acid; and a typical protein are
16.51 kJ/g, 39.2 kJ/g, and 22.0 kJ/g, respectively. Based on these data, how much
emergericy rations must the camper consume in order to compensate for a reduction

~ in body temperature of 3.5 K? Assume the heat capacity of the body equals that of
water. Assume the camper weighs 67 kg. State any additional assumptions; (20%)
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3. Calculate AS, ASsur, and ASuniv for heating & mol of liquid water from Tin to Ttinat K
(Tginat < 373K). The system and the surroundings are connected only by a thin rod
and the process is carried out at a constant pressure of 1 atm. The heat capacity of
water at constant pressure is Cp J/mol K. Assume that the surroundings (consider the
thin rod only) remain at Tho as the system warms up. Show that this process is

spontaneous. (20%)

4. The reaction ASB, where A and B are ideal gases, is studied at 298K and 1 atm.
The standard chemical botential of A at this temperature is 40 kJ/mol and that for B
is 37 kJ/mol. The reaction is started with 1 mol of A only, so the amounts of A and B
at a later time are given in terms of extent of reaction £ by na =1- £ and ng = &,
respectively. (a) Derive the function of Gibbs energy of the reaction. (b) Plot G
versus £. (c) Plot dG/d§ versus &. (d) Plot d>G/dE? versus . (20%)

5. You are caught without an umbrella in the rain and wish to get to your dorm, 1 km
away, in the driest possible condition. Should you walk or run? To answer this
question, calculate the ratio of the rain drop collisions with your body under the two
conditions. Assume that the cross section is independent of direction (i.e., that you
are spherical), that you run at 8 m/s, you walk at 3 m/s, and that the rain is falling
vertically with a constant velocity of 15 m/s. (20%)



