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1. In Joule's experiment to determine ~uh, the heat capacities of the gas and the 
av 

water bath surroundings were related by Csurrounding/C system::::: 1000. If the precision 

with which the temperature of the surroundings could be measured is ±0.006°C, what 

is the minimum detectable change in the temperature of the gas? State your comment. 

(20%) 

2. You have accidentally arrived at the end of the range of an ethanol-in-glass 

thermometer so that the entire volume of the glass capillary is filled. By how much 

will the pressure in the capillary increase if the temperature is increased by another 

10.0°C? Will the thermometer survive your experiment? The isobaric thermal 

expansion coefficients (P) for glass and ethanol are 2.oox10-5 ( 0 C-1) and 11.20xl0-4 

(
0 C-1

), respectively. The isothermal compressibility (K) for ethanol is 1I.Ox 10-5 bar-1. 

(20%) 

3. A cloud mass moving across the ocean at an altitude of 2000 m encounters a coastal 

mountain range. As it rises to a height of 3500 m to pass over the mountains, it 

undergoes an adiabatic expansion. The pressure at 2000 m and 3500 mis 0.802 and 

0.602 atm, respectively. If the initial temperature of the cloud mass is 288 K, what is 

the cloud temperature as it passes over the mountains? Assume that Cp,m for air is 

28.86 J/(Kmol) and that air obeys the ideal gas law. If you are on the mountain, 

should you expect rain or snow? (20%) 

4. An autocatalytic reaction is one in which a product acts as a catalyst. Assume that 

the reaction A---+ B has the rate law -d[A)/dt = k[A][B]. 

(a) Please derive the integrated rate law. (the assumption might be the initial 

concentrations of A and B are both nonzero ) 

(b) Find [A] at t = 10.0 min if [A]o = 0.50 mole/L, [B]o = 0.010 mole/L, and k = 0.1 

L/(mol min). (20%) 



5. The average human with a body weight of70 kg has a blood volume of 5.0 L. The 

Henry's law constant for the solubility ofN2 in H20 is 9.04x 104 bar at 298 K. Assume 

that this is also the value of the Henry's law constant for blood and that the density of 

blood is 1.0 kg/L. (a) Calculate the number of moles of nitrogen absorbed in this 

amount of blood in air of composition 80% N2 at sea level, where the pressure is 1 bar 

and at a pressure of 50 bar. (b) Assume that a diver accustomed to breathing 

compressed air at a pressure of 50 bar is suddenly brought to sea level. What volume 

ofN2 gas is released as bubbles in the diver's bloodstream? (c) What are the risks for 
the diver? (20%) 




