Chemistry 231 Assignment #3 {due Tuesday, 06 October, in class)
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[4]
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Explain in terms of molecular energy levels why the heat capacities of air, to a reasonable first
approximation, are Cyy, = (5/2)R and Cpr, = (7/2)R.

The valve on a tank of compressed air is opened, allowing air in the tank initially at 150 bar and
300 K to expand rapidly and adiabatically against a constant external pressure of 1.00 bar to a
final pressure of 1.00 bar.

a) Calculate the final temperature of the expanded air. Assume ideal-gas behavior and use the
heat capacities from Question 1.

b) Calculate g, w, AU and AH per mole of air.

a) Use the expression for the differential of the function f{x,y) of two independent variables

‘- (@ Qe

to prove

m

dv, = =dT - =dp
p

for the molar volume of an ideal gas.

b) Prove that dV}, is an exact differential for an ideal gas.

a) Calculate the heat required to raise the temperature of one mole of graphite (a form of solid
carbon) from 298 K to 3000 K at a constant pressure of 1 bar. Data for graphite at 1 bar:

T/K Cp/T K™ mol™

298 8.53

500 14.63
1000 21.54
1500 23.84
2000 24.54
2500 25.00
3000 25.34

b) Heating graphite (density 2.26 g cm™ at 298 K) causes it to expand by about 0.005 % per
Kelvin. Use this information to show w = 0 and AU = AH are excellent approximations for the
process described in part a.
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