Chemistry 231 Assignment #2 (due Tuesday, 25 September, in class)
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We used the thermodynamic equation of state to show the internal energy of an isothermal ideal

gas is constant. Use (9U/dV)r = O for an ideal gas to show the enthalpy of an isothermal ideal
gas is also constant. (Hints: H = U + pV and for an ideal gas pV' = nRT)

75.0 moles of argon (assumed to be an ideal gas) are compressed isothermally from an initial
pressure of 2.00 bar to a final pressure of 5.00 bar at 300 K.

a) Calculate AU, AH, w and g if the compression is reversible (Pextemal = p).
b) Calculate AU, AH, w and g if the compression is irreversible with pextemal = pfinal = 5.00 bar.
¢) Use the results from a and b to illustrate that U and H are state functions.

d) Use the results from a and b to illustrate that w and g are path-dependent.

a) The compression factor Z = p¥/nRT = pVu/RT is a useful and convenient indicator of the
nonideal behavior of real gases. Why? Explain briefly.

b) The compression factor is also useful for calculating compression/expansion work. Show the
work done for the reversible isothermal expansion or compression of a real gas is

w = —nRT| Z ay
v
¢) Methane is reversibly compressed from 5.00 bar to 100 bar at 25 °C. For methane under these

conditions, Z > 1 (see the graph in the course notes). Do intermolecular forces increase the
work required to compress the gas, or decrease it? Justify your answer.

28.0 moles of liquid water (about 500 mL) are heated from 20 °C to 100 °C at 1.00 bar.

a) Use Cpm=75.4 J K-! mol~' for the molar heat capacity of liquid water to calculate g.

b) The heat calculation in a also gives AH for the process. Why?

¢) Suppose the water is heated in an electric kettle to make tea. Nova Scotia Power charges
$0.153 per kilowatt-hour of electrical energy. Calculate the cost of electrically heating 28.0

moles of liquid water from 20 to 100 °C. (Hint: 1 kW-hr = 1000 J s—! x 3600s=3.6 x 10°)).

d) The actual cost of heating the water in an electric kettle is significantly larger than the value
calculated in ¢. Why?
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