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Assignment #7 (due Tuesday 06 November, in class)

a) 100.0 L of helium (assumed to be an ideal gas) initially at 1.00 bar and 300 K is compressed
isothermally with pex = p 1o a final pressure of 10.0 bar. Calculate g, w, AU and AS.

b) The Second Law gives (AS = 0)isolated system fOr @ reversible process in an isolated system. Use
this criterion to prove the gas expansion described in part a is reversible. (Hint: The gas 1s
not an isolated system, but the gas + surroundings taken together form an isolated system.)

a) 100.0 L of helium (assumed to be an ideal gas) initially at 1.00 bar and 300 K is compressed
isothermally with pext = 10.0 bar to a final pressure of 10.0 bar. Calculate g, w, AU and AS.

b) The Second Law gives (AS > 0)isolated system fOr an irreversible process in an isolated system.
Use this criterion to prove the gas expansion described in part a is irreversible.

Precise calorimetric measurements give

C(graphite) + 1/2 O2(g) = CO2(g) AH°(graphite) = —393.509 kJ mol-!
C(diamond) + 1/2 O2(g) = COx2(p) AH°(diamond) = —395.404 kJ mol-!

for the enthalpies of combustion of graphite and diamond at 25 °C and 1 bar. Use the
combustion data to show the standard enthalpy of formation of diamond at 25 °C is

C(graphite) = C(diamond) AHgn°(diamond) = 1.895 kJ K=" mol~!

Precise heat capacities have been measured for graphite and diamond. Explain briefly how the

Third Law and the heat capacity data are used to calculate the absolute entropies of graphite and
diamond at 25 °C and 1 bar:

Sn°(graphite) = 5.740 J K-! mol~’ Sm(diamond) = 2.377 ] K= mol~’

For the conversion of graphite to diamond at 25 °C and 1 bar
C(graphite) = C(diamond)

a) calculate g and AS (use data given in Questions 2 and 3)
b) use (AS = 0)isolated system to decide if conversion is spontaneous Or nonspontaneous.

In a modern combined cycle electricity generating station, natural gas is used to run a
high-temperature gas turbine with Tn = 1600 K, Tc = 800 K. Hot exhaust at 800 K from the gas
turbine is used to run a steam turbine with 7x = 800 K, Tc = 300 K. Calculate:

a) the maxiumum efficiency of the gas turbine

b) the maximum efficiency of the steam turbine

¢) the maximum combined efficiency of the gas and steam turbines operating in tandem

d) the maximum work done on the surroundings for every 1.00 MJ heat absorbed at 1600 K.
(Hint: gu for the steam turbine equals —gc for the gas turbine)
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