Chemistry 231 Assignment #6 {due Tuesday, 01 November, in class)
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a) Calculate the efficiency (¢) of a steam engine operating between temperatures 7y = 373 K
(100 °C, the boiling temperature of water at 1 atm) and T¢ = 300 K. If 100 kJ of heat is absorbed
at Ty, calculate the maximum amount of work the engine can do on the surroundings.

b) Moderm steam engines operate at high pressures, up to 200 atm. These engines are
considerably more expensive to build than atmospheric steam engines. Why are they used?

a) 1.00 mole of an ideal gas at 10.0 bar and 300 K expands isothermally with p = pex to a final
pressure of 1.00 bar. Calculate AU, AS, g and w for this process.

b) The Second Law gives (AS = 0)isolated system as the fundamental criterion for a reversible
process. Use this result to prove that the gas expansion described in part a is reversible. (Hint:
The gas is not an isolated system, but the gas + surroundings together form an isolated system.)

a) 1.00 mole of an ideal gas at 10.0 bar and 300 K expands isothermally against a constant 1.00
bar external pressure (p > pex) to a final pressure of 1.00 bar. Calculate AU, AS, g and w.

b) Use the criterion (AS > 0)isolated system fOT an irreversible processes to prove that the gas
expansion described in partt a is irreversible.

2) 1.00 mole of helium (Cym = 3R/2) initially at 1,00 bar and 300 K is compressed adiabatically
and reversibly to a final pressure of 5.00 bar. Explain, in words, why AS is zero for this process.

b) Calculate the increase in entropy of the helium cansed by the temperature increase and the
decrease in the entropy of the helium caused by the volume decrease. Show that the two
contributions to the entropy change cancel to give AS = 0 for the reversible adiabatic expansion.

a) Show that AHn" and ASy° for the reversible freezing of one mole of liquid water at 0 °C and 1
bar are —6010 J mol™' and —22.00 J K~ mol™', respectively. Data: AHs m(H20) = 6010 J mol~.,

b) Calculate AH»® and ASy° for freezing one mole of liquid water at —10 °C and 1 bar. Hint: H
and § are state functions, so take a convenient reversible path (T2 =263.15K, 71 = 273.15 K):

] 5 T g0 o T, rro
AHL(L) = [Co (AT + AHS(T) + [ €2, (s)dT AS2(T,) = J'C‘““’T(I)dT+AH;U;)+IC‘";(S)dT
n I 1 b

f n

Data: the molar heat capacities of H2O(s) and H20(J) are 36.9 and 75.5 J K~ mol”, respectively.
¢) Prove that freezing liquid water at —10 °C and 1 bar is an irreversible process.

d) The molar entropy change for freezing water at Tj = 273.15 K is AHR°(Th)/T1. Why can’t the
entropy change for freezing water at 7> = 263.15 K be calculated using AH»(T2)/T>?
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