Unit 2, Homework No. 2: Thermodynamics
Date issued: Monday, September 12, 2011. This homework is due on or before September 16, 5:00 pm. Late homework assignments will not be graded. Solutions will be available one day after the due date.

1. Consider a 5 kg brick (brick 1) initially at 100 oC. This brick is brought in contact with another brick (brick 2) initially at 5 oC. Brick 2 is heated to 50 oC and then removed from contact with brick 1 (thermal equilibrium reached). Estimate the mass of brick 2. The specific heat capacity of brick 1 is 800 J K-1 kg-1, and the specific heat capacity of brick 2 is 900 J K-1 kg-1. Note that specific heat capacity is not the heat capacity per mole, but rather the heat capacity per kilogram of material.
2. (a) Calculate the work involved when one mole of an ideal gas is compressed reversibly from 1.00 bar to 5.00 bar at a constant temperature of 300 K. (b) Calculate the work involved when one mole of in ideal gas is expanded reversibly from 20.0 dm3 to 40.0 dm3 at a constant temperature of 300 K.

3. This problem will illustrate that work is a path function and not a state function. Consider an ideal gas that occupies 2.25 L at 1.33 bar. Calculate the work required to compress the gas isothermally to a volume of 1.50 L at a constant pressure of 2.00 bar followed by another isothermal compression to 0.800 L at a constant pressure of 2.50 bar. Compare the result with the work of compressing the gas isothermally and reversibly from 2.25 L to 0.800 L. What is the change in energy, (U, for these two processes?
4. Use the following data to calculate the value of (vapHo of water at 298 K. 

(vapHo at 373 K is 40.7 kJmol-1
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(g) = 33.6 Jmol-1K-1
5. For the unfolding of the protein metmyoglobin at 343 K, metmyoglobin (native) ( metmyoglobin (denatured), (Ho = + 520 kJmol-1 and (Cpo = + 12 kJmol-1K-1. What is (Ho at 323 K?

6. (a) In biological cells that have a plentiful supply of O2, glucose is oxidized completely to CO2 and H2O. Muscle cells may be deprived of O2 during vigorous exercise and, in that case, one molecule of glucose is converted to two molecules of lactic acid by the process of glycolysis. Given the thermochemical equations for the combustions of glucose and lactic acid,
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Calculate the standard enthalpy for glycolysis:
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Is there a biological advantage of complete oxidation of glucose compared with glycolysis? Explain your answer.

(b) Calculate the standard enthalpy of the fermentation of glucose (reaction shown below). The standard enthalpy of combustion of ethanol is -1368 kJmol-1.
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7. Benzene is more stable and less reactive than would be predicted from its Kekulē structures. Use average bond enthalpies to calculate the lowering in energy per mole that occurs when resonance is allowed between Kekulē structures of benzene. (note: aromatic C-C bond energy is 518 kJ mol-1).

8. (a) Calculate the entropy of a sample of a solid in which the molecules can take up any one of three orientations with the same energy. Suppose there are 30 molecules in the sample.

(b) Calculate the entropy of a sample of a solid in which it is supposed that a substituted benzene molecule, C6H5F, can take up any one of six orientations with the same energy. Suppose there is 1.0 mol of molecules in the sample.

(c) The entropy of 1.00 mol FClO3(s) at T = 0K is 10.1 J K-1. Suggest an interpretation.

9. Determine ΔSsys , ΔSsurr,  and ΔStot for (a) the isothermal reversible expansion and (b) the isothermal irreversible expansion (expansion against zero pressure) of 1.00 mol of ideal gas molecules from 8.00 L to 20.00 L at 292 K. Explain any differences between the two paths.

10. The standard free energy of formation of carbon in graphite form is 0.00 kJmol-1, and in diamond form 2.900 kJ mol-1. Graphite has a molar volume of 5.33 cm3 mol-1 and diamond has a molar volume of 3.42 cm3 mol-1.

(a) Can graphite be converted spontaneously into diamond at 25 oC and 1 atm? 

(b) For a solid or a liquid, 
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. Will increasing the pressure favor conversion of graphite to diamond? If so what is the minimum pressure necessary to make this reaction spontaneous at 25 oC? 
(c) (c) (S for the conversion is -3.36 JK-1mol-1. Will increasing the temperature favor the reaction?
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