Unit 4, Homework No. 1: Gibbs Energy and Thermochemistry/Electrochemistry calculations
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. The experimental data (T as a function of Kp) for the reaction H2 + I2 ( 2HI is shown below.

	T/K
	Kp

	667

699

731

764
	61.0

55.2

49.9

45.9


By plotting the data, determine the standard enthalpy of reaction at 700K.
3. At 298K, the standard enthalpies of formation for C2H2(g) and C6H6(l) are 227 kJ/mol and 48 kJ/mol, respectively. 
(a) Calculate (Ho for C6H6(l) ( 3C2H2(g)

(b) Both acetylene and benzene can be used as fuels. Which compound would liberate more energy per gram when combusted in air?

4. The reusable booster rockets of the space shuttle use a mixture of aluminum and ammonium perchlorate as fuel. A possible reaction is

3Al(s) + 3NH4ClO4(s) ( Al2O3(s) + AlCl3(s) + 3NO(g) + 6H2O(g)

Calculate (Ho for this reaction. Use the appendices in your textbook for relevant data.

5. Given the following data:
½ H2 (g) + ½ F2 (g) ( HF (g)
(Hor = -273.3 kJ/mol

H2 (g) + ½ O2 (g) ( H2O (l)
(Hor = -285.8 kJ/mol
Calculate the value of (Hor for the reaction described by 
2F2(g) + 2H2O (l) ( 4HF (g) + O2(g).
6. Calculate (Ho for the reaction 2Na(s) + CO2 (g) ( Na2O(s) + CO(g).  Use the appendices in your textbook for relevant data.
7. 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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C

(l)  = 75.2 Jmol-1K-1
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C

(g) = 33.6 Jmol-1K-1
8. 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?

9. (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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10. 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).

11. Is an acidified aqueous permanganate solution a more powerful oxidizing agent than an acidified aqueous dichromate solution under standard conditions? Design an electrochemical cell that can be used to answer the question. Write the chemical equation for the spontaneous reaction between the two reagents and determine the standard cell potential. What is the standard free energy change for the reaction?

12. Calculate the equilibrium constant at 25 oC for the reaction:
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The equilibrium constant for this reaction is actually the solubility product, Ksp, for silver chloride. It does not matter that overall the reaction is not a redox reaction so long as it can be expressed as the difference of two reduction half-reactions. Because silver chloride is almost insoluble, we expect K to be very small.

13. Magnesium ions and other divalent ions form complexes with adenosine triphosphase, ATP:

ATP + Mg2+ ( complex

(a) Describe an electrochemical cell that would allow you to measure the activity of Mg2+ at any concentration in a 0.100 M ATP solution.

(b) Describe how you would measure the thermodynamic equilibrium constant for binding Mg2+ by ATP with an electrochemical cell.
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