Chem 1B Test 3
Mar. 3, 2006

1. Consider the titration of 125 mL of 0.197 M H2SO3 (aq), sulfurous acid, with 0.123 M NaOH (aq).
a. What is the pH of the acid before any base is added?

b. What volume of the 0.123 M NaOH is required to reach the first equivalence point (also called stoichiometric point)?  What is the pH at the first equivalence point?

c. What volume of base is required to reach the second equivalence point?  What is the pH of the second equivalence point?

d. What is the pH halfway to the first equivalence point?

e. What is the pH halfway between the first and second equivalence points?
f. On the graph paper provided sketch the titration curve, pH versus volume base added for this diprotic acid.  In what pH range(s) could you make satisfactory buffers with this system?
2. Solubility Equilibria ……….
a. What is the Ksp for MgF2 given that its molar solubility in water is 1.2 x 10-3M?

b. What is the molar solubility of MgF2 in 0.15 M NaF (aq)?

c. Suppose that two hydroxides XOH and Y(OH)2 , both have Ksp = 1.0 x 10-12 and that both cations are present in solution at concentrations of  0.0010 M.  Which hydroxide will precipitate first , and at what pH, when solid NaOH is added?
d. Fluoridation of city water supplies produces a fluoride concentration close to 5 x 10-5 M.  If the city supply of water is “hard water” (i.e. contains Ca2+ ions), then CaF2 may precipitate during the fluoridation process.  What is the maximum concentration of Ca2+ ions that can be present if no precipitation is to occur during fluoridation?

e. The fluoride ions in drinking water convert the hydroxyapatite, Ca5(PO4)3OH, of teeth into fluorapatite, Ca5(PO4)3F.  The Ksp of the two compounds are 1.0 x 10-36 and 1.0 x 10-60 respectively.  Write a balanced equation for the dissociation of each substance into aqueous ions.  What are the molar solubilities of each substance?

3. A frustrated motorist gets burned by steam when he opens the radiator cap on his car.  
a. How much heat is transferred to the motorist if 2.0 g of steam at 100oC condenses on his hand and then the resulting liquid water cools to his body temperature of 37.0oC?  The heat of vaporization for pure water (at its normal boiling point) is 40.7 kJ/mol. Hint:  Draw a cooling curve assuming the H2O is the system and the motorist’s hand is the surroundings.
b. Which is more dangerous: 2 g of steam at 100oC or 2 g of water at 100oC?

c. What is the mathematical statement of the 1st Law most relevant to this problem?  
d. In the above problem you calculated the enthalpy change, ΔH, for the system.  Now calculate the energy change, ΔE, for the system.  Hint:  Calculate the w = -PΔV term assuming the liquid water has negligible volume at 100oC. 

e. Are we justified in neglecting the work term in applying the 1st Law here?  Explain.
