Chem 1B Midterm Exam
April 5, 2006

Show work for credit.

(Questions 1&2 are from Oxtoby, Modern Chemistry p357-359)
1. Rain chemistry:

a. The pH of a normal raindrop is 5.60.  Compute the concentrations of H2CO3(aq), HCO3¯ (aq), and CO32¯ (aq) in this raindrop if the total concentration of dissolved carbonates is 1.0 x 10-5 M. (67)
b. The pH of a drop of acid rain is 4.00.  Compute the concentrations of H2CO3(aq), HCO3¯ (aq), and CO32¯ (aq) in this raindrop if the total concentration of dissolved carbonates is 3.6 x 10-5 M. (68)
2. The ionization constant of chloroacetic acid (ClCH2COOH) in water is 1.528 x 10-3 at 0oC and 1.230 x 10-3 at 40oC.  Calculate the enthalpy of ionization of the acid in water, assuming that ΔH and ΔS are constant over this range of temperature. (73)
(Question 3 adapted from J. Chem Ed. Vol. 81, No. 1, January 2004)

3. Tartaric acid, H2C4H4O6 is a weak diprotic acid found in wine in equilibrium with hydrogen tartrate (HC4H4O6¯) and tartrate (C4H4O62¯),  with Ka1 = 9.12 x 10-4 and Ka2 = 4.26 x 10-5.  A problem with wine making is that the potassium salt of hydrogen tartrate, HC4H4O6¯, may precipitate (Ksp = 5 x 10-5 at 25oC) after the wine is bottled and change the pH of the wine.
a. At what point on the titration curve for tartaric acid would the concentration of tartaric acid and tartrate be equal?

b. Show how the optimum pH for potassium hydrogen tartrate precipitation (3.7) is related to the tartaric acid dissociation constants Ka1 and Ka2. In other words, show how this pH is calculated from these equilibrium constants.  (Hint:  consider the information in question #1.)

c. Suppose an aqueous solution of hydrogen tartrate is in equilibrium with its solid potassium salt at this pH and [K+]aq = 0.10 M.  What are the equilibrium concentrations of aqueous tartaric acid, hydrogen tartrate, and tartrate under these conditions?
(Question 4 is from Atkins & Jones Chem. Principles p593 #12.105)

4. One stage in the extraction of gold from rocks involves dissolving the metal from the rock with a basic solution of sodium cyanide that has been thoroughly aerated.  This stage results in the formation of soluble [Au(CN)2] ¯ ions.  The next stage is to precipitate the gold by the addition of zinc dust, forming [Zn(CN)4]2¯.  Write half-reactions and the overall redox equation for each stage.
(Questions 5-7 are from Mahan & Myers University Chemistry p434)
5. At the normal boiling temperature of water, ΔHovap = 40.7 kJ/mol.  By assuming that the volume of 1 mole of liquid water is negligible and that water vapor is an ideal gas, calculate q, w, ΔE, ΔS, and ΔG for the reversible vaporization of water at a constant pressure of 1 atm and 373 K.

6. Consider the reaction: ½ N2(g) + ½ O2(g) (( NO(g), for which the equilibrium constant is 1.11 x 10-2 at 1800 K and 2.02 x 10-2 at 2000 K.  (This reaction is important in automobile air pollution chemistry.)
a. Calculate ΔGo2000K, the standard free energy change at 2000K and compare it with ΔGo298K calculated from thermodynamic tables in the appendix.
b. From the two values of the equilibrium constant, compute ΔH for the reaction.
7. Use your table of thermodynamic properties in the appendix to estimate the equilibrium constant Kw at 15oC, 25oC, and 35oC.
8. The reversible electrical work done by a cell in kilojoules can be directly calculated from the thermodynamic properties listed in the attached Table 8.5.  
a. Do this calculation for the cell reaction:  Zn2+(aq) + Cu(s) (( Cu2+(aq) + Zn(s) for one mole of reaction under standard conditions.
b. Now repeat the calculation using the table of standard half cell potentials in Appendix E (p. 1128).

Mahan & Myers p 489 9.11

9. Extra - The reaction:  I- + OCl- ( Cl- + OI- follows the rate law d[OI-]/dt = k’[I-][OCl-], but k’ proves to be a function of hydroxide ion concentration.
a. For hydroxide concentrations of 1.00M, 0.50M, and 0.25M, k’ = 61, 120, and 230 M-1S-1 respectively.  What is the order of the reaction with respect to OH- ?

b. Show that the following mechanism is consistent with the rate law found in the previous problem:

OCl-  + H2O  (( HOCl + OH-  

fast equilibrium (K)

HOCl  +  I-  ( HOI + Cl-  

slow (k2)
HOI  +  OH-  (  H2O  +  OI-

fast

What value do you obtain for the value k2K ?
Brown & Lemay p622

10. Extra - The following mechanism has been proposed for the gas phase reaction of H2 with ICl:

H2(g) + ICl(g) ( HI(g) + HCl(g)   slow

HI(g) + ICl(g) ( I2(g) + HCl(g)  fast

a. Write a balanced equation for the overall reaction.

b. Identify any intermediates in the mechanism.

c. Write rate laws for each elementary reaction in the mechanism.

d. If the first step is slow and the second step is fast, what rate law do you expect for the whole reaction?

