Chemistry 222 Name

Exam 4: Chapters 11, 13, 14 Fall 2010
80 Points

Complete five (5) of the following problems. Each problem is worth 16 points. CLEARLY mark
the problems you do not want graded. You must show your work to receive credit for problems
requiring math. Report your answers with the appropriate number of significant figures.

1. Consider the titration of 25.0 mL of 0.0200 M MnSO, with 0.0100 M EDTA in a solution
buffered at pH 8.00. (log K; = 13.89 for MnY?)
a. Calculate pMn?* at two of the volumes below. (12 points)
e At the equivalence point
o 10 mL before the equivalence point
e 10 mL after the equivalence point.

b. Given that the fraction of the EDTA present as Y* does not reach its maximum until pH
is over 12 or so, why would we choose to run the titration at pH 8.00 instead? (4 points)



2. A 50.00 mL solution containing Ni** and Zn?* was treated with 25.0 mL of 0.0452 M EDTA to
bind all the metal. The excess unreacted EDTA required 12.4 mL of 0.0123 M Mg?* for
complete reaction. An excess of the reagent 2, 3-dimercapto-1-propanol was then added to
displace the EDTA from zinc. Another 29.2 mL of Mg** were required for reaction with the

liberated EDTA. Calculate the molarity of Ni** and the molarity of Zn?* in the original
solution.



3. In our magnesium determination in the laboratory, we added a solution made from ammonia
and ammonium chloride to each sample prior to titrating with EDTA. Explain what two
primary purposes the addition of this solution served?



4. You need to do a pH measurement and have a pH electrode, pH 4.00, 7.00, and 10.00
buffers, but no pH meter! You do, however, have access to a voltmeter capable of
measuring potential differences at the millivolt level. Using these materials, describe how
you could determine the pH of an unknown aqueous solution. Include a description of how
you would collect the data and how you would use the data to find the pH of your unknown.



5. Consider the electrochemical cell below:
Pt(s)| Bra(¢) | HBr (aqg, 0.0100 M) || AI(NO3)s (ag, 0.100 M) | Al(s)

Reaction

(all species are aqueous unless noted) E° (volts)
Br, (aq) + 2e" = 2Br +1.098
Br, (¢) + 2e = 2Br +1.078
NO;z + 4H" + 3e- = NO (g) + 2H,0 +0.955
AgCl +e = Ag (s) + CI +0.199 (sat'd KCl)
2H" + 2e = H(9) 0.000
AP +3e” = Al (s) 1.677

a. Calculate E¢ for the conditions given. (8 points)

b. Is the reaction spontaneous in the direction written in part a? How do you know?
(2 points)

c. Calculate the standard free energy change (AG®°) and the free energy change (AG) for
the conditions given. (3 points)

d. Isthe reaction more favorable under standard conditions, or with the conditions given?
How do you know? (3 points)



6. Calculate the E° for the half reaction Pd(OH), (s) + 2e” = Pd (s) + 20H" given that the K, for
Pd(OH), is 3.0x10% and the E° = +0.915 V for Pd*" + 2e” = Pd (s).

Bonus (5 points):
One day last week, Dr. Lamp wrote a potential on the board at 8:30 AM as he started class and

said that the potential would be an answer to one of the exam 4 questions. What potential did
he put on the board?
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