
Chemistry 331 
Final Exam 
12/14/2007 

Physical Constants: 
 
Speed of Light (c) 2.9979 x 108 m/s  Plank’s Constant (h) 6.6262 x 10-34 j/s 
Faraday Constant (F) 9.6485 x 104 C/mol Gas Constant (R) 8.314 j/mol K 
 
Assume activity coefficients equal unity unless specifically told to use activity 
coefficients for a particular problem. 
__________________________________________________________________ 
 
1)  You can not ignore activity coefficients for this problem.  Assume 300 pm for the 
size of all ions. 
A)  What is the activity of Br- in the following electrolyte solution? 
 
   NaNO3     0.01 M 
   KBr  0.01 M 
   MgSO4 0.01 M 
 
B)  What is the concentration of Ag+ if excess AgBr solid (pKsp = 12.30) is added to the 
above electrolyte solution?  Report your answer in both the molarity and ppm 
concentration scales.  (Ag: 107.9 g/mole) 
 
C)  What is the concentration of Cl-  if excess AgCl solid (pKsp = 9.74) and excess AgBr 
solid is added to the above electrolyte solution? 
 
2)  Given the following reagents and solutions to work with: 
 
  Water 
  HCl (0.1 M) 
  NaOH  (0.1 M) 
  CeCl3 (Fwt. 246) 
  CeCl4 (Fwt. 282) 
  CuCl2  (Fwt. 135) 
  Copper metal 
  FeCl2 (Fwt. 127) 
  FeCl3 (Fwt. 162) 
  Ammonium Chloride (Fwt. 53.45, pK = 9.244) 
  Potassium Hydrogen Phthalate (Fwt. 204, pK1 = 2.95, pK2 = 5.41) 
 
Describe how you would prepare a redox buffer with a redox potential of 0.300 V.  
Please be specific in quantities of reagents used. 
 
3) Given the following oxidation-reduction reactions: 
 



  M2+ + e-  =  M+      Eo = 0.1 V 
 
  M3+ + e- = M2+   Eo = 0.3V 
 

a) Draw the cyclic voltammogram that would result from scanning a solution of 0.001 
molar M2+ from 0.2 V to -0.3 V, -0.3 to 0.5 V, and back to 0.2 V.  Label the 
cathodic and anodic peaks.  

 
b) Describe in a few sentences the two fundamental process that control the shape, 

height, and position of a CV peak.    
 
c) What effect will shifting the formal potential of the redox active species have on the 

processes described in part B? 
 
d)   What effect will rotating the electrode at 3000 RPM have on the voltammogram 

described in part A? (draw the voltammogram) 
 
4)   Given the following line diagram for a galvanic cell: 
 
   Gd(s) | Gd3+ (0.01 M)  ||  Cu2+ (0.01 M) | Cu(s) 
    
   Note: the total volume in each 1/2 cell is 1 liter. 
 
A) Draw the cell. 
 
B) Write the reduction 1/2 reactions and calculate E1/2 for each electrode. 
 
C) Write the net cell reaction. 
 
D)  Find the cell potential. 
 
F)   Find the cell potential if 0.01 moles of EDTA is added to the cathodic half cell. (pH = 

9.0, log(K) CuEDTA = 18.80) 
 
5)  (20) Given the following line diagram for an electrochemical cell: 
 

reference || CeCl4 (0.01 M), HClO4 (1.0 M) | Pt 
 

Eref = 0.187 V 
 
Assume the above cell contains 100 ml of the Ce(IV) solution.    What is the cell 
potential after the following volumes of 0.01 M FeCl2 are added to the cathode solution? 
   
 a)  25  ml 
 b)  50 ml 



 c)  100 ml 
d) 200 ml 

 
 
6) Calculate the concentration of Ag+ in a solution with excess Ag3PO4(s) added to a 
phosphate buffer with a total concentration of 10 mM and a pH of 11.3. 
 
Ksp of Ag3PO4(s) = 2.8x10-18 

H3PO4 is a polyprotic acid with three pKa values:  2.1, 7.2, 12.3. 
 
Extra Credit:  Consider the cell in problem 4.  Why could you use this cell for the 
endpoint detector of a titration of Pb2+ with EDTA (logKf = 25.6), but not the titration of 
Mg2+ (logKf = 8.79)?  Please be specific. 
 
 
Standard Reduction Potentials 
Reaction Eo Volts 
Ce4+ + e- = Ce3+ 1.700 
MnO4

- + 8H+ + 5e- = Mn2+ + 4H2O 1.507 
PbO2 (s) +4H+ +2e- = Pb2+ + 2H2O 1.458 
Ag+ + e- = Ag (s) 0.799 
Fe3+ + e- = Fe2+ 0.771 
I3

- + 2e- = 3I- 0.535 
Cu2+ + 2e- = Cu 0.339 
Hg2Cl2 (s) + 2e- = 2Hg(l)  + 2Cl- 0.268 
AgCl(s) + e- = Ag(s) + Cl- (saturated) 0.197 
S4O6

2- + 2e- = 2S2O3
2- 0.10 

Pb2+ + 2e- = Pb -0.126 
Cd2+ + 2e- = Cd (s) -0.42 
Gd3+ + 3e- = Gd (s) -2.279 
 
 


