
Chemistry 331 
Second Exam 

November 19, 2007 
 

Rules for the Exam: 1) The exam must be your own work.  You have 24 hours for 
the exam.  Indicate your start time and stop time and sign the completed exam to 
indicate that the exam is your own work.  2) You may use your own notes and any 
text/reference book you wish. 
 
Assume activity coefficients equal unity unless specifically told to use activity 
coefficients for a particular problem. 
 
1) Given the following line diagram for an electrochemical cell: 
 
  Al(s) | Al(NO3)3 (0.1) || Br2 (0.1), KBr (0.1) | Pt(s) 
 
A) Find the cell potential. 
 
B)  Assume each cell contains 50 ml of  solution.  What will the new cell potential 
be if the cell is allowed discharge at a rate of 0.20 Amps for the following times? 
 
 a) 1 min. 
 b) 10 min. 
 c) 30 min. 
 
2) A 15 ml sample of a 0.1 M diprotic acid (H2A) is titrated with 0.1 M NaOH. 
(pK1 = 5.5, pK2 = 9.5) 
 
Part I  Calculate the pH of the solution after the following volumes of titrant have 
been added.   
 
  a)  0 ml 
  b)  5 ml 
  c) 7.5 ml 
  d) 15 ml  
  e) 22.5 ml 
  f)  30 ml 
  g)  35 ml 
 



Part II   Draw a sketch of pH, α0, α1, α2, and β versus volume for the above 
titration.   
 
3) Draw and label the parts of standard pH electrode.  Please describe the theory of 
operation in detail using appropriate equations. 
 
4) Design your own battery to produce a voltage of  0.8 V that is capable of 
delivering at least 500 joules of work. 
 
5) A 100 ml water sample containing 0.01 M Co2+ is titrated with a  0.05 M 
EDTA solution.  The pH of the sample has been buffered to pH 8.5.   
 
Part I:  What is the concentration of Co2+ (report as pCo) after the following 
volumes of EDTA have been added? 
 
  a) 5 ml 
  b) 10 ml 
  c) 20 ml 
  d) 25 ml 
  e) 30 ml 
 
Part II:  If Co2+ is colorless and CoY2- has a molar absorptivity on 2345 M-1cm-1 at 
360 nm, calculate and plot the absorbence at 360 nm of the solutions prepared in 
steps 5a-5e.  Assume the spectrophotometer has a 1 cm pathlength optical cell. 
 
Please explain your calculations.  Log Kf (CoY2-) = 16.31. 
 
 
 
Extra Credit: What is the pH of a solution prepared by combining 0.1 moles of 
ammonia (pKb 4.75) to 0.1 moles of acetic acid (pKa 4.75) and diluting the 
mixture to one liter.   
 
 


