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Chem 131      Name______________________________ 
Exam 3, Ch 17, 18, 20, 24    April 25, 2012 
100 Points 
 
Please follow the instructions for each section of the exam. Show your work on all mathematical 
problems. Provide answers with the correct units and significant figures. Be concise in your 
answers to discussion questions. 
 
Part 0: Warmup.  4 points each 
 
1. The titration curve show below is for the titration of 0.10 M acid with 0.10 M NaOH.  Which of 

the acids below must have been titrated to generate this curve? 
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a. HCl  
b. HNO2, Ka = 4.0 x 10-4 
c. HClO2, Ka = 1.2 x 10-2 
d. HOCl, Ka = 3.5 x 10-8 
e. Not enough information to tell.  

 
 
Answer ____________ 

 
2. Consider the following salts:  AgI, PbI2, and CoI3.  If all three salts have the same Ksp, which 

of the salts has the largest solubility? 

a. AgI 
b. PbI2 
c. CoI3 
d. They have the same solubility. 

 
 
Answer ____________ 

 
3. Based on the data below, arrange the following in order of increasing strength as a reducing 

agent.  Poorest reducing agent → Best reducing agent. 
 

Fe3+ + 2e-   Fe2+  Eo = +0.77 V 2H+ + e-  H2  Eo = +0.00 V 
H2O2 + 2H+ + 2e-  2H2O Eo = +1.78 V ClO2 + e-  ClO2

- Eo = +0.91 V 
 

a. H2O < ClO2
- < H2 < Fe2+ 

b. H2O < Fe2+ < H2 < ClO2
- 

c. H2 < ClO2
- < H2O < Fe2+ 

d. H2 <  Fe2+ < ClO2
- < H2O 

 
 
Answer ____________ 
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Part I: Complete all of problems 3-7 
 
4. Define three of the following in a maximum of three sentences per item: (12 points) 
 

a. equivalence point: 
  
 
 
 
b. coordination number:   
  
 
 
 
c. electrolytic cell: 
 
 
 
 
d. bidentate:   
 
 
 
 
 

5. KI(aq) is slowly added to a solution with [Pb2+] = [Ag+] = 0.10 M.  What precipitate should 
form first?  What [I-] is required for the second cation to begin to precipitate?  Justify your 
answers with calculations.  Ksp for lead iodide is 7.1x10-9

, Ksp for silver iodide is 8.5x10-17 
(12 points) 
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6. Consider the titration of 20.0 mL of 0.200 M lactic acid (HC3H5O3, pKa = 3.86) with 0.200 M 
NaOH.   
a. Calculate the pH after the addition of two of the following volumes of NaOH:  0.00 mL, 

5.00 mL, 10.00 mL, 15.00 mL, 20.00 mL, 25.00 mL, 30.00.mL (10 points) 
Volume 1 = _____ mL 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Volume 2 = _____ mL 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b. Would methyl orange (pKHIn = 4.0) be an appropriate indicator for this titration? Why or 
Why not? (4 points) 
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Part II. Electrochemistry.  Answer two (2) of problems 7-9. Clearly mark the problem you 
do not want graded. 14 points each. 

 
7. In electrorefining, impure metals, such as copper and gold are purified via electrolysis.  For 

copper, an impure piece of copper ore is used as the anode and pure copper as the 
cathode.  Both electrodes are immersed in a solution of copper (II) sulfate and a current is 
passed through the cell, resulting in deposition of pure copper on the cathode.  If a current 
of 1.75 A is passed for 1 hour and 45 minutes, what mass of copper should deposit? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8. The potential of the electrochemical cell below was measured to be +0.0567 V.  What is the 

Ksp for PbI2?  The Eo for Pb2+ + 2 e-  Pbo is -0.125 V 

Pb(s) Pb2+ (sat’d PbI2) Pb2+ (0.100 M)  Pb(s) 
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9. Consider a galvanic cell consisting of one half cell with a gold wire dipped in a solution 
containing Au3+, and a second half cell containing a tin wire immersed in Sn2+.  The standard 
reduction potentials are given below. 

 
Au3+ + 3e-  Auo  Eo = +1.500 V 
Sn2+ + 2e-  Sno  Eo = -0.137 V 
 

a. Determine the spontaneous overall cell reaction and calculate Eo
cell.  Indicate which 

electrode is behaving as the anode and which is behaving as the cathode. (5 points) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b. Calculate K for the cell reaction at 25oC.  If you did not get a result for part a, propose a 
reasonable value. (4 points) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

c. Calculate Ecell at 25oC when [Au3+] = 0.0100 M and [Sn2+] = 0.00100 M. (5 points) 
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Part III.  Transition Metals and Coordination Chemistry. Complete two (2) of problems  
10-12. Clearly mark the problem you do not want graded. (14 points each) 

 
10. Complete the table below. 

Formula mer-[CrCl(ox)(NH3)3]  

Name  cis-diamminedichloroplatinum (II) 

Metal 
oxidation state   

Coordination 
number   

Sketch 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
11. Consider the two complexes:  [MnCl6]4- and [Mn(CN)6]4-.  What leads to crystal-field splitting 

in these complex ions?  Given that CN- is a strong-field ligand and Cl- is a weak-field ligand, 
sketch the orbital-energy level diagram for each ion.  How many unpaired electrons are in 
each ion?   
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12. Briefly compare and contrast each of the terms in the following pairs: 
 

a. weak-field ligand vs. strong field ligand 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b. low-spin complex vs. high-spin complex 
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Possibly Useful Information 
 

R = 8.31441 J mol-1 K-1 oC = K – 273.15 

∆G = ∆H – T∆S ∆G  = ∆Go – RTlnQ 

∆Go = -nFEo = -RTlnK KaKb = Kw = 1.00 x 10-14 

a2

ac4bb
x

2 −±−=  pi = 3.14159 









+=

]acidweak[

]baseconjugate[
logpKpH a

 
pH + pOH = 14 

Qln
nF

RT
EE o −=  Qlog

n

0591.0
EE o −=  at 25oC 

1 A = 1 C/s F = 96485 C/mol e-

 
 
 

Weak Field I− < Br− < Cl− < F− < OH− < C2O4
2− ≈ H2O < NH3 < en < NO2

− < CN− Strong Field 
 
 

 


