
 
Name _____________________________ 
CHE-121            Exam 3                                  
4/05/02 
 

Problem Points Score 

1 6  

2 18  

3 6  

4 6  

5 10  

6 10  

7 17  

8 10  

9 17  

Total 100  

Some useful information:     
 Ag(CN)2

1-  Kf = 1.0 x 1021   Fe(OH)3 Ksp = 1.1 x 10-36 

 Ag(NH3)2
+  Kf = 1.5 x 107   Fe(OH)2 Ksp  = 7.9 x 10-16 

 
1.  (6 points)   
_____1.  The solubility of which of the following salts will not be affected by adding acid? 

 a.  Al(OH)3
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 c.  AgI   d.  CaC2O4 

_____2.  Which of the following will decrease the solubility of CaSO4? 

 a.  H2SO4  b.  HNO3  c.  Cu(NO3)2  d.  KCN 

2.  (18 points)  Write equations and equilibrium expressions for each solid.   SHOW ALL WORK! 
a.  Calculate the solubility product, Ksp for La(IO3)3 if the [IO3

1-] equals 2.2 x 10-3 M in a saturated 
solution. 
 
 
 
 
 
 



 
b.  Calculate the solubility in mol/L and g/L for iron(II) hydroxide (MM = 89 g/mol). 
 
 
 
 
 
c.  Will iron(III) hydroxide precipitate if the pH of 0.0050 M Fe(NO3)3 solution is 5.0? 
 
 
 
 
 
 
 
3.  (6 points)  Show by equations and words how the solubility of  
 
a.  AgCl changes in NH3     b.  MgCO3 changes in HCl 
 
 
 
 
 
 

 
4.  (6 points) 
_____1.  Which response includes all the following processes that are accompanied by an increase in  

entropy? 
  1.  I2 (s)   →   I2 (g)   3.  2 NH3 (g)   →   N2 (g)   +   3 H2 (g) 
  2.  2 I (g)   →   I2 (g)   4.  Mg2+

(aq)  +    2 OH1-
(aq)   →   Mg(OH)2 (s) 

 a.  1, 2  b.  1, 3  c.  3, 4  d.  3  e.  2, 4 

_____2.  When 1 mole of gray tin changes to white tin at 13°C, the change in entropy is +7.5 J/K.   
 This means that 

 a.  white tin is more ordered than gray tin 
 b.  gray tin has a higher molar entropy that white tin 
 c.  white tin has a higher molar entropy than gray tin 
 d.  the change from gray to white tin is predicted to be nonspontaneous on the basis of the 
  entropy change 
 e.  the change from gray to white tin will occur very slowly 
 
5.  (10 points)  Sodium carbonate can be made from sodium bicarbonate: 
2 NaHCO3 (s)      →    Na2CO3 (s)   +     CO2 (g) +   H2O (g) ∆H° = 131.3 kJ and ∆S° = 134.5 J/K 
Is this reaction spontaneous at room temperature (25°C)?   Show your work. 
 
 
 
 
 



Will raising the temperature affect the spontaneity of this reaction?  If so calculate the temperature at 
which this reaction will become spontaneous.     
 
 

 

6. (10 points)  The following reaction was described as the cause of sulfur deposits formed at 
volcanic sites.  It may also be used to remove SO2 from power-plant stack gases.  Calculate the ∆G° 
for the reaction and comment on the meaning of your answer. 
   2 H2S (g)     +     SO2 (g)     →     3 S(s)     +     2 H2O (g) 
 

Substance ∆G°f (kJ/ mol) 
H2S (g) -33.0 
SO2 (g) -300.4 

S(s) 0 
H2O (g) -228.6 

 
 
 
 
Would this be a feasible method for sulfur dioxide removal?  Why or why not? 
 
 
 
Would the procedure become more or less effective at a higher temperature? 
 
 
 
7.  (17 points)  Using the table of reduction potentials below, answer the following questions.   
 
a.  Will NO3

1- ions oxidize Mn2+ ions to MnO4
1-?   ________ 

 
b.  Will gold be oxidized by hydrogen ion?  ________ 
 
c.  Will chromium reduce Cd2+?   ________ 
 
d.  Which species in each pair is the better oxidizing agent? 
 
 Br2 or  Au3+   Cd2+ or Cr3+ 
 
e.  Which species in each pair is the better reducing agent? 
 
 Fe2+ or Ag   H2 or Ni 
 
 MnO4

1-   +   8 H+    +   5 e-  →   Mn2+   +   4 H4O E° =  1.51 V 
 Au3+   +   3 e-   →   Au    E° = 1.50  V 
 Br2    +   2 e-   →   2 Br1-    E° =  1.07 V 
 NO3

1-   +   4 H+    +   3 e-  →   NO   +   2 H4O E° =  0.96 V 
 Ag+   +    e-   →   Ag     E° =  0.80 V 
 Fe3+   +    e-   →   Fe2+    E° =  0.77 V 



 2 H+
    +   2 e-   →   H2    E° =  0.00 V 

 Ni2+    +   2 e-   →   Ni    E° = -0.25 V 
 Cd2+   +   2 e-   →   Cd    E° = -0.40 V 
 Cr3+   +   3 e-   →   Cr     E° = -0.74 V 
 
8.  (10 points)  Balance the following oxidation reduction reaction using the half-reaction method in 
acidic solution.  Specify which half reaction is oxidation and which is reduction.  Indicate the 
oxidation numbers of all species.   
  Cu + HNO3  →      Cu2+ + NO 
 
 
 
 
 
 
 
 
9.  (17 points)  Sketch the voltaic cell based on the following half-reactions. 
 Co3+ (aq)    +     1e-     →     Co2+ (aq)  E° =  1.82 V 
 Sn2+ (aq)     +     2e-    →      Sn (s)   E° =  -0.14 V 

Label the anode and cathode.  Specify the half reaction occurring at each electrode.  Show the 
direction of ion and electron movements.  Write the overall cell reaction, calculate the cell emf and 
free energy of the reaction. F = 96485 J/V mol e- 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
BONUS:  Describe in detail one of the batteries we discussed in lecture.  Be sure to include the cell 
reactions.  Or describe the process of oxidation.  Use as much detail as possible.   
 
 
 
 


