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USEFUL INFORMATION:  
 R = 8.314 J/K*mole 1 amp = 1 C/s 
 
 F = 96,500 C/mol ∆Ssurroundings = -∆H/T  
  
 ∆So

system = ΣSo
prod - ΣSo

react ∆Ho
reaction = ΣHo

prod - ΣHo
react 

 
 ∆Go

reaction = ΣGo
prod - ΣGo

react ∆Go
system = ∆Ho

system – T∆So
system 

 
 ∆Gsystem = ∆Go

system – RTlnQ ∆Go
system = -RTlnK 

 
 Eo

cell = Eo
red + Eo

ox ∆Go
system = -nFEo

cell 
 

 Ecell = Eo
cell – (0.0592/n)logQ  logK = (nEo

cell)/0.0592 
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Part I.  (44 points)  Short  Answers  
 

1. A bottle of liquid bromine contains a considerable volume of bromine vapor at room temperature.  
   
 a. Write a balanced chemical equation for the vaporization of liquid bromine. 
 
 
 
 

b. ∆H is ( positive,  zero,  negative ) for the vaporization of liquid bromine 
 
c. ∆S is ( positive,  zero,  negative ) for the vaporization of liquid bromine 

 
 d. The vaporization is ( less,  more ) favorable as the temperature is raised. 

 

2. The Third Law of Thermodynamics deals with ( Gibb’s Free energy,  enthalpy ,  entropy ). 

 

 

3. The First Law of Thermodynamics deals with ( Gibb’s Free energy,  generic energy ,  entropy ). 
 
 

4. What type of molecular motion is the extension and compression of a chemical bond?  

___ ___________ motion 

 

5. In Na2SO4 the oxidation state of Na is ( +6,   +3,   +1,   – 1,   -3,  -6  ) and the oxidation state of  

 S is ( +6,   +3,   +1,   – 1,   -3,  -6  ) . 
 

 

6. The oxidation state of N in NO2 is  (  more positive than,  the same as,   less positive than  ) the 
oxidation state of N in N2 and would therefore need to be ( oxidized,  reduced ) to be converted into N2.  

 
 
 
7. Considering the following half-reactions: 
 

Mg2+  +  2 e-  →  Mg (s) Eo
red = - 2.37 V 

Al3+  +   3 e-  →  Al (s) Eo
red = - 1.66 V 

  
a. Which species is most easily oxidized (at standard conditions)?     

 
b. Which species is the strongest oxidizing agent (at standard conditions)?     



 

8. On the cell diagram below: 
 

a. Label the cathode and the anode. 
 
b. Use an arrow to indicate the direction in which electrons will flow. 
  

  Ag+ (aq) +  1 e- → Ag (s)  Eo
red =   0.80 V 

   Au3+ (aq) +  3 e- → Au (s)  Eo
red =   1.50 V 

 

1 M 

Pb

Pb
 2+

Ag

1 M Ag  +

 

Au

0.500 M Au3+

Ag

0.100 M Ag+

 
 
 
 
 
Part II.  (8 points) Balance the following reaction that occurs in acid:  (show method clearly for full credit) 
 

Cr2O7
2- (aq)  +  Fe2+ (aq)   →  Cr3+ (aq)   +  Fe3+ (aq) 

 

  

 

 



 

Part III.  Problems (48 points) Show all calculations for full credit.  No calculations, no credit. 

10. (12 points) What mass (in grams) of solid Pb(OH)2 (Ksp = 1.40 x10-15) will dissolve in 0.750 L of an 

aqueous solution that has a pH of 11.35. 



 

11. (14 points) Consider the following reaction: 

8 H2S (g)  +  4 O2 (g) ↔ 8 H2O (l) +  S8 (s)   ∆Ho
rxn = -2122 kJ 

Given the following information, determine the ∆Go
f (in kJ/mol) of H2S (g) at 25.0oC. 

 
  Species So (J/mol.K) ∆Go

f  (kJ/mol) 
  H2S (g)   205.8  ???   
  O2 (g)  205.2 0.000   
  H2O (l)  69.95 -237.1   
  S8 (s) 256.8 0.000 



 

 
 
12. (14 Points) Consider the following electrochemical cell at 25°C. 

 
Al(s) | Al3+ (???? M) || Fe2+ (0.50 M) | Fe (s) 

 
 Al3+ (aq) +  3 e- → Al (s)  Eo

red =   - 1.660 V 

Fe2+ (aq) +  2 e- → Fe (s)  Eo
red =   - 0.440 V 

  
 a. Write the balanced equation for this cell as it is written. 
 
 
 
 
 
 
 b. Calculate the ε °  cell for the cell as it is written. 
 
 
 
 c. The cell potential (ε cell ) was experimentally measured to be 1.240 V.  Determine the [Al3+] (in M). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

d. Calculate the value of ∆Go (in kJ) for the reaction of this cell. 
 
 
 
 
 
 

e. Does this reaction favor the formation of products or reactants?



 

13. (8 points)  Chlorine is produced commerically by the electrolysis of aqueous sodium chloride.  The 
anodic reaction is 

 2 Cl- (aq) → Cl2 (g) + 2 e- 
 If a current of 53.7 A is used, how much time (in hours) is required to produce 355 g of Cl2? 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
  
 


