
Problem Set #9 – Chemistry 102 – The last one for 2008 
Due Wednesday April 23rd at the beginning of lecture 
Problems from Whitten: Ch. 4; #’s 41, 69 & Ch. 11, # 57, Ch. 21 #’s 51, 67, 103 
 
Whitten Problems: 
4.41: a. +2, +3, +4, +4, -2, -1, +3, +5 
b. +2, +4, 0, -2, -2, +4, -1 
c. -2, +4, +6, +2, +2.5, -2 
 
4.69: a. redox: Zn is reducant, CoCl3 is oxidant 
b. not redox 
c. redox: HCl reductant, HNO3 oxidant 
d. redox: CO reductant, Fe2O3 oxidant 
 
11.57: a. 3 P4 + 20 NO3

- + 20 H+ + 8 H2O �  12 H3PO4 + 20 NO 
b. 5 H2O2 + 2 MnO4

- + 6 H+ �  5 O2 + 2 Mn2+ + 8 H2O 
c. HgS + 4 Cl- + 4 H+ + 2 NO3

- �  S + HgCl4
2- + 2 NO2 + 2 H2O 

d. 2 HBrO �  2 Br- + O2 + 2 H+ 
 
21.51:  Standard Reduction Potentials are 1.455V for the PbO2(s)/Pb(s) couple, 2.87V for 
F2(g)/F-, 3.06V for F2(g)/HF(aq), and 1.77V for H2O2(aq)/H2O(l).   Under standard state 
conditions, (a) which is the strongest oxidizing agent, (b) which oxidizing agents(s) could 
oxidize lead to lead(IV) oxide, and (c) which oxidizing agents(s) could oxidize fluoride 
ion in an acidic solution? 
 

 
 
21.67:  Consult a table of standard reduction potentials, and determine which of the 
following reactions are spontaneous under standard electrochemical conditions. 
 

 



 
 
 
21.103: Use tabulated reduction potentials to calculate the equilibrium constant for the 
reaction: 
 

2I- + Br2(g) !  I2(s) + 2Br- 
 

 
 
1a. Assuming that sulfide is not reactive with hydrogen ions, calculate the saturating 
(equilibrium) concentration of Fe2+

 in water exposed to an excess of FeS. 
 
Ksp = (s)(s) = 4.8 x 10-15     s = 6.9 x 10-8 M Fe2+ 
 
b. At pH 11, 11% of total sulfide in solution will remain unreacted with protons – that is as 
S2-. What would be the saturating concentration of Fe2+ in a solution at pH 11 exposed to 
FeS. 



Now, [S2-] = (0.11)(s) and Ksp = 4.8 x 10-15 = 0.11s2      s = 2.1 x 10-7 M 
 
c. At pH 3, most sulfide (S2-) reacts with protons to create H2S and HS-. Only 1 part in 1013

 

remains as S2-
 in solution (the rest has largely been converted to HS-

 and H2S). What 
concentration of Fe2+

 will exist in a solution at pH 3.0 that has come to equilibrium with 
solid FeS? 
Likewise, [S2-] = (10-13)(s) and Ksp = 4.8 x 10-15 = (10-13)s2     s = 0.22 M 
 
 
2. For each of the following: 
a. I2(aq) +  SO3

2-
(aq) "   I-

(aq) +  SO4
2-

(aq) 
 0 4  -1 6 
 ox. red. 
 I2 + 2 e- "  2 I- 
 SO3

2- +  H2O "   SO4
2- + 2 H+ + 2e- 

       
 I2(aq) +  SO3

2-
(aq) + H2O(l)   "   2I-(aq) + SO4

2-
(aq) + 2 H+

(aq) 
            + 2 OH-                                                              + 2 OH- 
           ______________________________________________ 
            I2(aq) +  SO3

2-
(aq) + 2 OH- (aq)   "    2I-(aq) + SO4

2-
(aq) + H2O (l)  basic 

 
b. Cr2O7

2-
(aq) +  C2H6O(aq) "   Cr3+

(aq) +  C2H4O2(aq) 
 7  -2  3  0 
 ox.  red. 
 Cr2O7

2- +  14 H+ + 6 e- "  2 Cr3+ + 7 H2O 
 C2H6O + H2O "  C2H4O2 + 4 H+ + 4 e- 
        
 2 Cr2O7

2-
(aq) + 3 C2H6O(aq) + 16 H+

(aq) "  4 Cr3+
(aq) + 3 C2H4O2(aq) + 11 H2O(l) 

 
c. NO3

-
(aq) +  C6H12O6(aq) "  N2O(g) +  CO2(g) 

 5  0   1   4 
 ox.  red. 
 3 [ 2 NO3

- + 10 H+ + 8 e- "  N2O + 5 H2O ] 
 C6H12O6 + 6 H2O "  6 CO2 + 24 H+ + 24 e- 
        
 6 NO3

-
(aq) + C6H12O6(aq) + 6 H+

(aq) "  3 N2O(g) + 6 CO2(g) + 9 H2O(l) 
 
 
 
 
 
 
 
 
 
 



3.  
                                                                2e-  "  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b.  E° = 0.44V + (-0.828V) = -0.388V 
 
 
4. a. I have underlined the ions that are present in the mixture 
 
 Cr2+

(aq) + 2 e- "  Cr(s)     E¡red = -0.91 V 
 Cr3+

(aq) + e- "  Cr2+
(aq)     E¡red = -0.42 V 

 Cu2+
(aq) +  e- "  Cu+

(aq)    E¡red = +0.15 V 
Cu2+

(aq) + 2 e- "  Cu(s)     E¡red = +0.34 V 
 I2(g) + 2 e-

 "  2 I-
(aq)     E¡red = +0.53 V 

 ClO3
-
(aq) + 6 H+

(aq) + 6 e- "  Cl-(aq) + 3 H2O(l)   E¡red = +1.47 V 
 
 
b. There are four possible redox reactions: 
 i.  Cr2+ reduces Cu2+ to Cu+ 
 ii. Cr2+ reduces Cu2+ to Cu(s) 
 iii.  Cr2+ reduces ClO3

- 
 iv.  I- reduces ClO3

- 

 
c. Cr2+

(aq)  + Cu2+
(aq) "  Cr3+

(aq) + Cu+  
 E˚rxn = 0.15 V + 0.42 V =  0.57 V 
 ∆G˚ = -(1)(97485 C)(0.57 V)(0.001 kJ/J) = - 56 kJ 
 
2 Cr2+

(aq)  + Cu2+
(aq) "  2 Cr3+

(aq) + Cu(s)  

 
 
 
 
 
 
 
 
 
 
      Fe2+ 

 
Fe(s) 

 
 
 
 
 
 
 
 
 
    OH- 

 
 
Pt(s) 

H2 

Anode 
E¡= 0.44 V 

Cathode 
E¡= -0.828 V 
 



 E˚rxn = 0.34 V + 0.42 V =  0.76 V  
 ∆G˚ = -(2)(97485 C)(0.76 V)(0.001 kJ/J) = -147 kJ 
 
6 Cr2+

(aq)  + ClO3
-
(aq) + 6 H+

(aq)"  6 Cr3+
(aq) + Cl-(g) + 3 H2O(l)  

 E˚rxn = +1.89 V     
 ∆G˚ = -1094 kJ 
 
6 I-

(aq)  + ClO3
-
(aq) + 6 H+

(aq)"  3 I2(s) + Cl-(g) + 3 H2O(l)  
 E˚rxn = +0.94 V     
 ∆G˚ = -544 kJ 
 


