Chem 1B

Chapter 18 Exercises


Exercises #1:

Redox Reactions

1.
Determine the oxidation number (o.n.) of each atom in the following formula (compounds or polyatomic ions):


Answer:

(a) H2SO4: H = +1; S = +6; O = -2; 
(b) NaBrO3: Na = +1; Br = +5; O = -2;


(c) Na2S2O3: Na = +1; S = +2; O = -2;
(d) Ca(OCl)2: Ca = +2; Cl = +1; O = -2;


(e) MnO4-: Mn = +7; O = -2;

(f) Cr2O72-: Cr = +6; O = -2
2.
Balance the following equations and then write balanced net ionic equation for each reaction. 


In each reaction, identify the oxidizing agent and the reducing agent. Also indicate the element that is oxidized and the element reduced in the reaction.


(a)   Cu(s)  +   2 AgNO3(aq)  (  Cu(NO3)3(aq)  +   2  Ag(s)

(b)   2 Al(s)  +    3 CuSO4(aq)  (  Al2(SO4)3(aq)  +    3 Cu(s)
3.
Balance the following redox reactions in acidic solution using half-reaction method. 

In each case, identify the oxidizing agent, the reducing agent, the element that is oxidized and the element that is reduced.


(a)    Ca(OCl)2(aq)  +   2 Cl-(aq) +   4 H+(aq)  (   2 Cl2(aq)  +  Ca2+(aq)  +   2 H2O


(b)   BrO3-(aq)  +    5 Br-(aq)  +    6 H+(aq)  (   3 Br2(aq)  +    3 H2O


(c)   2 Cu2+(aq)  +   4 I-(aq)  (   2 CuI(s)  +  I2(aq)

4.
Balanced the following redox reactions in basic solution. In each case, identify the oxidizing agent, the reducing agent, the element being oxidized, and the element being reduced.


(a)   2 Cr(OH)4-(aq)  +   3 H2O2(aq)  +   2 OH-(aq) (   2 CrO42-(aq)  +    8 H2O(l)

(b)   3 Br2(aq)  +   6 OH-(aq)  (  BrO3-(aq)  +   5 Br-(aq)  +   3 H2O(l)
Exercises #2:

Electrochemical Cells and Batteries

1.
What are the differences and/or similarities between an electrochemical cell and an electrolytic cell? Where do oxidation and reduction reactions occur in each type of cell?


(Answer: In electrochemical cells, chemical energy is converted to electrical energy (to produce electricity); in electrolytic cell, electrical energy is used to cause nonspontaneous processes to occur. In both types of cells, oxidation occurs at anode and reduction occurs at cathode.)
2.
Given the following reduction potentials:


Half-Reaction



Eo (V) __



I2  +  2e-  (  2I-;


0.54



Fe3+  +  e-   (  Fe2+;


0.77



Br2  +  2e-  (  2Br-;


1.09



MnO4- + 8H+ + 5e-  (  Mn2+ + 4H2O;
1.51

((((((((((((((((((((((((((((

Predict whether each of the following redox reactions is spontaneous or non-spontaneous.



(a) 2Fe3+(aq)  +  2Br-(aq)  (  2Fe2+(aq)  +  Br2(aq);  (Eocell = -0.32 V; reaction is not spontaneous)


(b) 2Fe3+(aq)  +  2I-(aq)  (  2Fe2+(aq)  +  I2(aq);
(Eocell = +0.23 V; reaction is spontaneous)


(c) 2MnO4-(aq) + 10Br-(aq) +  16H+(aq)  (  2Mn2+(aq)  +  5Br2(aq)  +  8H2O(l);  (Eocell = 0.42 V)


(d)  MnO4-(aq) +  5Fe2+(aq) +  8H+(aq)  (  Mn2+(aq)  +  5Fe3+(aq)  +  4H2O(l);  (Eocell = 0.74 V)


(e)  Br2(aq)  +  2I-(aq)  (  2Br-(aq)  +  I2(aq)
(Eocell = 0.55 V; spontaneous reaction)


(e) I2(aq)  +  2Br-(aq)  (  Br2(aq)  +  2I-(aq);
(Eocell = -0.55 V; not spontaneous)
3.
The following diagram represents a galvanic cell composed of copper metal in 1.0 M Cu(NO3)2 solution and silver metal in 1.0 M AgNO3 solution. The two half-cells are connected by KNO3 salt bridge. 


(a) Determine the identity of metal M and X based on the fact that the following reaction is spontaneous.



 Cu(s)  +  2 AgNO3(aq)  (  Cu(NO3)2(aq)  +  2 Ag(s)

(b) Which is the anode and cathode half-cell, respectively?  Which metal (Ag or Cu) serves as the anode and which metal serves as the cathode? Write the anode half-cell reaction and the cathode half-cell reaction.


(c) Show the directions in which K+ and NO3- ions flow in the salt bridge.


Given that:   Cu2+(aq)  +  2 e-  (  Cu(s);
Eo =  0.34 V




     Ag+(aq)  +   e-  (   Ag(s);
Eo =  0.80 V


(d) Calculate the cell potential (Eocell) for this electrochemical cell. 


(e) Calculate the cell potential (Ecell) when [Cu2+] = 1.0 M and [Ag+] = 0.0010 M.


(Answer: (b) Anode half-cell: Cu|Cu2+(aq);  Cu(s)  (  Cu2+(aq)  +  2e-;  (oxidation)



    Cathode half-cell: Ag|Ag+(aq);  Ag+(aq)  +  e-  (  Ag;  (reduction)




(c) K+ flows into cathode half-cell; NO3- flows into anode half-cell.




(d) Eocell = 0.46 V;  (e) Ecell = 0.28 V)
4.
Consider the following half-cell reactions:




Zn2+(aq)  +  2 e-   (  Zn(s);
Eo =  -0.76 V




Cu2+(aq) +   2 e-   (   Cu(s);
Eo =  0.34 V 

(a) Sketch a voltaic cell consisting of Zn(s)|ZnSO4(aq) and Cu(s)|CuSO4(aq) half-cells using Na2SO4 as salt-bridge. Label the following: (i) the anode and cathode half-cells; (ii) the positive and negative electrodes; (iii) the direction electron flows in the circuit and ions flow in the salt bridge.


(b) Write the cell notation for the voltaic cell. 


(c) Write net ionic equation for: (i) anode half-cell reaction; (ii) cathode half-cell reaction, and (iii) the overall cell reaction.  (d) Calculate standard cell potential (Eocell) at 25oC and the Ecell when the concentrations are [Zn2+] = 1.0 M  and [Cu2+]  = 0.0010 M


(e)  What is the value of Go for the overall reaction at 25 oC?  (f) Calculate the maximum free energy available for work if 5.0 g of zinc is reacted at an average cell potential of 1.00 V?


Answer:


(a) (i) Anode half-cell: Zn(s)|ZnSO4(aq);
Cathode half-cell: Cu(s)|CuSO4(aq);


  (ii) Positive electrode (Cu); negative electrode (Zn); (iii) electron flows from Zn (anode) to Cu (cathode); (b) Cell notation: Zn(s)|ZnSO4(aq)||CuSO4|Cu(s); (c) Zn(s)  +  Cu2+(aq)  (  Zn2+(aq)  +  Cu(s);

(d) Eocell = 1.10 V; Ecell = 1.01 V; (e) Go = -212 kJ;  (f) Free energy from 5.0 g of Zn = -15 kJ
5.
Consider the following standard reduction (half-cell) potentials:




Al3+(aq)  +  3e-  (  Al(s);

Eo  =  -1.66 V




Cu2+(aq) +   2e-  (  Cu(s);

Eo  =  +0.34 V


(a) Sketch a voltaic cell consisting of the above half-cells using KNO3 as salt-bridge. Label the following: (i) the anode and cathode half-cells; (ii) the positive and negative electrodes; (iii) the direction electron flows in the circuit and ions flow in the salt bridge. 


(b) Write the net equation for the overall cell reaction and calculate the standard cell potential (Eocell) at 25oC. (c) Calculate Go for the overall reaction at 25 oC. (d) How much energy (in kJ) can be derived from the oxidation of 6.75 g of aluminum at an average cell potential of 2.00 V?  

(Answer: (a) (i) Anode half-cell: Al(s)|Al3+(aq);  Cathode half-cell: Cu(s)|Cu2+(aq);  (ii) Positive electrode (Cu); negative electrode (Al); (iii) electrons flow from Al (anode) to Cu (cathode);

(b)  2 Al(s)  +  3 Cu2+(aq)  (  2 Al3+(aq)  +  3 Cu(s);  Eocell = 2.00 V;  (c) Go = -1.16 x 103 kJ;


(d) 145 kJ)

6.
An automobile battery uses the folloing cell reaction:



   Pb(s)  +  PbO2(s)  +  2H2SO4(aq)  (  2PbSO4(s)  +  2H2O(l) 


(a) Calculate the standard cell potential (Eocell) for this reaction using the following half-cell potentials,:



   
    PbSO4(s)  +  H+(aq) + 2e-  (  Pb(s)  +  HSO4-(aq);
Eo = -0.356 V



 PbO2(s) + HSO4-(aq) + 3H+(aq) + 2e- (  PbSO4(s) + 2H2O(l);
Eo = +1.685 V


(b) What is the cell potential (Ecell) if the concentration of sulfuric acid in the battery is 6.0 M?


     (Assume H2SO4 only dissociates as follows:  H2SO4(aq)  (  H+(aq)  +  HSO4-(aq))


(Answer: (a) Eocell = 2.04 V;  (b) Ecell = 2.13 V)
Exercises #3:

Electrical Energy and Electrolysis
1.
The following reaction has an average cell potential of 3.00 V: 2 Li(s)  + LiI3(s)  ( 3 LiI(s)

How much energy can be derived from a reaction that consumes 1.00 g of Li?


(Given: 1 J = 1 CV; Faraday’s constant, F = 96485 Coulomb/mol)

(Answer: 41.7 kJ)
2.
A concentration cell is set up by connecting a half-cell containing a lead electrode in 0.10 M Pb(NO3)2(aq) and another half-cell containing lead electrode in a saturated solution of PbCO3. If the measure cell potential at 25oC is 0.20 V, calculate the Ksp of PbCO3 at 25oC?


(Answer: Ksp = 3.0 x 10-16)
3.
What products are formed at the anode and cathode, respectively, when each of the following is electrolyzed? Explain.


(a) LiCl(l): 


(Li formed at cathode (reduction): Li+ + e-  ( Li; Cl2 formed at anode (oxidation): 2Cl- ( Cl2 + 2e-;


(b) NaCl(aq): H2 is formed at cathode and Cl2 formed at anode

(c) CuSO4(aq): Cu is formed at cathode and O2 formed at anode;

(d) H2SO4(aq), using platinum as electrodes: H2 formed at cathode and O2 at anode.
4.
How many grams of copper will be produced if a current of 1.50 A is passed through CuSO4 solution for 30.0 minutes? (Answer: 0.89 g of Cu)
5.
How long (in minutes) does it take to produce 6.355 g of copper from a solution containing Cu2+ using a cell that operates at 6.0 V and produces a constant current of 1.5 A? How much energy (in kJ) is consumed to produce this amount of copper? (Answer: it will take 3.6 hrs; energy consumed = 120 kJ)
6.
How many grams of Na and Cl2, respectively, can be produced in 1.00 hour by electrolysis of molten NaCl in a Downs cell that operates at 4.5 V and 7.5 x 104 A? 

How many kilowatt-hours (kWh) of energy are consumed to produce this amount of sodium and chlorine? (Faraday’s constant = 96,485 C/mol e-; 1 kWh = 3.6 x 106 J)


(Answer: 64 kg of Na and 99 kg of Cl2; 340 kWh)
7.
Molten magnesium chloride is electrolyzed in a cell that operates at 3.0 V and 1.5 x 105 A. 


(a) How many kilograms of magnesium are produced in an 8.0-hour shift? 

(b) What is the by-product in this electrolysis and how many kg of this product is formed?  (c) How many kWh of energy is consumed during this 8-hr process? 


(Answer: (a) 540 kg of Mg;  (b) Cl2; 1600 kg of Cl2;  (c) 3600 kWh)
8.
Electrolysis of Al2O3 dissolved in molten cryolite produces aluminum metal. If the electrolytic cell operates at 3.0 V and 2.0 x 106 A, how long does it take to produce 1.00 kg of aluminum? How much kWh of energy is consumed to produce this much aluminum?  


(Answer: 5.4 seconds; 8.9 kWh)


4

