Dr. Rogers


Electrochemistry Homework

1.  Manganese has the oxidation number of +5 in


(A)
[MnF6]3–


(C)
[MnO4]2–

(B)
Mn2O7



(D)
[Mn(CN)6]–
2.  Fe(s) + Cu2+(aq) ( Cu(s) + Fe2+(aq)
     Identify the species oxidized, the species reduced, the oxidizing agent, and the reducing agent   

     in this reaction.

3.  Which is the strongest oxidizing agent?

Standard Oxidation Potentials
   E0
Na 
[image: image1.wmf]®

¬

 Na+ + e– 

2.71 V

Cd 
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¬

 Cd2+ + 2e–  

0.40 V

H2 
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¬

 2H+ + 2e–  

0.00 V

Ag 
[image: image4.wmf]®

¬

 Ag+ + e–           

–0.80 V

4.  An oxidizing agent, when involved in a redox reaction,


(A)
is always reduced.


(B)
always contains oxygen.


(C)
always gives off electrons.


(D)
is always a metal.


(E)
is called a catalyst.

5.  Which is true of the equation?

8KI + 9H2SO4 SYMBOL 174 \f "Symbol" 4I2 + 8KHSO4 + H2S + 4H2O


(A)
The reducing agent is H2S.


(B)
The oxidizing agent is KI.


(C)
The substance reduced is H2SO4.


(D)
The substance oxidized is KHSO4.


(E)
This is not an oxidation–reduction equation.

6.  The equation representing the anode half-reaction for the electrolysis of aqueous HCl is


(A)
Cl2(g) SYMBOL 174 \f "Symbol" 2Cl–(aq) + 2e–

(B)
2Cl–(aq) SYMBOL 174 \f "Symbol" Cl2(g) + 2e–

(C)
2HCl(aq) SYMBOL 174 \f "Symbol" Cl2(g) + H2(g)


(D)
O2(g) + 4H+(aq) + 4e– SYMBOL 174 \f "Symbol" 2H2O(l)

7.  When this half-reaction is balanced,


H2O + Cl– SYMBOL 174 \f "Symbol" ClO2– + H+ + e–

    the coefficient for the number of electrons is


(A)
1
(B)
2
(C)
3
(D)
4

8.  Balance this equation in basic conditions.

Fe2+ + MnO4– + H2O SYMBOL 174 \f "Symbol" Fe3+ + MnO2 + OH–
9.  Balance the equation for this reaction carried out in a basic solution:

H2O + CrO42– + HSnO2– SYMBOL 174 \f "Symbol" HSnO3– + CrO2– + OH–
10.  Balance the equation for this reaction in acidic conditions.

 Cr2O72– + HSO3– +  H+ SYMBOL 174 \f "Symbol"  Cr3+ +  SO42– +  H2O

11.  Which reaction is spontaneous in the direction written?  Use Appendix F.


(A)
2Ag + Cu2+ SYMBOL 174 \f "Symbol" Cu + 2Ag+

(B)
Fe + Zn2+ SYMBOL 174 \f "Symbol" Fe2+ + Zn


(C)
2Al + 3Mg2+ SYMBOL 174 \f "Symbol" 2Al3+ + 3Mg


(D)
2Al + 3Zn2+ SYMBOL 174 \f "Symbol" 2Al3+ + 3Zn

12.  In every electrolytic and galvanic (voltaic) cell the anode is that electrode

  
(A)
at which oxidation occurs.

  
(B)
which attracts cations.

  
(C)
at which electrons are supplied to the solution.


(D)
at which reduction occurs.

13.  Which statement is true for the cell as it discharges?

Zn  |  Zn2+(1 .0 M)  ||  Sn2+(1.0 M)  |  Sn

(A)
Oxidation occurs at the tin electrode.


(B)
Electrons will flow from the tin electrode to the zinc electrode.


(C)
The concentration of Zn2+ will increase.


(D)
The mass of the tin electrode will decrease.

14.  Given: MnO4–(aq) + H+(aq) + Cl–(aq) ( Mn2+(aq) + Cl2(g) + H2O(l)

       If the coefficient of MnO4– in the balanced equation is 2, what are the coefficients of H+, Cl–   

       and Cl2, respectively? 


A)
8, 5, 5 


B)
4, 8, 4 


C)
8, 10, 5 


D)
10, 10, 5 


E)
16, 10, 5 

15.  Consider the following cell:




Pb(s)|PbSO4(s)|SO42–(aq)||Pb2+(aq)|Pb(s)

       What is the reaction utilized by this cell? 

16.   The standard potential of the Pb2+/Pb electrode is –0.13 V and the standard 

        potential of the cell




Zn(s) |Zn2+(aq)||Pb2+(aq) |Pb(s)

        is +0.63 V. What is the standard potential of the Zn2+/Zn electrode? 

17.   Consider the following reaction:




2Ag+(aq) + Cu(s) ( Cu2+(aq) + 2Ag(s)

         If the standard potentials of Ag+ and Cu2+ are +0.80 V and +0.34 V, 

         respectively, calculate the value of E° for the given reaction. 

18.  If the standard potentials for the couples Cu2+/Cu, Ag+/Ag, and Fe2+/Fe are +0.34,

       + 0.80, and –0.44 V, respectively, which is the strongest oxidizing agent? 

19.   Given:  
Ag+(aq) + e–  ( Ag(s)

E° = 0.80 V



Fe3+(aq) + e–  ( Fe2+(aq)
E° = 0.77 V



Cu2+(aq) + 2e–  ( Cu(s)
E° = 0.34 V

         Which is the strongest reducing agent? 

20.
Consider the following cell:




Zn(s)|Zn2+(aq, 0.00200 M) ||Cl–(aq, 0.100 M) |AgCl(s) |Ag(s)

If the standard potentials of the Zn2+/Zn and AgCl/Ag,Cl– couples are –0.76 and 0.22 V, respectively, at 25°C, calculate the voltage of the cell. 

21.
Consider the following cell:




Zn(s) |Zn2+(aq, 0.100 M) ||Cl–(aq, ? M) |Cl2(g, 0.500 atm)|Pt

For this cell, E° = 2.12 V and E = 2.27 V at 25°C. Calculate the Cl–(aq) concentration in the cathode compartment. 

22.
Consider the following cell:




Zn(s) |Zn2+(aq, 0.200 M) ||Cl–(aq, 0.100 M) |AgCl(s) |Ag(s)

          If E° for the cell is 0.98 V at 25°C, write the Nernst equation for the cell at this     

          temperature. 


A)
E = 0.98 – 0.01285ln[(0.100)2(0.200)] 


B)
E = 0.98 – 0.02569ln[(0.100)(0.200)] 


C)
E = 0.98 – 0.02569ln[(0.100)2(0.200)] 


D)
E = 0.98 + 0.02569ln[(0.100)2(0.200)] 


E)
E = –0.98 + 0.01285ln[(0.100)2(0.200)] 

23.
If 1020 C of charge is passed through a solution of AgNO3(aq), calculate the number of moles of silver deposited. 

24.    How long will it take to prepare 0.600 moles of Cl2(g) by the electrolysis of concentrated 

         sodium chloride, if 0.500 A are passed through the solution? The equation for this process,             

         the "chloralkali" process is

2NaCl(aq) + 2H2O(l) (( 2NaOH(aq) + H2(g) + Cl2(g) 

25.   During electrolysis


(A)
positive ions gain electrons at the anode.


(B)
negative ions lose electrons at the cathode.


(C)
electrons enter the electrolytic cell at the cathode.


(D)
ions enter the external or wired circuit and flow from plus to minus.


(E)
oxidation takes place at the cathode.

26.


Standard Reduction Potentials

Zn2+ + 2e– SYMBOL 174 \f "Symbol" Zn 
E0 = –0.76 V

Ag+ + e– SYMBOL 174 \f "Symbol" Ag
E0 = +0.80 V


What is the potential of the cell involving this reaction?


Zn + 2Ag+ SYMBOL 174 \f "Symbol" Zn2++ 2Ag 


(Assume all substances in their standard states.)

27.

Standard Reduction Potentials


Cd2+(aq) + 2e– SYMBOL 174 \f "Symbol" Cd(s)

E0 = –0.40 V


Ag+(aq) + e– SYMBOL 174 \f "Symbol" Ag(s)

E0 = +0.80 V


What is the E0 value for a cadmium–silver voltaic cell?

28. Using only the metals Mg, Al, Zn, Fe, Cu and Ag, together with their l M salt solutions, a voltaic cell of the highest possible voltage would be constructed using electrodes of these metals:

Standard Oxidation Potentials
E0
Mg 
[image: image5.wmf]®

¬

 Mg2+ + 2e– 
2.37 V

Al 
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¬

 Al3+ + 3e–
1.66 V

Zn 
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¬

 Zn2+ + 2e–  
0.76 V

Fe 
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¬

 Fe2+ + 2e–  
0.44 V

Cu 
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¬

 Cu2+ + 2e–  
–0.34 V

Ag 
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¬

 Ag+ + e–  
–0.80 V


(A)
Mg and Ag

(D)
Mg and Fe


(B)
Zn and Cu

(E)
Al and Ag

(C) Mg and Al

29. Assign the oxidation state for each of the atoms in the compound IF4-.

30. Assign the oxidation state for each of the atoms in the compound BO2-.

31. Complete and balance the following half reaction in acidic conditions:

Mn3+(aq) +  ( MnO4-(aq)

32. How many electrons were transferred in number 31?

33. Is the reaction in number 31 an oxidation or reduction half reaction?

34. Complete and balance the following reaction in acidic conditions.
MnO4-(aq) + H2C2O4(aq) ( Mn2+(aq) +  CO2(g)

35. How many electrons were transferred in number 34?

36. Which reactant was oxidized and which was reduced in number 34?

37. Complete and balance the following reaction in basic conditions.
F2(g) + H2O (l) ( F-(aq) + O2(g)

38. How many electrons were transferred in number 37?

39. Which reactant was oxidized and which was reduced in number 37?

40. Use the data from Appendix F to calculate the standard potential of the cell based on the following reaction:

Sn2+(aq)  +  2Fe3+(aq)  (  Sn4+(aq)  +  2Fe2+(aq)

41. Does the reaction in number 40 proceed spontaneously in the forward or reverse direction under standard–state conditions?

42. Balance the equation and use the data in Appendix F to determine the standard potential of the following reaction.

H+(aq)  +  Ni(s)  (  Ni2+(aq)  +  H2(g)

43. Does the reaction in number 42 proceed spontaneously in the forward or reverse direction under standard–state conditions?

44. Calculate the E( from the table of standard potentials in Appendix F for the following reaction:

AgCl(sq)  +  Fe2+(aq)  (  Ag(s)  +  Fe3+(aq) +  Cl-(aq)

45. Does the reaction in number 44 proceed spontaneously in the forward or reverse direction under standard–state conditions?

46. A half-cell that consists of a silver wire in 1.00 M AgNO3 solution is connected by a salt bridge to a 1.00 M thallium (I) acetate solution that contains a metallic Tl electrode.  The voltage of the cell is determined to be 2.214 V, with the silver as the positive electrode.  Calculate the standard reduction potential for the thallium half reaction.

47. Calculate the free energy change for the chemical reaction in number 44 at standard state conditions?

48. Calculate the equilibrium constant for the chemical reaction in number 44 at standard state conditions?

49. How many coulombs of charge are needed to produce 3.0 g of Al by electrolysis of Al2O3?

	1.  D
	26.  1.56 V

	2.  Cu2+ - reduced, oxidizing agent

     Fe(s) - oxidized, reducing agent
	27.  1.2 V

	3.  Ag+
	28.  A

	4.  A
	29.  I = +3; F = -1

	5.  C
	30.  B = +3; O = -2

	6.  B
	31.  Mn3+ + 4H2O ( MnO4- + 8H+ + 4e-

	7.  D
	32.  four

	8.  3Fe2+ + MnO4- + 2H2O ( 3Fe3+ + MnO2 + 4OH-
	33.  oxidation

	9.  2CrO42- + 3HSnO2- + H2O ( 2CrO2- + 3HSnO3- + 2OH-
	34. 2MnO4- + 6H+ + 5H2C2O4 ( 2Mn2+ + 8H2O + 10CO2 

	10.  Cr2O72- + 3HSO3- + 5H+ ( 2Cr3+ + 3SO42- + 4H2O
	35.  10 electrons

	11.  D
	36.  H2C2O4 is oxidized; MnO4- is reduced

	12.  A
	37.  2F2 + 4OH- ( 4F- + O2 + 2H2O

	13.  C
	38.  Four

	14.  E
	39.  H2O is oxidized, F2 is reduced

	15.  Pb2+(aq) + SO42- ( PbSO4(s)
	40.  0.62 V

	16.  –0.76 V (red pot), +.76 V (ox. Pot)
	41.  forward

	17.  0.46 V
	42.  0.25 V

	18.  Ag+
	43.  forward

	19.  Cu
	44.  –0.55 V

	20.  1.12 V
	45.  reverse

	21.  6.5 x 10-3 M
	46.  –1.414 V

	22.  A
	47.  5.3 x 104 J

	23.  0.0106 mol
	48.  5.0 x 10-10

	24.  3860 min
	49.  3.2 x 104 C

	25.  C
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