AP Institute

Electrochemistry Problem Set

1.   E
     NO3-1  (  NH4+1   charge on N goes from +5 to –3, so 8 electrons are transferred

2    E
   At the anode, oxidation takes place.  The substance oxidized is water.


    2 H2O    (   O2   +   4 H+1    +  4 e-1


       3600 sec
       5.0 coulombs
   1 mole e-1
                  1 mole O2

2.0 hr    x    ----------    x    -----------------   x  ---------------------   x ----------------    =  0.093 moles 

          1 hr
             1 sec
            96,500 coulombs
4 mole e-1

3.   D
By definition, one Faraday = 1 mole electrons   Fe+3   ( Fe+2   requires one mole of electrons

4.   C
  from diagram,  Co(s)    +   2 Fe+3   (     Fe+2   +    Co+2   


Eo = SOP(Co)    +    SRP(Fe)   =  +0.28 v  +  0.77 v  =  +1.05 v
5.   B
 for Ksp  AgCl(s)  (   Ag+1(aq)  +   Cl-1(aq)

from SRP tables:     AgCl(s)  +  1 e-1  (   Ag(s)  +   Cl-1(aq) 
SRP = +0.22 v





Ag(s)  (   Ag+1(aq)  +   e-1

SOP = -0.80 v

Eo = SOP + SRP  =  -0.80 v + 0.22 v  = -0.58 v

          0.0592

Eo  =  -------  log KSP    where  n = 1 , then  KSP  = 1.6 x 10-10
              n 

6.   B      For Eo to be positive, reaction must be
Cd(s)    +   Ni+2   (     Cd+2   +    Ni(s)

  






    0.10 M       1.0 x 10-4 


oxidation of Cd occurs at the anode (-), and reduction of Ni+2  occurs at cathode (+) electrode 


Eo = SOP + SRP  =  +0.40 v - 0.25 v  = +0.15 v


            0.0592

7.   A       E  =   Eo  -   -------  log (1.0 x 10-4 / 0.10 M)     where  n = 2 , then  E = +0.24 v
                            n 

  

        0.0592

8.   C
+0.15 v =   Eo    =  ------------  log K   then  K = 1.2 x 105



            2

9.    E     As the battery “discharges”, sulfuric acid is consumed, so a measure of “charge” is determined by how concentrated the acid solution is.

10.   E        0.7500 grams Ag   x   1 mole Ag / 107.9 g Ag  x  1 mole e-1  / 1 mole Ag   =   0.006951 mole e-1

    0.006951 mole e-1  x  1 mole X / 2 moles e-1    =  0.003475 moles X


    At. Mass =  0.2041 grams X / 0.00375 moles X   = 58.7 grams/mole
-2-

11.   E

 Eo = SOP + SRP  =  +0.76 v + 0.34 v  = +1.10 v



Go  =  -nFEo    = -(2)(96.50 kJ/v)(+1.10 V)   = 212.3 kJ

12.   D

A)   


      Ag  (   Ag+1  +  1 e-1

SOP = -0.80 v  

                               NO3-1  +   4 H+1    +  3 e-1  (     2 H2O    +  NO   
SRP = +0.96 v








Spontaneous since    Eo  = +0.16 v

B)   
 2 Br-1  (   Br2(liq)   +  2 e-1


SOP = -1.09 v  

                                      Cl2(g)    +  2 e-1  (     2 Cl-1(aq)
   
SRP = +1.36 v








Spontaneous since    Eo  = +0.27v

                        C)         Fe(s)   (   Fe+2 (aq)   +  2 e-1


SOP = +0.44 v  

 Fe+3 (aq)   +  1 e-1  (    Fe+2(aq)
   
SRP = +0.77 v








Spontaneous since    Eo  = +1.21v

D)         Hg(liq)   (   Hg+2 (aq)   +  2 e-1


SOP = -0.85 v  

 Fe+3 (aq)   +  1 e-1  (    Fe+2(aq)
   
SRP = +0.77 v







   NOT spontaneous since    Eo  = -0.08v



E)         Cu(s)   (   Cu+2 (aq)   +  2 e-1


SOP = -0.34 v  

 Fe+3 (aq)   +  1 e-1  (    Fe+2(aq)
   
SRP = +0.77 v








Spontaneous since    Eo  = +0.43v




2 Fe(s)    +   3 Cl2(g)   (     2 Fe+3   +    6 Cl-1(aq)

[Note:  need to add that the emf was found to be +1.51 volts at 25oC. Important for #14]

13.   E

A) no – it’s the opposite;
B) no, Pt is an inert electrode – not being reduced or oxidized;



C) No, see rxn above for products;
  D) no, it’s the opposite.








             0.0592          (0.010)2(0.020)6
 14.   B

Nernst equation
1.51 v     =   Eo   -    ------------  log --------------------








                n
            (0.10)3


Eo = +1.40 v

15.   A
       Fe(s)  (  Fe+2 (aq) + 2 e-1
SOP = +0.44v        Fe+2(aq)   ( Fe+3 (aq) + 1 e-1     SOP = -0.77 v

                  so SOP for Fe(s)  (  Fe+3 (aq) + 3 e-1   =   +0.44 v = 0.77 v = -0.33 v
     [Note: the answer key to the book say “B”, but I think that’s a mistake.]





   0.0592

16.   E      from #14    Eo   =    ------------  log K,   then K = 10142




        6 

17.   D    3600 sec     1.0 coulomb          1 mole e-1               1 mole Ag            107.9 g

                               x  ----------------  x  --------------------  x  --------------  x   -------------   =  4.0 grams


               1 sec               96,500 coulombs
1 mole e-1           1 mole Ag

18.   E    cathode:   Ag+1 (aq)   +  1 e-1  (    Ag(s)       anode:   2 H2O    (   O2   +   4 H+1    +  4 e-1
19.   A   If you add the two half-reactions above by balancing the number of electrons, you will find that four moles of silver are required for every single mole of oxygen gas produced

-3-

Balanced equation:      2 Tl(s)    +    Cu+2   (     2 Tl +1   +    Cu(s)




       0.10 M       0.0010 M





      0.0592

20. C

0.83  = E  =  Eo -  ---------- log [(0.0010)2 / (0.10)]

          2

                      Eo  =  +0.68 v

21. A

Eo  =  +0.68 v   =  SOP  +  SRP  =  SOPTl  +  0.34


The SOP for thallium = +0.34 v, so the SRP = -0.34 v 




         0.0592

22. D

+0.68 v  =   ----------- log [ (Tl +1)2 / (Cu+2)]

   



  2



log [ (Tl +1)2 / (Cu+2)]= 22.97     then the ratio = 9.4 x 1022 to 1  = 1023

23.   E
From the reaction, either increasing the concentration of the thallium ion or decreasing the concentration of the copper (II) ion will cause the reaction to shift to the right, thus increasing the emf of the battery.  Neither of these is a choice, though, and the other choices are incorrect, making “none of these” the answer.

