                                 



Chemistry II-AP

                             


 Electrochemistry Practice Test #1
Solution Set



1.     C     For a certain redox reaction, Eo is positive. This means that:   

     
A)  Go is positive, and K is greater than 1;          B)  Go is positive, and K is less than 1;

     
C)  Go is negative, and K is greater than 1;       D)  Go is negative, and K is less than 1.        

Since Eo is positive, that means the reaction is spontaneous.  Need free energy to be negative, and need the ratio of products / reactants to be greater than 1. 
 2.    E     In the electrolysis of aqueous sodium sulfate, oxygen gas is evolved  the because:   

     
A) hydrogen is so reactive;     B) hydrogen is always evolved when an aqueous solution is involved;      C) water is more easily reduced than the sodium ion;      D) it is the only possible species that can be formed by a reduction in this solution;     E) water is more easily oxidized than the sulfate ion.


Neither sodium nor the sulfate ion take part in the electrolysis.  Water is both oxidized and reduced.

 3.    E       As the lead storage battery is being discharged (acting as a voltaic cell):

     
A) the amount of sulfuric acid decreases;      B) the lead electrodes become coated with lead sulfate;     C) sulfuric acid is regenerated;    D) lead dioxide dissolves;    E) both A and D.



Pb is oxidized, PbO2 is reduced, and both consume the sulfuric acid.

 4.    A       Which of the following is used commonly as both a good reducing agent as well as a good oxidizing agent?  (obviously not in the same reaction)


A) H2O2;        B) H2SO4;        C) NaCl;        D) oxygen gas;       E) solid sodium.



See your reaction prediction redox sheet if you don’t remember this!!!

 5.    F       It is possible to increase the voltage of a cell in which the reaction is

           
 Mn(s)    +   2 Cu+(aq)   ---------->    Mn2+(aq)    +   2 Cu(s) 

     
A) by increasing the concentration of manganous ion;     

B) by increasing the concentration of copper ion;     

C) by increasing the size of the manganese electrode;      

D) by increasing the size of the copper electrode;   


E) by decreasing the concentration of the manganous ion;       

F) both B and E are correct.

Only things that goes into Nernst equation are ion concentrations.

6.    C       What is the metal that is used to coat iron to produce "galvanized" iron?

     
A) Sn;      B) Mg;      C) Zn;      D) Al;      E) Pb;      AB) Cu;      AC) Ag

7.    E       Which of the following would not inhibit the corrosion of iron?


A) removal of oxygen gas;       B) removal of liquid water;       C) increasing the pH;       


D) coating with tin;       E) all would inhibit corrosion.

 8.    B       At standard conditions (25oC and 1.0 M for ion conc.), predict whether the following reaction will go spontaneously in the forward direction:               Sn2+  +   Cl2   (      Sn4+  +  2 Cl-

     
Indicate whether the reaction is spontaneous (yes or no) by determining the standard cell voltage.

     
A) yes, Eo = +1.51 v;        B) yes, Eo = +1.21 v;      C) yes, Eo = +1.82 v;        


D) no, Eo = -1.21 v;          E) no, Eo = -1.82 v;        F) no, Eo = -1.51 v.


Eo = SOP  +  SRP   = -0.15 v + (+1.36 v)  = + 1.21 V
9.    C      Which of the following statements best explains why aluminum exposed to the atmosphere corrodes so slowly when its S.O.P. is so highly positive.

    
A) aluminum forms a stable complex with oxygen that will not dissolve in water;

     
B) aluminum is classified as a metalloid, and no metalloid undergoes oxidation;

     
C) aluminum actually oxidizes so quickly that the oxide forms a protective coating for the rest of the metal;

     
D) the extremely high S.O.P. of aluminum reults in water being oxidized rather than the metal itself;

    
E) the nitrogen in the atmosphere prevents the aluminum from reacting with the oxygen.

=========================================================================

2 M (s) +   3 Cu2+(aq) (   2 M3+(aq) +  3 Cu(s)      Eo = 0.90 volt for the voltaic cell at standard conditions

10.   +0.56 V    Determine the standard electrode potential (S.O.P.) for the oxidation half-reaction. 

     

    (Be sure to include the proper sign.)



Eo = +0.90 V  =  SOP   + 0.34 V  (   SOP  = + 0.56 V
11.    +0.87 V     A cell is constructed in which the reaction above occurs.  All substances are initially in their standard states, and equal volumes of the solutions are used.  The cell is then discharged (allowed to start to produce current).  Calculate the value of the cell potential, E, once [Cu2+] has dropped to 0.13 M.



                                                          2 M (s)   +  3 Cu2+(aq)       (   2 M3+(aq)   +  3 Cu(s)      
                                 



I                               1.0 M                    1.0 M






        C/R                            - 0.87 M                + 0.58 M

E

        0.13 M                  1.58 M



E = Eo – (0.0592 / 6) log[ (1.58)2 / (0.13)3 ]    = +0.87 V 
12.   1.6 x 1091         Calculate K(eq) when the cell reaction above has reached equilibrium.

     



At equilibrium, E = 0, so Eo = 0.90 = (0.0592 / 6) logK





K = 1.6 x 1091
13.    -5.2 x 105 kJ      Calculate Go when the cell reaction above has reached equilibrium.





Go =  -nFEo
                                                        = -(6)(96,500 J / mole-volt)(0.90 v)  = -5.2 x 105 kJ





or   Go =  -RTlnK  

                                                               =  -(8.314 x 10-3 kJ/mole-K)(298 K)(1.6 x 1091) 

                                                                                                (substance that oxidizes easiest!)
14.   C
Which of the following metals would act as the strongest reducing agent?

     
A) Cu;        B) Ni;        C) Na;         D) Pb;        E) Cd;          F) Ag.

-3-

15.  T - F   Overvoltage at electrodes where metals are deposited is low, but it is high at the electrode where hydrogen gas is liberated.

A steady current of 2.50 amperes is passed through an electrolytic cell containing a 3.00-molar solution of nickel (II) nitrate.  The anode is made of nickel and the cathode is made of platinum.  The current is allowed to run for 18.5 minutes.

16.   0.844 g.     How many grams of metallic metal will plate out?



 18.5 min    60 sec    2.50 coulomb          1 mol e-1             1 mol Ni       58.7 g Ni

                        -----------------------------------------------------------------------------------------------------

                                           1 min       1 sec               96,500 coulombs      2 mol e-1      1 mol Ni



      = 0.844 grams Ni
17. 0.161 L O2   The nickel electrode is removed and another platinum electrode is used to replace it.  Bubbles form at this electrode.  The same current and the same amount of time are used.  How many liters of gas are evolved, assuming that the reaction is run at STP conditions for gases?


At the anode, the water is oxidized. [Hint was that it said a gas is evolved!!!]


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

           0.844 g Ni   1 mol Ni       2 mol e-1      1 mol O2     22.4 L O2
                        -------------------------------------------------------------------------  = 0.161 L O2
                                          58.7 g Ni     1 mol Ni        4 mol e-1      1 mol O2
What are the reactions at the anode and at the cathode in an electrolytic cell for an aqueous solution of CoBr2?

18. anodic reaction     2 Br-1  (   Br2  +  2 e-1   SOP = -1.07 V  **  better choice – less energy

       2 H2O (liq)  (   O2  +  4 H+1   +  4 e-1    SOP = -1.23 v

19. cathodic reaction    Co+2  +  2 e-1 (  Co (s)    SRP  = -0.23 V **  better choice – less energy

       2 H2O (liq)  + 2 e-1    (   H2  +  2 OH-1     SRP = -0.83 v

What are the reactions at the anode and at the cathode in an electrolytic cell for an aqueous solution of Li2SO4?

20.     2 H2O (liq)  (   O2  +  4 H+1   +  4 e-1    SOP = -1.23 v        anodic reaction

21     2 H2O (liq)  2 e-1    (   H2  +  2 OH-1     SRP = -0.83 v         cathodic reaction

Consider the following galvanic cell:            Zn    |     Zn+2 (0.20 M)    ||      Ag+ (5.0 M)    |    Ag


                                         Anode                        Salt bridge                      Cathode
salt bridge is a saturated solution of potassium nitrate.

22.   +1.62 v  What is the electrochemical potential, E, for this voltaic cell?


E =  Eo – (0.0592 / n)log [P/R]

= 1.56 v – (0.0592 / 2) log[ (0.20) / (5.0)2 ]    = 1.622 v
Use the following key to answer this last set of questions:

A) voltage increases

B) voltage decreases, but remains above zero


C) no change in voltage
D) voltage drops to zero and remains at zero

23.  B 
What happens to the electrochemical potential, E, for this voltaic cell if the silver electrode is replaced with a platinum electrode?


Silver ions migrate to the cathode; it doesn’t have to be made of the same material.

24.   D
What happens to the electrochemical potential, E, for this voltaic cell if the potassium nitrate salt bridge is replaced with a sodium chloride salt bridge.


Silver ion reacts w/ chloride, ppt. out AgCl – kills the cell.

25.  C      What happens to the electrochemical potential, E, for this voltaic cell if the zinc electrode is replaced with a larger zinc electrode?

 
      Only conc. of ions affects voltage; size of electrode doesn’t matter.
