Physical Sciences Gr. 12 Long questions


ELECTROCHEMICAL REACTIONS
1.   List the differences between a galvanic cell and electrolytic cell.  

2.   Give a use for each of the two types of cells mentioned in question 1.

3.   Explain what

      a)  oxidation, and

      b)  reduction is in terms of electron transfer.

4.  Consider the following two diagrams of cells:
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a) Which of these cells represents a galvanic cell and which represents an electrolytic cell?
b) Identify the anode and cathode on the electrolytic cell.
c) Assume that the following reaction is taking place in the galvanic cell:
             Zn (s)   +   Cu2+ (aq)   →   Zn2+ (aq)   +   Cu (s)
(i) What reactions will take place at the anode and the cathode respectively?
(ii) What is the function of the salt bridge?
(iii) Describe the direction of the electron flow in the external circuit.
(iv) Calculate the voltage that would be generated by the cell under standard conditions.

5. Use the information on the Standard Reduction Potential Table to explain whether the following reactions would proceed spontaneously or not:
a)   Ca2+   +    Br —  →   Ca   +   Br2
b)   Fe   +   Cu2+   →   Fe2+   +   Cu

6. When a piece of copper plate is placed in a solution of silver nitrate 

      (Ag+ and NO3- ) silver deposits on the copper plate.

        a)   What substance is oxidised?  Explain.

                Write a half-cell equation for the oxidation reaction.

b) What substance is reduced?  Explain.

Write a half-cell equation for the reduction reaction.

        c)   Write down an ionic equation for the overall reaction.
7. An electrochemical cell is constructed on the basis of the following reaction:
                    Pb2+ (aq)   +  Sn (s)   → Sn2+ (aq)   +  Pb (s)     

        a)   What would you predict would happen to the reaction if the 
              concentration of Pb2+ (aq) is higher than the concentration of 
              Sn2+?  Why?
8.   Sodium chloride (common salt) is a compound of an alkali metal and 
       a halogen. It is found in large quantities in the sea and in 
       underground deposits. Sodium chloride solution is also called brine.
       Electrolysis of brine is an important industrial process.

      Study the following diagram and answer the questions that follow:

a) Chlorine gas is formed at the positive electrode.  Name three uses of chlorine.
b) Hydrogen gas is formed at the negative electrode.   Explain why hydrogen gas is formed at this electrode.
c) Name two uses of hydrogen.

d) How would you test for hydrogen gas?

e) Sodium hydroxide solution is used in the manufacture of soap, paper and ceramics.  Give the formula and phase for sodium hydroxide solution.
9.   The diagram shows a spoon that will be electroplated with nickel 

       metal.  

     
 

       What will occur when switch S is closed?
a) The spoon will lose mass, and the Ni(s) will be reduced
b) The spoon will gain mass, and the Ni(s) will be reduced
c) The spoon will lose mass, and the Ni(s) will be oxidized       
d) The spoon will gain mass, and the Ni(s) will be oxidized  

SOLUTIONS

1.   Differences between galvanic cells and electrolytic cells
	Galvanic cells
	Electrolytic cells

	Spontaneous reactions
	No-spontaneous reactions

	Chemical energy → electrical energy
	Electrical energy → chemical energy

	Different metals for anode and cathode respectively
	May use the same metal for cathode and anode.

	Anode and cathode suspended in separate solutions
	Both anode and cathode suspended in the same solution


2.    Galvanic cells are used for wet batteries such as car batteries and 

       dry-cell batteries such as torch cells.
       Electrolytic cells are used for electroplating, refining and extraction 

       of metals.

3.    a)   Oxidation is the loss of electrons, and

       b)   reduction is the gain of electrons

4.    a)   The galvanic cell is represented by diagram II and the 

             electrolytic cell is represented by diagram I.

b)   Electrode A is the anode and electrode B is the cathode.

       c)         Zn (s)   +   Cu2+ (aq)   →   Zn2+ (aq)   +   Cu (s)


    (i)   Anode (oxidation):            Zn (s)   →    Zn2+ (aq)   +  2e-
             Cathode (reduction):       Cu2+ (aq)  +  2e-  →   Cu (s)

      (ii)  The salt bridge allows ions to migrate between the two half-

             cells without mixing the two solutions.
     (iii)   Electrons flow from the Zn electrode to the Cu electrode.

      (iv)   Overall voltage E(  = E(cathode  - E(anode  
                                             =  +0,34 – ( - 0,76)
                                             =  + 0,34 + 0,76

                                             =  1,1 V
5.    a)   Ca2+   +   2Br —  →   Ca   +   Br2
             Reduction         Ca2+  +  2e-   →   Ca 

             Oxidation           2Br –  →   Br2  +   2e- 
             (  Overall voltage E(  = E(cathode  - E(anode  

                                          =  (-2,87) – ( +1,09)

                                          =  - 2,87 – 1,09
                                          =  - 3,96 V

        A negative value therefore a non-spontaneous reaction.
b)   Fe   +   Cu2+   →   Fe2+   +   Cu
             Oxidation           Fe  →   Fe2+  +   2e- 
             Reduction         Cu2+  +  2e-   →   Cu 

             (  Overall voltage E(  = E(cathode  - E(anode  

                                           =  +0,34 – ( - 0,44)

                                             =  + 0,34 + 0,44
                                             =  0,78 V

        A positive value therefore a spontaneous reaction.
6.    a)  Oxidised – copper.  Cu atoms lose electrons to become Cu2+  

             ions.   
                       Cu (s)  →  Cu2+  +  2e-
b) Reduced – Silver ions.  Ag+ ions gain electrons to become Ag metal.

               Ag+   +  e-  →  Ag (s)
c)   Cu (s)   +  2Ag+ (aq)   →   Cu2+ (aq)   +   Cu (s)
7.   a)  Under standard conditions current would flow from the Sn 
           electrode to the Pb electrode.  A rise in concentration of a 
           ‘reactant’ would push the reaction to the right hand side, so one 
            would expect a higher voltage in the cell i.e. Ecell would be greater 
            than E(cell.
8.    a)   Chlorine is used to kill bacteria in drinking water and swimming                 

              pools.  It is also used to make hydrochloric acid, disinfectants, 
b)               bleach and the plastic known as PVC.

c) Sodium ions are attracted to the negative electrode where reduction takes place.  Sodium ions gain electrons and sodium atoms deposit on the electrode.  Sodium, however, reacts spontaneously with water to form sodium hydroxide and hydrogen.  Sodium hydroxide dissolves in water and the hydrogen is liberated as a gas.  

d) Hydrogen is used in the manufacture of ammonia and margarine. 
e) The test for hydrogen is to put a lit splint in the gas. It explodes with a squeaky pop. 
f) Sodium hydroxide solution -  NaOH (aq)
9.    d)  The spoon will gain mass, and the Ni(s) will be oxidized  
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