TEACHER DEVELOPMENT CENTRE                          CHEMISTRY
YEAR 12 CHEMISTRY (E 403)

ELECTROLYSIS TEST
QUESTION & ANSWER BOOKLET

This test is in three parts.

Part 1:
Consists of 8 Multiple Choice questions. Answer in the spaces provided

Part 2
Consists of 4 short Answer questions. Answer in the spaces provided

Part 3:
Consists of 3 calculation questions. Answer in the spaces provided

Recommended time: 50 MINUTES
NAME:………………………………………………..   DATE:………………….

PLEASE DO NOT TURN THE PAGE UNTIL INSTRUCTED TO DO SO
At the completion of the test, enclose your question booklet inside your answer booklet for collection.

YEAR 12 CHEMISTRY

ELECTROLYSIS TEST
MULTIPLE CHOICE QUESTIONS

1. When comparing galvanic (electrochemical) cells with electrolytic cells, it is TRUE to say that:

(a) the anode is positive and the cathode is negative in each case

(b) reduction occurs at the negative electrode in a galvanic cell

(c) reduction occurs at the cathode in both cases

(d) oxidation occurs at the cathode in an electrolytic cell

2. Which one of the following statements is FALSE?

(a)  In an electrochemical cell, chemical energy is converted to electrical energy.

(b)  In an electrolytic cell, an external source of electricity is used to drive the reaction.

(c)  In an electrochemical cell, the anode is positively charged.

(d)  In an electrolytic cell, oxidation occurs at the anode.

3.  An aqueous solution, which is 1M in copper (II) chloride and 1M in sodium chloride is electrolysed with platinum electrodes.  Which product is liberated first at the cathode?

(a)  copper

(b)  hydrogen

(c)  oxygen

(d)  chlorine

4.  A solution contains CuCl2, NiCl2 and ZnCl2, each with a concentration of 1molL-1.  The solution is electrolysed using graphite electrodes.  What reaction takes place at the cathode?

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

(b)  Ni2+(aq)  +  2e-  (  Ni(s)

(c)  Zn2+(aq)  +  2e-  (  Zn(s)

(d)  2H2O(l)  (  O2(g)  +  4H+(aq)  +  4e-
5.  Sodium metal is not obtained in the electrolysis of aqueous sodium chloride because

(a)  Na reacts with water as fast as it is formed.

(b)  H2O is reduced more easily than Na+ ions.

(c)  H2O is oxidised faster and more easily than Na+ ions.

(d)  Cl- ions are more easily reduced than Na+ ions.

Questions are based on the following information.

A concentrated sodium chloride solution is placed in a beaker and electrolysed using inert (graphite) electrodes.

6.  What gas is produced at the anode?

(a)  oxygen

(b)  hydrogen

(c)  chlorine

(d)  water vapour

7.  The gas produced at the cathode is

(a)  oxygen

(b)  hydrogen

(c)  chlorine

(d)  water vapour

8.  The balanced half-equation for the reaction occurring at the anode is

(a)  2H2O(l)  (  O2(g)  +  4H+(aq)  +  4e-
(b)  2H2O(l)  +  2e-  (  H2(g)  +  2OH-(aq)

(c)  2Cl-(aq)  (  Cl2(g)  +  2e-
(d)  H+(aq) +  OH-(aq)  +  2e-  (  H2O(g)
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SHORT ANSWER 
(28 marks)
1.  Predict electrolysis products for the following:



[6 marks]
(a) molten potassium bromide with inert electrodes

__________________________________________________________________________________________________________________________________________
(b) 1 molL-1 silver nitrate solution with silver electrodes
__________________________________________________________________________________________________________________________________________
(c) 1 molL-1 sodium iodide with inert electrodes
__________________________________________________________________________________________________________________________________________
2.  A 1.00 molL-1 CuSO4 solution is electrolysed using inert graphite electrodes.

(a)  Write equations for the cathode and anode reactions.


[2 marks]

Cathode: _____________________________________________________________

Anode: ______________________________________________________________

(b)  Determine the minimum voltage which needs to be applied for the reaction to take place.








[1 mark]

_____________________________________________________________________

(c)  What would the cathode and anode reactions have been if the electrodes had been copper foil rather than graphite?





[2 marks]

Cathode: _____________________________________________________________

Anode: ______________________________________________________________

3.  Draw a diagram in the space below showing the apparatus used to electrolyse dilute solutions of silver nitrate (using inert carbon electrodes) and copper sulfate (using copper electrodes), connected in series.  A current of 0.500 A was passed through the solutions for 30.0 mins.










[2 marks]
(a)  Show the direction of flow of electrons through the external circuit.
[1 mark]

(b)  Label the anode and cathode for each cell.



[2 marks]

(c)  What substances would be formed at the silver cell anode and cathode respectively?








[2 marks]

_____________________________________________________________________

(d)  What substances would be formed at the copper cell anode and cathode respectively?








[2 marks]
 ____________________________________________________________________

(e)  Calculate the quantity of electricity that passed through this electrolytic cell.










[2 marks]

4.  The extraction of aluminium from alumina involves use of an electrolytic cell, like the one pictured below.


Source: sam.davyson.com
(a)  What is the name of this process?




[1 mark]

_____________________________________________________________________

(b)  What is the anode reaction?





[1 mark]
_____________________________________________________________________

(c) What is the cathode reaction?





[1 mark]

_____________________________________________________________________

(d) Write the overall redox reaction that occurs.



[1 mark]

_____________________________________________________________________

(e)  Much larger electrical currents are used in this process than would be expected from the value calculated from an Eo table.  Why is this?


[2 marks]
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

CALCULATIONS 
(20 marks)
1. Platinum electrodes are placed in separate solutions of copper sulfate, silver nitrate and dilute sulfuric acid.  A current is passed from one salt solution to the next and then into the sulfuric acid.  If 0.105 g of copper metal is deposited by the current from the first solution,

(a) draw a simple sketch of the electrolytic cells



[1 mark]

 (b) calculate the mass of silver deposited from the second solution

[5 marks]

(c) calculate the volume of hydrogen gas (measured at 96.4 kPa and 25.0 oC) evolved from the third solution.






[5 marks]

(d) What current was being used if the cells had been operating for 5.00 minutes?


[4 marks]
3.  A constant electric current of 10.2 A was passed through a cell containing a nitrate solution of an unknown trivalent metal.  After a period of 1.20 hours, 1.06g of metal was deposited.  Determine the relative atomic mass of the unknown metal.
[6 marks]
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SHORT ANSWER 
(28 marks)

1.  Write equations showing how you would predict electrolysis products for the following:



[6 marks]

(a) molten potassium bromide with inert electrodes

Anode: 2Br-(l)  +  2e-  (  Br2(l)

Cathode: K+ (l)  +  e-  (  K(l)

(b) 1 molL-1 silver nitrate solution with silver electrodes
Anode: 2H2O(l)  (  4H+(aq)  O2(g)  +  4e-
Cathode: 2H2O(l)  +  2e-  (  H2(g)  +  2OH-(aq)
(c) 1 molL-1 sodium iodide with inert electrodes
Anode:  2I-(aq)  (  I2(s)  +  2e-
Cathode: 2H2O(l)  +  2e-  (  H2(g)  +  2OH-(aq)

2.  A 1.00 molL-1 CuSO4 solution is electrolysed using inert graphite electrodes.

(a)  Write equations for the cathode and anode reactions.


[2 marks]

Cathode: Cu2+(aq)  +  2e-  (  Cu(s)

Anode: 2H2O(l)  (  4H+(aq)  O2(g)  +  4e-
(b)  Determine the minimum voltage which needs to be applied for the reaction to take place.








[1 mark]

E =  (+0.34)  +  (-0.82)  =  -0.48 V      Applied voltage must be > 0.48 V
(c)  What would the cathode and anode reactions have been if the electrodes had been copper foil rather than graphite?





[2 marks]

Anode:  Cu(s) (  Cu2+(aq)  +  2e-    Cathode reaction is the same
3.  Draw a diagram in the space below showing the apparatus used to electrolyse dilute solutions of silver nitrate (using inert carbon electrodes) and copper sulfate (using copper electrodes), connected in series.  A current of 0.500 A was passed through the solutions for 30.0 mins.

INSERT DIAGRAM HERE










[2 marks]

(a)  Show the direction of flow of electrons through the external circuit.
[1 mark]

From the – terminal to the + terminal
(b)  Label the anode and cathode for each cell.



[2 marks]

Cathode connected to the - terminal
(c)  What substances would be formed at the silver cell anode and cathode respectively?








[2 marks]

Cathode – silver;     Anode  oxygen

(d)  What substances would be formed at the copper cell anode and cathode respectively?








[2 marks]

Cathode – copper metal;      Anode  - copper II ions
(e)  Calculate the quantity of electricity that passed through this electrolytic cell.











[2 marks]

Q  =  It

= .5  x  30  x  60

= 900 C

4.  The extraction of aluminium from alumina involves use of an electrolytic cell, like the one pictured below.
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Source: sam.davyson.com
(a)  What is the name of this process?




[1 mark]

The Hall  -  Heroult  Process
(b)  What is the anode reaction?





[1 mark]

C(s)  +  2O2-(l)  (  CO2(g)  +  4e-
(c) What is the cathode reaction?





[1 mark]

Al3+(l)  +  3e-  (  Al(l)
(d) Write the overall redox reaction that occurs.



[1 mark]

3C(s)  +  6O2-(l)  +  4Al3+(l)  (  3CO2(g)  +  4Al(l)
(e)  Much larger electrical currents are used in this process than would be expected from the value calculated from an Eo table.  Why is this?


[2 marks]

The reaction has a high activation energy
CALCULATIONS 
(20 marks)
1. Platinum electrodes are placed in separate solutions of copper sulfate, silver nitrate and dilute sulfuric acid.  A current is passed from one salt solution to the next and then into the sulfuric acid.  If 0.105 g of copper metal is deposited by the current from the first solution,

(a) draw a simple sketch of the electrolytic cells



[1 mark]

INSERT DIAGRAM HERE
 (b) calculate the mass of silver deposited from the second solution

[5 marks]

n(Cu)  =  .105/63.55  =  0.0017 mole
Cu2+  +  2e-  (  Cu
n(e-)  =  0017  x  2  =  0.0033 mole
Ag+  +  e-  (  Ag
n(Ag)  =  n(e-)

m(Ag)  =  107.9  x  0.0033  =  0.356 g

(c) calculate the volume of hydrogen gas (measured at 96.4 kPa and 25.0 oC) evolved from the third solution.






[5 marks]

2H+(aq)  +  2e-  (  H2(g)
n(H2)  =  ½ n(e-)  =  0.0017 mole
PV  =  nRT

V  =  .0017  x  8.31  x  298/  96.4
V  =  .0437 L

(d) What current was being used if the cells had been operating for 5.00 minutes?


[4 marks]
n(e-)  =  Q/ 9.65  x  104
.0017  x  2   =  Q/ 9.65  x  104
Q  =  318.45 C
Q  =  It

318.45  =  I  x  5  x  60

I  =  1.06 A

3.  A constant electric current of 10.2 A was passed through a cell containing a nitrate solution of an unknown trivalent metal.  After a period of 1.20 hours, 1.06g of metal was deposited.  Determine the relative atomic mass of the unknown metal.
[5 marks]
Q  =  It  =  10.2  x  1.2  x  60  x  60  =  44027 C

n(e-)  =  Q/ 9.65  x  104
n(e-)  =  44027/ 9.65  x  104  =  0.0456 mole

n(metal)  =  0.456 / 3  =  0.0152 mole

n  =  m/M

.0152  =  1.06/ M
M  =  69.7 gmole-1
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