Electrolysis 12-6-10 & 11

Introduction: If you have ever looked at the dates of discoveries of the elements of the Periodic Table you will note that some elements such as copper and gold were known to the ancients. On the other hand some elements such as chlorine, iodine, sodium and bromine were not discovered until well into the 19th century. Can you think of why some were so difficult to ‘discover’? Some elements, like gold, are very stable. They do not react easily. Other elements such as chlorine and bromine are very unstable and are only found naturally in compound form. In this form the atoms of these elements have gained electrons to become very stable ions. Thus, in order for them to be isolated into an elemental form they need to be isolated with the input of energy through the process of electrolysis. During this process the stable ions are changed back to unstable atoms. This demonstration and simulation will assist you in developing a better understanding of this process at the molecular level.

Demonstration: In the diagram below, the apparatus used in the electrolysis of a solution of an aqueous potassium iodide is presented. Your teacher may demonstrate this or assist you in setting up the apparatus in a similar manner. Crystals of potassium iodide are dissolved in water in a beaker and then universal indicator or another indicator such as bromothymol blue or phenolphthalein is added to the solution in the beaker. This is then poured into the U-tube and clamped into place. At this time, do not connect all wires.

Think about the contents of the U-tube; that is the potassium iodide salt solution. Draw a picture alongside the solution below to represent molecularly the contents of the solution. Ignore the indicator and focus on what ions and molecules are present.


Pre-Demonstration Questions:

Based on your understanding of electricity, indicators and the elements carbon (graphite) and copper, suggest the role of:

a) the power source:

b) the graphite electrodes:

c) the copper electrical leads:

d) the universal indicator which is added to the salt (sodium iodide) solution: 

Demonstration - Instructional Sequence

1. Observations at the Macroscopic Level: Connect all wires and observe the reaction that occurs. On the basis of your observations, begin by describing all evidence that suggests a chemical reaction is occurring. What color changes are occurring? Are there gases being produced? Does the dark brown color stain paper or starch solution blue-black? This evidence, especially the chemical tests performed, should assist you in identifying the products formed at each electrode. List these products alongside the evidence observed.

a) electrode 1:


evidence of reaction?


inferences about products formed?

b) electrode 2

evidence of reaction?


inferences about products formed?

2. Understanding What is Happening at the Molecular Level. We will use a manipulative model of the electrolytic cell to understand the molecular processes occurring to cause the observed reaction.

a. We will now look at what is happening at the particle level in terms of ions, atoms, molecules and electrons to cause the formation of the gas and higher pH at one electrode? By the end of this activity, you should be able to explain, precisely where and why this process is occurring?
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1. Place in the u-tube the cut-up paper pieces that represent the atoms and molecules present in the solution. This should include water molecules as well as some dissociated water (H+OH-), potassium ions (K+) and iodide ions (I-).

2. As the wires are connected the power supply pushes electrons into one electrode. Show the movement of electrons to this electrode. This electrode becomes negatively charged. Place a – charge on one of the electrodes.

3. Show this movement of electrons with an arrow on the diagram.

4. As the electrode becomes negative the H+ ions move to the – electrode. Water molecules begin to dissociate (now show them as H+ and OH-) and the hydrogen ions (H+) migrate to the – electrode. Dissociate 2 water molecules and move 2 H+ to the – electrode.

5. On the surface of the electrode the 2 H+ ions gain an electron to form 2 H atoms. Show this process by cancelling out (ripping off) the + charge with the – charge.

6. Since the 2 hydrogen atoms are so unstable, they bond covalently to form Hydrogen (which is a gas). Connect the two hydrogens to model that they have bonded to form hydrogen gas.

7. In the demonstration we saw that at the same electrode that a gas was formed and the indicator changed color. What species caused this color change? Where did this species come from?

8. In words describe all the processes that just occurred at this electrode. I’ll help.
Electrons are pushed into the electrode. The electrode becomes positive/negative. The water molecule dissociates and the hydrogen ions/atoms gain/lose electrons to form hydrogen ions/atoms. Being unstable, these atoms bond covalently to form hydrogen molecules which appear as bubbles around the electrode. The remaining OH- causes the indicator to change color to show evidence of an alkaline solution.

9. Note that at this negative electrode, there has been a gain of electrons. That is reduction has occurred at the cathode.

10. Represent the processes of this half-reaction at this electrode using chemical symbols.
Let’s now look at the other electrode:

1. As the wires are connected the power supply pushes electrons into one electrode and draws electrons from the other electrode. This electrode becomes positively charged. Place a + charge on the other electrode.

3. Show this movement of electrons with an arrow on the diagram.

4. As the electrode becomes positive the water and iodide ions (I-) migrate to the + electrode. Move two I- ions to the + electrode.

5. On the surface of the electrode the two I- ions each lose an electron to the electrode to form I atoms. Show this process by cancelling out (ripping off) the - charge and moving it into the electrode. These electrons are now available within the circuit to replenish those pumped to the –electrode.

6. Since the 2 iodine atoms are so unstable, they bond covalently to form Iodine (which is a brown solid that dissolves sparingly to form a brown solution). Connect the two iodine atoms to model that they have bonded to form iodine.

7. In words describe all the processes that just occurred at this electrode. I won’t help this time.

Electrons are drawn from the electrode. The electrode becomes …

8. Note that at this positive electrode (anode), electrons have been lost.

9. Represent the processes of this half-reaction at this electrode using chemical symbols.

Overview:

The website listed below wonderfully simulates the electrolysis of aqueous KI alone, aqueous KI with starch and aqueous KI with an indicator.  Check this site out to determine if your understanding of the processes occurring are accurate. Play and replay this simulation until you understand the electronic changes occurring and why they occur.
http://www.infoplease.com/chemistry/simlab/electrolpt2.html
1. In this manipulated model what has been the role of:

a.  the power source?

b. the electrical leads?

c. the carbon electrodes?

2. Describe the movement of electrons. Have they moved through the solution between the electrodes or have they remained in the wires?

3. Describe the movement of the positive ions (cations) and negative ions (anions). Have they moved through the solution between the electrodes or have they remained in the wires?
4. At the symbolic level, use chemical formulae to represent:

d. what is happening at the cathode(gain of electrons).

e. what is happening at the anode (loss of electrons).

f. the overall cell reaction.

5. Furthermore, explain, at the particle level, why this reaction:

g. does not result in the formation of potassium at the cathode.

h. does not occur spontaneously. That is why is this energy input required?
Summary: Elements such as iodine when in their atomic form are very unstable and are only found naturally in compound form. In this form the atoms of these elements have gained electrons to become very stable ions. Thus, in order for them to be isolated into an elemental form they need to be isolated with the input of energy through the process of electrolysis. During this process the stable atoms are changed back to unstable atoms. Once the atoms become unstable atoms they bond covalently to become stable molecules. This demonstration and simulation has hopefully assisted you in developing a better understanding of this process at the molecular level. There are many industrial processes important to our lives that are electrolytic. One of the industrial concerns associated with electrolysis is the amount of energy required to form the products required. It is not surprising that many electrolytic processes occur in countries such as Iceland, New Zealand and Canada where there is a relatively abundant and cheap source of electricity from geo-thermal or hydro-electric power plants.





Electrolysis U-Tube



	K+


	K+

	K+

	K+

	K+


	I-

	I-
	I-
	I-
	I-

	H2O


	H2O


	H2O


	H2O


	H2O



	OH-

	OH-

	OH-

	OH-

	OH-


	H+

	H+

	H+

	H+

	H+

	e-

	e-
	e-
	e-
	e-

	e-

	e-
	e-
	e-
	e-








PAGE  
1

