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Unit 3: Chemistry in Society
Key Area: Oxidising and Reducing Agents
Student Notes

	Name
	


	Class
	







Previous Knowledge from National 5 & Higher

· Extraction of metals from their ores is called reduction.

· Reduction of ores involves metal ions gaining electrons.

· Oxidation is the opposite of reduction and involves the loss of electrons by an atom or ion.

· Reduction and and oxidation always take place together. 

· The combined reaction involving reduction and oxidation is called redox. 

· Ion-electron equations can be written to describe the processes of reduction and oxidation.
 
· Redox equations can be formed by combining the ion-electron equations for reduction and oxidation.























Oxidation and Reduction (Revision from Nat 5)


Many chemical reactions involve electrons being lost by one ‘particle’ and gained by another. 

This ‘particle’ can be an atom, molecule or ion. Such reactions are known as redox reactions.  

Oxidation is loss of electrons.

Reduction is gain of electrons. 

**OIL RIG**
Redox is when both oxidation and reduction take place.
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Example – The Thermite Reaction
In the thermite reaction aluminium reacts with iron(III) oxide to produce molten iron and aluminium oxide in a highly exothermic reaction. The liquid iron produced is often used to repair cracks in railway tracks.  

The iron(III) ion is reduced to iron and the aluminium atom is oxidised to form an aluminium(III) ion. 

The ion electron equations for the oxidation and reduction reactions are as follows. 

Reduction           2Fe3+(aq) + 6e-                                       2Fe(s)



Oxidation2Al(s)                                                  2Al3+(aq) + 6e-



Redox Reactions (Revision from Nat 5)
To form the overall redox reaction, the ion-electron equations for the o________ and r__________ must be combined, ensuring that the number of electrons in the oxidation cancels out with the number of electrons in the reduction, i.e. the same number of ___________ are lost as are gained.

Examples:
(a)	The reaction of magnesium with dilute sulfuric acid.

	oxidation	Mg(s)	Mg2+(aq)    +    2e-
	reduction	2H+(aq)    +    2e-	H2(g)
	redox reaction	Mg(s)    +    2H+(aq)	Mg2+(aq)    +    H2(g)

(b)	The reaction of aluminium with dilute hydrochloric acid.
	oxidation	Al(s)	Al3+(aq)    +    3e-
	reduction	2H+(aq)    +    2e-	H2(g)
	To get the same number of electrons lost as gained, the oxidation equation must be 
	multiplied by 2, and the reduction by 3.
	oxidation	2Al(s)	2Al3+(aq)    +  6e-
	reduction	6H+(aq)    +   6e-	3H2(g)
	redox reaction	2Al(s)     +    6H+(aq)	2Al3+(aq)    +    3H2(g)					

(c)	Acidified potassium permanganate solution reacting with iron(II) sulfate solution.
	oxidation	Fe2+(aq)	Fe3+(aq)    +    e-
	reduction	MnO4-(aq)    +    8H+(aq)    +    5e-	Mn2+(aq)   +   4H2O(l)
	To get the same number of electrons lost as gained, the oxidation equation must be 
	multiplied by 5.
	oxidation		5Fe2+(aq)		5Fe3+(aq)    +    5e-
	reduction	MnO4-(aq)    +    8H+(aq)    +    5e-	Mn2+(aq)   +   4H2O(l)
	redox	MnO4-(aq)  +  8H+(aq)  +  5Fe2+(aq)             	Mn2+(aq)  +  4H2O(l)  + 5Fe3+(aq)

Key Area Check Test – Oxidation and Reduction
Decide whether each of the following reactions are oxidation or reduction reactions.
Write the equations for questions 9, 10, 11 & 12.

1.	Zn2+(aq)		+	2e-		Zn(s)

2.	Ag(s)					Ag+(aq)		+	e-

3.	Br2 (l)		+	2e-		2Br-(aq)

4.	Sn2+(aq)		+	2e-		Sn(s)

5.	2Cl-(aq)					Cl2 (g)		+	2e-

6.	Mg2+(aq)	+	2e-		               Mg(s)

7.	Fe(s)					Fe2+(aq)		+	2e-

8.	SO32+(aq)	+	H2O		                	SO42-(aq)	+	2H+	+	2e-

9.	nickel(III)		nickel(II)

10.	cobalt(II)		cobalt(III)

11.	copper atoms		copper (II) ions

12.	iodine molecules             	iodide ions.





Oxidising and Reducing Agents
When we examine a r_____ reaction we find that one of the reactants has accepted __________ and another one has d________ them. These substances can be described as being an oxidising agent or a reducing agent. 
What are Oxidising and Reducing Agents?

Oxidising agents accept electrons.

Reducing agents donate (give away) electrons. 
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The following examples illustrate this:
Example 1: Zinc reacting with copper(II) to produce copper metal and zinc ions. 

Oxidation:	Zn(s)         Zn2+(aq) + 2e-
Reduction:	Cu2+(aq) + 2e-        Cu(s)
Redox: Zn(s) + Cu2+             Zn2+(aq) + Cu(s)

In this example we can see that copper accepts electrons, therefore we can say that copper is the oxidising agent. Zinc donates (gives away) electrons therefore it is the reducing agent. 

Example 2: Zinc displaces silver from a solution containing silver(I) ions.
Oxidation:	Zn(s)         Zn2+(aq) + 2e-
Reduction:	Ag+(aq) + e-         Ag(s)            x2
Redox: Zn(s) + 2Ag+(aq)           Zn2+ + 2Ag(s)

The oxidising agent is:    Silver (Ag)         accepts e- 
 

The reducing agent is:    Zinc (Zn)           loses e-
The Electrochemical Series and Redox agents
The electrochemical series lists various substances in order of how well they act as r__________ or o__________ agents. 
The ion-electron equations are written as reduction reactions, however the _______ indicates they are reversible so the oxidation ion-electron equation is the reverse of the r____________.  
The strongest reducing agents are the elements at the top right of the electrochemical series. 
The strongest oxidising agents are the substances at the bottom left of the electrochemical series. 
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This is in line with the e_____________ values of the elements. Group 1 elements are s_______ reducing agents and Group 7 elements are strong ___________ agents. 
[image: ]If the oxidising agent is below the reducing agent in the electrochemical series, a reaction will occur.  
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Compounds as Oxidising and Reducing Agents
Compounds can also act as oxidising and reducing ________. Hydrogen peroxide and potassium permanganate are very strong o_______ agents and carbon monoxide is very strong reducing agent. 

Uses of Oxidising Agents
Oxidising agents are effective in killing fungi and bacteria and are able to inactive certain viruses. 
Potassium p______________ is a very effective steriliser. It can be used to treat fungal infections such as athlete’s foot. Potassium permanganate can also be useful in preventing fruit from ripening. When fruit ripens it produces ethene gas. Potassium permanganate reacts with ethene gas which therefore slows the ripening process. 
Bleaching of clothes and h_____ is also an oxidation process. Many coloured compounds change their molecular structure when oxidised and become c___________. 
Key Area Check Test – Predicting Redox Reactions
Predict whether each of the following will result in a redox reaction. If the reaction will take   place, write out the ion-electron equations and then the overall redox equation:

1. Bromine solution added to potassium iodide solution
	
2. Zinc metal added to magnesium chloride solution

3. Zinc metal added to copper (II) chloride solution

4. Acidified potassium permanganate added to silver(I)nitrate solution

5. Acidified potassium dichromate added to sodium sulphite solution.

For each of the following reactions, identify the oxidising agent and the reducing agent.

6. Zn(s)		+	2H+(aq)			            Zn2+(aq)		+	H2(g)


7. Cl2(g)		+	2I-(aq)			2Cl-(aq)		+	I2(aq)


8. 2FeO(s)		+	C(s)			              2Fe(s)		+	CO2(g)


9. 2Mg (s)		+	O2(aq)		                     	2MgO(s)		


10.  2Na2S2O3(aq)	+  I2(aq)			           2NaI(aq)	+	Na2S4O6(aq)



Working Out Ion-Electron Equations of Compounds
Ion-electron equations for reactions not included in the Data Booklet can be written as follows.
Worked Example

Write the ion-electron equation for the reaction of dichromate ions to chromium (III) ions.
Step 1	Write the formula for the reactant species and product species.

		Cr2O72-(aq)		Cr3+(aq)

Step 2	Check that the symbols (other than O or H) are balanced. i.e. the chromium

		Cr2O72-(aq)		2Cr3+(aq)

Step 3	Balance the O symbols by adding water molecules to the opposite side.

		Cr2O72-(aq)		2Cr3+(aq)    +    7H2O(l)

Step 4	Balance the H symbols by adding hydrogen ions to the opposite side.

		Cr2O72-(aq)     +	    14H+(aq)	2Cr3+(aq)    +    7H2O(l)

Step 5	The electrical charge on each side of the equation must be balanced. This is done by adding negative electrons.

		1. The net charge on the L.H.S. of the equation is  -2 +14 = +12
	             The net charge on the R.H.S. of the equation is  2 x (+3) = +6
		2. Balance the charge by adding 6 mol of electrons to the L.H.S.
1. Cr2O72-(aq) + 14H+(aq)    	2Cr3+(aq)    +    7H2O(l)
            +12                                                                                      +6

2. Cr2O72-(aq) + 14H+(aq)   + 6e- 	2Cr3+(aq)    +    7H2O(l)
              +6                                                                                       +6


		



Redox reactions of this type can only take place in acidic solution – the H+(aq) ions are needed as a reactant.
Key Area Check Test - Writing Ion-electron Equations of Compounds
Write a balanced ion-electron equation for each of the following reactions and indicate whether the change is an oxidation or a reduction.
Balance each of the following ion electron half equations:

1.	SO32-						SO42-




2.	MnO4 -						Mn2+




3.	IO3 -						I2




4.	PbO2 						Pb2+




5.	XeO3 						Xe
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