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REDOX  REACTIONS

REDOX REACTIONS are reactions in which both REDuction and OXidation take place.

REDUCTION AND OXIDATION ARE OPPOSITE PROCESSES.

There are several different ways of defining Reduction and Oxidation

	REDUCTION
	OXIDATION

	Loss of Oxygen
	Gain of Oxygen

	Gain of Hydrogen
	Loss of Hydrogen

	Gain of Electrons
	Loss of Electrons

	Decrease of Oxidation Number
	Increase of Oxidation Number


The most important definitions for us are underlined.
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Exercise 1

 

What is the oxidation number of the underlined atom in the following?
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Exercise 2

 

What are the oxidation numbers of 

 

a)

 

Chlorin

e in HCl,  HClO,  ClO

3

-

,  PCl

3, 

 

Na

3

AlCl

6

 

b)

 

Nitrogen in N

2

O,  NO,  NO

2,  

NO

3

-

,  N

2

H

4

,  HCN,  CN

-

 

 

Exercise 3

 

Consider the first element in each of the following reactions and state whether it’s 

oxidation number goes:

 

A

 

up (oxidation)   

B

 

down (reduction) or 

C

 

remains the same (another type of 

reaction)

 

a) Ag

+ 

(aq)

 

+ Cl

-

(aq)   

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

>      AgCl 

(s)

 

b) Zn

(S)

  

+ 2H

+

(aq) 

   

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

>     Zn

2+

(aq)  

 

+ H

2 (g)

 

c) 2Sr

(s) 

+ O

2(g)

      

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

>    2SrO

(s)

 

d) 2Na

(s) 

+ Cl

2(g)

    

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

>  2NaCl

(s)

 

e) Cl

2 (g) 

 

+ 2NaCl

(s)

 

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

>  2NaCl 

(s)

 

f) Co

2+

(aq)

 

+ ½ Cl

2(g) 

 

----------

>  Co

3+

(aq)

  

+ Cl

-

 

(aq)

 

g) H

2(g) 

+ Cl

2(g)
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>   2HCl

(aq)

 

h) I 
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(aq)

 

+ ½ Br

2(aq)
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> ½ I

2 (aq) 

 

+ Br 

-

(aq)
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1/2

O

2(g) 

 

+ H

2(g) 

  

---------

> H

2

O

(g)

 

j) BaCl

2(s) 

+ (aq)  

-----------

>  Ba

2+

(aq) 

+ 2Cl 

–

 

(aq)
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Half Reactions

When a piece of iron is immersed in a solution of copper(II) sulphate, it soon becomes coated in copper.  This is represented by the equation:



Fe(s) + CuSO4(aq) ( Cu(s) + FeSO4(aq)

It is more convenient to represent this process by an Ionic Equation:



Fe(s) + Cu2+(aq) ( Fe2+(aq) + Cu(s)

This shows us that the iron has been oxidised to its hydrated Fe2+ (aq) form and the hydrated copper(II) ions Cu2+ (aq) have been reduced to copper atoms.

We can express these two processes in terms of ionic half equations

Iron:

Fe(s) ( Fe2+(aq) + 2e-        (OXIDATION)

Copper:
Cu2+(aq) + 2e-    ( Cu(s)   (REDUCTION)

The iron has LOST 2 electrons – it has been oxidised

The Cu2+(aq) ions have GAINED 2 electrons – they have been reduced.

The oxidising agent in this reaction is Cu2+(aq) – it has been reduced

The reducing agent in this reaction is Fe – it has been oxidised

Oxidation Numbers or States

THE EASIEST WAY OF WORKING OUT WHAT HAS HAPPENED IN A CHEMICAL REACTION IN TERMS OF OXIDATION AND REDUCTION IS IN TERMS OF OXIDATION NUMBERS OR STATES

The oxidation number of an element indicates the number of electrons lost, gained or shared when it reacts and forms chemical bonds.  The change in oxidation state of a species tells you if it has undergone oxidation or reduction.

The usual Oxidation Numbers for common elements in their compounds

	ELEMENT
	OXIDATION STATE

	H, Na, K
	+1

	Mg, Ca
	+2

	F, Cl, Br, I
	-1

	O
	-2


Exceptions – Hydrogen is -1 when in a metal hydride e.g. LiH



Oxygen is -1 when in a peroxide e.g. H2O2
Rules for Assigning Oxidation States

· The oxidation number of an unreacted element is ZERO

                Example:- Cl2, O2, H2, Mg and Al are all 0

· The oxidation number of an ion is equal to its charge

                Example:- NaCl, Na = +1, Cl = -1:  MgO, Mg=+2, O=-2

· The  sum of the oxidation numbers in the formula of a compound is ZERO
                Example:- the oxidation numbers of NaCl and MgO = 0

Oxidation States

1
Write a list of the rules for assigning oxidation numbers:


a – all compounds have an oxidation state of ___________________

b – all ions have an oxidation state equal to ___________________

c – oxygen in a compound has an oxidation number of ___________

d -  hydrogen in a compound has an oxidation number of __________

e – hydrides have the oxidation number _______________________

f -   halides have the oxidation number _________________________

g – all elements in the standard state have an oxidation state of ____

2
Determine the oxidation number of each of the underlined elements:

a)  P4O10
b)  SO42-
c)Cr(OH)4-

3
In each of the following changes, state the initial and final oxidation numbers of the named element:


a)  Iodine in
     IO3- (aq) + 6H+ (aq) +6e- ( I- (aq) + 3H2O (l)


b)  Chlorine in    Cl2 (aq) + 2I- (aq) ( 2Cl- (aq) + I2 (aq)


c)  Iron in
     [Fe(CN)6]4- (aq) + Cl2 (aq) ( [Fe(CN)6]3- (aq) + Cl- (aq)

Writing Redox Equations

In any chemical equation the numbers of each kind of atom on the LHS must equal the numbers on the RHS.

In redox equations you must also balance the charges.

This is done by constructing two half equations and then combining them.

Procedure

1. Balance any extra oxygen atoms by adding water to the other side of the equation.

2. Balance any water added by putting H+ ions on the other side of the equation.

3. Balance the charges by adding electrons to either the RHS or the LHS.

4. Balance the two half equations so that the number of electrons lost in one equation equals the number gained in the other.

5. Combine both equations to form a redox equation.

Example

Write a balanced equation for the oxidation of iron (II) to iron (III) by potassium manganate (VII), 

Fe2+(aq) ( Fe3+(aq)




(1)

Balance the charges:-

Fe2+(aq)   -  e-  ( Fe3+(aq)



(1)  (oxidation)

In this reaction,

MnO4-(aq)  is reduced to Mn2+(aq)

MnO4-(aq) ( Mn2+(aq)




 

1. Balance oxygens
MnO4-(aq) ( Mn2+(aq)  +  4H2O(l)
2. Balance water by adding H+

MnO4-(aq)  +  8H+(aq) ( Mn2+(aq)  +  4H2O(l)

3. Balance charges

MnO4-(aq) + 8H+(aq) + 5e- ( Mn2+(aq)  +  4H2O(l)
(2)

4. Balance the two half equations   - multiply equation (1) by 5

5Fe2+(aq)   -  5e-  ( 5Fe3+(aq)

5. Combine both equations

5Fe2+(aq) + MnO4-(aq) + 8H+(aq) ( 5Fe3+(aq) + Mn2+(aq) + 4H2O(l)  
This is a fully balanced redox equation.

Redox Worksheet 1

1
State the oxidation numbers of the following:

a) Cr in CrO3          b) Mn in MnO42-          c) Mn in MnO2          

d) S in S2O32-         e) Cl in HClO3              f) N in NH4OH

g) S in H2SO4         h) N in N2O                  i) Fe in FeCl2
 j) Pb in PbO2
2
Match the half reactions to the correct part of the table:

	Reaction
	Reduction
	Oxidation

	Cl2 + 2Br - ( Br2 + 2Cl-
	
	

	Fe2O3 + 2Al ( Al2O3 + 2Fe
	
	

	Ca + 2H2O ( H2 + Ca(OH)2
	
	

	O2 + S ( SO2
	
	



2Br - ( Br2 + 2e-


2H+ + 2e- ( H2

S ( S4+ + 4e-


Al ( Al3+ + 3e- 



Cl2 + 2e- ( 2Cl- 


O2 + 4e- ( 2O2-

Fe3+ + 3e- ( Fe


Ca ( Ca2+ + 2e-

3
Which of the following is the redox reaction for oxidation of Fe2+ to Fe3+:

a) Fe2+ + Fe3+ ( O + 2e-

b) Fe+ ( Fe2+ + 2e-

c) Fe2+ + Fe3+ ( e-

d) Fe2+ ( Fe3+  + e-

4
If solutions of iron(II) sulphate are left in air, the iron(II) oxidises to iron(III).  Use the following half equations to obtain the overall equation for the atmospheric oxidation of iron(II) ions:-



Fe3+ (aq) + e- (  Fe2+ (aq)



O2 (g) + 4H+ (aq) + 4e- ( 2H2O (l)





Redox Worksheet 2 

1
For each of the following reactions, write the oxidation and reduction half reactions.  Identify which is reduced and which is oxidised in each case.

a) 2Ag+(aq) + Cu(s) ( Cu2+(aq) + 2Ag(s)

b) Ni(s) + Sn2+(aq) ( Ni2+(aq) + Sn(s)

c) Zn(s) + 2Ag+(aq) ( Zn2+(aq) + 2Ag(s)

2
Write balanced half equations for the oxidation of each of the following:

a) Sn2+(aq)  

( 

Sn4+(aq)

b) 2Cl –(aq) 

(

Cl2(aq)

c) H2S(aq)

(

S(s) + 2H+(aq)

3
Write balanced half equations for the following reductions:

a) Br2(aq)

(

2Br –(aq)

b) PbO2(s) + 2H+(aq)

(

Pb 2+(aq) + H2O(l)

4
By combining half reactions, write balanced equations for the following reactions:

a) Fe3+ (aq) + I –(aq)

b) Fe2+ (aq) + Sn 4+ (aq)

c) Br2(aq) + I-(aq)

d) Cr2O7 2- (aq) + H+(aq) + Fe2+ (aq)

5
Write fully balanced ionic equations for the reactions given below by combining the half equations:

a) Fe2+ ( Fe3+  + e- 
and
     

Cl2 (aq) + 2e- ( 2Cl –(aq)

b) Cr2O7 2- (aq) + 14H+(aq) + 6e- ( 2Cr 3+ (aq) + 7H2O (l) 
and
C2O4 2- (aq) ( 2CO2 + 2e-

c) 2S2O3 2- (aq) ( S4O6 2- (aq) + 2e-

and


                                  

I2 (aq) + 2e- ( 2I – (aq)


Oxidation


Is


Loss (of electrons)


Reduction


Is


Gain (of electrons)





A useful way of remembering what happens in terms of electrons is to use OILRIG.  This stands for Oxidation is Loss (of electrons) and Reduction is Gain (of electrons).











In Redox reactions the substance which brings about the oxidation is called the OXIDISING AGENT (it is reduced in the process); and the substance which brings about the reduction is called the REDUCING AGENT(it is oxidised in the process).
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More Oxidation States


Exercise 1


What is the oxidation number of the underlined atom in the following?


a) CoCl3


g) Cl-

b) NO2


h) NH4NO3

c) N2O4


I) NH4NO3

d) UF6


j) PCl3

e) CaCO3


k) PCl5

f) Pb



l) H2SO4

Exercise 2

What are the oxidation numbers of 


a) Chlorine in HCl,  HClO,  ClO3-,  PCl3,  Na3AlCl6


b) Nitrogen in N2O,  NO,  NO2,  NO3-,  N2H4,  HCN,  CN-


Exercise 3


Consider the first element in each of the following reactions and state whether it’s oxidation number goes:


A up (oxidation)   B down (reduction) or C remains the same (another type of reaction)


a) Ag+ (aq) + Cl-(aq)   ------------>      AgCl (s)


b) Zn(S)  + 2H+(aq)    ------------>     Zn2+(aq)   + H2 (g)


c) 2Sr(s) + O2(g)      ------------->    2SrO(s)


d) 2Na(s) + Cl2(g)    -------------->  2NaCl(s)


e) Cl2 (g)  + 2NaCl(s) ------------>  2NaCl (s)


f) Co2+(aq) + ½ Cl2(g)  ---------->  Co3+(aq)  + Cl- (aq)

g) H2(g) + Cl2(g) ---------->   2HCl(aq)


h) I - (aq) + ½ Br2(aq) --------> ½ I2 (aq)  + Br -(aq)


i) 1/2O2(g)  + H2(g)   ---------> H2O(g)


j) BaCl2(s) + (aq)  ----------->  Ba2+(aq) + 2Cl – (aq)



