
Electrochemistry

Redox Reactions



Redox Reactions
• A reaction in which electrons are 
transferred from one atom to 
another is called an oxidation–
reduction reaction.

• Results in the generation of an 
electric current (electricity) or 
be caused by imposing an 
electric current. 



Redox Reactions
• Electrochemical processes are 

oxidation-reduction reactions in 
which:

• The energy released by a 
spontaneous reaction is converted to 
electricity or

• Electrical energy is used to cause a 
nonspontaneous reaction to occur



Oxidation Numbers

• The charge the atom would have 
in a molecule (or an ionic 
compound) if electrons were 
completely transferred



Oxidation Numbers

• Free elements (uncombined state) 
have an oxidation number of zero.

  
Examples : Na, Be,K,Pb,H2,O2,P4 = 0



Oxidation Numbers

• In monatomic ions, the oxidation 
number is equal to the charge on the 
ion. 

• Examples : Li+, Li = +1; Fe3+, 
Fe = +3;  O2-, O = -2



Oxidation Numbers

• The oxidation number of oxygen is 
usually –2.  In H2O2 and O2

2- it is –1.

• The oxidation number of hydrogen is 
+1 except when it is bonded to 
metals in binary compounds.  In 
these cases, its oxidation number is 
–1.



Oxidation Numbers

• Group IA metals are +1, IIA metals 
are +2 and fluorine is always –1.

• The sum of the oxidation numbers of 
all the atoms in a molecule or ion is 
equal to the charge on the molecule 
or ion.



Sample Problem
What is the oxidation number of 

each element in the following 
compounds: 

(a) Al2O3     (b) Mg 
(c) NaClO3   (d) Ca(NO3)2

(a) Al= +3, O= -2 
(b) Mg= 0
(c) Na= +1, Cl= +5, O= -2 
(d) Ca= +2, N= +5, O= -2

9



Terminology for Redox 
Reactions

• OXIDATION: loss of electron(s) 
by a species; increase in 
oxidation number; increase in 
oxygen.

• REDUCTION : gain of 
electron(s); decrease in 
oxidation number; decrease in 
oxygen; increase in hydrogen.



Terminology for Redox 
Reactions

• OXIDIZING AGENT : electron 
acceptor; species is reduced. (an 
agent facilitates something

• REDUCING AGENT: electron electron 
donor; species is oxidized.donor; species is oxidized.



Redox Reactions

• Reduction (gaining electrons) can’t 
happen without an oxidation to 
provide the electrons.

• You can’t have 2 oxidations or 2 
reductions in the same equation.  
Reduction has to occur at the cost 
of oxidation



Easy way to remember

    L E O the lion says G E R
 O  L  X                        A  L   E
 S  E   I                        I  E   D
 E  C   D                       N  C   U
    T   A                           T   C 
    R   T                           R   T
    O   I                           O   I
    N   O                           N  O
    S   N                           S   N



Redox Reactions
• In a redox reaction the substance 

that is reduced will gain electrons
• This means that its number will be 

reduced because it is gaining 
electrons (negatives)

• The substance that is being oxidized 
will loose electrons

• This means that its number will go 
up because it is loosing electrons 
(negatives)



Identifying the componentsIdentifying the components

                   
   

               +1  -1       0           +1  -1      0

            KBr + Cl2  2KCl + Br2

Oxidation

Reduction

OA: Cl2
RA: Br2



Identifying the componentsIdentifying the components

         

              

                   Zn + CuCl2  ZnCl2 + Cu
0  2+ 1- 2+ 1- 0

Reduction

Oxidation RA: Zn
OA: Cu



Identifying the componentsIdentifying the components
         

              

                   Ni + Cl2  NiCl2
0  0 2+ 1-

Reduction

Oxidation RA: Ni
OA: Cl2



Half ReactionsHalf Reactions

• One of the two parts of a 
redox reaction

• Oxidation Half: Produces
                    Electrons
• Reduction Half: Requires
                     Electrons



Balancing Redox Equations

19.1

Fe2+ + Cr2O7
2-     Fe3+ + Cr3+

Separate the equation into two half-
reactions.

Oxidation:

Cr2O7
2-   Cr3+

+6 +3
Reduction:

Fe2+    Fe3+
+2 +3

Balance the atoms other than O and H in 
each half-reaction.

Cr2O7
2-  2Cr3+



Balancing Redox Equations

For reactions in acid, add H2O to balance O 
atoms and H+ to balance H atoms.

Cr2O7
2-    2Cr3+ + 7H2O

14H+ + Cr2O7
2-  2Cr3+ + 7H2O

Add electrons to one side of each half-reaction 
to balance the charges on the half-reaction.

Fe2+    Fe3+ + 1e-

6e- + 14H+ + Cr2O7
2-   2Cr3+ + 7H2O

If necessary, equalize the number of electrons in 
the two half-reactions by multiplying the half-
reactions by appropriate coefficients.

6Fe2+    6Fe3+ + 6e-

6e- + 14H+ + Cr2O7
2-  2Cr3+ + 7H2O

19.1



Balancing Redox Equations
Add the two half-reactions together and balance 
the final equation by inspection.  The number of 
electrons on both sides must cancel. You should 
also cancel like species.

6e- + 14H+ + Cr2O7
2-   2Cr3+ + 7H2O

6Fe2+    6Fe3+ + 6e-Oxidation:

Reduction:

14H+ + Cr2O7
2- + 6Fe2+   6Fe3+ + 2Cr3+ + 7H2O

19.1


