
Ch.4.4
Redox 

Reactions
The loss and gain of valence electrons.

D. Gilliland, PreAICE Chemistry @ SHS



Oxidation Numbers



Oxidation Numbers

• An oxidation number describes the “electrical 
state” of an atom or ion. Particles can either 
be neutral (+p = e-), positive (+p > e-) or 
negatively (+p < e-) charged.



Oxidation Numbers

• An oxidation number describes the “electrical 
state” of an atom or ion. Particles can either 
be neutral (+p = e-), positive (+p > e-) or 
negatively (+p < e-) charged.

• Elements are composed of atoms that always 
have equal numbers of positively charged 
protons and negatively charged electrons.



Oxidation Numbers

• An oxidation number describes the “electrical 
state” of an atom or ion. Particles can either 
be neutral (+p = e-), positive (+p > e-) or 
negatively (+p < e-) charged.

• Elements are composed of atoms that always 
have equal numbers of positively charged 
protons and negatively charged electrons.

• Because protons+ = electrons-, atoms are 
always electrically neutral. The oxidation 
number of any atom is always zero. 
Examples: H0, Li0, O0, Ba0, Mg0, Fe0, Cl0...



Oxidation Numbers

• An oxidation number describes the “electrical 
state” of an atom or ion. Particles can either 
be neutral (+p = e-), positive (+p > e-) or 
negatively (+p < e-) charged.

• Elements are composed of atoms that always 
have equal numbers of positively charged 
protons and negatively charged electrons.

• Because protons+ = electrons-, atoms are 
always electrically neutral. The oxidation 
number of any atom is always zero. 
Examples: H0, Li0, O0, Ba0, Mg0, Fe0, Cl0...



Oxidation



Oxidation
• The term oxidation was derived from the 

observation that almost all elements react with 
oxygen to form compounds called oxides.



Oxidation
• The term oxidation was derived from the 

observation that almost all elements react with 
oxygen to form compounds called oxides.

• When an iron reacts with oxygen it produces
 the compound iron(III) oxide (rust). 
 4Fe(s) + 3O2 (g) → 2Fe2O3 (s)



Oxidation
• The term oxidation was derived from the 

observation that almost all elements react with 
oxygen to form compounds called oxides.

• When an iron reacts with oxygen it produces
 the compound iron(III) oxide (rust). 
 4Fe(s) + 3O2 (g) → 2Fe2O3 (s)

• When this occurs iron loses 3 e- and becomes a 
cation (+ion) with an oxidation number of +3.



Oxidation
• The term oxidation was derived from the 

observation that almost all elements react with 
oxygen to form compounds called oxides.

• When an iron reacts with oxygen it produces
 the compound iron(III) oxide (rust). 
 4Fe(s) + 3O2 (g) → 2Fe2O3 (s)

• When this occurs iron loses 3 e- and becomes a 
cation (+ion) with an oxidation number of +3.

• The pure element iron does not exist in nature. 
Instead iron ore, iron(III) oxide, is mined and 
separated into iron and oxygen.  
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Reduction
• The term reduction was derived from 

the process of removing oxygen from 
ores (metal oxides) which reduced the 
metal ore to pure metal.

• Pure iron is “reduced” from iron ore 
through a single replacement reaction in 
which carbon replaces iron:  
 2Fe2O3(s) + 3C(s) → 3CO2(g) + 4Fe(s)

• When this occurs an iron(III) cation (Fe+3) 
gains 3 electrons from carbon and 
becomes an iron atom (Fe0).
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Early Definition:

• Oxidation is the “addition” of oxygen. When 
iron combines with oxygen it loses 3 electrons 
and became a cation. When this occurs the 
oxidation number increases from 0 to +3.
equation: Fe0 → Fe+3 + 3e- 

• Reduction is the “removal” of oxygen.
When oxygen is removed from iron ore the 
iron cation gains electrons and becomes a 
neutral atom. When this occurs the oxidation 
number decreases from +1, +2 or +3 to zero. 
equation: Fe+3 + 3e-→  Fe0
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What is REDOX?
• REDOX stands for REDuction/OXidation.

• In a redox reaction, one substance loses 
one or more valence electrons and 
becomes oxidized. This term was 
chosen because when substances 
combine with oxygen they lose electrons 
and are therefore oxidized.

• Another substance gains those electrons 
and becomes reduced. This term was 
chosen because the valence of the 
substance is reduced (decreases).
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Oxidation
• When a metal combines with a nonmetal it 

loses all of its valence electrons. When this 
occurs it goes from a neutral atom (0 charge) 
to a cation with a positive charge of:
 +1, +2, +3 or +4.

• Alkali Metals 
Metal0 → Metal+1 + 1 e-

• Alkaline Earth Metals 
Metal0 → Metal+2 + 2 e-

• Group 3 A Metals
Metal0 → Metal+3 + 3 e-

• Since metals lose e - in chemical reactions we 
say they are oxidized. Any substance that is 
oxidized always increases in charge.



Reduction



Reduction
• When a nonmetal combines with metal 

it gains valence electrons. When this 
occurs it goes from a neutral atom to an 
anion with a charge of -3, -2 or -1.



Reduction
• When a nonmetal combines with metal 

it gains valence electrons. When this 
occurs it goes from a neutral atom to an 
anion with a charge of -3, -2 or -1.

• Nitrogen Family 
Nonmetal0 + 3 e- → Nonmetal-3 



Reduction
• When a nonmetal combines with metal 

it gains valence electrons. When this 
occurs it goes from a neutral atom to an 
anion with a charge of -3, -2 or -1.

• Nitrogen Family 
Nonmetal0 + 3 e- → Nonmetal-3 

• Oxygen Family 
Nonmetal0 + 2 e- → Nonmetal-2



Reduction
• When a nonmetal combines with metal 

it gains valence electrons. When this 
occurs it goes from a neutral atom to an 
anion with a charge of -3, -2 or -1.

• Nitrogen Family 
Nonmetal0 + 3 e- → Nonmetal-3 

• Oxygen Family 
Nonmetal0 + 2 e- → Nonmetal-2

• Halogens 
Nonmetal0 + 1 e- → Nonmetal-1



Reduction
• When a nonmetal combines with metal 

it gains valence electrons. When this 
occurs it goes from a neutral atom to an 
anion with a charge of -3, -2 or -1.

• Nitrogen Family 
Nonmetal0 + 3 e- → Nonmetal-3 

• Oxygen Family 
Nonmetal0 + 2 e- → Nonmetal-2

• Halogens 
Nonmetal0 + 1 e- → Nonmetal-1

• Since nonmetals gain e - in chemical 
reactions we say they are reduced. Any 
substance that is reduced in a 
reaction always decreases in charge.
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Family Stable when they: Oxidation Number

Alkali metals lose 1 e- +1

Alkaline Earth 
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OIL RIG

Oxidation Is Loss of e-

Reduction Is Gain of e-

What happens to e-?
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Ionic Half Reactions

• Ionic equations show how each substance is 
changed in a chemical reaction when e- are 
transferred from one substance to another.

• An oxidation equation shows how a substance 
loses electrons and is oxidized. When this 
occurs the oxidation number increases.

• A reduction equation shows how a substance 
has gaining electrons and been reduced. When 
this occurs the oxidation number decreases.

• Oxidation can’t occur without reduction!



Simple Redox 
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Ionic 
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Reactions
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 Each zinc atom lost 2 electrons and is oxidized.
Zinc is an atom on the reactant side and the 
products are a zinc(II) cation and 2 electrons.

2Zn(s) + O2(g) → 2ZnO(s)

oxidized
0 +2

0 -2
reduced

Each oxygen atom gained 2 electrons and is reduced.
Oxygen is an atom on the reactant side it gains 
2 electrons (zinc lost) and become an oxide ion.

Zn0 → Zn+2 + 2e-

O0 + 2e- → O-2
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Now let’s include the 
coefficients in the 

half reactions to show 
the total number of 
electrons involved.
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Write an equation for the oxidation of iron.

Iron + Chlorine

2Fe(s) + 3Cl2(g) → 2FeCl3(g)

2Fe0→2Fe+3 + 6e-
Write an equation for the reduction of chlorine.

3Cl20 + 6e- → 6Cl-

Write a balanced equation for iron + chlorine.
note: iron(III) chloride is the product.
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Write an equation for this reactions then determine
what is being oxidized and reduced in this reaction?

2Al(s)+ 3Br2 (l) → 2AlBr3 (s)

Aluminum is being oxidize:
2Al0→2Al+3 + 6e-

Bromine is being reduced:
3Br20 + 6e- → 6Br-
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Write a balanced equation for oxidation of magnesium.

Write a balanced equation for the 
reaction between Mg(s) + HCl(aq)

 Mg(s) + 2HCl(aq) → MgCl2(aq) + ↑H2(g)

Mg0(s) → Mg+2(aq) + 2e- 
Write a balanced equation for reduction of hydrogen.

2H+1(aq) + 2e- → H20(g)

Magnesium + Hydrochloric Acid

What happened to chloride?
It didn’t change (Cl- on both sides of the equation).

Ions that don’t change in a reaction are called spectator ions.
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Oxidizing & Reducing Agents
•A substance that causes another substance to lose 
electrons is an oxidizing agent. Halogens and oxygen 
are good oxidizing agents. Oxidizing agents are 
themselves reduced.
•In the reaction Al + Cl2, chlorine is the oxidizing agent 
since it caused aluminum to lose electrons. 
•A substance that causes another substance to gain 
electrons is an reducing agent. Active metals make 
good reducing agents. Reducing agents are themselves 
oxidized. 
•In the reaction between Mg + O2, magnesium is 
the reducing agent since it caused oxygen to gain 
electrons. Oxygen is the oxidizing agent since it caused 
magnesium to become oxidized.



In most single replacement reactions one element is 
oxidized while the other is reduced. 



In most single replacement reactions one element is 
oxidized while the other is reduced. 

Ni(s) + SnCl2 (aq) → NiCl2 (aq) + Sn (s)



In most single replacement reactions one element is 
oxidized while the other is reduced. 

Ni(s) + SnCl2 (aq) → NiCl2 (aq) + Sn (s)

oxidation: Ni0 → Ni+2 + 2e-



In most single replacement reactions one element is 
oxidized while the other is reduced. 

Ni(s) + SnCl2 (aq) → NiCl2 (aq) + Sn (s)

oxidation: Ni0 → Ni+2 + 2e-

reduction: Sn+2 + 2e- → Sn0 



In most single replacement reactions one element is 
oxidized while the other is reduced. 

Ni(s) + SnCl2 (aq) → NiCl2 (aq) + Sn (s)

oxidation: Ni0 → Ni+2 + 2e-

reduction: Sn+2 + 2e- → Sn0 
So... what happened to chloride?
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Ions that keep their oxidation number 
in a reaction are called Spectator Ions.

In most single replacement reactions one element is 
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A net ionic equation is one equation 
that shows the oxidation & reduction 

but not the spectator ion.

In most single replacement reactions one element is 
oxidized while the other is reduced. 

Ni(s) + SnCl2 (aq) → NiCl2 (aq) + Sn (s)

oxidation: Ni0 → Ni+2 + 2e-

reduction: Sn+2 + 2e- → Sn0 

Ni0(s) + Sn+2 (aq)→ Ni+2 (aq) + Sn0
(s) 








