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Oxidation-Reduction (Redox) Reactions

OBJECTIVES:

1. Compare and contrast the process of oxidation with the process of reduction.

2. Describe how to assign oxidation numbers to atoms in compounds.

3. State and explain the relationship between oxidation numbers and the names of compounds.

4. Explain an oxidizing agent and a reducing agent.

5. State how to identify oxidation-reduction reactions.

6. Explain the concept of half-reactions.

7. Determine how to balance redox equations by the half-reaction method.

Oxygen is the most abundant element in the Earth’s crust and it is very reactive.  Any element that bonds to oxygen to form a new compound, called an oxide, usually loses electrons because oxygen is more electronegative.  Oxides were among the first reactions to be studied by chemists, who named them oxidation reactions.  It was later that chemists realized that other non-metal elements can combine with substances in the same way as oxygen and that these reactions are similar to oxidation reactions.  

Today, oxidation refers to any chemical reaction in which an element or compound loses electrons or another substance.  The element that loses the electron becomes more positively charged – it’s oxidation number increases.  That element is said to be oxidized during the reaction, while the compound giving up the electrons is called the reducing agent (electron donor).    

The electron lost in oxidation must go somewhere.  A reduction reaction is one in which an element gains one or more electrons.  The element that picks up the electron and becomes more negatively charged during the reaction is said to be reduced – it’s oxidation number decreases.  The compound that gains the electron is called the oxidizing agent (electron acceptor).    

These two reactions must occur together because of the transfer of electrons.  This transfer of electrons is what characterized an oxidation-reduction, or redox, reaction.  

Oxidation Numbers

1. The oxidation number of an ion is equal to its charge.

2. All free elements have an oxidation number of 0.

3. The oxidation number of hydrogen in most compounds is +1.  If hydrogen is the more electronegative atom, it has a charge of –1 (LiH)

4. The oxidation number of oxygen in most compounds is –2.  In peroxides, (Na2O2, H2O2), oxygen is –1.

5. The sum of the oxidation numbers of all the atoms in a particle must equal the charge of that particle.

6. In compounds, elements in Group 1 have an oxidation number of +1.

7. In compounds, elements in Group 2 have an oxidation number of +2.

8. In compounds, aluminum has an oxidation number of +3.

9. In compounds, fluorine has an oxidation number of -1.

10. For transition metals, the oxidation number in the name of the compound is represented by a Roman numeral. 

Summary
Loss of Electrons is Oxidation

Gain of Electrons is Reduction

LEO says GER
The Oxidizing Agent is the compound that contains the element that is being Reduced.

The Reducing Agent is the compound that contains the element that is being Oxidized.

EX. Fe2O3 + 3CO → 2Fe + 3CO2
· Element Reduced = Fe

· Oxidizing Agent = Fe2O3
· Element Oxidized = C

· Reducing Agent = CO
Balancing Redox Reactions Using the Half-Reaction Method

Each redox reaction can be balanced in three ways: by electrons, by atoms, and by total charge.  The third is good to use as a check to make sure the first two were done properly.

· Start off by writing the two half reactions.  One of these half-reactions represents the oxidation that is taking place, and the other half-reaction represents the reduction.  
· Next balance them by using the number of electrons transferred.  The number of electrons gained in the process of reduction must equal the number of electrons lost in oxidation.  
· Then balance in respect to number of atoms.  

· The oxygen and hydrogen will be the hardest elements to balance.  In aqueous solutions you will have H+, OH-, and H2O molecules available to you.  But you must consider if the equation is in an acid or basic solution.  In either case, you will have water, but in an acidic solution you will only have hydrogen ions and in a basic solution you will only have hydroxide ions available.  

· Once the atoms are balanced, check the overall charge of the reaction.

Now that the half-reactions are balanced, you must combine the two to get the overall reaction.  Before you do that, the electrons must be balanced in both reactions.  You do this by finding the least common multiple of the number of electrons lost and gained and multiply the reactions.  Then add the two balanced reactions together.  Next simplify the equation by cancelling out the molecules that appear on both sides of the equation.  You should never have any electrons left over on either side of the equation.
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