HONORS CHEMISTRY II 




NOTES

OXIDATION/REDUCTION
    REDOX  REACTIONS

#2, CLASSIFICATION OF REACTIONS
SYNTHESIS

   DECOMPOSITION

     SINGLE DISPLACEMENT

       DOUBLE DISPLACEMENT

         OXIDATION

#3. CLASSIFICATION OF REACTIONS - NON REDOX REACTIONS
In all of these reactions, electrons are transferred or shared, but the charges on the atoms (ions) do not change.  

If an ion is a 2+ in the reactants, it will be a 2+ in the product.

#4. REDOX

Reactions in which electrons change their charge are called oxidation-reduction or redox for short.
    Example: Cl2  + 2Br -  ( 2Cl-  + Br2
                         Cl2 ( Cl-  (Cl0 ( Cl-)

                 Br - ( Br2 (Br -( Br0)

Both chlorine and bromine have changed their charges.
#5. NON-REDOX REACTIONS

Most double displacements that produce a precipitate and most acid/base neutralization are not redox reactions.

Single displacements, synthesis and decompositions can be redox.

Also, the corrosion of metals, combustion of hydrocarbons, and energy production processes in organisms like producing ATP are redox.

#6. Terminology of redox

Originally, oxidation was used to describe reactions in which oxygen was added to a reactant:

4Fe + 3O2  ( 2Fe2O3
CH4 + 2O2 ( CO2 + 2H2O 
#7. Terminology of redox

And reduction meant the removal of oxygen from a compound:

2Fe2O3  +3C  ( 4Fe  + 3CO2

The term reduction comes for the fact that the free metal has a lower mass than its oxide compound because the oxygen was removed.

#8. Terminology of redox
The definitions have been expanded to include all transfer or shifts of electrons.

#9. NEW DEFINITIONS

Oxidation                           Reduction

 loss of electrons                   gain of electrons

     or                                              or

gain of oxygen                       loss of oxygen

#10. Ways to remember

LEO GER

Lose Electrons in Oxidation-Gain Electrons in Reduction

           or

OIL RIG

Oxidation Is Loss of electron.

Reduction Is Gain of electrons

#11. REDOX EXAMPLE
Mg  + S  (  MgS 

Mg0 + S0 ( Mg2+S2-

Mg loses 2 electrons and is oxidized into the Mg ion.  

S gains 2 electrons and is reduced into the S ion.

#12. OXIDIZING/REDUCING AGENTS

The substance that donates the electrons is the reducing agent.  

By losing electrons, Mg reduces S, so Mg is the reducing agent.

The substance that accepts the electrons is the oxidizing agent.  

S gains electrons. So, S oxidizes the Mg and is the oxidizing agent.

#13. REDOX

Oxidation and reduction always occur together.  If electrons are lost by one element, they do not disappear but are gained by another element.

#14.OXIDATION NUMBERS
Many redox reactions are complex and can be difficult to identify what is being oxidized and what is being reduced.

A system based on oxidation numbers has been devised.

#15. OXIDATION NUMBERS
The oxidation number of an atom in a substance is equal to the charge that the atom would have if the electrons in each bond belonged to the more electronegative atom.

#16. OXIDATION NUMBERS

These are not actual charges but are a bookkeeping system used to keep track of electrons.

Note that oxidation numbers are written with the charge (+ or  -) followed by the number, whereas actual charges are written with the number followed by the + or – sign.

#17. OXIDATION NUMBERS RULES

1. In free elements, each atom has an oxidation number of zero.

2. For ions composed of only one atom, the oxidation number is equal to the charge on the ion.

3. The oxidation number of oxygen is –2 except in hydrogen peroxide when it is –1 ( the peroxide ion has a 2- charge and a –1 oxidation number.)

#18. OXIDATION NUMBERS RULES
4. The oxidation number of hydrogen is +1 except when it is bonded to a metal, then it is –1.

5. Fluorine has an oxidation number of –1 in all its compounds.  Other halogens will have negative oxidation states when they occur as halide ions.

#19. OXIDATION NUMBERS RULES

6. In binary compounds, the element with the greater electronegativity is assigned a negative oxidation state equal to its charge as an anion in its ionic compounds.

7. For an electrically neutral compound, the sum of the oxidation states must be zero.

#20. OXIDATION NUMBERS RULES

8. For an ionic species, the sum of the oxidation states must equal the overall charge.

#21. BALANCING REDOX   REACTIONS
There are two methods for balancing redox equations:

1. Oxidation-states method

2. Half-reactions method

#22. OXIDATION-STATES METHOD
Find the coefficients for the reactants that will make the total increase in oxidation state balance the total decrease.

This method works for synthesis or decomposition type reactions.

#23. HALF-REACTION METHOD

Separate the reaction into an oxidation half and a reduction half.  

Balance each half for atoms and charge.

Add the two halves together.

Check that it balances for charge and atoms.

#24. APPLICATION OF REDOX REACTIONS
Corrosion of metals, which is an oxidation reaction, is undesirable because it changes the free metal into its oxidized form, which has properties completely different from those of the free metal, i.e. weaker structurally.

#25. APPLICATION OF REDOX REACTIONS

Corrosion can be prevented by coating the metal with oil, paint, plastic, or another metal.  These surface coatings prevent oxygen, water or other oxidizers from coming in contact with the metal.

#26. APPLICATION OF REDOX REACTIONS - CORROSION
Corrosion can also be prevented by an electrochemical process that is based on the fact that when two metals are in contact, the metal that is more readily oxidized will corrode in preference to the other metal.  So a piece of magnesium can be attached to iron to prevent the iron from corroding.  When oxygen and water attack the iron, electrons flow from the magnesium to the iron, causing the magnesium to corrode in preference to the iron.

#27. APPLICATION OF REDOX REACTIONS-BLEACHES

Bleaches eliminate unwanted color from fabrics. Color is caused by the movement of electrons between different energy levels of the atom in the material.  

So, the color of a material can be eliminated by removing these electrons by the process of oxidation.  

#28. APPLICATION OF REDOX REACTIONS-BLEACHES

Most bleaches are chlorine, hypochlorite (ClO-), and hydrogen peroxide. NaClO is the active compound in common household bleaches.  Solid chlorine bleaches contain Ca(ClO)2.  Non-chlorine bleaches contain sodium perborate (NaBO3).

#29. APPLICATION OF REDOX REACTIONS - PEROXIDE
H2O2 is used as a mild antiseptic because it kills bacteria by oxidizing them.  The fizzing is caused by the decomposition of H2O2 into O2 and H2O which is catalyzed by the enzyme catalase in the blood.

#30. APPLICATION OF REDOX REACTIONS FUELS

Fuels release energy as they are oxidized.  Gasoline, kerosene and natural gas contain carbon and hydrogen that are oxidized by oxygen.

CH4  + 2O2  ( CO2  + 2H2O

#31. APPLICATION OF REDOX REACTIONS-EXPLOSIVES
Explosives contain both oxidizing and reducing agents, often within the same compound.  

In nitroglycerin[C3H5(NO3)3], carbon and hydrogen are oxidized to CO2 and H2O as well as the nitrogen atoms are being reduced to form N2.  

#32. APPLICATION OF REDOX REACTIONS-EXPLOSIVES
The carbon and hydrogen are the reducing agents and the NO3 groups are the oxidizing agents.  When activated, a highly exothermic redox reaction occurs in which large amounts of gaseous products are formed.  

#33. APPLICATION OF REDOX REACTIONS-EXPLOSIVES
The rapid formation and expansion of the gas creates the shock wave that accompanies the detonation of an explosive.

4C3H5(NO3)3(l)  ( 6N2(g)  + 12 CO2(g) + 10H2O(g)  +  O2(g)

Notice all products are gases including the water!!

#34. APPLICATION OF REDOX REACTIONS-PHOTOGRAPHY
Developing a photograph involves capturing a light image on a light-sensitive medium and processing the image to make a permanent record.

These are based on the redox reaction of silver halides.  

The film behind the lens is an emulsion of silver bromide (AgBr) deposited on a plastic backing.

#35. APPLICATION OF REDOX REACTIONS-PHOTOGRAPHY

The silver bromide grains are light sensitive.  A single light photon can activate a grain by initially oxidizing a bromide ion and reducing a silver ion.  At the processing lab the remaining Ag+ ions are converted to free silver by a reducing agent.

#36. APPLICATION OF REDOX REACTIONS-PHOTOGRAPHY

Next the un-reactive AgBr in the non-activated grains are removed by an solution process.

This is the negative.  

The final step also involves redox in converting the negative onto photographic paper. 
