

Introduction: 
· When black silver sulfide forms on your favorite piece of silver jewelry, a redox reaction has occurred.

· When rust forms on your Ford Mustang, a redox reaction has occurred.

· When you fuel your iPod using batteries, a redox reaction has occurred.

· When gasoline combusts with oxygen and fuels your car, a redox reaction has occurred.

· When the natural gas you use to heat your home in the cold Manitoba winters reacts with oxygen gas, a redox reaction has occurred.
· The process of photosynthesis in plants that produces the air we breathe is a redox reaction. 
More often than not, redox reactions can be the culprit or the cure for many of the chemical reactions you observe in everyday life. 

There are several types of chemical reactions:  Synthesis, decomposition, single replacement, double-replacement, combustion and acid-base.  Interestingly, most of these reactions (with the exception of double replacement and acid-base) are oxidation-reduction (redox) reactions.  Redox reactions are classified by having both an oxidation reaction and a reduction reaction, and hence, an oxidizing agent and a reducing agent.  This makes sense since as one reactant is losing electrons (being oxidized), the other is gaining electrons (being reduced) Oxidation numbers can be helpful in determining whether a reaction is redox or non-redox.  When a change in oxidation number occurs in a reaction, with both an increase in number and a decrease in number, then the reaction is classified as redox.  If this does not occur, then the reaction is non-redox.
The types of chemical reactions are summarized below:
Types of Chemical Reactions:
1. Synthesis (composition)
Example:  Tarnishing of silver to form black silver sulfide

   2Ag       +        S         (        Ag2S

2. Decomposition

Example:  Electrolysis of water


  2H2O        (         2H2        +        O2
3. Single Replacement

Example:  Formation of zinc carbonate (used in suntan lotion)  

  Zn     +     H2CO3    (     H2    +    ZnCO3

4. Double Replacement

Example:  Formation of barium sulfate (used in X-rays)

BaCO3  +  Na2SO4   (   BaSO4  + Na2CO3
5. Hydrocarbon Combustion*
Example: Combustion of methane gas

CH4    +    O2    (    CO2    +    H2O
*Products are ALWAYS CO2 and H2O!
6. Acid-Base Reactions*
*This reaction is a form of a Double Replacement reaction where an acid reacts with a base (also called neutralization).

Example:  Milk of Magnesia and HCl (neutralization of stomach acid)   


Mg(OH)2     +     2HCl     (     MgCl2     +    2H2O

*Products are ALWAYS a salt (ionic compound) and water!
Redox or Non-redox?
Use oxidation numbers to determine if a reaction is redox or non-redox.  Rules for assigning oxidation numbers are found at the end of this document.
Redox Reaction:  A chemical reaction (both oxidation and reduction) in which changes in oxidation numbers occur.

Oxidation Reaction:  any chemical reaction in which an element increases in oxidation number or loses electrons.



            oxidation


               0
     
      +1

Example:
2Na   +    Cl2    (   2NaCl    



    (Na is being oxidized)

Reduction Reaction:  any chemical reaction in which an element decreases in oxidation number or gains electrons.

                                  reduction


      

    0
           -1

Example:
2Na   +    Cl2    (   2NaCl    




    (Cl is being reduced)

NOTE: oxidation cannot occur without reduction!


Oxidizing Agent:  the substance that causes the oxidation of another element; contains the substance being reduced.

Reducing Agent:  the substance that causes the reduction of another element; contains the substance being oxidized.


If oxidized   (  a reducing agent


If reduced    (  an oxidizing agent
                           0                0  
        +1 -1

Example:
2Al    +     3Cl2   (    2AlCl3
Al is oxidized; Al is the reducing agent

Cl is reduced; Cl is the oxidizing agent


              0       +2  -1
   +2 -1
       0

Example:
Zn   +  CuCl2  (  ZnCl2  +  Cu

Zn is oxidized; Zn is the reducing agent

Cu is reduced; CuCl2 is the oxidizing agent

NOTE:  If there is no change in oxidation numbers, it is not a redox reaction!

Objectives:
· To learn to identify redox reactions.
· To study practical applications of redox reactions.

· To learn to identify substances oxidized and substances reduced, as well as oxidizing agents and reducing agents in redox reactions.

In this lab you will observe a series of demonstrations and perform some experiments.  Describe briefly your observations for every reaction and write balanced equations.  For each equation do the complete redox analysis, that is:
1. Assign oxidation numbers for all elements in the equation;


2. Identify the element oxidized and the element reduced; 


3. Identify the oxidizing agent and the reducing agent.

Materials:
(By Demo/Expt. Number)

1. None required

2. Piece of zinc metal, test tube, 6.0 mol/L HCl (3 mL), splint, matches.

3. Fume hood, piece of copper metal, 100 mL beaker, 16.0 mol/L HNO3 (5 mL), distilled H2O.
4. Piece of zinc, 100 mL beaker, 0.10 mol/L copper(II)sulfate (3 mL).

5. Piece of copper, 100 mL beaker, 0.10 mol/L silver nitrate (3 mL).

6. Tarnished silver (ex. Jewelry), 400 mL beaker, baking soda (NaHCO3), salt (NaCl), aluminum foil, hot plate, distilled water.

7. 0.10 mol/L silver nitrate (3 mL), test tube, fume hood, concentrated ammonium hydroxide solution, eyedropper, 0.80 mol/L potassium hydroxide (1.5 mL), 0.50 mol/L glucose (dextrose) solution (1 mL).   
Demonstrations/Experiments:

1. Burning of natural gas, CH4, in the presence of oxygen. (DEMO)
You have observed the burning of natural gas, on numerous occasions.  Now write a balanced equation for the combustion of methane, CH4 and do the redox analysis of the equation.  You can skip the observations for this one.
To practice writing and balancing equations for the combustion of hydrocarbons, write balanced equations for the combustion of propane, C3H8, and of gasoline, C8H18.  You don’t need to do the redox analysis for these equations.

A car engine: site of combustion



The following site shows a great animation of combustion in a car engine:
http://www.youtube.com/watch?v=OXd1PlGur8M&feature=related
2. Reaction of hydrochloric acid and zinc.  (DEMO)
Place a piece of zinc metal into a test tube with 3 mL of a 6.0 mol/L HCl solution.  The produced gas will be collected in an inverted test tube and ignited.  Observe and record the changes.  Write two balanced equations and do the redox analysis for both:

a) Reaction of zinc with acid:
b) Reaction of produced hydrogen gas with oxygen gas:
Animation of Metals reacting with HCl (see Activity 4)
http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/redox/home.html
3. Reaction of nitric acid and copper.  (DEMO)
UNDER THE FUME HOOD put a piece of copper metal into a 100 mL beaker with 5 mL of a 16.0 mol/L HNO3 solution.  Observe and record the changes.  When the reaction has stopped, fill the beaker with distilled water and leave it under the fume hood.   DO NOT TAKE THE BEAKER OUT FROM THE FUME HOOD!  Write balanced equation for this reaction and do the redox analysis.

Nitric acid & copper penny on video:
http://www.metacafe.com/watch/650550/nitric_acid_acts_upon_a_copper_penny_experiment/
And a more humorous version of the copper/nitric acid experiment….

http://www.stumbleupon.com/demo/?review=1#url=http://www.eagan.k12.mn.us/fletcher/acn/flash/nitric_copper.html
Activity Series Experiments:  (#4-6)

Activity Series Animations (see Activities 1-3)

http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/redox/home.html
4. Metal activity series: zinc and copper.  (EXPT.) 
Put a piece of metallic zinc into a 100 mL beaker and cover it with 3 mL of a 0.1 mol/L copper(II)sulfate solution.  Observe and record the changes.  Write a balanced equation for this reaction and do the redox analysis.

Which metal is more active: zinc or copper?
5. Metal activity series: copper and silver.  (EXPT.)
Put a piece of metallic copper into a 100 mL beaker and cover it with 3 mL of a 0.1 mol/L silver nitrate solution.  Observe and record the changes.  Write balanced equation for this reaction and do the redox analysis.

Which metal is more active: copper or silver?
6. Metal activity series: aluminum and silver - removal of tarnish.  (DEMO)
This method can be used to clean any object that is solid silver (it should not have any gems attached).  In a (400 mL) beaker, prepare solution containing about 1% of baking soda, NaHCO3, and about 1% of table salt, NaCl.  The amount of solution and size of the beaker depends on the size of the silverware.  Put a piece of aluminum foil at the bottom of the beaker.  The tarnished silver should be in contact with the aluminum foil and completely submersed.  Heat the solution to gentle boil and continue to boil for several minutes.  Remove the silver from the beaker, rinse it and dry it with a paper towel.  Write a balanced equation and do the redox analysis.
Which metal is more active: aluminum or silver?

7. Reduction of silver – the silver mirror reaction (DEMO)
To a clean test tube add 3 mL of a 0.1 mol/L silver nitrate solution.   To the same test tube, under the fume hood, add drop-wise, mixing concentrated ammonium hydroxide until the gray silver hydroxide precipitate forms (about 1-2 drops only!).  Continue adding concentrated ammonium hydroxide while swirling until the solution JUST becomes clear (maybe only another drop!).   Add 1.5 mL of a 0.80 mol/L potassium hydroxide solution to the mixture.   If a precipitate forms, add more ammonium hydroxide while swirling until the solution JUST becomes clear again (about 3 drops!).   Then add 1 mL of a 0.50 mol/L glucose (dextrose) solution.   Immediately mix it and stopper it!  Keep gently swirling the test tube to cover the whole surface of the tube with the liquid.  Observe what happens.  Be patient, the reaction takes several minutes.  In this reaction, silver ion, Ag+, is reduced to metallic silver (the silver cation gains an electron).  Glucose is oxidized.  Silver is the oxidizing agent and glucose is the reducing agent.  The exact reaction is fairly complicated.

This process does not require any electricity and is called “electroless plating.” 

Dextrose, a reducing sugar, is used to reduce silver ions in Tollens’ reagent to silver metal, which is then deposited on the inside of the test tube. The reactions involved in this activity are summarized below.
The final result is shown below:

[image: image2.png]



Summary:

Several redox reactions were carried out in this laboratory session, all of which have practical applications.  Combustion of natural gas, methane, CH4, is an example of common reactions in which organic compounds, usually hydrocarbons, are oxidized to carbon dioxide and water in a highly exothermic reaction which provides useful energy.  Gasoline is also a mixture of hydrocarbons, and propane gas, C3H8 is a hydrocarbon.  Their combustion is a source of energy that moves our cars and delivers heat to our homes.

Metals differ in their ability to be oxidized.  Some metals, e.g., sodium or potassium are very easily oxidized.  They are considered to be very active (reactive).  They are also strong reducing agents.  Other metals, e.g., gold or platinum, are very difficult to oxidize.  They are inactive and they are poor reducing agents.  These differences in reactivity of metals enable production of electric current in batteries.  

Remember that although redox reactions are common and plentiful, not all chemical reactions are redox reactions.
All redox reactions involve complete or partial transfer of electrons from one atom to another.  

In this redox reaction between sodium and iodine:


2Na + I2 -->2NaI
electrons are completely transferred from sodium to iodine resulting in cation Na+ and anion I-.

In the redox reaction between hydrogen and oxygen:


2H2 + O2 -->2H2O
electrons are partially transferred from hydrogen to oxygen.  Oxygen is a more electronegative element than hydrogen.  The electron pair in the covalent bond is shifted toward oxygen resulting in a partial negative charge on oxygen and partial positive charge on hydrogen.  Both reactions above are examples of oxidation-reduction reactions.  The term oxidation refers to the total or partial loss of electrons by one element, and reduction refers to the total or partial gain of electrons by another element.  Oxidation and reduction always occur together (“someone’s gain is always someone else’s loss”).
The electron-accepting substance is called the oxidizing agent because it helps the other element to be oxidized.  The substance that supplies electrons is called the reducing agent because it helps the other element to be reduced.  In other words, the substance oxidized is a reducing agent, and the substance reduced in an oxidizing agent.  In order to determine oxidation or reduction, it is helpful to assign oxidation numbers to all atoms in the reactants and products.  The rules for assigning oxidation numbers follow after the optional assignment.

Optional Assignment:

Predict the products of the following chemical reactions and then balance the reactions.  Determine which of the reactions are redox and which are non-redox by assigning oxidation numbers to each atom.   
1.
Ag     +     S     (





(Synthesis)

2.
Fe2O3     (






(Decomposition)

3.     
Ca     +     O2     (





(Synthesis)

4.  
Al     +     Fe2O3      (





(S.R.)

5.  
CuF2     +     H2SO4     (





(D.R.)

6.  
Mg     +     HCl     (





(S.R.)

7.  
C4H10     +     O2     (





(Combustion)

8. 
LiOH     +     HCl     (





(Acid-Base)

9.
Pb(OH)4     +     KI     (





(D.R.)

10.  
C6H6     +     O2     (





(Combustion)

Rules for Assigning Oxidation Numbers
Oxidation Number:  The apparent charge assigned to an atom of an element.  This is the charge an atom would have if the electron pairs in the bond belonged to the more electronegative atom.

Rules for Assigning Oxidation Numbers:

1. The sum of the oxidation numbers of the elements in any neutral atom or molecule is zero.

2. The sum of the oxidation numbers of the elements in any ion is equal to the charge on the ion.

3. Fluorine has an oxidation number of –1 in all compounds and ions.

4. The oxidation number assigned to an alkali metal in a compound or ion is always +1.

5. The oxidation number assigned to an alkaline earth metal in a compound or ion is always +2.

6. In most compounds, aluminum is assigned an oxidation number of +3, silver is assigned +1 and zinc is assigned +2.

7. In most compounds, hydrogen is assigned an oxidation number of +1.  Important exceptions are compounds of hydrogen with alkali metals or alkaline earth metals where hydrogen is assigned a charge of –1.

8. In most compounds, oxygen is assigned an oxidation number of –2.  Important exceptions are peroxides where oxygen is assigned an oxidation number of –1.

9. In many compounds, a halogen as a halide is assigned an oxidation number of –1.  Exceptions occur when halogens combine with an element more electronegative than itself.  In these cases, the more electronegative element is assigned the negative oxidation number.  For electronegativities:  F > O > Cl > others

10. Sulfur as a sulfide is assigned an oxidation number of –2.  Nitrogen as a nitride is assigned an oxidation number of –3.

11. When a compound contains two polyatomic ions, it is sometimes necessary to determine the oxidation numbers of the elements by splitting the compound into its individual ions. 

12. If the above rules do not allow the oxidation number to be assigned unambiguously, assume that the oxidation number is the same as another member of the same family.

Types of Reactions:


Redox and Non-Redox


C12-1-10





A helpful mnemonic:





**LEO   says   GER**


(Loss of Electrons; Oxidation) (Gain of Electrons; Reduction)








Formation of Tollens’ reagent:





2AgNO3 + 2NaOH → Ag2O + H2O + 2NaNO3





Ag2O + 4NH3 + H2O → 2Ag(NH3)2OH [Tollens’ reagent]





Reduction of Tollens’ reagent:





R–CHO + 2Ag(NH3)2OH → R–COO–NH4+  +  2Ag + 3NH3 + H2O


(Aldehyde portion                                     (Silver mirror)


    of dextrose)                
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