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Oxidation of Iron

An Example of a Combination Reaction
Spring 2012 mini lesson
Goal:  To have students observe rusting of iron in a 15 minute time period.  Students will 


  observe that the reaction is an oxidation reaction and that it can be classified as a 

     combination reaction.  Evidence that a chemical reaction has taken place is 

     observed.
Fits Tennessee science standards SPI 0807.9.8

Lesson Outline:

1. Introduction. Oxidation, Combination reaction, and Rusting are defined.
2.  Experiment.   Students place iron filings on top of a piece of cotton and add 

hydrogen peroxide and salt to them.  Rusting of the filings is noticeable in 5 minutes.

3.   Experiment.  Students add hydrogen peroxide and salt to steel wool in a 

plastic bag.  The temperature of the solution is recorded at the beginning and after 10 minutes.  The solution turns orange and a gas is given off.  Students look at the equation for oxidation of iron.

Complete teacher/school information on first page of manual. 

1. Make sure the teacher knows the VSVS Director’s (Pat Tellinghuisen) home and office numbers (in front of manual).

2. Exchange/agree on lesson dates and tell the teacher the lesson order (any changes from the given schedule need to be given to Pat in writing (email)).

3. Since this is your first visit to the class, take a few minutes to introduce yourselves.  Mention you will be coming three more times to teach them a science lesson.

4. Do the experiment with the classroom, and leave 10 minutes at the end to discuss aspects of college life with them.  Some topics that could be included are on page 4 of the manual.
Materials in Lesson Kit:
16 plastic bags containing:


1 1oz cup

1 cotton ball

1 container iron filings


1 salt container 


1 mini spoon

1 plastic container with:

16 dropper bottles hydrogen peroxide

1 steel wool pad

16 10 oz cups 
16 sandwich bags containing steel wool

16 thermometers
32 Instruction sheets

32 Observation sheets

1 trash bag

I. Introduction


Ask students if they know what oxidation is?  What are some things that oxidize?  


Oxidation usually occurs when an element or compound combines with oxygen.


Cut fruits oxidize – apples turn brown after they have been cut and left exposed to the 
air.


Copper oxidizes and becomes a dull color (new pennies are shiny; older ones are dull).


Silver becomes “tarnished” and black when it oxidizes.


Iron is oxidizing when it rusts and turns a reddish color.
Tell students we are going to investigate the oxidation of iron, commonly called rusting.

The type of reaction we are observing is called a combination reaction. 

A Combination Reaction is a reaction where two or more reactants are chemically bonded 


together to produce a single product. 

Rust is the common name for a very common compound, iron oxide.


Rusting is a very slow process which takes place over several weeks or months.  

Ask students if they have ever seen iron rust in a few seconds?  Probably not!


Tell the students they are going to put some chemicals together that will cause rusting in just a few minutes.

2.  Experiment – Rusting of Iron Filings
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Materials

16 plastic bags containing: 

1 1oz cup

1 cotton ball

1 container iron filings


1 salt container 


1 mini spoon

1 plastic container with:

16 dropper bottles hydrogen peroxide
Distribute a set of materials to each pair.
Tell students to:

1.
Put a cotton ball into the 1oz cup and to sprinkle iron filings on the cotton.   

2.  Sprinkle a small scoop of salt on top and add a squirt of peroxide to the cotton.  

3.  Set aside the cup and that they will observe it after they have started the next
     experiment. 

The iron in the hydrogen peroxide and salt will start rusting and an obvious orange color will form within 2 minutes.  The salt is a catalyst.  

3.  Experiment – Steel Wool Oxidation
Materials

1 steel wool pad

Distribute the following to each pair:


1 10 oz cup 

1 sandwich bag containing steel wool


1 2oz container of hydrogen peroxide




1 thermometer


1
container salt and spoon – students already have it 
Show the students the steel wool pad.  


Tell students that steel wool pads are often used in the kitchen to clean pots.  

They may be more familiar with the ones that are treated with a pink soapy substance (to prevent rusting).
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Steel wool pads are made of iron.

Tell students to:

1.  
Put the sandwich bag into the cup so that it resembles a garbage can liner.
2.    Place the steel wool into the plastic bag. Add a spoonful of salt and all the hydrogen peroxide  into the plastic bag. 
3.  
Feel the bag and note that it has the same temperature as their hands.
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4.  
Put the thermometer into the liquid in the bag and measure the temperature.  (It will be at room temperature.

5.  
After 1 minute tell students to measure the temperature again and record their observations.  


 Observations will include:



Solution is becoming orange colored.



Solution is bubbling (producing a gas).



Temperature will probably not show an increase.

6.  
Set the cup and bag aside for 10 minutes, at which time students will make more observations.  
7.  
Tell students to go back and look at the iron filings in their 1 oz cup.



There should be a distinct orange color on the cotton.

Discuss the type of reaction that is occurring.

a.  Tell students to look at the equation on their observation sheet.





4Fe + 3O2   →     2Fe2O3
b.   Ask students why it is classified as a combination reaction?  Two elements or compounds are combining. Why is it an oxidation reaction? An element (iron)or compound is combining with oxygen.

  
8.  Ask the students if they know some chemical properties of iron.

Some information that may be included:

· Iron is a common metal found around the house.
· The chemical symbol of iron is Fe.
· One of the chemical properties of iron is its ability to combine with 
oxygen.
· Rusting of iron is chemically known as oxidation.
· Rust is the common name for iron oxide.
· Rusting is a chemical change that is not easily reversed.  
· Rusting is usually very slow but can be sped up.
· Steel wool is made from iron and rusts rapidly.  (The surface area of steel wool is 
       much greater than that of a piece of iron – this leads to an increase in the rate of the 
     

       oxidation reaction.)  

9.
Return to the plastic bag with steel wool, hydrogen peroxide and salt.

Tell students to measure the temperature of the liquid and to make final observations.




Students should observe an increase of 10-20 degrees.

10.
Ask students what evidence there is for a chemical reaction taking place?




A change in color (rust is reddish) is evidence of a chemical change. 



   A new substance is formed.



  Gas (bubbles) is being given off (from the decomposition of hydrogen peroxide.)


   
  There is a temperature change.  
11.
Ask the students if the reaction is exothermic or endothermic?

The temperature of the steel wool plus hydrogen peroxide plus salt mixture increases, so the reaction is exothermic.  Rusting is exothermic. It usually happens so slowly that it is not noticed.


Instruction and Observation Sheet 
Experiment 1 – Rusting of Iron Filings 

1.   
Put a cotton ball into a 1oz cup and sprinkle it with iron filings.   

2.  
Sprinkle a small scoop of salt on top and add a squirt of hydrogen peroxide.  

3.  
Set aside so you can observe after you have started the next experiment. 
Experiment 2 – Rusting of Steel Wool
1.  Put the plastic bag containing steel wool into cup so that it resembles a garbage can liner.

2.  Add a spoonful of salt and all the hydrogen peroxide to the steel wool in the plastic bag.    

3.  Feel the bag and note that it has the same temperature.

4.  Put the thermometer into the liquid in the bag and measure the temperature.  

5.  After 1 minute, measure the temperature again and record observations.  

___________________________________________________________________________
     ___________________________________________________________________________
 
6.  
Set the cup and bag aside for 10 minutes
7.  
Look at the iron filings in you 1 oz cup.  Record observations.


________________________________________________________________________



Discuss the type of reaction that is occurring.


Look at the equation for rusting:




4Fe + 3O2   →     2Fe2O3




Iron + oxygen
   Iron Oxide

Why it is classified as a combination reaction?  Why is it an oxidation reaction?

__________________________________________________________________________
8. Return to the plastic bag with steel wool, peroxide and salt and measure the temperature of the liquid and make final observations.
      ___________________________________________________________________________
9.
What evidence indicates a chemical reaction is taking place?


_________________________________________________________________________ 
10.
Is the reaction is exothermic or endothermic?

Background Information for VSVS members:


The oxygen comes from the decomposition of hydrogen peroxide. 


	Equations:  	2H2O2         →   2H2O + O2


				4Fe + 3O2   →   2Fe2O3


Salt is a catalyst (it is an electrolyte that helps remove electrons from the metal).  





Disposal:  Seal plastic bags and put in trash can at school.  If this is not possible, put into larger plastic bag, seal and return to VSVS lab.  


Try NOT to get 10 oz cups contaminated with iron oxide liquid – it stains.   








Your Notes:

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

________________________________________________________________________


