VANDERBILT STUDENT VOLUNTEERS FOR SCIENCE

http://studentorg.vanderbilt.edu/vsvs
Properties of Iron
Mini lesson for Spring 2019
Goal:  To learn the difference between elements and compounds by studying the different forms of iron.  

Fits Tennessee standard : 5.PS1.4
VSVSer
Lesson Outline:
_________I.  Introduction: Elements, Compounds, and Mixtures

Discuss elements, compounds, and mixtures and focus on iron.

_________II What are the Physical Properties of Elemental Iron and Iron Oxide?


Students examine the physical properties of iron and iron oxide, including the magnetic properties of elemental iron using a magnet.

_________III. Chemical Properties of Iron – Rusting


Students understand the nature of oxidation and how it is a chemical property of elements and compounds.  
A. Students observe rusting in a chemical hand-warmer.

B. Students use salt, iron filings and peroxide to observe “speed” rusting.

C. Students recheck the hand-warmer and their experiment.
_________VI. Review.
Complete teacher/school information on first page of manual. 

1. Make sure the teacher knows the VSVS Director’s (Paige Ellenberger) office number and email (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 Paige 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 in the manual.
LOOK AT THE VIDEO BEFORE YOU GO OUT TO YOUR CLASSROOM https://studentorg.vanderbilt.edu/vsvs/lessons/
USE THE PPT AND VIDEO TO VISUALIZE THE MATERIALS USED IN EACH SECTION.
Materials

1bagcontaining Iron element, compound and mixture models
15 bags containing:

1 oz sealed wide-mouth bottle of Iron metal

1 oz sealed wide-mouth bottle of iron oxide- Fe2O3 

1 oz sealed wide-mouth bottle of iron filings

1 white Teflon magnet
8 HotHands hand warmers

1 ziploc bag containing:


1 4 oz bottle with 1 HotHands hand warmer (to be cut open)


1 pair of scissors to cut open HotHands hand warmer


1 4 oz bottle containing contents of hand warmer exposed to air for 24 hours 
15 plates

15 ziploc bags containing 1 oz wide-mouth bottle of iron filings, 1 oz wide-mouth bottle of salt and 1 plastic scoop

1 bag containing 30 1oz cups with cotton balls
1 plastic bin (lined with aluminum foil) containing 15 dropper bottles of water and hydrogen peroxide

1 trash bag
1 binder containing 30 observation sheets, 15 instruction sheets, 16 periodic tables (1 per pair), and 1 ppt
1. In the car ride, read through this quiz together as a team. Make sure each team member has read the lesson and has a fundamental understanding of the material.
Lesson Quiz
1. What is the difference between an element and a compound?
2. What is oxidation and what are some real-world examples of it? 

3. Why does hydrogen peroxide cause iron to rust faster?

2. Use these fun facts during the lesson:
· Iron is a mineral that is found in every cell of the body. The most important role of iron in the body is in respiration. Iron binds oxygen in the blood, allowing an adequate supply of oxygen to be carried throughout the body from the lungs.

· Animals and plants require iron. Plants use iron in chlorophyll, the pigment used in photosynthesis. Humans use iron in hemoglobin molecules in blood.

· Iron is the sixth most abundant element in the universe and the fourth most abundant element in the earth’s crust. It comprises about 5.6% of the earth's crust and almost all of the earth's core.

· The element symbol for iron is Fe, which comes from the Latin word for iron, "ferrum".

· [image: image1.emf]II. Elements, Compounds and Mixtures. 



Show students the models of elements, compounds and 

mixtures (pictured below).   



There are two examples of elements (Fe and O

2

), one 

example of a compound (Fe

2

O

3

 or rust), and one example of a 

mixture (the differently colored balls represent different 

elements.   



You can take the Fe

2

O

3

 out of the bag to show the class, but 

do not remove the Fe and O

2

 from their bag. 

Steel is made from iron and carbon, which makes it harder than iron.  Steel can also be galvanized to prevent iron oxide from forming (i.e. rusting). This process usually involves a very thin layer of zinc being applied to the surface. 
Unpacking the Kit:

VSVSers do this while 1 person is giving the Introduction.  Note that students are put into pairs and should have their pencils ready.
For Part I. Elements, Compounds, and Mixtures
16 periodic tables in page protectors (1 per pair)

1 bag containing iron element, compound, and mixture models

15 bags containing 1 oz sealed wide-mouth bottle of Iron metal, 1 oz sealed wide-mouth bottle of iron oxide- Fe2O3, 1 oz sealed wide-mouth bottle of iron filings, 1 white Teflon magnet

30 observation sheets and 16 instruction sheets
For Part II - What are the Physical Properties of Elemental Iron and Iron Oxide?
Same as above.
For Part III. Chemical properties of Iron – Oxidation (Rusting)
A. Chemical (HotHands) Hand Warmer
8 HotHands hand warmers

1 ziploc bag containing 1 4 oz bottle with 1 HotHands hand warmer (to be cut open), 1 pair of scissors to cut open HotHands hand warmer, 1 4 oz bottle containing contents of hand warmer exposed to air for 24 hours 

B. Oxidation of iron experiment

15 plates
15 ziploc bags containing 1 oz wide-mouth bottle of iron filings, 1 oz wide-mouth bottle of salt and 1 plastic scoop

1 bag containing 30 1oz cups with cotton balls
1 plastic bin containing dropper bottles of water and hydrogen peroxide
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I.  Introduction: Elements and Compounds.
Why is the science in this lesson important?

Our body needs certain vitamins and minerals to survive, and iron is an important mineral required for adequate delivery of oxygen to different tissues. However, iron deficiency is also the most common and widespread nutritional deficiency in the world. Giving newborns with low birth weights iron supplements helps prevent behavioral and neurological problems later in life. The importance of iron in diet is still being researched, and new functions of iron are still being discovered!

Materials

16 periodic tables in page protectors (1 per pair) – in binder
Iron element, compound, and mixture models
Write the following on the board: 


element, compound, mixture,  elemental iron,  Fe, Fe2O3   
Hand out the large periodic tables in page protectors.

Ask students:  What is the difference between an element and compound?  (Keep the discussion as simple as possible.)  
· Elements are the building blocks of matter.  Use the periodic table while you discuss elements.  
· Show students the element models. Explain that there is only one kind of atom here. 
· One bag contains only red balls. The red balls represent iron.  
· The other bag contains only blue balls which represent oxygen.  
· Show students the placement of iron and oxygen in the periodic table.
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Compounds are made up of two or more elements that are chemically bonded together.
· Show students the rust (iron oxide) model.  Explain that there are two kinds of atoms here and that they are connected to one another. 
· The red atom is iron and the blue atom is oxygen.  
· Tell students that there are two iron atoms for every three oxygen atoms.  
· Other examples of compounds include water (H2O), carbon dioxide (CO2), table sugar (C12H22O11), and table salt (NaCl).  
Tell the students that in today’s lesson you will be studying some physical and chemical properties of elemental iron.
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Give each pair a bag containing:

1 oz sealed wide-mouth bottle of Iron metal

1 oz sealed wide-mouth bottle of iron oxide- Fe2O3 

1 oz sealed wide-mouth bottle of iron filings

1 white Teflon magnet
Give each student an observation sheet and an instruction sheet.
Tell the students to look at the labels on the bottles. 
Ask students:  

· How can we tell if a chemical is an element or a compound?   The formula for an element contains only one atomic symbol, whereas the formula for a compound contains more than one atomic symbol.
· Which containers have the element? Fe (Iron Filings and iron metal)
· Which container has the compound? Fe2O3 (rust)
· Point out to students that iron oxide is a compound because it has two different elements - iron, and oxygen - which are chemically combined. The small numbers give the ratio of elements in the compound.  
· Ask students what happens when an iron shovel is left outside?  When it is left outside, the iron reacts with oxygen to form rust, which is iron oxide. 
Tell the students:  

· Every compound has its own properties, which are different from the properties of the elements that make up the compound.  In their tests today, the students will study the physical and chemical properties of elemental iron and iron in iron oxide (rust). 
[image: image5.jpg]


II. What are the Physical Properties of Elemental Iron and Iron Oxide?
A. Physical Properties of Elemental Iron and Iron Oxide. 
a. Ask students:  What are some physical properties of elemental iron?  Iron is a metal.  It is hard.  It is shiny.  It is attracted to magnets       
b. Ask students:  What are some physical properties of the compound iron oxide?  Iron oxide is a powder.  It is red.  It is not attracted to a magnet. 
· Tell the students to put the magnet on the outside of the iron metal and the iron filings container, and to slowly move it up the side or across the vial.  What happens?

· Have them repeat this with the iron oxide.
· Emphasize that the physical properties of elemental iron and iron compounds are not the same.
· Have students check the appropriate blank for Part II on the observation sheet. 
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III. Chemical Properties of Iron – Oxidation (Rusting)
Ask students if they know what oxidation means?  Oxidation usually occurs when an element or compound combines with oxygen.
What are some things that oxidize?  

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

This is a chemical property of iron.
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 to name things that rust?  Anything made of iron, that is left outside (in the rain) will rust faster than things kept dry and inside.  Examples may include gardening tools, bicycles, anything with exposed iron.  
A.  Commercial HotHands Pack.

Show the students one of the commercial HotHands.  Ask the students if anyone has used one?  

Campers or hunters use these to keep their hands warm in cold weather.  

Give each group of 3-4 students a HotHands pack and tell them to remove the plastic covering and touch the pack so that they can feel that it is at room temperature.

Tell one member in the group to shake it to activate it and then set it aside until after the next experiment has been set up.

Note:  The directions on the plastic covering suggest waiting 30 minutes, but students will be able to feel warmth from the hand warmer after about ten minutes.

How do HotHands work?

· Have students look at their observation sheet to read the list of ingredients in the HotHands warmer.
· Tell the class that the “missing ingredient” that is needed to make the hand warmer warm up is oxygen.  When the plastic covering is removed, the inside pouch is porous enough to allow air to enter the pouch.  The oxygen in air reacts with iron to form iron oxide with the release of heat.
· This is same reaction as rusting (iron + oxygen + water).  The iron + oxygen + water reaction in the HotHands pack is 1000 times faster than normal rusting.
Have students go on to Part B while they are waiting for the hand-warmers to get warm.
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.

B. Experiment - Rusting of Iron Filings

Give each student goggles.

Hand out the following materials to each pair, 
1 plate

1 ziploc bag containing: 


1 1 oz wide-mouth bottle of iron filings


1 1 oz wide-mouth bottle of salt
1 plastic scoop


2 1oz cups with cotton balls
1 dropper bottle containing water

1 dropper bottle containing hydrogen peroxide
Tell students to:

1. Note – the reason for using the cotton is to make the color change due to rusting more obvious. 
2. Sprinkle iron filings on top of the cotton in each cup (a small scattering is all that is needed).

Each piece of cotton will now be treated differently.  
Tell students to 

3. 
Add a squirt of water on top of the filings in the 1st cup.

4.  Add a sprinkle of salt and a squirt of hydrogen peroxide on top of filings in the 2nd cup.

Have the students observe the 2 cups for a few minutes and then ask them what differences they can see.  Have students answer the questions in Part III of the observation sheet.  Answers may include:
The cotton containing iron and water (cup 1) does not have orange coloring.

The cotton containing the hydrogen peroxide and salt (cup 2) will have some orange color (rust).
Set aside to observe again later.


Write the formulas for hydrogen peroxide and water on the board:  H2O and H2O2 to show the students that there is more oxygen (“O”) in the peroxide.

Ask students which of the 2 cups had the best conditions for rusting?  Cup 2, because the hydrogen peroxide could supply more oxygen than just water (as in cup 1), and salt speeds up rusting.
C.  Checking the HotHands Hand Warmer

· Have the students feel the hand warmer. (It should feel warm.)

· The oxygen in air reacted with iron to form iron oxide with the release of heat.  
· Tell students this is an example of an exothermic process.  Exothermic, heat is released
Take the empty 4 oz jar, cut open a hand warmer pouch and pour the contents inside the  jar. Show the students this jar and compare what the contents look like with the jar that contains contents of a HotHands hand warmer that were exposed to air for 24 hours.

· (In the 24-hour jar, the black color of iron powder has changed to a brownish, somewhat clumpy solid, which is iron oxide.  The change in color and characteristics of the solid are evidence for a chemical change.) 


IV. Review and Clean-up.
Review the vocabulary words and the responses to the questions on the Observation Sheet.  
Students can check the cups with iron filings to observe the reactions again.

Return all cups with used iron filings  in the plastic trash bag.
The HotHands hand-warmer can be left in the classroom with the teacher or the students, returned to the VSVS lab or kept by the VSVS members.
Lesson written by:  Dr. Melvin Joesten, Emeritus Professor, Vanderbilt University



      Pat Tellinghuisen, Program Coordinator of VSVS 1998-2018, Vanderbilt University 


     Heather Day, Program Assistant for VSVS, Vanderbilt University
Properties of Iron 
Observation sheet
NAME ________________________________________________

VOCABULARY WORDS:  

element, compound, mixture, elemental iron, Fe, Fe2O3
I. Elements, Compounds, and Mixtures 
Which containers have the element iron? Fe (Iron Filings and iron metal)
Which container has the compound? Fe2O3 (rust)
II 
Test for Elemental Iron Using a Magnet – a physical property
Circle the correct answer.

Are the elemental iron filings and iron metal magnetic?   

Yes
 No
Is the compound iron oxide magnetic?                


Yes
 No

Is magnetism a physical or chemical property?            Physical     Chemical
IIIA. Commercial HotHands Pack.
HotHands ingredients:  Iron Powder, Water, Salt, Activated Charcoal, Vermiculite
For iron to rust & become iron oxide, 3 things are required: iron, water and oxygen. 

The equation for oxidation of iron is:  4Fe + 3O2 -----› 2Fe2O3
What element is missing in order for the iron to oxidize?  _______________
IIIB. Rusting – a chemical property of Iron
In cup 1, water H2O) is added to the iron filings. What happens? ______________________________________________
In cup 2, hydrogen peroxide (H2O2) and salt are added to the iron filings.  What happens? ______________________________________________
Which cup had more oxygen available?

What happened to the HotHands Pack after it was activated? ________________________________
Properties of Iron
ANSWER OBSERVATION SHEET

NAME ________________________________________________

VOCABULARY WORDS:  

element, compound, mixture, elemental iron, Fe, Fe2O3
I. Elements, Compounds, and Mixtures 
Which containers have the element iron?  

Fe Iron Filings and Fe  Iron Metal)
Which container has the iron compound? 
Fe2O3 (rust)

II.  Test for Elemental Iron Using a Magnet – a physical property
Are the elemental iron filings and iron metal magnetic?   

_X__ Yes
____ No
Is the compound iron oxide magnetic?                


____  Yes
_X__  No

Is the property of magnetism a physical or chemical property (circle the answer)?

physical
chemical
IV.  Rusting – a chemical property of Iron
What happened in cup 1?    Nothing

What happened in cup 2?    The iron filings turned orange.  They rusted.
What happened to the Hothands Pack after it was activated? It became warmer.

Properties of Iron– Instruction Sheet

I. Introduction: Elements and Compounds.

Look at the bag of balls to understand the difference between an element and compound.

Find the placement of iron and oxygen on the periodic table.
1. Look at the labels on the 3 containers

2. Which containers have the element? 

3. Which container has the compound? 
II.. What are the Physical Properties of Elemental Iron and Iron Oxide?
1. Put the magnet on the outside of the iron metal and the iron filings containers. 

2. Move the magnet slowly up the side of the container or across the container. 

3. Check the appropriate blank for Part II on the Observation Sheet. 

4. Repeat with the iron oxide container. 

Put the 3 containers back into the plastic bag and return to a VSVS member.  Keep the magnet for a later experiment. 

III. Chemical Properties of Iron – Oxidation (Rusting)
A.  Commercial HotHands Pack.
1. Activate the HotHands pack by shaking it.

2. Look at the ingredients in the HotHands pack.  What  element is missing for iron to rust?

B. Rusting – a chemical property of Iron
3. Place the 2 cups on a plate. 

4. Put 1 piece of cotton into each cup. 

5. Sprinkle a small scattering of iron filings on top of the cotton in each cup.

Each piece of cotton will now be treated differently. 

6. Add a squirt of water on top of the filings in the 1st cup. 

7. Add a sprinkle of salt and a squirt of hydrogen peroxide on top of filings in the 2nd cup. 

8. Observe the 2 cups for 1 minute. 

9. Record the differences you can see on Part IIB on the Observation Sheet. 

10. Set aside to observe again later. 

Which of the 2 cups had the best conditions for rusting? 

Return to the HotHands – has it warmed up?

Give the cups with cotton ball and iron filings into the bag provided for trash.  Return all chemicals to a VSVS member.  
Note:  The magnets used in this lesson are expensive.  Please check carefully to be sure all magnets are returned.





Learning Goals:  To help students identify the key factors that differentiates elements and compounds.
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Learning Goals:  To help students characterizes elements and compounds based on physical properties.





Learning Goals:  To assist students in understanding the nature of oxidation, and how it is a chemical property of elements and compounds





Explanation


For iron to rust & become iron oxide, 3 things are required: iron, water and oxygen. 


The equation for oxidation of iron is:  4Fe + 3O2 -----› 2Fe2O3


Hydrogen peroxide is a good source of oxygen. 


Iron can rust without salt being present, but it will make rusting even faster (it is a catalyst).  Iron objects close to the ocean rust faster.  Cars rust faster when we salt the roads in the winter to melt ice.


	





For VSVS information only:  


Why did the temperature change? The chemical reaction producing the iron oxide is an exothermic reaction, which means that it gives off energy in the form of heat.


In everyday life, why don’t objects that rust get hot? Iron filings have a large surface area in contact with the water or salt, so the rusting occurs very rapidly. Most rusting objects in everyday life, such as cars, shovels, etc., have a smaller surface area that is rusting and thus will not rust nearly as fast and therefore will not generate the heat observed in your experiment. 


How does rusting generate heat? Changes in the energy held by chemical bonds in the oxidation of iron yield a net loss of energy from the reactants, and this net loss escapes to the surroundings where it is felt as heat. 








Your Notes:

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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II. Elements, Compounds and Mixtures.

		Show students the models of elements, compounds and mixtures (pictured below).  

		There are two examples of elements (Fe and O2), one example of a compound (Fe2O3 or rust), and one example of a mixture (the differently colored balls represent different elements.  

		You can take the Fe2O3 out of the bag to show the class, but do not remove the Fe and O2 from their bag.
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