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Money to Burn
Materials

1) Water 





6)  Paper towel
2) Isopropyl Alcohol 99%


7)  Small piece of fabric
3) Kitchen Tongs

4) Matches/Lighter/A flame source
5) Canadian Tire money

Safety Considerations

Alcohol is very flammable and should be used with caution.  A container of water should be nearby to extinguish any remaining flame.  Isopropyl alcohol is mildly irritating to eyes and upper respiratory tract and should be used in a well ventilated room.
Procedure

1) Collect all materials listed in the materials section.

2) Mix ahead of time the solution consisting of 50% water and 50% isopropyl alcohol. 

· By mixing the solution ahead of time the students only see a clear liquid which they will most likely assume is just water.
3) Due to the fire risk this simulation should be led by the teacher and ask for volunteers to help.
4) Light a match and show the class a piece of Canadian Tire money.  

5) Ask the students to predict what will happen when the flame is touching the Canadian Tire money.
·  The students should predict that the bill will catch on fire.
6) Bring the lighted match to the money.

· The result is that the money catches on fire.
7) Discuss the fact that this is a chemical change since the money has changed composition.  The chemical change occurs as a result of a combustion reaction. Note the requirements for a combustion reaction (i.e. a hydrocarbon and oxygen) but do not discuss them at this time.
8) Now, show the class the clear solution and the money.

· Note: DO NOT tell the students what the solution is at this moment.
9) Ask the students to predict what will happen if the money is dipped in the solution (What will happen if I get it wet?) and a match is brought to the money.

· Students will probably give multiple answers ranging from it will light on fire because it is paper to it will not light on fire because the bill will be wet.  

10) Place the money in the solution and soak it.  Once the bill is completely soaked remove from the solution with tongs.  Bring the match to the bill.  Immerse the bill in pure water to extinguish the flame if it starts to burn the bill.

· The bill will ignite, however the bill itself will not be burned because the alcohol in the solution will burn off and the water will absorb into the bill and prevent it from catching on fire.
11) Show the students the bill.  

12) Ask the students why they think it did not burn. 
· The students might think that the bill did not burn because of the liquid.  You can inform them that they are on the right track. 
13) Majority of the students will still suspect that the liquid is just water.  Ask the students if water is able to support a combustion reaction. Remind the students what a combustion reaction requires. Lead them to discover that the solution the bill was dipped in contained alcohol (the hydrocarbon).  Ask the students what they know about alcohol.

· Most students will know that alcohol is flammable.
14) Now ask the students to explain why only the alcohol burned when both the alcohol and the paper in the bill are flammable.

· Students might think that because the alcohol is still a liquid it is protecting the bill from being burnt.  Inform the students that the bill did not burn because the alcohol burns off first.  If the paper was just soaked in alcohol the alcohol would burn off and then the paper would burn because the temperature would increase the paper’s combustion temperature.  Lead the students to discover that water was part of the solution. Because the bill is soaked in a mixture of alcohol and water, the bill absorbs the water and the alcohol burns off.  The water absorbs enough of the heat and prevents the paper from reaching its combustion temperature but does not burn itself because it is not a hydrocarbon.
15) Show the students the bill, a piece of paper towel, and a piece of cloth.  Ask them to predict which piece will burn the quickest when lit on fire and why.  Note: no alcohol or water added at first.
·  Students will probably predict that the bill burns the fastest out of the 3.  They probably will not have scientific based reasons why.
16) Now tell the students to observe each material as you light it noticing the speed at which they burn.

17) Light the Canadian Tire bill, the paper towel and the piece of cloth one at a time.

· The students should notice that the bill actually burns quite slow compared to the rest. 
18) Ask the students to predict which of the three materials will have the flame last the longest when dipped in the alcohol and water solution and why.

· The students will probably think that the bill will probably think that the bill will burn the longest because in the previous step when no alcohol or water was used that is what happened.
19) Dip the bill in the solution removing it with the tongs and then light on fire.  

· The students should notice that the flame burns out very quickly.
20) Now take the paper towel and dip it in the solution removing it with tongs and light it on fire.

· The students should notice that the flame does not burn out as quickly as the bill.  It is able to burn for a much longer time.
21) Finally take the piece of cloth dip it in the solution removing it using the tongs and light on fire.  

· The cloth burns for a similar amount of time as the paper towel.
22) Ask the students why they think the paper towel and the cloth burnt for so long compared to the bill?
· The students will probably make a variety of guesses that have no relevance to the science behind the answer.  If they guess that the type of material the cloth, the bill and the paper towel are made of has something to do with it they are correct.
· The reason the paper towel and the cloth are able to burn for so long is due to the fact that the paper towel and cloth are able to absorb a lot of the alcohol/ water mixture.  The more water the material absorbs the longer the burning temperature of the material is not met and the more alcohol there is to burn off. Because paper towel absorbs a lot of water the alcohol can fully burn off because the burning temperature of paper towel is never reached.
23) Ask the students if they can think of ways to alter this experiment.

· Students could recommend altering the ratio of alcohol to water to see what is the least amount of water that is needed to keep the material from burning.  Note: We lowered the amount of water and observed that the alcohol would be burned for a period of time however eventually the cloth caught on fire.  This is due to the fact that there was not enough water to keep the material from reaching the burning temperature.
· The students could recommend using some other materials.
· The students could recommend trying to use a different type of alcohol.  Note:  We tried acetone, and vodka, however isopropyl alcohol was much more efficient.
Theoretical Background
A chemical change is one in which a given substance changes to form a new substance or substances with different properties and composition.  Combustion is an example of a chemical change.  During combustion a hydrocarbon (a compound containing both hydrogen and carbon) and oxygen react to form carbon dioxide, water and energy in the form of heat.  In this experiment the combustion of isopropyl alcohol is what gives the large flame.  This reaction proceeds as follows:


2C3H7OH + 9O2 ------( 8H2O + 6CO2 + energy
The bill does not combust in this experiment because the water in the original mixture is absorbed by the bill and in turn absorbs the energy released during the combustion of the alcohol.  Water is able to absorb the energy due to its high specific heat capacity but not combust because it is not a hydrocarbon.
Curriculum Connection

This discrepant event fits into the Senior 2 Science Manitoba Curriculum. It would fit into Cluster 2: Chemistry in Action. The specific learning outcome would be S2-2-07 Investigate and classify chemical reactions as synthesis, decomposition, single displacement, double displacement, or combustion.  It shows how a combustion reaction requires a hydrocarbon and oxygen.
Why would this cause disequilibrium for students
There will be several discrepant events in this simulation
· Students will not expect that a bill that is on fire will not burn

· Some students might be surprised to see that a bill dipped in a liquid will light on fire

The burning bill has multiple parts to it that can be discrepant to students.  The main discrepant event for students is most obviously being the purpose of the experiment.  The fact that a piece of money that is made of paper and is considered flammable will remain intact after a flame is visible.  Most students will be amazed that the bill never burnt at all.  

Some students will attribute the fact that the bill stayed intact to the liquid it was soaked in.  This is partly true but definitely does not go into the science behind the liquid and the bill which was discussed in the theoretical background.
Extension

Depending on the length of the class it is possible to extend to this experiment.  It is possible to incorporate flame color change by adding certain substances to the solution that the materials are dipped in.  The following list contains some examples of color changing substances (some of which can be found in your local grocery store). 

	Color of flame
	Substance

	Red
	Strontium Chloride

	Orange
	Calcium Chloride ( a bleaching powder)

	Yellow
	Sodium Chloride (table salt) or Sodium Carbonate

	Yellowish Green
	Borax

	Green
	Copper Sulfate

	Blue
	Copper Chloride

	Violet
	3parts Potassium Sulfate
1 Part Potassium Nitrate

	Purple
	Potassium Chloride

	White
	Magnesium Sulfate (Epsom Salts)


When students see the color of the flame change they will probably assume that the color change is due to the color of the bill.  On purpose we use a bill that is the same color that the flame will turn.  Some students will know that substance when added to the flame will change the color.  However, for some students this will be a discrepant event.  The change in color of the flame is due to the presence of certain metal ions as well as the temperature of the flame.
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