Money to Burn
     [image: image1.jpg]-




Summary: 
This is a demonstrative activity for students to be able to view the scientific method in action.  It is also a flamboyant introduction to chemistry and the execution of chemical reactions.

Subject: 
· Science TEKS:
6.1, 7.1, 8.1 – demonstrate safe lab practices during field investigations
6.2, 7.2, 8.2 – scientific method

6.9 – energy transformation, sources and uses

7.7, 8.9 – chemical properties and compounds

8.10 – heat exchanges in exothermic reactions
Grade Level: 
· Lower Bound: 6

· Upper Bound: 8 
Time Required: One class period


Activity Team/Group Size: N/A
Materials: 

· Dollar bill (higher denomination, higher risk!)

· Tongs

· Matches/lighter

· Water

· Alcohol (if already diluted >50%, water not necessary.  Rubbing alcohol is usually only 30% water)

· Salt (optional)

Reusable Activity Cost Per Group [in dollars]: 
Tongs: $1.00

Lighter: $1.00

1-dollar bill: $1.00

Total: ~$3.00

Expendable Activity Cost Per Group [in dollars]: 
Alcohol: $5.00

Learning Objectives: 

Students will learn the concepts of the scientific method during the short PowerPoint presentation which uses the Wright Brother’s First Flight to make the steps memorable.  Students will then focus on applying the scientific method to a chemistry demonstration.  They will use the accompanying worksheet to set down their ideas.   The most important part of this lesson is that the students have a clear way of remembering how the scientific method can be used in real life.
Lesson Introduction / Motivation: 
The demonstration enough will offer plenty of excitement and interest in science.  A dollar bill is soaked in an alcohol/water solution whereby the bill is lit on fire, leaving it unscathed.  There are a few good ways one can build up to the actual burning of the dollar bill, such as making a “magic act” out of it or using different types of paper that burn before going to the bill, building suspense.
Lesson Plan: 
Show the students the PowerPoint presentation on the scientific method.  The worksheet should be distributed and time given to fill out initial requirements for the experiment, including the question, materials, and hypothesis.  Then have the students watch the money burning demonstration.  The dollar bill/paper can then be ignited and repeated as necessary to fulfill your experiment’s goals.  
Demonstration Procedure:

Burning a dollar bill ????

 Solution:  50 mL of isopropyl alcohol, 50 mL DI water, 1-2 g NaCl  This makes 50% isopropyl alcohol.  The 70% isopropyl alcohol available in drugstores must be diluted. If you use the 70% alcohol the dollar bill will catch fire.

1.   Place a Bunsen burner between the jar of 50% isopropyl alcohol and the sink.

2.   Light the Bunsen burner. 

3.   Soak a dollar bill in 50% isopropyl alcohol.  Remove it using tongs (grab the dollar bill in center, hold it in horizontal position).  Move the dollar bill into the flame of the Bunsen burner.  Leave it in the flame for only a second than take it out of the flame and watch it burn over the sink. 

Questions to Ask:

1.   Alcohol burns and the dollar bill is fine.  Why? 

2.   What is the $1 made of?   

Paper.  Where does paper come from?  Trees.  Strong bonds hold paper together.

3.   Alcohol molecules don’t hold onto each other so strongly (note the high vapor pressures at room temperature and pressure, you can smell it).  Alcohol burns at a much lower temperature than the paper so the paper does not catch fire.

Burning the alcohol produces CO2 and H2O just like when we burn methane or when we burn up sugar or carbohydrates - to burn anything containing C, H and O we need O2 and the combustion reaction produces CO2 and H2O.  So we breathe in O2, burn up food and breathe out CO2. 

4.   Why is it better to use 50% then 70% isopropyl alcohol?  The 50% alcohol contains more water, water does not burn and keeps the $1 from burning while the alcohol burns.  

5.   What is the purpose of adding the NaCl?  Sodium atoms heated in a flame emit yellow light so the flame is more visible if you add some salt to the 50% isopropyl alcohol solution. 

Lesson Closure:
It will be important to see how the student’s hypotheses match the outcome of the experiment.  These should be included in the conclusion.  If there is extra time, it would be a good idea to touch on some of the chemistry concepts the experiment presents.

Assessment: 
The provided worksheet will allow the teacher to monitor the students’ thought processes throughout the demonstration.
Vocabulary / Definitions: 

· Exothermic – a reaction releasing heat
· Isopropyl alcohol – flammable liquid, C3H8O, used in rubbing alcohol, antifreeze, and cosmetics.
· Ignition point – the minimum temperature at which a substance burns autonomously
Background and Concepts for Teachers: 

Because the ignition point of alcohol is lower than that of a wet bill, the alcohol burns off, exchanging heat energy only with the air and the water.  Likewise, a normal piece of paper can be used, but the paper will burn.  The paper is more delicate and burns at a lower temperature.

Prerequisites for this Lesson: 

· Basic chemical knowledge

· Awareness of physical differences between regular paper and US currency

Lesson Scaling: 

This lesson is easily scaleable to all age levels due to students’ natural fascination when seeing fire in a demonstration.  As is, this lesson is enjoyable for less advanced students because little real scientific knowledge is necessary.  However, for higher-level students specific amounts of alcohol and water can be measured out and used in repeated experiments to determine a more exact amount of alcohol necessary for the procedure to work.  Likewise, different types of paper can be used to make different hypotheses.
Safety Issues: 
Make sure your classroom is prepared for open flames.  If done properly, flames will be smokeless and will not exceed a few inches in height for several seconds.  Still, have baking soda or other dry fire retardant on hand for this activity.
Troubleshooting Tips: 
If flames are not visible, try adding salt to the solution or just turn out the lights.  If the paper is burning, either the alcohol solution is not diluted enough or the paper being used it too delicate.
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Please email us your comments on this lesson: 
E-mail to ljohnson@cvm.tamu.edu
Please include the title of the lesson, whether you are a teacher, resident scientist or college faculty and what grade you used it for. 
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