Kyle Nixon and Karly McDonald
The Flaming Snowball ?!?!
Materials/Equipment/Safety

· 2 500 ml Beakers
· 1 300 ml Beaker
· 250 ml of Water
· Calcium Acetate (75 grams)
· 95% Ethanol (150 ml)
· Plastic Basin or Sink (area to create snowball, ie. countertop)
· Large 100 ml test tube
· Paper Towel/Towel
· BBQ starter
· Small cooler full of snow
**This experiment does involve flammable substances and the use of fire, therefore, safety is very important.  Make sure this experiment takes place at the front of the classroom, away from anything potentially flammable, and with an extra beaker near by to extinguish the “snowball” after the experiment is done.  There is one other key safety consideration for this experiment, and that is to make sure that there is no ethanol on the hands of the person handling the snowball.  Either have two people perform the experiment, or make sure that the experimenter really washes his/her hands clean of any ethanol after the snowball is made.  The reason it’s so important to clean off the ethanol is because the flame will ignite the excess liquid and, potentially, burn the hands of the experimenter.

SLO’s/Objectives
Grade Nine – SLOs from Cluster 2 “Atoms and Elements”
· S1-2-10 (Interpret chemical formulas of elements and compounds in terms of the number of atoms of each element)
· S1-2-11 (Investigate properties of substances and explain the importance of knowing these properties)
· S1-2-12 (Differentiate between physical and chemical changes)
This experiment could be applied to a Senior 1 class in reference to the SLOs listed above.  Displaying the chemical reaction, understanding the importance of flammability, and showing how the formation of the snowball is a physical change from the liquid calcium acetate into the precipitate (as a result of combining with ethanol) represents the three SLOs.
Grade Ten – SLOs from Cluster 2 “Chemistry in Action”

· S2-2-06 (Balance Chemical Equations)
· S2-2-07 (Investigate and classify chemical reactions as synthesis, decomposition, single displacement, double displacement, or combustion)
Grade Ten is a better fit for this experiment.  When dealing with balancing chemical equations the students may become bored and disinterested in numbers and symbols, therefore, this is a fun way to see a reaction, and then analyze what happens.  Also, the best fit for this experiment is with the 7th SLO in Cluster 2 because the “Flaming Snowball” is an example of combustion reaction.  Below is the combustion reaction of ethanol:

2 CH3CH2OH(aq)  +  6 O2(g)  →  4 CO2(g)  +  6 H2O(g)
Grade 11 - Chemistry
In grade 11 chemistry, analyzing the product of the reaction is very applicable to that level of student.  Ethanol combines with calcium acetate to produce the white precipitate and ethyl ethanoate.  That ethyl is an ester (part of the Gr.11 Curriculum), and the precipitate is known as “sterno”.  This reaction also can begin a class about limiting reactants because once all the calcium acetate is used up in the reaction, the reaction stops.  That is why there is leftover ethanol (it hasn’t all turned into the ester) that can be burned to create the “flaming snowball.”  Below is a diagram of this reaction:
***The demonstration can also be used in middle year’s science introducing chemistry to the students.  It will definitely grab their attention, generate interest, and can be applied to basic ideas like physical and chemical changes, or flammable substances.
Script for a Class Demo
( Grade 10 General Science, with a Prediction, Observation, Prediction, Observation, Explanation model. (POPOE)

Intro:  To start with, ask the students if it is possible to light a common snowball on fire.  Bring a snowball out of a small cooler and attempt to light it on fire.

· This is very basic, but, none the less, is the original prediction and observation.

The Experiment: Begin the experiment, and start a dialogue that begins to peak the students interests.  For example, “Well, that didn’t work, but let me try and make my own snowball, a special one and we’ll see what happens….”

Combine the substances, following the correct procedure (see attachment), create the “snowball,” and ask the question, “Now, does everyone think I can light it on fire?”

Light the snowball on fire….question time again, “Does anybody here think I can juggle this in my hands?”  Pick up the snowball and toss it around for a short time.

Finish with extinguishing the snowball with a beaker.

· This is the next prediction and observation of the students.  After the final observation of the experimenter handling the flaming substance, the students should be wondering how it’s possible to do that.

The explanation:  Finish with an explanation of the chemical reaction, the type of reaction (combustion), the chemical formula, as well as, an explanation of why this flaming substance can be handled with bare hands.
Question time:  Allow for students to ask questions, or clarify anything that’s left to explain about this fun experiment.
The Disequilibrium and The Explanation
There are many principles that make this experiment a discrepant event for a high school science class.  First of all, by referring to the precipitate as a “Snowball” results in some students wondering how it is possible to light the substance on fire (ie. why is it flammable?).  However, the most intriguing part of this “magic show” is the fact that the experimenter can pick the ball up and handle it while on fire.  This fact definitely is hard to fathom because, for the most part, touching fire is not something people are accustomed to doing.  Those two facts are what really make this experiment very discrepant to the general science student.

Why?
The experiment is a combination of 95 percent ethanol and calcium acetate.  When these two substances they mix to form a colloidal system, which is alcohol dispersed in a solid (ethanol in acetate).  The gel is called “sterno.”  The excess ethanol from this product is what allows the substance to ignite.  This fact explains the fire.  The reason the teacher can handle the substance is because ethanol burns at a very low temperature.  The temperature is lower than the temperature skin burns at, and, therefore, allows the “flaming snowball” to be handled and thrown from hand to hand.  Those two reasons explain the discrepancy in this demonstration.

***For an average general science student the difference in burning temperatures is an understandable explanation.  Referring to the gel as a colloidal system might be a little confusing, therefore, a teacher can simply describe the substance as a precipitate (a term that should be understood in grade ten) and that excess ethanol from the reaction is what’s allowing the precipitate to burn.
The Theory

The Theory behind this experiment has been mentioned above in the Objectives section, as well as, the Disequilibrium section.  None the less, to sum up the experiment from a general science perspective:
This experiment is very unique because of the potential to actually play with fire and not get burned.  To start with the gel, it forms because calcium acetate does not dissolve in the ethanol, and when it reacts a precipitate forms.  That precipitate is the gel that can then be molded into a ball.  The reason that ball is flammable is because all of the ethanol is not used up in the reaction, and that excess ethanol in the gel is flammable, allowing it to catch fire.  Finally, the reason the teacher can juggle the ball from hand to hand is because ethanol has a much lower burning temperature than most materials, including our skin.  Those three principles are they keys to understanding why this discrepant event is possible.
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Procedure:

1. Prepare a saturated solution of calcium acetate by dissolving 150 g of it in 500 mL of water.  This is solution A.

2. Pour 300 mL of ethanol into a 500 mL beaker (absolute ethanol works best but 95% will do).  This is solution B.

3. Pour 40 mL of solution A into 300 mL of solution B and observe gel formation.  The remaining approximately 460 mL of solution A can be saved and used to make more flaming snowballs at a later time…WOOOOOOOOOOOO!!!!!

4. Carefully remove the solid from the beaker with bare hands.

5. Squeeze the excess liquid from the solid and form a snowball.  Do this over a sink or basin to catch the excess ethanol.

6. Rinse off all liquid from your hands and arms with water and dry carefully.  Dry surrounding lab bench carefully.

7. Place the snowball on a flat surface (lab table) several feet from other objects and light it using a match or BBQ lighter.  (I usually put the snowball on a wire gauze on a ring on a ring stand and then I light ‘er up!!).  The effectiveness of this demo can be greatly enhanced by turning off all the lights before lettin’ er burn!!

8. Extinguish the flame by placing a clean dry beaker over the snowball or with a fire extinguisher (or you can simply let ‘er burn out)

9. Optional…but highly recommended!!  With a little practice and a great deal of care, the flaming snowball can be carefully picked up and tossed from hand to hand.  CAUTION:  If this is to be attempted, it is important that your hands be free of any ethanol that may have accumulated from some previous steps…aka…WASH YOUR HANDS AND ARMS WITH WATER BEFORE ATTEMPTING THIS!!!
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