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The Self Carving Pumpkin
Materials
· Pre-carved pumpkin

· H2O2 (hydrogen peroxide)

· CaC2 (calcium carbide)

· Water
· Glass Petri dish

· 500 ml beaker

· 250 ml beaker

· Barbeque lighter

· Scupula 

Safety Considerations 
Calcium Carbide reacts violently with water, therefore should be stored in a cool, dry environment.  Keep a safe distance from the pumpkin when igniting the acetylene gas. Acetylene gas is relatively non-toxic, but it is a simple asphyxiant when inhaled in large quantities.
Specific Learning Outcomes

Chemistry 30S: Chemical Reactions and Organic Chemistry


S1-2-12: Differentiate between physical and chemical changes


S1-2-13: Experiment to determine indicators of chemical change


Examples: production of heat and/or light, production of a gas or precipitate

S1-2-14: Investigate Technologies and Natural Phenomena that demonstrate chemical change in everyday situations

Example: combustion

S2-2-06: Balance chemical equations


S2-2-07: Investigate and classify chemical reactions as synthesis, decomposition, single displacement, double displacement, or combustion.

Script for Teaching
1. Introduce discrepant event by placing pumpkin on table. 

2. State that our demonstration is related to chemistry.

3. Tell class to stand in the back of the room for safety reasons.

4. Perform demonstration with commentary of materials and chemicals used. Place a glass Petri dish half full on water inside the pumpkin. Put approximately 7 chunks of calcium carbide into the dish of water. Place lid back on pumpkin and allow calcium carbide and water mixture to a tleast for 60 seconds.  Turn out lights.
Insert barbeque lighter into pre-carved hole in the back of the pumpkin and ignites.
Reaction in pumpkin will cause pre-carved face to pop out, therefore being “self-carved”. Turn lights back on.

5. Show reaction in a beaker so that class can see the vigor of the reaction and what is occurring.
Place several chunks of calcium carbide in a 500 ml beaker half filled with water. Vigorous fizzing should occur.

Ask class: What observable evidence indicates that a chemical reaction is taking place?


Expected Response: bubbling, fizzing
Spark beaker so that flame is produced.

6. Ask class for possible explanations as to what happened.
At the molecular level, what happened to the calcium carbide molecules when they were added to water?

Expected Response: the molecules became dispersed and some reacted to form acetylene gas 
What happened when these molecules were exposed to air?

Expected Response: the molecules reacted with oxygen in the air and in the presence of flame were ignited
What kind of reaction is this?


Expected Response: combustion
Ask class what conditions are needed for a combustion reaction to occur.


Expected Response: oxygen and fire
Write chemical equation of calcium carbide and water reaction:
CaC2(s) + H20(aq) ( C2H2(g) + Ca(OH)2(aq)
Ask class to provide input on balancing equation:

CaC2(s) + 2H20(aq) ( C2H2(g) + Ca(OH)2(aq)
Explain that this reaction produces a gas, C2H2  or acetylene, and solution, Ca(OH)2 or calcium hydroxide. Note that the distinctive odor is the acetylene gas.
State that acetylene gas undergoes a combustion reaction in our demonstration. 
Write chemical equation of C2H2 and O2 on the board

C2H2(g) + O2(g) ( CO2(g) + H2O(aq)
Ask class to provide input on balancing equation:

C2H2(g) + 2.5O2(g) ( 2CO2(g) + H2O(aq)
7. Say to class that we will be adding hydrogen peroxide to the inside on the pumpkin.  From previous explanation of decomposition reaction, the class should deduce that oxygen is being produced as a result of the reaction. Write chemical equation on the board:

H2O2(aq) ( H2(g) + O2(g)
Ask class what they think would happen to the reaction if more oxygen was present? Would it be more intense? Would it not change? Make predictions.

8. Add hydrogen peroxide to the inside of the pumpkin. Repeat step 4 for pumpkin explosion.

Expected outcome is a more intense explosion. Explain to the class that these two independent reactions can interact with eachother.  The decomposition reaction complements the combustion by providing additional oxygen.  
9. Ask class to think of some changes in variables that may affect the intensity of the reaction. 

Expected Responses: changing amount of each substance, changing initial temperature of water, how high/low the CaC2 and H2O mixture is ignited, wait time for ignition once reaction begins, volume inside pumpkin
Discuss these aspects:

Why is time a factor? More time for reaction to occur and produce more gas, therefore increased combustion rate. 
Why are water temperature, pumpkin volume and quantities of reactants factors?

All factors cause increased collisions among reactant molecules, thus increasing reaction rate.
Why does it matter how high or low you ignite the reaction? Do we have to consider where the acetylene gas is sitting compared to other gases present in the air? What are the other gases present? 
The main gases making up air are oxygen and nitrogen. We must compare the atomic mass of acetylene to these two gases to determine if it is less dense (therefore floating on top of the air) or more dense (therefore sinking below the air).  Density positively correlates with molecular weight, therefore the heavier the compound, the more dense it is.
Write atomic masses of the atoms in each of the three gases on the board and with class input, determine the total masses of each compound:


C2H2= 26 amu


O2 = 32 amu


N2 = 28 amu

Discuss where the gases are sitting inside the pumpkin and possible effects of the height at which you ignite the reaction.
***If expected responses are not obtained, use prompting and probing to help  students arrive at the correct responses.
Theoretical Background
The focus of our event is the two chemical reactions taking place inside the pumpkin.  The first reaction involved calcium carbide and water to form acetylene gas and calcium hydroxide.  The acetylene gas is relatively non toxic, but it is a simple asphyxiant if inhaled in very large quantities and also has a distinct odor. The acetylene undergoes two reactions which were combustion and decomposition.  In the combustion reaction, the acetylene reacted with oxygen from the air in the presence of a flame.  The acetylene flame can reach a temperature of 3000° C during the combustion reaction. The products of this reaction were carbon dioxide and water.  
Another decomposition reaction occurred with the hydrogen peroxide added to the pumpkin. There is an enzyme present in the pumpkin flesh which facilitates the breakdown of the hydrogen peroxide into hydrogen and oxygen.  The presence of additional oxygen should cause the second explosion to be more powerful.  There are several variables that can be manipulated to affect the rate of the reactions.  The rate of reaction may be increased by a higher water temperature, decreased volume inside the pumpkin and using increased quantities of reactants.  Increased water temperature and a smaller volume inside the pumpkin would cause the molecules to collide more often and react faster. Using more calcium carbide would produce more acetylene gas to react during combustion and decomposition.  Another manipulation would be to adjust the height at which you would ignite the reaction.  The density of acetylene gas relative to the other gases present (nitrogen and oxygen) will determine at what level it sits in the pumpkin and the best position the light it.   This is accomplished by comparing the atomic mass of acetylene to that of nitrogen and oxygen.  The higher the atomic mass, the more dense the gas and the lower it sits in the pumpkin.  Another variable is the time waited between mixing the calcium carbide with water and igniting the combustion reaction.  If it is lit too soon, not enough acetylene gas will have been produced to cause a significant explosion.  It is optimal to wait approximately 60 – 90 seconds for ignition.
Elements of Discrepancy
This event is discrepant for several reasons.  The observation of the explosion without an explanation for how or why it occurred is likely to cause disequilibrium and stimulation for the students.  The visual effect of a self carving pumpkin would also cause engagement.  To accentuate this visual effect, we will attempt to conceal that we pre-carved the pumpkin.  The fact that two reactions are occurring with the acetylene gas should also be a discrepancy for the students since it appears that only one reaction is taking place during the explosion.  Also, it is a neat experiment to do with Halloween approaching.
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