Underwater Fireworks


Materials

· 1 g calcium carbide (CaC2)

· 100 mL 6 M HCl solution

· 10 mL Clorox ® bleach (5% NaClO solution)

· 2 - 3 pea sized pieces of CaC2
· 250 mL flask

· 1 L Pyrex graduated cylinder

· 1 hole rubber stopper (to fit flask)

· Glass or plastic tubing (3-5mm OD)
· 10 cm longer than the height of the graduated cylinder

· Make 2 pieces as illustrated below

· Bend one end of the longer piece as illustrated
· Rubber tubing (Tygon 2-4mm ID)

If there is no fume hood:

· Plastic bag
· 2 ft of rubber tubing

· 200 mL of sodium thiosulfate solution(Na2S2O3)

· 250 mL Beaker


Preparation
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Prepare Prior to Demonstration:
· Prepare glass tubing as shown and assemble the tubing and stopper.
· Fill the graduated cylinder with water (tap water is fine) to within 1-2 cm of the top. This prevents gases from collecting at the top of the cylinder.

If there is no fume hood:
· Attach the plastic bag to the mouth of the cylinder with an elastic band.

· In one corner make a small hole and feed the long glass tubing through and into the cylinder.

· Make a hole in the other corner and put one end of the rubber tubing through. The other end of the tubing feeds into the beaker of Na2S2O3 solution. This solution will filter out most of the chlorine.  



Safety 


· Wear safety goggles. CaC2 reacts with water, including the eyes.
· Use a fume hood if possible, or work in a very well ventilated laboratory. Chlorine is toxic and noxious.
· Have a fire extinguisher nearby. Ethyne (acetylene) gas is flammable and toxic. 


Curriculum Connection 



C30S-5-05
Differentiate between saturated and unsaturated hydrocarbons. 

C30S-5-09
Outline the transformation of alkanes to alkenes and vice versa.



Include: dehydrogenation/hydrogenation; molecular models



Instructional Sequence


Demonstration
1. Have the students come to the fume hood so they can see the reaction.

2. Tell them you need to produce chlorine gas for this experiment, ask them what its chemical formula is. They should know from the Chemical Reactions Unit that chlorine forms a diatomic molecule the same way oxygen does.
3. Add 10 mL of Clorox ® bleach (NaClO solution) to 100 mL 6 M HCl in the 250 mL flask and attach apparatus by placing the 1 hole stopper in the flask. Swirl flask gently until 2 – 3 bubbles of gas rise out of tube. Point this out to the students as the Cl2 (g)
4. Ask a student to turn down the lights.

5. Drop the calcium carbide (CaC2) into the cylinder, ethyne (acetylene) gas C2H2 (g) (HC(CH) is immediately generated. Swirl the flask to produce more Cl2 gas for the reaction. 
6. Flashes of light appear for approximately 45 seconds as the Cl2 and C2H2 gas bubble collide and the chlorine breaks apart the triple bond. 

7. To help the reaction you can increase the likelihood of collisions by gently maneuvering the glass tube along the bottom of the cylinder or by tipping the cylinder slightly so the bubbles all move up the inside surface. If more Cl2 (g) is needed try adding an additional 10 mL of HCl to the flask.
Explanation
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When CaC2 is placed in water a double displacement reaction takes place forming calcium hydroxide and ethyne. CaC2 + 2H2O ( Ca(OH)2 + C2H2  (g). We see the ethyne (acetylene) gas bubbles appear almost instantly.
[image: image3.png]



The acetylene gas is an alkyne, a triple bonded hydrocarbon. In the area of the triple bond where electrons are being shared it is said to have high electron density (lots of electrons!). 
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In our demonstration we visibly saw a reaction so something must have happened between the Cl2 (g) that we bubbled in and either the Ca(OH)2 or the C2H2. Ask your students to offer ideas – which substance do they think it reacted with and why?
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Chlorine has seven electrons in its outer shell, and therefore only needs one more to have a stable octet. This gives it a high electron affinity – meaning it strongly attracts more electrons to it. 
So what is the reaction? When the two types of gas bubbles run into each other they create enough energy (heat) to initiate a reaction. The electron-attracting (electrophilic) chlorine and the electron dense area around the triple bond are irresistible to one another and the triple bond breaks open so the electrons can bond with the chlorine atoms. The bond between the chlorine atoms also breaks so new bonds can be formed with the carbon atoms.
[image: image6.png]



In this reaction more energy is released by the bond breaking than is required to build the C-Cl bonds, resulting in an exothermic (energy releasing) reaction. We see this excess energy as flashes of light. This is similar to lighting a match to a stick of dynamite – the high temperature activates the reaction and we hear and see a big explosion. The amount of energy needed to start the reaction (the bump between gas bubbles, the match lighting the fuse) is called the activation energy of a reaction. 
Ask your students what could possibly happen with another molecule of chlorine floating by our newly formed 1,1-dichloroethylene. They may say that there is still an electron rich area around the double bond that could react with the electron attracting chlorine atoms and that the possible second reaction is:
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And if another molecule of chlorine swims by? Is there any other electron rich sources on our new molecule 1,1,2,2,- tetrachloroethane? No, this is a saturated molecule. “Saturated” means completely soaked through or filled to the maximum, and when we talk about a “saturated molecule” it implies that only single bonds are left. The atoms are bonded to the maximum number they can be. Ask your students what chemists call molecules like C2H2 or C2H2Cl2. Someone is likely to suggest unsaturated, meaning that all the atoms in the molecule are not bonded to their maximum amount of atoms, that a double or triple bond could break open to allow bonding to another atom. Point out to your students that we’ve gone from an unsaturated alkyne to an unsaturated alkane to a saturated alkene, an overall transformation from alkyne to alkene. 
Extension
You could set up a duplicate apparatus and bubble oxygen gas into the cylinder. Even though oxygen and ethyne react explosively, and are used in oxy-acetylene welding because of the extreme heat of the flame, nothing happens when their bubbles collide. The activation energy is much higher because the electron affinity of the O2 molecule is not as great as in the Cl2 molecule (there are less electrons to create this affinity because two pairs of electrons are involved in covalent bonding) and so the triple bonds do not spontaneously break open. 
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CAUTION: 
If this extension is performed be sure to generate only small amounts of ethyne and oxygen and BE SURE NO OPEN FLAMES OR POSSIBLE IGNITION SOURCES ARE NEARBY.
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Underwater Fireworks – Questions
1. Hydrocarbons can have single, double or triple bonds between carbon atoms. Label the hydrocarbons below as saturated (S) or unsaturated (UnS).
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2. Looking at the bond types in the molecules above can you draw some conclusions about the molecules? Specifically, what is the relationship between the bond type and names of the molecules?
3. Why do we say that alkynes (triple bonded carbons) have high electron density? 

4. Do alkanes (double bonded carbons) have higher or lower electron density than alkynes? Use a diagram to help explain why.
5. Which of the two types of molecules (alkane or alkyne) are more likely to react with Cl2, a molecule that has a high electron affinity (affinity = it really attracts electrons to it). Why?

6. On a piece of looseleaf draw the molecules below after they have been saturated with hydrogen atoms (you don’t have to draw them 3D, you can use letters and sticks if you prefer).  
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