Ethanol Rocket
Thanks to Joel Kulik

Specific Learning Outcomes in Manitoba Senior Chemistry Curriculum:
This demonstration covers parts of the following specific learning outcomes.
C11-1-01: Describe the properties of gases, liquids, solids, and plasma.

C11-1-03: Explain the properties of liquids and solids using the Kinetic Molecular Theory.

C11-1-05: Use the Kinetic Molecular Theory to explain the process of evaporation and condensation. Include: volatility.

C11-3-06: Predict the products of chemical reactions given the reactants and type of reaction. (Combustion reaction)
C11-5-5-16 Describe uses or functions of methyl, ethyl, and isopropyl alcohols.
Materials:

- ethanol (ethyl alcohol) or rubbing alcohol




- 2 small beakers


-matches
- water




-2 wooden splits



- 3 empty 2L plastic pop bottles
-safety goggles

- ionic compounds to provide colours to the flames
-a long wire that can be suspended across your classroom for the rocket to travel on

Procedure:

1. Pour approximately 20mL of water into one pop bottle and 20 mL of ethanol (ethyl alcohol) into the other pop bottle. Cap the bottles. Do NOT tell the students what the mystery liquids are.
2. Choose 2 brave student volunteers to come up and shake the bottles for about 30 seconds each.  Get the students to uncap the container, waft the fumes from the containers, make general comments about smells and possible content and dump the liquids into the sink and then quickly recap the bottle. Get students to consider what is happening at the molecular level to these two liquids as they are being shaken. Consider kinetic energy and influence on evaporation.
3. Get the rest of the class to record a prediction in their notebook of what may happen if a lit spilt is brought up to the mouth of the container for both the water and ethanol. It is likely that the comments from the two students will suggest one is quite distinct from the other- possibly nail polish, gasoline or rubbing alcohol. Some students may make the connection that the rubbing alcohol is volatile or that ethanol is used in gasoline and that gasoline is quite volatile so they may predict that the one container will light on fire. This is OK because there will still be cognitive disequilibrium created with what happens at the end of the demo.  If no student makes this connection, the teacher can mention ethanol’s use as fuel and emphasize its clean combustion after the students are shifted to cognitive equilibrium with their perceptions.
4. The teacher should light a wooden split and get the student to uncap the container with the water.  Bring the lit split to the mouth of the water container. Get the students to observe and record what they see and to compare this with their hypothesis. Nothing happens because water is not a fuel (combustible).
5. Repeat step 4 with the ethanol.  The ethanol vapour in the bottle will combust and a bluish flame will be seen starting at the top of the bottle and moving down to the bottom. 
After the bottle is capped, a liquid will be found at the bottom of the container. Ask the student that you thought they emptied the container free of ethanol? (Really it is condensed water). This also will add to a cognitive disequilibrium among the students who thought the ethanol would combust. For students who did not hypothesize this, the disequilibrium will be further enhanced.
6. Discuss observations in terms of evaporation (phase change) and combustion (chemical change).
The ethanol is a clear and flammable liquid. Two main cognitive disequilibria are created. The first is created in the sense why would one clear liquid that looks identical to another liquid combust when shaken up? The other disequilibrium is that if the ethanol combusted and burned up why would there be a collection of clear liquid (students will think it’s ethanol) at the bottom?
7. Repeat the process by beginning dissolving an ionic compound (strontium or lithium compounds) in the alcohol in order to create different colours to the flame.

8. Also consider suspending a wire across your classroom and boring a hole in the bottom of the bottle and weaving the wire through the bottle so that the rocket can travel along the wire as it is ignited. 
Particulate Explanation:

Phase Change: Liquid to Vapor: The first part of the demo deals with the stronger intermolecular forces between water molecules than between the alcohol molecules which explain the volatility of the ethanol. The ethanol molecules are associated by hydrogen bonding. Each ethanol molecule can have up to 3 hydrogen bonds formed with neighboring molecules. Shaking the bottle provides kinetic energy which breaks some of these hydrogen bonds, and also causes the molecules to move faster which increases the number of collisions with each other which cause the spaces between molecules to increase. Because of this, some of the ethanol turns to gas and allows for combustion.
Chemical Change: Combustion of a Fuel: The second part of the demo deals with the combustion of the ethanol gas formed. The ethanol combined with oxygen from the air causes all the bonds in the ethanol and oxygen to break (causing a release of energy, which is the blue flame observed) and the atoms re-orient themselves to form new bonds to yield carbon dioxide and water. The carbon dioxide and water is released into the air but soon because of the declining temperature the water condenses (as evident in any condensed cloud) and collects at the bottom of the bottle. 1 molecule of ethanol and 3 molecules of oxygen are needed to form per 2 molecules of carbon dioxide and 3 molecules of water. Note that the reaction starts at the top of the bottle where oxygen is available.
Provide the opportunity for students to illustrate the changes occurring in the change of phase (physical) from liquid to gas and the chemical change occurring as a result of the combustion.

Symbolic Representation

Finally get students to represent BOTH of these changes symbolically.

Extensions:

Repeat the process using other organic liquids such as hexane and possibly acetic acid.
Safety Considerations:
Ethanol is flammable and quite volatile so do not breath in fumes directly. Acetic acid is flammable and corrosive. Hair should be tied back and goggles worn because of the flame created. The students to choose as volunteers should be confident so they are not too scared by the sudden flame produced. 
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