Liquefied Solid, Solidified Liquid:  The Wonder of Oobleck
Materials Required:

· Small sandwich bag or clear container of Oobleck made in advance (to prevent boredom in the class during the teacher demonstration – making Oobleck can be time consuming)
· Water – hot, cold, room temperature
· Ice
· Cornstarch
· Popsicle sticks
· Bowls or beakers and measuring spoons
· Plastic wrap/ aluminum foil/ wax paper, smocks, latex gloves, surgical masks (optional)
Safety Considerations
· The hot water will be obtained from a facet at the hottest setting.  Students should be cautious to avoid being scalded.  

· Cornstarch dust may be irritating to students and students with asthma, breathing problems, or gluten allergies are encouraged to take precautions – avoid inhaling the dust or wear a surgical mask.
Curricular Content
The Specific Learning Outcome for Manitoba Middle Years that is covered by this experiment is:

5-2-05 (GLO: D3) and 5-2-08 (GLO: D3, E3, E4).
In these specific learning outcome students will:

· 5-2-05:  Identify the properties of the three states of matter

·  Solids have definite volume and hold their shape

· Liquids have definite volume but take the shape of their container

· Gases have no definite volume and take the volume and shape of their container

· 5-2-08:  Demonstrate that changes of state are reversible with through the addition or removal of heat

· Melting(liquefying), freezing/solidification, condensation, evaporation

Lesson Procedure:

This section of the lesson will use the O.E. model of instruction (Observation and Explanation) 
Demonstration:

· Use the plastic wrap to protect the work surface and for easy clean up.
· Pull out the bag of pre made Oobleck and show it to the class, do not tell them what the it is.  Gently tip the bag from side to side to allow the Oobleck to move.

· Ask the class for observations

· “How does it move?”  “Does it have a definite shape or volume?”
· “What state is the substance in?”
· Since the Oobleck is being handled gently, it will behave like a liquid and the students should respond with an answer that it is a liquid.

· Open the bag and slowly pour some of the Oobleck into your palm (you do not want the class to see any solid properties yet) then begin rolling it around to solidify it and form a lump.  Hold it up for the class to see, stop working it and let the class observe as it liquefies from a solid to a liquid again. 
Observation:

· The substance held the bag’s shape and poured like a liquid, yet when it was worked; it took on solid properties by having a definite shape, and then returned to liquid form when it was no longer handled.
Disequilibrium:
Oobleck is a wonderful example of a discrepant.  Students of any age would not expect a liquid into a solid and back again without the aid of heat and cooling.  Students are taught that there are three states that matter exists in:  solids, liquids, and gases.  Yet there is an unofficial forth state in which a substance can display properties of both solids and liquids.

Explanation

· Ask students to raise their hands to respond to “what do you think happened?”

· After hearing some of their theories, clarify what has occurred to the substance.
Explanation and Theory:
· This substance is “Oobleck,” a suspension formed from cornstarch and water.  As a suspension, the cornstarch does not dissolve in water like a soluble substance such a sugar, but rather it remains in tiny granules that are evenly suspended throughout the water molecules.  It is believed that because these solid granules of cornstarch exist and react to external forces that Oobleck behaves the way it does.

· One theory is that cornstarch is a two structure compound composed of crystalline and non crystalline formations.  The non crystalline formations absorb water.  When pressure is placed on Oobleck, the crystalline structures breakdown into non crystalline and absorb more water making Oobleck behave like a solid.  When the pressure is released the crystals reform and release the water returning the Oobleck to a liquid state.
· Another theory is that the water between the cornstarch granules allows for free movement of these granules, giving a liquid like-property, but when the movement is abrupt or forceful the water is forced from between the granules and the friction between them increases greatly making it very difficult to flow freely as it did before, giving a solid-like property.

Further Experimentation:
This section utilizes the P.O.E. model of instruction (Prediction, Observation, and Explanation,) and gives the students a chance to further their understanding of the states of matter by observing the reactions of both states of Oobleck.  (The teacher may continue to this section if s/he does not believe her/his class is mature enough to handle Oobleck directly.)

Preparation:

· Use the plastic wrap to protect the work surface and for easy clean up.
· Measure approximately two parts cornstarch to one and ¼ parts room temperature water.  Add the water to the cornstarch while stirring continuously.  The substance is ready when it resists hard force but yields to gentle force.  If it is too runny, add more cornstarch.  If it crumbles and is too dry, add a few drops of water until the desired consistency is reached.
What do you think will happen if you…
· Poke Oobleck with the popsicle stick gently then forcefully.  What do you observe?

With mild force, Oobleck acts as a liquid because there is not enough pressure to cause the structure to change or increase friction, thus the popsicle stick sinks.  Greater force causes Oobleck’s particles to react and absorb the water thus increasing the friction between particles, imitating a solid in which the popsicle stick cannot break though easily with force.
· Place Oobleck on a plastic wrap covered bowl filled with ice.  What do you observe?
It would solidify without pressure or force because the cold would cause the particles to slow down.  Oobleck can be lifted and broken as a solid until it warms up.
· Place Oobleck on a plastic wrap covered bowl filled with hot tap water.  What do you observe?
It would become very runny as the heat would speed the particles up.  It is slightly more difficult to return it to solid form because of this.
· Worked Oobleck in your hands for a few minutes.  What do you observe?
The constant exposure of the manipulated surface area of Oobleck to air would cause the water to evaporate, returning Oobleck to simple, solid powder cornstarch.

Concluding Questions for Students:
1. What are the ingredients needed to create Oobelck?  What is the approximate ratio of these ingredients used to create Oobleck?  
2. Explain what happens when the particles of a substance, such as water for example, speed up and slow down.  What does this cause the substance to do?  
3. Would it be possible to walk on Oobleck and not sink if there was enough of it?  If so, how and why?
4.  What are some other common substances that are suspensions?
5.  Explain why Oobleck acts a solid and a liquid.
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