Impossible Transfer Discrepant Event

Thanks to David Grape

A supersaturated solution is unstable, and by seeding it you can trigger rapid crystallization.
Materials

Sodium acetate

Distilled water

100mL Erlenmeyer flasks

25mL beakers

Aluminum foil

Heating element

Curriculum Connection

C11-4-01    Describe and give examples of various types of solutions.
C11-4-07    Differentiate among unsaturated, saturated and supersaturated solutions.

Directions

Before the class period:
Prepare about 50mL of a super-saturated solution of sodium acetate in a new 100 mL Erlenmeyer flask. Here’s how:


1. Place 50g of sodium acetate trihydrate in a clean 100mL flask. 
2. Add 5mL distilled water and slowly warm the flask. 
3. Swirl the flask until the solid dissolves completely. Make sure that none of the solid remains in the beaker (use a small quantity of distilled water if need be). 
4. Remove the flask from heat, wrap it in aluminum foil and allow it to cool to room temperature (4+ hours). 

Prepare two or three flasks as insurance against accidental triggering (it’s hard to tell how much punishment they can take before they solidify). You'll need a pair of tweezers and several sodium acetate crystals as seeds.
If an older, dirty flask is used it is more than likely that the solution will prematurely precipitate. If it does precipitate, you have the back up flasks. The mouth of the flask should be carefully wiped with a damp towel to remove any traces of sodium acetate. 
During the class period:

Place a similar 100mL flask with an equal volume of water in it next to the sodium acetate flask. 
Ask students if it is possible for them to pour all the water into a 25mL beaker. Have a student volunteer try it with obvious results. 
Now claim that you can do it with out spilling a drop. Get the students to predict whether or not you will be successful based on what they just witnessed with the first beaker.  Use a new, clean beaker but with a small crystal sodium acetate seed placed at the bottom. Get a student to feel the sides of the beaker to affirm it is at room temperature. Next, pour the supersaturated sodium acetate solution into the beaker very slowly. The crystal solid that results will form a tall column in the beaker if poured slowly. Be careful…the column is fragile!  Observe the results:
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Get them to feel the solid formed as a foundation for further discussion noting that the solid is now quite warm although the beaker and its contents were room temperature just a minute ago..

Explain to the class that this is one example of a solution. In this case it is a solid dissolved in a liquid. Explain to them the concept of super-saturation and how placing the seed crystal in the second beaker triggered the rapid precipitation of the sodium acetate. You could also point out which material in this demonstration was the solute and which was the solvent. It is important also to emphasize that the smaller amount is usually classified the solute and the larger, the solvent.  
In order to connect to your class on the psychological level with these concepts, you could use some of the students as human models or use a simulation to clarify:

http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/thermochem/solutionSalt.html
This simulation is especially good in showing the significance of ‘saturation’. That is a solution is saturated when it contains the maximum amount of dissolved solute because all available water molecules are associated with the solute in this case the sodium acetate ions.  At this point there is an equilibrium between dissolving and crystallization. As energy is added the equilibrium shifts to favor dissolving (endothermic process). Removing energy favors crystallization (exothermic process explaining why it suddenly feels warmer). A supersaturated solution is an unstable solution in which an excess of solute is dissolved and the equilibrium has been shifted ‘artificially’ to favor dissolving. . The heat energy increases the kinetic energy of the solution and allows more to dissolve. As it cools, the solution becomes very unstable and the addition of the seed crystal triggers the re-crystallization.

You may relate this to the condensation of water in the atmosphere when the atmosphere is saturated. Again, particles in the air ‘seed’ the precipitation process and the process results in energy release explaining why when snow or rain fall there is often a sense of warmer temperatures.

Overall, this demonstration is an interesting introduction to the classification of solutions that will captivate your students.
Discrepancy for Students
Students have been exposed in Grade 7 to solutions and mixtures.  They relate these concepts to what they see in everyday life.  Characteristically, a liquid will stay in liquid form when simply poured from one container to another. This especially holds true when both containers are the same temperature.  For a liquid to change into a solid it would have to be poured into a container that was quite colder than the original.  Even then, you could only pour a small amount for it to turn into a solid quickly.  This demonstration takes place in a matter of seconds because a supersaturated solution is so unstable!  Students are unaware of the seeded crystal in the otherwise empty, clean beaker.  They are naturally caught off guard when it turns into a solid so quickly, and that the teacher has managed to disprove their predictions that they wouldn’t be able to pour such a large amount into a small beaker.  They are not expecting the precipitation to occur. If you get students to feel the crystals at the end, they would feel warm due to the exothermic reaction releasing heat. This furthers student disequilibrium because they would expect something going from a liquid to a solid to be cooler.
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Equipment/Safety Considerations

Remember to have back up flasks of the super-saturated sodium acetate solution made up in case one of the flasks precipitates accidentally.
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