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Flash Crystallization
Concepts of Focus 
Saturation of solutions, crystallization
Other concepts: Conservation of energy, phase change
Learning Objectives
· Students will be able to explain unsaturated, saturated, and supersaturated solutions
· Students will be able to recognize an exothermic reaction through the release of heat
· Students will be able to describe the crystallization process through nucleation and crystal growth

Description of Demonstration
This demonstration shows rapid crystallization of a supersaturated solution, namely sodium acetate. Prior to presenting the demonstration the sodium acetate is dissolved in water heated to about 200 degrees Celsius using about 1.5 grams of sodium acetate for every gram of water. I will be using about 160 g of sodium acetate. The solution then has to cool back to room temperature. Once cooled, the addition of another sodium acetate crystal or other perturbance will cause the sodium acetate to crystalize quickly. I plan to show the crystallization through adding a crystal, using a paperclip to give the acetate a surface to form on, and pouring it out onto a glass dish. 
Prior to showing the crystallization, I will review with the students the definitions of unsaturated, saturated, and supersaturated solutions with examples for each (the saturated solution will just be the crystallized solution). I will also explain, and attempt to draw pictures of, the process of crystallization through nucleation and crystal growth. Following the explanation I’ll do the first demo by dropping a seed crystal into the cooled sodium acetate solution. Afterwards the students can feel the beaker and how much it has heated up due to the exothermic nature of the reaction.
Then I’ll do the second demonstration where I pour out the cooled solution onto a glass dish. This allows the crystals to form in the patter I pulled them and in a slightly different manner than before. The crystallization begins, in this case, due to the jostling of ions forming the seed crystal. This is similar to carbon dioxide escaping when soda is poured into a glass or other container. That will conclude the demonstration, but I will ask students if they know of any supersaturated solutions in their home (honey, rock candy, soda).
Demonstration Script
Hello class. Today we’re going to take a look at crystal formation through supersaturated solutions. As a review, who can tell me what an unsaturated solution is? Good; an unsaturated solution is what I had as I was preparing this solution. And who remembers what a saturated solution is? Excellent, right at the point you can’t dissolve anymore solute a solution becomes saturated. What could we do to a saturated solution to then super saturate it? Great, we can change temperature, volume, or pressure. The easiest of these is temperature though, and that’s what our demonstration today will use. 
Let’s mix together the solution. We’ll use a smaller scale than the on a prepared beforehand. We’ll mix together 40 grams of sodium acetate anhydrate and 25 grams of water. How many milliliters is 25 grams of water again? Right, 1 mL of water has a mass of 1 gram, so we need 25 mL. Then we need to let it heat up so the sodium acetate can dissolve. While that happens, lets take a look at what’s going on with the crystallization. In order for crystallization to start, there needs to be a seed crystal. By adding a seed crystal to the supersaturated solution, nucleation can begin. Nucleation is when clusters of ions begin to It’s the same process through which clouds form when water droplets come together out of supersaturated air.
(Draw on the board a seed crystal with forming around it)
Now watch closely as I add a seed crystal and we watch the larger crystal form. See if you notice where the nucleation sites are. Did the crystal form all at once, or was there a pattern to it? You may notice some large lines that look like breaks in the crystal. These are the grain boundaries. The slower the crystal forms the more “pure” it would be and the less of these boundaries we would see. Now feel the flask. It gets pretty warm during this crystallization process. Part of the reason that the crystal forms at all is that the solid, crystal state is at a lower energy that the liquid, supersaturated state. Since energy has to be conserved, it releases the energy as heat. 
Another way to make the crystals form is by pouring it out. The jostling of the ions in solution causes some to move close enough together to begin nucleation. It then crystalizes quickly enough that it can be poured into mounds.
This isn’t a thing that we only see in the lab though. Supersaturation is found in nature too. If you have honey at home, that is actually a supersaturated solution of nectar that bees make, and soda is super saturated with carbon dioxide, and rock candy is made using this same crystallization process from supersaturated sugar. That’s all I have for this demo; any questions?
Reflection:
This demonstration I felt slightly less prepared for. I was confident in getting the crystallization to happen via the crystal seeding, but my other solutions didn’t get appropriately prepared for building the crystal as the solution was poured out. I felt pretty good about my knowledge of the subject for a high school level, but admittedly my expertise could have been higher. Crystalline structures weren’t something I studied intensively in college, so I would need to do more research if I was going to teach several lessons or a unit on it. Overall though, I felt confident in my demeanor for the demonstration and feel like it is something I would use in my classroom if the opportunity arose. 
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1) A solution that can’t dissolve and more solute into the solvent is __________.
a. Unsaturated				b. Saturated		
c. Supersaturated				d. Polyunsaturated

2) A solution that can dissolve more solute into solvent is __________.
a. Unsaturated				b. Saturated		
c. Supersaturated				d. Polyunsaturated

3) A solution with more solute dissolved than can be dissolved under normal circumstances __________.
a. Unsaturated				b. Saturated		
c. Supersaturated				d. Polyunsaturated

4) In the space below draw the solution before and after crystal formation.
	Before
	After



5) Why does beaker feel warm after the crystal forms?


6) What are some other common things that are supersaturated?









