SeeS Chemistry
Gummi Worms lesson plan 2004
10/19/2004

	Goal



Demonstrate to visitors what crosslinking materials are and what characteristics they have. 

	Materials



Micro scale
1. 3 liter storage bottle with solution of Alginic acid 
2. 3 liter storage bottle with Clear solution of Calcium chloride 
3. Paper towels 
4. Food coloring 
5. Large clear bowl 
6. Squeeze bottle 
Macro-scale
1. Bag of white velcro strips (soft, 'fuzz' side) 
2. Black velcro discs (rough, 'hook' side) 
	Procedure



Set-up 
1. Fill squeeze bottle with Alginic acid. Add food coloring. 
2. Fill bowl with calcium chloride. 
3. Put out paper towels for the Gummi Worms? 
4. Make sure only velcro strips are in bag. Put the black velcro discs out of sight but in easy reach. 
During the demonstration 
1. Squirt a stream of alginic acid into the calcium chloride. Upon contact, the alginic acid will solidify into a jellylike "worm". Then let kids squeeze in the polymer to make their own worms. 
2. Pull it out and lay it on a paper towel. It is safe to give to visitors (and is non-toxic, though bad-tasting. Make it clear that it's not a real Gummi WormTM) 
3. Describe the molecules of the colored solution in the squeeze bottle: they are polymers, but aren't very long, and slip past one another, making them a liquid. The calcium atoms in the bowl can grab on to multiple polymers, connecting them in a process called cross-linking. The 'liquid' instantly becomes a thick gel. 
4. Show the large-scale analogy: have someone reach into the bag and pull out something from inside; they'll bring out a velcro strip. Explain that the polymers start out separate until the second chemical comes along and joins them together. 
5. Throw in a the black velcro discs, shake the bag, and have the volunteer pull out a strip now. Practically the entire bagful will come out, in a tangled mess. 
Clean-up 
1. At the end of the day, the solutions may be stored overnight, or you may crosslink the remaining solution by squeezing all of it into the calcium chloride, and throw away the large gummi glob that results. If you prefer, you may dissolve it in very salty water. 
2. Return all materials to storage 
	Explanation



The demo works by taking alginic acid sodium salt and dissolving it in water. This is then squirted into an aqueous solution of calcium chloride. The Ca2+ ions crosslink the alginate and make a flexible "worm" which kids can pick up and play with. It is non-toxic and is actually found in numerous food items where they are used as thickeners. I think this demonstration gives a pretty good macroscopic example of a host-guest matrix in which a guest influences the properties and structure of the host. 

You can de-crosslink the worm by soaking it in an NaCl solution. The crosslinking works because Ca2+ is divalent and will attach two alginate polymers chains together whereas Na+ salt is only monovalent and cannot coordinate with other polymer chains. 

	What could go Wrong?



If the alginic acid solution is too dilute, the worms will be so fragile that they'll break apart when you try to pick them up. If the tap water you use contains a high concentration of calcium ions, the alginic acid will congeal right away. Use filtered or even deionized water. 

Check to be sure you have enough of each solution often because they 24 hours to make. 

	General Maintenance



The solutions may be made in bulk and then used over a long period of time. These instructions are for the preparation of three liters of each solution, which should be enough to provide 500 visitors with their own worm. 

Make Alginic Acid Solution 
1. Put 3 liters of warm water (the warmer the better) into a large container (a well-washed out gallon milk jug could work). 
2. Add 8 grams( 2 tsp) of alginic acid sodium salt. It will not dissolve at first; a lot of stirring is necessary (if you use a milk jug, a lot of shaking). 
3. Stir/shake for 15 minutes, then let the solution sit overnight. The next day it will be fully dissolved. 
Make Calcium Chloride solution 
1. Put 3 liters of water into a large container. 
2. Stir in 30 grams (3 tsp) of calcium chloride (it will dissolve instantly) 
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