Kool-Aid Freeze Point Depression

Materials
5 ice cube trays

Kool-Aid mix, 3 different flavors

Sugar

Water

Freezer (at Longfellow)
5 large (quart-size) yogurt containers

Measuring cups

Mixing spoons

Tasting cups
*A watch with a second hand (needed week #2, provided by you or the Longfellow teacher)

Week #1

Pre-Experiment “Lecture”

First ask what water is (it may be raining so you might have a great introduction), and then build up to the idea that water can be ice, liquid or steam.  Let students know that water is actually H2O, and draw a diagram of H2O with an O in the middle and two H’s facing up in the shape of a wide V or upside down V (See figure on page 3).  Explain that one H2O is a small piece of water called a molecule.  Show the molecules/small pieces close together as liquid, further apart as gas, and finally as an ordered crystal structure of ice.  (Draw a cube with water molecules at each corner.)  Have students try to draw the pictures of steam, liquid and solid H2O in their notebooks.

It is important that students understand that they will be making liquids today, that these liquids will then form a crystal solid in the freezer, and that the ice cubes will be melted next week.  Differences in how long it takes the ice cubes to melt between the different types of solutions will be measured.  Even if they forget, it is good to let them know the plan.

One important experimental variable is that the ice cubes must all be nearly the same size.  Draw a picture of a big block of ice and a small ice pellet, and ask which will melt first.  Take a vote if you like.  This extreme example will illustrate why ice cubes need to be nearly the same size.

Without going into too much detail, explain that you are going to measure if Kool-Aid melts faster than ice or sugar water.  At this time you need to carefully explain exactly what they will be doing, see methods section, below.  Ask questions to assess whether they are ready to do the experiment without making huge mistakes.  I often go over the “protocol” twice to reinforce what they will be doing.  Remind students that a Kool-Aid tasting will take place after the ice cube trays have been filled.
Methods

Each of the groups will make one solution.  Put newspaper on the floor or on desks.  
One group will just make water, a second group will make sugar water and the remaining three groups will make different flavors of Kool-Aid.  
Depending on group, have students measure 3 cups of water, 1/2 cup of sugar, and one package of Kool-Aid.  
Have students mix contents carefully until all the sugar is dissolved.  This will produce strong Kool-Aid, which tastes pretty good!

After groups have made their solutions, have them pour the Kool-Aid, sugar or water solutions into one of the ice cube trays.  Each group will have their own tray; there is one tray for water ice cubes, one for sugar ice cubes, and one for grape Kool-Aid, etc.  Use masking tape to label trays.  Do not overfill, and be certain to stress that all ice trays need to be filled to the same level.    If ice cubes are too big, it will take a long time for them to melt, and students will get bored when they finish the experiment during week #2. The teacher can then help you bring your trays to a freezer at Longfellow; label trays as other classes will be doing the same experiment on the same week.  Depending on timing, you will probably need to bring your trays to the freezer just after school is out.  You might want to wait a few minutes until the crowds subside.
Post-“lecture”

Depending on the mood of the class, your post lecture may just be a Kool-Aid tasting with paper cups; compare Kool-Aid, sugar water and water.  Students need a fun, group activity, plus they have been dying to taste the Kool-Aid.  If they know that there will be a tasting at the end of class, they should show some restraint during the experiment. 

Week #2

Pre-“lecture”

Review steam, liquid and ice.  Mention that some molecules dissolve in water…can they name one?  SUGAR!!!  What would happen to ice’s perfect crystal structure if sugar was dissolved in the water…it would make the structure less perfect, less ordered.

When an ice cube melts, the molecules which make up the crystal structure start moving so much that the crystal structure comes apart.  Try to get the students to predict what would happen if the crystal structure were less ordered…would it take more or less time to melt?

Methods

Student will go outside with their science notebooks, and you will bring the ice trays outside with you.  Have each group find a place to sit, and it is best if they are on some warm cement, otherwise the melting takes way too long.  Place one of each type of ice cube for one group, and do this as quickly as you can for all groups.  When all groups are ready, say that it is time Zero.  Have students help, so this process is not too slow.  Move to each group, help them set up melting experiments with their five ice cubes.  After all groups have started, have students observe which cubes are melting at different rates.  It is good to visit each group to keep them focused.  At the time that the last little chunk of ice is melted, record time.  You will probably want to state the time in 1 min intervals once the cubes are mostly melted, so students can record the number of minutes for the complete melting for each cube.  For instance, as cubes are getting smaller, call out 9 minutes, 10 minutes, 11 minutes, etc.  Students will have to estimate melting time to the nearest minute, for example, they will need to decide if the cube melted closer to the 9 minute mark or the 10 minute mark.  The cubes made of water will melt more slowly; the order of the other cubes will be random, and fairly close together.  I let the students eat extra ice cubes during the melting, and this may serve as a good incentive to keep them seated during this portion of the experiment.  They can rinse their hands before going back to the classroom.
Post-“lecture”

What did you observe?  Did ice with sugar dissolved in it melt more easily than water with no sugar?  Did Kool-Aid make a difference or was the sugar the most important thing?  Review how sugar affects the ice crystal.
Data Analysis

Make graphs if time permits.  Put minutes on the y-axis and ice cube types on the x-axis and make bar graphs.  It is fun to color the bars the same color as the Kool-Aid.
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Set up for bar graph, if time permits: 
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HLeonardo Leon was a student in my General Genetics class and also a student in my Genetics lab section at California State University, Long Beach during the Fall semester of 2004.  General Genetics is a critical thinking class with challenging problem-based exams.  The class is not graded on a curve, and thus students who receive A grades have earned them through diligence and the ability to think logically.  Leonardo Leon received an A grade in my class.  





Leonardo did well on exams, and received 168 out of 170 points on the third exam that covers Bioinformatics and molecular biology.  Leonardo also did well on the Final Exam, which was an especially difficult exam in which only 7 of 122 students received A grades.  On the basis of his exams, Leonardo has shown that he is a dedicated and intelligent student who would benefit from the MIRT program.  





My interactions with Leonardo in lab indicated that he was genuinely interested in the material.  He was always well prepared and he was willing to work hard to master the concepts covered in lab.  He impressed me as one of a handful of students who really enjoy science.  It is for this reason that I think he would benefit from the MIRT program, and I strongly recommend him.  He is also a mature, pleasant person who was well-liked by his peers, and I would imagine that he would be a pleasant person to have in a research lab.
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