Colors of the Rainbow
Materials

· 3  large beakers each filled with 100mL of water

· Three different colors of food coloring

· About 15 tablespoons of sugar

· Pipette

· 100mL graduated cylinder to measure the water
· 2 10mL graduated cylinder

· 3 small beakers 

· Tablespoon

Identification


This discrepant event is going to demonstrate the properties of density. It will also be a small illustration of diffusion of liquids. Density is first addressed in early years in the grade five curriculum: 5-2-02 Identify characteristics and properties that allow substances to be distinguished from one another. Examples: texture, hardness, flexibility, strength, buoyancy, solubility, colour, mass/weight for the same volume.  The concept continues on through the curriculum: 

· 7-2-01: use appropriate vocabulary related to their investigations of the particle theory of matter

· 7-2-15: Classify a variety of substances used in daily life as pure substances, solutions, or mechanical mixtures

· 7-2-16: Identify solutes and solvents in common liquid and gas solutions

· 7-2-17: Describe solutions by using the particle theory of matter

· 7-2-21: Describe the concentration of a solution in qualitative and quantitative terms and give examples from daily life when the concentration of a solution influences its usefulness

· 8-3-06: Measure, calculate and compare densities of solids, liquids, and gases

· S1-2-12: Differentiate between physical and chemical change

We will be addressing the grade 11 chemistry curriculum outcome: Physical Properties of Matter. Specifically we will look at SLO C11-1-01: Describe the properties of gases, liquids, solids, and plasma. Include: density, compressibility, diffusion.

It is evident by the multiple outcomes presented above that the discrepant event that will be explained later could be used in multiple ways.

Description

· Represents Dialogue

· Represents Actions

In order to engage students we will begin with a short story:
Archimedes and the Golden Crown of Hiero

The Problem

In the third century BC, a great mathematician and engineer named Archimedes lived in the Greek city of Syracuse in Sicily, then ruled by a King named Hiero. To celebrate his accession to the throne, Hiero contracted with a jeweler to make a new crown of a given weight of pure gold. After the crown was complete, however, Hiero suspected that the jeweler had cheated him by adulterating the gold with silver. Not knowing how to detect the fraud - if there had been one – and not wishing to destroy the crown by melting it down, Hiero turned to his friend Archimedes for help.
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Pondering the problem, Archimedes went to the public baths, and stepping into the water, he noticed that the more his body sank into the tub, the more water ran out over the tub. He leapt up and ran home naked shouting Eureka (Εὕρηκα: Greek for “I have found it”)! Archimedes had figured out a solution to the King's problem. What had he figured out?

The Solution

Archimedes took a weight of pure gold equal to the weight of the suspect crown. He placed the block of gold in a bowl of water filled to the brim and measured the amount of water that overflowed. He repeated this procedure with the crown, and - although the weights of crown and block were the same – more water overflowed in the case of the crown. Thus, he knew that the volume of the crown was greater than that of the gold block. 

Since “a mass of gold lacks in bulk compared to a mass of silver of the same weight”
 (i.e. the density of gold is greater than that of silver), Archimedes had proved that the crown was not pure gold. The fate of the crooked jeweler is not known to history, but presumably he met a ghastly end.

Density of Pure Gold 

19.3 grams /cm3

Density of Pure Silver
           10.6 grams / cm3

Discrepant Event
Now we will move into the discrepant event. We are going to use the predict, observe, explain model for the demonstration. In order to conserve time it is best to prepare some materials ahead of time. We will be ready with three beakers of colored water, one green, one blue, and one red. Each beaker of water will have a different concentration of sugar in it (one scoop of sugar in the blue, two scoops in the red, and four scoops in the green). We will also have three small beakers on hand, each filled with water, and each colored a different color (red, green, and blue). Other materials that are necessary in order to do the demonstration include a pipette, two small graduated cylinders, and a stirring rod.

Predict
· Here we have three beakers of colored water, one green, one blue, and one red. There is absolutely no difference between these solutions except that they are dyed different colors. What do you think will happen if we add these three colors of water one at a time into this graduated cylinder? Who thinks they will blend together? Who thinks they will stay separate and layer on top of each other.
· Slowly pipette each color of water into the graduated cylinder one at a time. Once the colors are layered in the cylinder disturb the water with a stirring rod by placing it in all the way to the bottom of the cylinder and pull it out.
Observe/Predict
· So you can see that with a little disturbance the colors mix together, there is no distinction between where one color begins and the other ends. Now we have three more colored solutions of water, but this time we have already added sugar to each of them. The green solution has a large concentration of sugar, the red solution has about half the amount of sugar as the green solution, and the blue solution has half the amount of sugar as the red solution. Now my question to you is do you think that the three solutions will mix as our first set of solutions did (our control solution) or will they layer on top of each other? 

· Give the class a chance to vote again. Again slowly pipette each color of water into the graduated cylinder starting with the green because it has the highest sugar concentration, then the red, then the blue. Give the class a chance to observe.

· Now can someone tell me what you noticed happened to this mixture? Those of you with sharp eyes should be able to see that even when some of the red solution shot down into the green solution it came right back up to mix with the rest of the red. As we did with the first mixture of colors we will disturb the mixture with a stirring rod.

· Repeat placing the stirring rod in the cylinder (the newest mixture) to the bottom and pull it out.
· So we can see that the solutions do not mix, if we compare the two solution mixtures we can see a large distinction between the two. Can anybody tell me their observations on the difference between the two mixtures?
Explain

· Why do you think this happened? (Give students an opportunity to answer)
· By putting different amounts of sugar into these three beakers of water we changed the density of the water solutions. The more sugar that was added the greater the density was. Liquids with higher densities will sit on the bottom of liquids with lower densities.
· Now can anyone think of ways that we can alter this experiment to further investigate the properties of density?

Potential What If’s

· What if you use liquids (solutes) or different solids (solvents)?

· What if you reversed the order you put the solutions into the graduated cylinder?

· What if you changed the temperature of the solute?

· What if we had multiple kinds of solutes?

· Can you make two solutions with two solvents have the same density?

As teachers we would anticipate some of the potential what if questions that students may come up with during class. We would then provide them with additional materials to investigate their “what if’s”. We would have different solutes and solvents on hand such as salt, oil, etc.., ice, etc… Students would begin by replicating the demonstration in order to practice the method and then they would be given the opportunity to pose their own question and try to find out the answer themselves using the material provided. 

Theoretical Background

When two liquids of differing densities are carefully placed together in a vessel, the liquid with the lower density will float on top of the liquid with the higher density.  Density is measured in mass per unit volume (D=m/v).  This means that one millilitre of a liquid with a lower density will weigh less than one millilitre of a liquid with a higher density.  In this case, it is important to know that water has a density of 1g/mL, sugar has a density of 1.59g/mL and salt has a density of 2.16g/mL.

When sugar is added to water, the resulting solution has a higher density than just the water alone.  The more sugar that is added (as long as it goes into solution) the closer the density of that solution gets to 1.59g/mL.  Of course it can never reach 1.59g/mL since the solution will always have water in it.  Therefore, if three solutions are made with differing amounts of sugar, the solution with the least amount of sugar will have the lowest density, the solution with the most amount of sugar will have the highest density, and the other solution will have a density in between those of the other two.  If these three solutions are carefully added to a narrow glass tube or cylinder, they will layer themselves from most dense at the bottom, to least dense on the top.  Eventually the three layers will diffuse and will become one solution with a constant density, but for a short while, three distinct layers will be seen.

Table salt, or NaCl, has a higher density than that of sugar.  Therefore, if two solutions are made; one with 1 cup of water and 1 tablespoon of sugar and the other with 1 cup of water and 1 tablespoon of salt, the salt-water solution will be more dense than the sugar water solution since one unit volume of salt weights more than one unit volume of sugar.  In this case, if the solutions were carefully placed in a vessel, the salt water would make the bottom layer while the sugar water would make the top layer.  Of course these layers will not stay indefinitely since diffusion will eventually occur making one solution with and constant concentration of salt and sugar.

Diffusion is the movement of molecules from an area of high concentration to an area of lower concentration.  In this case, since all solutions have the same solvent (water), the sugar and/or sodium and chloride ions will slowly move around until all solutions have evenly mixed and become one constant solution.

How Does this Event Create Disequilibrium

It is possible that, at this point in their lives, students have not even heard of density.  It may not have crossed their minds that one liquid may weigh more than another liquid even though they may have seen this phenomenon in their salad dressings or other household examples.  But, even if they have seen some things about density it usually consists of two completely different liquids (ex. oil and water).  In this case we are comparing sugar water to sugar water and it does not seem natural to predict that sugar (or salt) would change the weight per unit volume of water, or that adding more sugar will make a sugar water solution more dense.  
Seeing the solutions layer themselves will cause students to rethink what they know about densities of solutions and liquids.  Watching the layers slowly mix together into one solution will also cause the students disequilibrium regarding diffusion.  If one solution weighs more than the other, why do they mix together?  Shouldn’t they stay separated?  This will cause students to see first hand that molecules and ions move in solution.  They will have to imagine that the molecules and ions shuffle around until they mix up evenly.
We can take this type of discrepant event even one step further during another class; lead into a discrepant event on polar vs. non-polar liquids, why did the water mix and not separate again – it is the same solution of different concentrations both solutions are polar two like solutions will diffuse together. Our next discrepant event would include density of water and oil the water is a polar liquid and the oil is a non-polar liquid. A polar and a non-polar liquid will never completely mix together (i.e. they will not diffuse together).

Equipment/Safety

· All materials are common household materials

· If misused, food coloring will stain

· Handle glassware with care

· Dispose of all liquid down the drain
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