The Mysterious Layers of Water

Fits into Curriculum
Grade 8, Cluster 3: Fluids


8-3-01: Use appropriate vocabulary related to their investigations of fluids (fluid, 
density).

8-3-08: Compare fluids of different densities to determine how they alter the buoyant 
force on an object.
Grade 8, Cluster 4: Water Systems


8-4-01: Use appropriate vocabulary related to their investigations of water systems (fresh 
water, salt water).


8-4-03: Compare and contrast characteristics and properties of fresh water and salt 
water.

Commentary
This discrepant event demonstrates how the density of water can be increased, and also how substances of different densities react when they come into contact with one another.  

Ideally, this event would be conducted as a student-directed activity, but due to my limited availability to materials and of the time constraints presented by in-class presentations, this discrepant event will be presented as a teacher-directed activity.
1.) Preparation

Each table (groups of four to five students) will require the following materials: 1 clear, rectangular container, Plastic food wrap to act as a barrier, 1 bottle of red food colouring, 1 spoon, 1 large measuring cup, salt (1/4 cup to 1/2 cup), water

2.) Safety considerations

There very few, if any, detectable safety concerns for this experiment.  We are not using any toxic substances or dangerous pieces of equipment.  The only foreseeable cause for concern that I can imagine is whether any of my students have allergies to food colouring.  As a precaution, I will ask this question to my class.  Any students with such an allergy will be able to observe the experiment, but not to participate.
3.) Review concepts and Terms
I will ask the students, “What is density?”
Density: a) The quantity of something per unit measure, especially per unit length, area, or volume. b) The mass per unit volume of a substance under specified conditions of pressure and temperature.
I will also ask the class, “What do we know about the other terms and concepts that we will be discussing today?”
Fluid: A continuous, amorphous substance whose molecules move freely past one another and that has the tendency to assume the shape of its container; a liquid or gas.
Fresh Water: Water that is not salty

Salt Water: Water impregnated with salt, as that of the ocean and of certain seas and lakes; sometimes, also, tears.
Mass: A property of matter equal to the measure of an object's resistance to changes in either the speed or direction of its motion. The mass of an object is not dependent on gravity and therefore is different from but proportional to its weight.

Volume: The amount of space occupied by a three-dimensional object or region of space, expressed in cubic units.

4.) Demonstration - Experimental Plane of Activity (Experiencing)
Equilibrium in Students: 

Q: Has anyone in class ever swum in the ocean?  If so, what did you notice about 
your experience?


A: “Yes, I have swum in the ocean before, and I noticed that it was easier to 
float 
than it was when swimming at Grand Beach.”

Q: What do you think was the reason for that?

 
A: I’m not really sure.
To begin demonstration, a student from each group will fill one side of the container in front of them with one measuring cup full of tap water.  The barriers have already been installed in all of the containers, so the tap water should remain on only one side of the container.  Next, the students will fill the measuring cup with the same amount of water as before, but before pouring it into the other side of the container they need to dissolve the salt in the liquid.  To do this, they will stir the water for a specified period of time.  At this point, I will ask the students to observe the water.

Q: What do you notice about this cup of water?


A: The water appears to be cloudy.


Q: Has the volume of water changed after the salt was dissolved into it?

A: No, the water level has not changed, so the volume must be the same.
Instruct the students to carefully add the red food colouring to the salt water.  Be sure that they add enough of the colouring for the water to turn a relatively dark shade of red.  Now the students will be instructed to pour the red salt water into the empty half of the container.  Ideally, the container will have the same amount of water on either side of the barrier.  One side will be full of clear tap water, while the other will be filled with red salt water.
At this stage of the experiment, I will ask the students to make predictions about what will happen if the barrier is removed.


Q: What will happen if we were to remove the barrier between the two types 
of water?


A: Presumably, a range of answers will be provided.  Some students might predict 
the two types of water will mix together, resulting in a pink salt/fresh water mix.  
Others may predict (correctly) that the fresh water (clear) and salt water (red) will 
not mix, although they may not be able to explain the 
reasons why this might 
happen. 
The students will then be instructed to carefully remove the barrier from the container.  I will be sure to instruct the class to make observations of their experiences.  

Once this step has been completed, the students will observe that the red salt water does not mix together with the clear fresh water.  Instead, the red salt water has sunk to the bottom of the container, while the clear fresh water floats above.  They will be able to see that the water has become distinctly layered.  

5.) Psychological Plane of Activity (Understanding)
At this stage of the lesson, I ask the students to explore their observations of the experiment, to try to make sense of what has occurred.
It is likely that a large number of students predicted that the two types of water would mix together.  Disequilibrium will have occurred for this group of students.  They will be curious as to how and why the actual outcome differed from their prediction.

Before moving on any further, I will ask some questions to the class:


Q: The two types of water did not mix together, as many of us predicted.  What 
was the difference between the two types of water?


A: The water with red food colouring had salt dissolved into it.


Q: Did the volume of water change after you added the salt to it?


A: No, the actual volume of water remained the same.


Q: The salt that we added to the water had mass.  We can rightfully assume 
that 
the mass of the salt water was greater than that of the fresh water.  But as we 
observed before, the volume did not change.  What does this mean?


A: The density of the water increased once the salt was dissolved into it.
6.) Explanation on the board – Theoretical Plane of Activity (Consolidating)
Initial working towards equilibrium:

At this stage of the lesson, I will explain to the class that introducing the salt to the water increased the mass of the water without changing its volume.  As a result of our experience, we can now make a more tangible connection to the concept:


Density = Mass / Volume
 The density of the red salt water was greater than that of the clear fresh water. When the barrier that divided the two sides of water was removed, the more dense substance (in this case, the salt water with red food colouring) sank to the bottom of the container, while the less dense substance (the fresh water) rose to the top.
7.) Extension (Reinforcing what was learned)
Having had this valuable experience, the students may suggest aspects (variables) of the experiment that they could change (manipulate), if the experiment were conducted again.  For example, they might suggest changing the amount of salt added to the water, or adding a different food colouring to both types of water.
Bloom’s Taxonomy Five Questions for Discussion
(Reinforcement of Principles)
1.) Knowledge:

Q: How do we calculate density?
A: Density = Mass / Volume

2.) Comprehension:

Q: How is it that adding salt to water increased its density?
A: Salt dissolves in water.  When the salt dissolved, it changed the density of the water in the container.  Earlier during this lesson, somebody shared with us their experience about swimming in the ocean.  As they reported, it was easier to float in the ocean (than in fresh water) because it is salt water, which has a greater density.

3.) Application:

Q: A boiled egg will not float in a jar full of tap water.  If we were to fill an identical jar with an equal amount of salt water, will the egg sink or float (Students will be encouraged to try this experiment on their own)?
A: The egg will float because the salt water has a greater density than tap water.  The egg will sink in the tap water because it has less density. 

4.) Analysis:

Q: Do you think that what you observed applies in many other settings outside of the classroom?
A: Most likely.  I’m sure there are several occurrences in the ocean that involve what I have learned today (like when fresh water runs out into the ocean).

5.) Evaluation:

Q: Did your group observe anything that was different from the other groups in class?  If the water did not become layered in your experiment, how would you explain it?

A: Perhaps not enough salt or food colouring was used.
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