Overview of solutions unit, organized by 48 minute class periods

Day 1,2:  Discovery learning/ exploration wet lab.  Students try to answer the following questions:  What is the effect of stirring on time of solution?  What is the effect of particle size (surface area of solute) on time of solution?

Students do 1 mini-lab each day, using the lab sheets provided.

Objectives:

· Students will generate quantified data to determine the effect of stirring on solution rate.

· Students will generate quantified data to determine the effect of increased solute surface area on solution time
Hw: Write a paragraph and create a series of drawings to illustrate what you believe is happening at a molecular scale.

Day 3,4:  Students use the Simulab!


Students compare simulabs following our specific instructions.  The first simulab activity compares solubility of 1 big green lump to 3 small green lumps.  Students capture a series of 6 snapshots to illustrate the differences between large and small particles solution times, and print screen.  Homework day 3: Write captions for each snapshot.

· Students will illustrate and describe the effects of changing surface area on solubility.

Day 4, using just the big green lump in a sea of blue.  Change temps, get a general idea what happens.  

Class discussion:  How do we determine that a solid is no longer orderly and crystalline?  How do we decide that a solid has dissolved and become distributed?

Then students collect data to fill in a chart we generated and graph their data.  X axis, temperature; y axis, time to dissolve, recorded from time units.  

· Students will observe the effects of changing temperature on solubility.

· Students will generate a graph and write a paragraph explaining the effect of increasing temperature on solubility.

Homework: Complete lab sheet

Day 5: 

· Students will use appropriate vocabulary to describe common phenomena on a molecular level.  

· Students will relate common phenomena to the simulab. 

Review and discuss previous day’s work.  

Demo: hot tea, cold tea.  How many spoonfuls of sugar will dissolve in each?  Iced tea quits first.  Introduce vocab (saturated unsaturated…)

Demo: 50 g of NaCH3COO into 5 ml H2O in a warm water bath.  Dissolve.  Cover with parafilm, cool slowly 10 minutes, add seed crystals to the solution.

Why stir?

As we all know, sugar dissolves in water.  This means that molecules of sugar (C12H22O11) break away from each other, and they seem to disappear.  Tasting the water shows us clearly that the sugar isn’t gone.  The individual molecules are so tiny that we can’t see them.  An important point to note here is that these sugar molecules do not break into separate carbon, hydrogen and oxygen.  If they did, carbon sludge (like charcoal) would fall to the bottom of the beaker, and an explosive combination of hydrogen and oxygen gas would bubble out of the water!  

When I put sugar in a drink, I always stir it.  Is there any real reason for this?  I believe stirring influences the dissolving of sugar, but I have never done an experiment to prove it.  Today I want you to do the experiment. 

Consider the following as you design your experiment:

a. What are the variables that need to be held constant in this experiment?

b. What is your control in this experiment?

c. What and how will you measure?  You need to decide how to define dissolved, how you will determine start and stop times, and how you will organize a data table to hold your information.

d. Are there any avoidable safety issues in your experimental design?

e. Are the amounts of materials you plan to use adequate without being wasteful?

Work with your partner to develop a materials list and procedure, and submit it to me for approval prior to proceeding.  

Materials:

Procedure:

Data table:

Conclusion:

One lump or two?

Most of the time, sugar comes in its familiar, granular form.  However, when I was a kid, my Auntie Lillian always served sugar cubes with tea (La-Ti-DAH!)  The sugar cubes are still available, but not very popular.  Does crushing up the sugar make any difference?  

You have just completed an activity where you tried to determine the effect of stirring on solution time.  Next, I want you to determine if crushing (exposing more surface area for the same amount of sugar) will have an effect on the solution time.  

Consider the following as you design your experiment:

a. What are the variables that need to be held constant in this experiment?

b. What is your control in this experiment?

c. What and how will you measure?  You need to decide how to define dissolved, how you will determine start and stop times, and how you will organize a data table to hold your information.

d. Are there any avoidable safety issues in your experimental design?

e. Are the amounts of materials you plan to use adequate without being wasteful?

Work with your partner to develop a materials list and procedure, and submit it to me for approval prior to proceeding.  

Materials:

Procedure:

Data table:

Conclusion:

Synthesis:  Consider both of the experiments you completed today.  How are they similar?  HOMEWORK: Write a paragraph (5 complete sentence minimum!) and create a series of 6 drawings to explain what you saw and what you believe is happening on a molecular level.

Simulab I: Effect of surface area on solubility

Start simulab by clicking on the SMD icon    
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Click on File (top left)

Click on Preset Experiment (middle of  column)

Click on SMD Files

Double click on Sugar cube

Set temperature to .92 computer units

1 green crystal = 19 particles (Note the ordered crystalline arrangement)

+ 138 blue units of liquid

150 units total in system

To run: Click on start square

Watch the simulation run for at least 25 time units.  How long does it take the large crystal to become disordered?  How long does it take for the dissolved green particles to disperse throughout the solution?

Now you will compare this single crystal to the solubility of a crushed crystal, which also consists of 19 particles.

Click on File

Click on Preset experiment

Click on SMD files

Double click on CrushedSolid


Set temperature to .92 computer units.

To run: Click on Start square

Watch this simulation run for at least 25 time units.  How long does it take the small crystals to become disordered?  How long does it take for these dissolved green particles to disperse throughout the solution?

Assignment:  Re-run the simulations.  Hit pause at points of the solubility process that you consider to be significant.  Click on Take Snapshot, and give each selected snapshot a name that includes the time (“t=5, crushed” for example).  Collect 3 snapshots from each simulation in a snapshot gallery.  (That’s 6!)  Arrange them neatly and print the screen.  Write a caption using complete sentences for each snapshot.  Each partner needs to write his own captions! 

SimulabII: Effect of temperature on solubility

Start simulab by clicking on the SMD icon    
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Click on File (top left)

Click on Preset Experiment (middle of  column)

Click on SMD Files

Double click on Sugar cube

Set temperature to 1.0     Run simulab for at least 20 time units.

Set temperature to .5       Run simulab for at least 20 time units.

What is the trend?

Next, you are going to try to quantify the effect of temperature on solubility.  The hardest part of this process is deciding how to determine that something is no longer an ordered crystal, or that the particles have dispersed.  Using ideas you generated in our class discussion, decide with your partner what your standard for each of these is.  Describe your standards using complete sentences in the space below.

Reset the simulation.  Set the temperature to the level specified in the data table below.  Record the time at which your solid is dissolved.

	Temperature
	Time

	.4
	

	.6
	

	.8
	

	1.0
	

	1.2
	

	1.4
	


Graph your data on the graph paper provided. Answer the following questions.

1. Without reading the temperatures, you could tell which of two simulations is running at a higher temperature.  How do you know?

2. What is the effect of increasing temperature on solubility?

3. Why does increasing the temperature affect the solubility?  

Teacher notes for Day 5

TENNIS AND TEA

(Include your own anecdote here…)  When my sister Nance worked as a ball runner at Longwood Cricket Club’s tennis tournaments, she was frequently asked to lunch with the players.  A number of them drank tea before, during and after lunch….most of them drank hot tea, some of them drank iced tea, all of them added several spoonfuls of sugar  All the cups and glasses returned to the kitchen had sugar in them.  How much really dissolved?  How would you know that was the maximum that would dissolve?  

Materials list for demonstration:

hot tea, cold tea



graduated cylinders



teaspoons



hot water bath



cold water bath



stirring rods



thermometers



2 beakers

Procedure: 

Select student stirrers and student levelers.

Pour an amount of hot tea into a beaker. 

Pour the same amount of cold tea into a second beaker.

Start additions of sugar (equal quantities, equal stirring, discuss variables)

Return to appropriate bath periodically to maintain temperature

Classroom discussion:  Move students to the conclusion that stirring, breaking up the solid, and heating all do essentially the same thing.  That is, they expose surface molecules of solute to fresh solvent.  Heated substances also impart extra kinetic energy when they collide, which your students may or may not be prepared to discuss.  Encourage students to use examples from both the wet labs and the simulabs in the discussion.  Some students may need to have the following word bank posted in the room.

Word Bank:

· Concentrated

· Dilute

· Dissolve

· Homogeneous

· Mixture

· Saturated

· Seed crystal

· Solute

· Solution

· Solvent

· Stirring

· Supersaturated

· Surface Area

· Unsaturated

Teacher notes, day 5, continued

Sodium acetate demo:

Put 5 ml of water in an Erlenmeyer flask.  Add 2g of NaCH3COO to the 5 ml of water.  Swirl to dissolve.  Introduce the concept of DILUTE solutions.  Relate to lemonade, coffee with too little sugar, etc.  Add 20 g more.  You may need to warm the solution GENTLY in a hot water bath.  Caution: NOT in a Bunsen burner flame or a HOT hot plate, or you will boil off water and precipitate too soon!  Introduce the idea of CONCENTRATED solutions.  Differentiate concentrated from saturated.  Introduce supersaturated solutions.  Add more NaCH3COO to the solution slowly until you have a total of 50 grams of it in the 5 ml of water.  Pour it gently into a warm petri dish, and gently move the dish to your overhead projector.  Let it cool for several minutes (kill time), discussing supersaturation, rock candy, Magic rocks, whatever supersaturated solutions you like.  When a few minutes of cooling time have passed, get student predictions about what they think will happen when you try to add more sodium acetate.  Add a crystal, and cross your fingers!  It should crystallize the whole petri dish before your eyes, earning you many oohs and ahhs.

One website you may wish to send your students to is 


http://www.school-for-champions.com/science/chemsolutions.htm
Now is also the time to introduce your text questions and reading, and begin any math you may want to include (solubility curves, molarity, molality…)

