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Classroom Project

I chose to develop and implement three lab activities for my project.  These activities were performed in the classroom over three 90-minute block class periods and one 45-minute class period from 4/13 to 4/22/05.  I have attached the lesson plans, my goals, objectives, and a copy of the handouts and materials I used for your convenience.  In addition, I have included copies of student work as evidence of implementation.  

Day 1 of my project (4/13 & 4/14) 90-minute block period
On 4/11 and 4/12, I assigned class work / home work that had to be completed before beginning the chemical reactions lab.  Students were required to calculate how many grams of each compound were required to make up 250 ml of each molar solution.  These calculations are worth 10 points for each student and are to be stapled to the lab sheet when turned in.  I made up the solutions, labeled and filled disposable pipettes before the lab to save time.  The molarity of each standard solution is:  0.05 M AgNO3, 0.2 M Pb(NO3)2, 0.5 M CaCl2, 1 M Na2CO3, 0.1 M Na3PO4, 0.5 M NaOH, 0.2 M Na2SO4, 0.2 M CuSO4, 0.2 M MgSO4, 0.1 M FeCl3, and 0.1 M BaCl2.  

I began the lesson with a brief review of naming and writing of ionic compounds.  I referred back to the formula rummy game we played the week before.  In this lab activity, students are required to determine if a precipitate has formed and if so write a balanced ionic formula for the precipitate and name it.  I listed the ions that will form precipitates in parenthesis to assist in the writing of formulas.  I also demonstrated the bonding of the ions using pre-made ball and stick models of the ions.  I emphasized that the charges of the cations and anions must be equal as ionic compounds are neutral.  

Before beginning the lab, I quickly reviewed and demonstrated proper technique stressing how to not contaminate the pipette tips.  Students were to mix the drops on the black X (on the glass reaction surface placed over the data table) as the dark background makes light colored precipitates easier to observe.  I reviewed the descriptions they were to use including:  milky, grainy, cloudy, color and gelatinous.  I asked students if there is a difference between clear and colorless.  Many students had the misconception that clear and colorless were the same color.  I demonstrated that colored objects could be clear and how that is different from colorless or no color.  I emphasized that their descriptions need to be detailed and complete, as they will need to determine the identity of the three unknowns using only their descriptions.  The accurate identification of each unknown is worth 6 points for a total of 18 points, therefore, the students were feeling a little pressure.  I reviewed what information needs to be in each box of the data table and that the unknowns were each one of the solutions along the top row.  Students will need to react each unknown with Na2CO3, Na3PO4, NaOH and Na2SO4 and use their descriptions to determine its identity.  The students were allowed to pick their partner for this lab activity, as they were to work in groups of two.  

I have attached many of the labs turned in by my students as evidence of implementation.  As I reflect on this lesson and lab activity, I am very pleased with how it turned out.  Most students were very successful on the lab and correctly identified the unknowns.  Several groups struggled a little, I believe more to a lack of effort and initiative than to ability.  Many of the student groups commented that they really enjoyed this lab and they have had little to no experience in identifying unknowns in previous classes.  I will definitely implement this lab in the future.  One change I may make is to allow the students time to make up their own standard solutions for experience.  Each group could make 25 ml of one of the solutions for their entire class to use.  They would need to make these solutions the day before, as time would not permit them to make solutions and complete the lab during the same class period.  
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Day 2 of my project (4/18) 45-minute period
I began the lesson with a thorough review of the chemical reactions lab.  I performed one of the calculations of how to make up a solution of known molarity.  Next, we evaluated the data table and precipitate description in several of the boxes, including writing the formula and naming the ionic compound.  Volunteers were asked to name each of the unknowns and the class answered the two questions on the front of the lab sheet.  

I wrote two reactants on the board and did not complete the equation.  Pb(NO3)2 + KI 
       I showed the class each of the colorless solutions and asked for predictions of what products might form when they were mixed.  Student answers ranged from it will create an explosion to they will form a precipitate.  I mixed the solutions and a bright yellow precipitate formed.  Students were asked to complete and balance the equation with the correct products.  This proved difficult for many of the groups.  I completed the equation on the board and had each group balance it at their seats.


Pb(NO3)2 +  2 KI 
       
PbI2  +    2  KNO3
Most of the groups were able to identify the source of the yellow color as the PbI2.  

I wrote two additional reactants on the board and did not complete the equation.  

AgNO3   +   Cu     

I showed the class the AgNO3 solution and a portion of the copper wire and asked for predictions of what products might form when they are mixed.  Most responses were that a precipitate would form.  Several groups correctly identified Ag as the precipitate.  I placed the copper wire in a test tube and submerged it with the AgNO3 solution.  We watched as the substances were reacting.  The Ag replaced with the Cu and we could see Ag “hairs” growing on the wire.  After several moments, it appeared to represent a wooly worm caterpillar.  Over time, the solution turned a blue-green copper color and the wire was completely covered with a thick layer of Ag.  Students were asked to complete and balance the equation with the correct products and most groups were successful.  


2  AgNO3   +   Cu     

2  Ag     +     Cu(NO3)2
Several students asked if they could have the silver.  This was a good opportunity to briefly discuss the toxicity of silver and correct disposal techniques.  Many students were surprised to learn that silver is toxic.  

I used the remainder of the class period for a discussion and demonstration on energy and chemical reactions.  I started out with “It takes energy to break a chemical bond and energy is released when a chemical bond is formed” and I wrote this on the board.  I demonstrated and used an analogy with two magnets:  it takes energy to pull the magnets apart and energy is released when the magnets come together in the form of KE and heat energy.  I asked students about the relationship between the energy needed to pull the magnets apart and energy released when they come together.  Most students replied the energy is the same.  I let them know that they just figured out the concept of bond energy and wrote the following two sentences on the board.  “In accordance with the principle of conservation of energy, the amount of energy required to break a bond is equal to the amount of energy released when a bond is formed.  (This energy is called bond energy and is a characteristic property of individual bonds)”  
I used a pocket hand warmer that is enclosed in a clear plastic pouch for a demonstration of exothermic chemical reactions.  I asked a volunteer to come up and bend the small metal disc in the pouch.  The liquid sodium acetate immediately began forming crystals as the bag rapidly heated up.  The students could see the crystallization process and I asked them what was happening.  Most students were able to identify the process and that the formation of chemical bonds releases energy.  I then ran the class through the following sequence of questions.


The formation of crystals is an exothermic reaction

The hand warmer consists of a supersaturated solution of sodium acetate.  Bending the small metal disc inside the pouch initiates crystallization with the production of heat.  The water vanishes, where does it go.   It becomes a part of the crystal structure.

Crystallization is a warming process since it involves the formation of chemical bonds.  

Is the hot pack reusable?  Yes, provided energy is put back into it in the form of heat energy.  Place in boiling water and the energy separates the chemical bonds.  The heat felt by the hot pack now is the same energy that was put into it in the boiling process.  

The hot pack does not create energy, it stores energy for later use. 

Energy is always released on the formation of a chemical bond.  

As I reflect on this lesson, I am happy with how it turned out.  Most of the students liked the demonstrations, and many students asked where they could buy a hot pack.  I informed them that most sporting goods stores carry them for around $2 each.  We finished the complete lesson during the class, however, could have used more time at the end.  I will implement this lesson in the future, though I will schedule more time for processing student questions.  I did not have a cold pack, sodium nitrate or ammonium nitrate to demonstrate an endothermic chemical reaction.  I will definitely obtain these items to add to this demonstration in future years.  
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Day 3 of my project (4/19 & 4/20) 90-minute block period
I began the class with a thorough review of pH, acids, bases, properties of acids and bases and what happens when a strong acid and strong base are mixed.  We also looked at acid-base indicator solutions and I performed a demonstration using phenolphthalein, universal indicator and phenol red indicator solutions.  I used a stir plate and by adding an acid or a base, I ran each indicator solution through the entire range of colors.  We also discussed at what pH the colors change for each indicator.  I projected the notes on page two of the lesson plan on the screen using a LCD projector during our discussion.  

Before beginning the lab activity, I reviewed the objectives/goals and safety precautions.  I quickly reviewed and demonstrated proper technique stressing how to not contaminate the pipette tips.  Students were to mix the drops on the glass reaction surface placed over the data table.  I also asked students to add bromocresol green indicator solution to the initial data table along the bottom row.  We also added BCG to the far right column (next to Acid/Base/Neutral).  

The directions were to mix the indicator solution separately with the acid, base and neutral solutions on the initial data table.  For the second data table, students were to use prior knowledge to predict whether each sample was an acid, base or neutral.  Then they were to mix each sample separately with the phenolphthalein, bromothymol blue, universal indicator, red cabbage juice, bromocresol green indicator solutions and pH paper and record the color of each.  Every student group was to evaluate each piece of information and compare colors with the first data table and then determine whether each sample was an acid, base or neutral based on their data.  The groups had two investigation questions to answer.  I hoped they would determine which acid, HCl or HNO3, was the stronger acid, however, this did not turn out as well as I expected.  The data varied quite a bit between the groups.

Upon reflection, I am relatively happy with how the lab activity turned out.  I did not pre-test mixing the indicators and samples on the glass reaction surface.  About 5 minutes into the lab with my first class, we realized the glass reaction surfaces would not work.  The indicators and samples were spreading out so thin they all ran together.  Luckily, I had a stack of 96 well trays and we used those for our reaction surface.  They worked wonderfully and I used them for each subsequent class.  I had the students add the indicator solution to the well first so any contamination would be obvious.  I used white paper cups for the investigation questions and these worked very well.  I plan to use this lab again next year with a few modifications.  These include using the 96 well trays and paper cups.  We reviewed this lab in depth at the end of the class period.  Based on their responses during the review, this lab seemed easy for my 9th graders so I will likely turn it into an 8th grade pH investigation.  Although the students liked performing the lab, they concurred with this decision.  I may add the lab from the videos where students determined the best indicator solutions (red cabbage juice, blueberries, strawberries, …etc.) to my 9th grade curriculum.   
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Day 4 of my project (4/21 & 4/22) 90-minute block period
For the last day of this unit prior to the test, I wanted to try several new ideas I learned from the workshop to evaluate their effectiveness with the students.  These are not my original ideas as they came directly from the workshop.  I am including them here for your information only.  The demonstration, titration activity and review/evaluation took approximately 70 – 75 minutes of class time.  I used the remainder of the class period to answer student questions as a review for our quiz scheduled for the next class period.  

I began the class period with the water volumes in equilibrium demonstration by Irene Walsh.  This demonstration was very effective in illustrating the principles of chemical equilibrium and equilibrium reactions to the students.  For the most part, I followed her instructions, notes and comments.  Therefore, I am not going to restate them here.  I have attached a copy of her teacher’s guide for your convenience.    

I wanted to try two activities I learned from reading the Chemical Pedagogy as a concluding activity to see how well my students could apply what they had learned towards solving these problems.  My students had not done titrations up to this point; therefore, this was a new concept for them.  I chose to use their lab write-ups as an evaluation only towards future implementation in my curriculum and not a class grade.  I will likely add titrations to my curriculum next year.  I hope to do the above titrations and a water quality titration for hardness.  

Before the lab, I purchased a bottle of Tums and one of Rolaids.  The Tums cost 4.2 cents per 2.0-gram tablet while the Rolaids cost 4.9 cents per 2.0-gram tablet.  The Tums contain 750 mg of calcium carbonate and the Rolaids contain 675 mg of calcium carbonate and 135 mg of magnesium hydroxide.  To save time, I used a mortar and pestle to grind the Tums and Rolaids into a fine powder.  I also purchased two different brands of vinegar Heinz, which cost $1.69 per quart and FMV (For Maximum Value), which cost $0.79 per quart.  I wanted the students to perform a comparison of the effectiveness of each product and we listed the data on the board and briefly evaluated cost vs. value for each product.  

The students were to work in groups of two for this investigation.  I gave each group the following questions to answer.  Due to time limitations, several groups only had time to do one of the titrations.  The questions each group was to answer were:  

Develop and perform a procedure for the following comparison investigations
1. Which antacid, Tums or Rolaids, is most effective in neutralizing stomach acid?

2. Which vinegar, name brand vs. generic, is the better value for the money?

To save time, I wrote the following information on the board and briefly reviewed the process at the beginning of the activity.  

For the vinegar analysis:

· Heinz vinegar cost $1.69 per quart; FMV (For Maximum Value) vinegar costs $0.79 per quart

· Measure 5.0 ml of each vinegar in a 10 ml graduated cylinder and add to a separate 125 ml Erlenmeyer flask

· Add 4 to 5 drops of phenolphthalein indicator solution

· While stirring, titrate with 1.0 M NaOH counting the number of drops to reach the pink endpoint at pH ~8.3

· Using a 10 ml graduated cylinder, determine the number of drops of NaOH in one ml.  

· Convert drops to ml and report data in ml

For the antacid analysis:

· Tums cost 4.2 cents per 2.0-gram tablet; Rolaids cost 4.9 cents per 2.0-gram tablet

· Weigh 2.0 gram of powdered Tums and Rolaids and add each to a separate Erlenmeyer flask

· Add 25 ml of water to flask and stir to dissolve the antacid

· Add bromothymol blue to each flask until a blue color is achieved

· While stirring, titrate with 1.0 M HCl counting the number of drops to reach the yellow endpoint at pH ~6.4

· Using a 10 ml graduated cylinder, determine the number of drops of HCl in one ml

· Convert drops to ml and report data in ml

I will implement these titrations into my curriculum next year.  I will likely type up a lab sheet to help the students get a good start.  We studied the scientific method and experimental design at the beginning of the year using physics experiments.  From this data, I can tell that a refresher lesson in experimental design would have been helpful.  Initially, I had my first period class titrate 20 ml of the vinegar.  This was bad advice as it took ~400 drops of NaOH to reach the endpoint.  We then changed it to 5 ml of vinegar and it worked much better.  I may change this to 2 ml for next year and allow students the time to perform several trials and report the average.  The antacid titrations went well for most groups.  I could not find white Tums when I purchased supplies so I used tropical fruit Tums.  The orange color of the Tums made it more difficult to see the yellow endpoint.  

Each group recorded their data on the board for a class evaluation and cost comparison analysis.  Every group unanimously determined that Rolaids were more effective in neutralizing acid and were the better value for the cost.  I was happy to hear several students comment that we should send our data to Rolaids and try to get on a commercial.  The data for the vinegar comparison was more varied.  Most groups reported Heinz vinegar took more NaOH to neutralize although the FMV vinegar results were similar enough that Heinz was not worth the extra money.  Our assumptions were that the antacid that neutralized the most acid was the most effective and the vinegar that neutralized the most base was the better product.  Absolutely no consideration was given to taste or other factors.  

I included several of the student lab write-ups, however, I am keeping some in a file to use when I type up this lab for future implementation.  The students enjoyed the titrations and initiated some good discussions about the cost of a product vs. its overall value while working on the investigation.  These are good topics for future consumers to discuss.  

