Fizzy Drink Experiment: An Inquiry-Oriented and Differentiated Lab

Goal Statement: This version of the fizzy drink lab (Rohrig, 2000) has been modified to be inquiry-oriented and differentiated for varying student readiness levels.  It is a culminating activity for stoichiometry and an introduction to limiting reactants.
Relevant State Standards
· C1.1E Describe a reason for a given conclusion using evidence from an investigation.
· C1.1g Based on empirical evidence, explain and critique the reasoning used to draw a scientific conclusion or explanation.
· C4.6a Calculate the number of moles of any compound or element given the mass of a substance.

· C5.2A Balance simple chemical equations applying the conservation of matter.

· C5.2d Calculate the mass of a particular compound formed from the masses of starting materials.

· C5.3e Identify the limiting reagent when given the masses of more than one reactant.

Student Learning Objectives
· Given the formula for citric acid and sodium bicarbonate, students will be able to determine molar masses.

· Given the products of a reaction between citric acid and sodium bicarbonate, students will be able to balance the chemical equation.

· Given a specific mass of a reactant, students will be able to calculate the moles or mass of another compound used and/or formed.

· Given initial amounts of the reactants, students will be able to determine which reactant is limiting.

· Given alternative positions, students will be able to identify common misconceptions about mass, moles, and volume.

Background

The first man-made non-alcoholic carbonated beverage is attributed to Joseph Priestley who accomplished the feat in 1767 (Priestly, 1772).  He used chalk (calcium carbonate) and sulfuric acid to produce carbon dioxide which was bubbled into water. Carbonated beverages had been produced before this time, but the process used sugar and yeast to yield carbon dioxide and alcohol through fermentation.  Many different non-alcoholic carbonated beverages have been created since including colas, phosphates, root beers, ginger ales, tonic waters, seltzer waters, and others.

This activity uses citric acid and baking soda to produce the fizz in a beverage.  Citric acid, H3C6H5O7, is a triprotic acid with pKa values ranging from 3 to 6.4.  It is highly soluble and often used in beverages to enhance flavor and add a pleasant sour fruity taste.  Baking soda (NaHCO3) is a white powder also known as sodium bicarbonate, bicarbonate of soda, sodium hydrogen carbonate, or sodium acid carbonate. The chemical and physical properties of baking soda afford it a wide range of applications, including cleaning, deodorizing, buffering, and fire extinguishing. A mole of baking soda will react with an acid to produce a mole of carbon dioxide.  In this experiment, the following reaction occurs when baking soda combines with citric acid:   H3C6H5O7  +  3NaHCO3  (  Na3C6H5O7  +  3H2O  +  3CO2  
	[image: image1.png]



	The citric acid molecule: note the three acidic hydrogens 


Prior to this lesson, the students should have knowledge of atomic mass and nomenclature.  In addition, the unit plan described on the BLAST-BC website (www.wmich.edu/science/blast) includes principles and lesson ideas taught prior to this lesson.  These include the concept of the mole, balancing chemical equations, conversions between grams and moles, and mass to mass conversions between different substances.

Differentiation in the Fizzy Drink Lab 

Differentiated instruction allows students working at different levels and different paces to achieve the same learning outcomes (Tomlinson,2001).  The need for differentiation is especially apparent in chemistry units that require computational skills.  In this article we focus on stoichiometry.  We have modified a lesson originally published by Rohrig (2000) to accommodate students with different readiness levels.  Lesson handouts were created for three levels: students requiring additional scaffolding to successfully complete the calculations, students with average skill levels, and students who need more challenging and independent work.  The learning outcomes for all students were identical.  See table below.

	Student Level
	Attributes
	Accommodations

	Level one
	· Struggle with mathematical concepts

· Difficulty envisioning a multi-step solution to stoichiometric questions
	· Problems requiring a series of calculations are broken down into individual steps

· Additional tables and cues are provided

	Level two
	· Average readiness
	· Some calculations broken into individual steps

· Minimal scaffolding present

	Level three
	· Need more challenging and independent work
	· Students develop a procedure for determining an unknown amount of reactant

· No scaffolding included


Teacher Notes

Target grade: High School Chemistry

Time requirement: Approximately 90 minutes 
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	Materials (Class of 24 students working in pairs):

3 packages Kool-Aid® – unsweetened

3 cups Sugar (food grade)

Citric Acid (food grade)

Baking Soda (food grade)

12 Plastic spoons

36 Paper baking cups

120 paper cups (3 oz)

12 Plastic Cups (16 oz)

2-3 Balances 

3 Pitchers (2 qt)

Total estimated cost: $20 (balance excluded)


Readiness-level based procedures are included in student versions found in the Appendix. Prior to student arrival, prepare the Kool-Aid® according to package directions. 
Note that Kool-Aid® contains citric acid and ascorbic acid, both of which react with baking soda to form carbon dioxide.  For example, an 8 oz cup of orange Kool-Aid® contains about 1 g of citric acid and 0.001 g of ascorbic acid (Katz, 2000).  This will cause some fizzing to take place when only the baking soda is added in Trial 3.
PART 1 Procedure Notes

Trial 1: Plain Kool-Aid® (Control)
The students make initial observations prior to adding anything to the Kool-Aid® by following this procedure.

· Pour Kool-Aid® into a 3 oz. paper cup until it is approximately ¼ full.

· Observe general characteristics and taste mixture.

· Record observations in the appropriate data table on the student worksheet.

Trial 2: Kool-Aid® and Citric Acid
Observations of Kool-Aid® with citric acid only. Students should note that there is a very sour taste.

· Repeat Trial 1 but add 0.5g of citric acid to the Kool-Aid® prior to making observations.


Trial 3: Kool-Aid® and Baking Soda
Observations of Kool-Aid® with baking soda only. Students should note that there is an unpleasant salty and bitter taste.

· Repeat Trial 1 but add 0.5g of baking soda to the Kool-Aid® prior to making observation.

PART 2 Procedure Notes

Conduct an all-class discussion of observations and ideas for how to create a tasty fizzy drink. This guided discussion should lead students to the idea of combining both citric acid and baking soda to create a fizzy, better-tasting drink. (In a classroom trial, this conclusion was quickly reached by the learners. If prompting is necessary, you may wish to have students consider what combinations were already used and the results such as Kool-Aid® and sugar; Kool-Aid®, sugar, and citric acid; Kool-Aid®, sugar, and baking soda). Then ask what other combinations are possible. Once students have come to the conclusion that both citric acid and baking soda are necessary, end the group discussion. Students then work in individual groups on the calculations section of the handouts with teacher facilitation as necessary.

Other Considerations

· If both reactants are in solution prior to being combined, the reaction will be more dramatic. A reaction will still occur and the lab will run smoothly even if both reactants are simultaneously added as solids to the Kool-Aid®.

· If 3-oz cups are used for mixing the reactant solutions, it is likely that the mixture will overflow. Use the 16-oz cups for mixing to prevent this.

· Leave paper baking cups beside each balance to be used for measuring.

· Food grade citric acid can be purchased online or at health food stores. One 4-ounce container should be enough for at least 4-5 classes.
· Common misconception: Students often conceptualize mass ratio, volume ratio, and mole ratio interchangeably.  The final question in the student handout addresses this misconception.


Safety

· Do not perform this experiment in a laboratory setting.  Use food grade sodium bicarbonate and citric acid.  No laboratory equipment should be used.   If needed, thoroughly clean electronic balances.

· Sodium bicarbonate is slightly toxic if ingested in mass quantities so limit consumption.  Dust may be irritating to the respiratory system so use a room that is adequately ventilated. 

· Citric acid is a severe eye irritant and may cause moderate skin irritation.

Extensions:

Analysis of Societal Issue: An article that can be used to start a debate about the issue of soda pop in schools can be found at http://findarticles.com/p/articles/mi_m0EPF/is_1998_Nov_20/ai_53268413/  This addresses Michigan Content Expectation C1.2B.
Acids and Bases: The basic reaction in this lab is between citric acid and a base, sodium bicarbonate. It includes a neutralization reaction. This addresses Michigan Content Expectation C5.7x.

Chemical Reactions: The chemical reaction is both a double-replacement and decomposition.

Solubility and Rates of Reaction: Students can explore reaction rate as a function of concentration, temperature, pressure, stirring rate, etc. This addresses Michigan Content Expectation C5.r1x.

Gases:  Students can measure the carbon dioxide given off from the reaction. This addresses Michigan Content Expectation C4.5x.
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Appendix: Student Handouts
Condensed versions of the student handouts are shown below. Student-ready versions with appropriate spacing for printing can be found at the following website: www.wmich.edu/science/blast 
FIZZY DRINK LAB:  Level  1

I. Bell  Ringer: What is the molar mass of citric acid, H3C6H5O7?

H =                  g/mol                         Show your calculations for molar mass here:

C =                  g/mol

O =                 g/mol

Molar mass of H3C6H5O7 =   ____________________________

II. Data Table

Part  1
	Trial
	Ingredients
	Observations 
	Taste

	1.
	¼ Dixie cupful Kool-Aid®
	
	

	2.


	¼ Dixie cupful of Kool-Aid® + 0 .5 g Citric Acid
	
	

	3. 


	¼ Dixie cupful of Kool-Aid® + 0.5 g Baking soda (sodium bicarbonate, NaHCO3) 
	
	


Summarize the conclusions from the group discussion in the space below:

  
   Part 2
	
	Kool-Aid® + 
	
	


III.  The Chemical Reaction

1. Write the chemical equation for this reaction.

_______
     __________

       ____________              ______         ____________

citric acid        +      baking soda           (          sodium citrate        +    water       +  carbon dioxide

2. Determine if the  equation is balanced in the table below:

	Element 
	# of atoms on the reactant side
	# of atoms on the product side

	H
	
	

	C
	
	

	O
	
	

	Na
	
	


3. Is the reaction balanced? If not, rewrite the equation below and add coefficients as needed.

4. Check with the teacher before continuing.   Teacher initials: ______________

IV. Calculations

THE BIG IDEA:  You will be given exactly 0.3 grams of citric acid.  You need to calculate how many grams of baking soda (NaHCO3) should be added to make a fizzy Kool-Aid® drink that is “just right”.  

1. Convert 0.3 grams of citric acid (H3C6H5O7) into moles.  

                                                    

                                                                                           =   _______________ mol  H3C6H5O7

2. Refer to your balanced equation.  

a. What is the mole ratio of baking soda (NaHCO3) to citric acid (H3C6H5O7)?  

_______mol NaHCO3/ _____mol  H3C6H5O7
b. How many moles of baking soda (NaHCO3) will react with the number of moles of citric acid (H3C6H5O7) that you determined in #1?   

                                               

                                                                                           =   _______________ mol baking soda (NaHCO3)
c. Calculate the molar mass of baking soda (NaHCO3)

H =                  g/mol                         Show your calculations for molar mass here:

C =                  g/mol

O =                 g/mol

Na=                g/mol

Answer:  ___________ g NaHCO3 /mol NaHCO3
d. Convert the moles of NaHCO3 to grams:

       

                                                                               =   _______________ g baking soda (NaHCO3)
V. Prepare the Drink

You now have your recipe for your Fizzy Drink:
_______ g of citric acid (H3C6H5O7)             _______ g of baking soda (NaHCO3) 
Before continuing, have the teacher check your recipe. 

Teacher initials: ________________
GO TO THE NEXT PAGE for procedure before mixing!

Procedure

1. Fill a Dixie cup with Kool-Aid®. Pour the Kool-Aid® from the Dixie cup into a larger cup (to prevent bubble-overs).

2. Now add your calculated amounts of citric acid (H3C6H5O7) and baking soda (NaHCO3) in the recipe above to the Kool-Aid®.

3. Mix and taste (pour into several small cups if more than one person wants to try it).

4. Record observations on the data table .

VI. Questions

1. How did your drink turn out?  

2. How could you modify your recipe to make it better?   
3. If you have 10.0 grams of citric acid (H3C6H5O7) with enough baking soda (NaHCO3) how many moles of carbon dioxide can you produce? 
a. Calculate moles of citric acid (H3C6H5O7): 

                                               

                                                                                           =   _______________ mol  H3C6H5O7

b. How many moles of carbon dioxide will be produced from the number of moles of citric acid (H3C6H5O7) that you determined in 3a?   (HINT: Use the balanced chemical equation from earlier in the activity to get the mole ratio).

                                

                                                                                           =   _______________ mol CO2
4. If you have 10.0 grams of baking soda (NaHCO3) with enough citric acid (H3C6H5O7), how many moles of carbon dioxide can you produce?

a. Calculate moles of baking soda (NaHCO3): 

                                               

                                                                                           =   _______________ mol  baking soda (NaHCO3)

b. How many moles of carbon dioxide will be produced from the number of moles of baking soda (NaHCO3) that you determined in 4a?   (HINT: Use the balanced chemical equation from earlier in the activity to get the mole ratio).

                                               

                                                                                           =   _______________ mol CO2
5. Refer to the moles of CO2 produced in questions 3 and 4.  Which reactant, citric acid (H3C6H5O7) or baking soda (NaHCO3), produced less CO2?

6. If you mixed 10 grams of each reactant in a container, would both of them be used up completely? How do you know?

7. The mole ratio of citric acid (H3C6H5O7) to baking soda (NaHCO3) is 1:3. Randy wants to add 1 gram of citric acid to 3 grams of baking soda .  Sam points out that this is not correct. Why isn’t it correct?


FIZZY DRINK LAB:  Level  2

I. Bell  Ringer: What is the molar mass of citric acid, H3C6H5O7?

II. Data Table
Part  1
	Trial
	Ingredients
	Observations 
	Taste

	1.
	¼ Dixie cupful Kool-Aid®
	
	

	2.
	¼ Dixie cupful of Kool-Aid® + 0 .5 g Citric Acid
	
	

	3. 
	¼ Dixie cupful of Kool-Aid® + 0.5 g Baking soda (sodium bicarbonate, NaHCO3) 
	
	


Summarize the conclusions from the group discussion in the space below:

    Part 2
	
	Kool-Aid® +  
	
	


III. The Chemical Reaction

1. Write the chemical equation for this reaction.

_______
     __________

       ____________              ______         ____________

Citric acid        +      baking soda           (          sodium citrate        +    water       +  carbon dioxide

2. Is the reaction balanced? If not, rewrite the equation below and add coefficients as needed.

3. Check with the teacher before continuing.   Teacher initials: ______________

IV. Calculate your recipe:

THE BIG IDEA:  You will be given exactly 0.3 grams of citric acid.  You need to calculate how many grams of baking soda (NaHCO3) should be added to make a fizzy Kool-Aid® drink that is “just right”.  

1. Convert 0.3 grams of citric acid (H3C6H5O7) into moles. 

2. Use the mole ratio of baking soda (NaHCO3) to citric (H3C6H5O7 ) to calculate how many moles of baking soda will react with the number of moles of citric acid that you determined in #1.

3. Calculate the molar mass of baking soda (NaHCO3)

4. Convert the moles of NaHCO3 to grams of NaHCO3:
V. Prepare the Drink

You now have your recipe for your Fizzy Drink:

_______ g of citric acid                                                  _______ g of baking soda (NaHCO3) 
Before continuing, have the teacher check your recipe.                         Teacher initials: ________________

Procedure

1. Fill a Dixie cup with Kool-Aid®. Pour the Kool-Aid® from the Dixie cup into a larger cup (to prevent bubble-over of mixture).

2. Now add your calculated amounts of citric acid (H3C6H5O7) and baking soda (NaHCO3) in the recipe above to the Kool-Aid®.

3. Mix and taste (pour into several small cups if more than 1 person wants to try it).

4. Record observations on the data table.
VI. Questions

1. How did your drink turn out?  

2. How could you modify your recipe to make it better?   
3. If you have 10.0 grams of citric acid with enough baking soda (NaHCO3) how many moles of carbon dioxide can you produce? 
a. Calculate moles of citric acid:

b. How many moles of carbon dioxide will be produced from the number of moles of citric acid that you determined in 3a?   

4. If you have 10.0 grams of baking soda (NaHCO3) with enough citric acid, how many moles of carbon dioxide can you produce?

5. Refer to the moles of CO2 produced in questions 3 and 4.  Which reactant, citric acid or baking soda (NaHCO3), produced less CO2?

6. If you mixed 10 grams of each reactant in a container, would both of them be used up completely? How do you know?

7. The mole ratio of citric acid (H3C6H5O7) to baking soda (NaHCO3) is 1:3. Randy wants to add 1 gram of citric acid to 3 grams of baking soda .  Is this correct? Why or why not?                                                               
FIZZY  DRINK LAB: Level 3

I. Bell  Ringer: What is the molar mass of H3C6H5O7?

II. Data Table

Part 1

	Trial
	Ingredients
	Observations 
	Taste

	1.
	¼ Dixie cupful of Kool-Aid®
	
	

	2.
	¼ Dixie cupful of Kool-Aid® + 0.5 g Citric Acid
	
	

	3. 
	¼ Dixie cupful of Kool-Aid® + 0.5 g Baking Soda
	
	


Summarize the conclusions from the group discussion in the space below:


Part 2

	A.
	Kool-Aid® + 
	
	

	B.
	Kool-Aid® +
	
	


When dissolved in solution, citric acid (H3C6H5O7) reacts with baking soda (sodium bicarbonate, NaHCO3) to form three separate products.  Use your knowledge of types of chemical reactions to predict the products of this reaction.

Write the complete balanced equation below. 

Part 2, Trial A: How do you plan to prepare your optimal fizzy drink given 0.3 g of citric acid?  (Describe what you mean by optimal.  Trial and error is not allowed.  Support with logic and calculations as necessary.)

After completion of Trial A, create your fizzy drink!  Record observations on front page table.
Part 2, Trial B: Given a cup of Kool-aid with an unknown amount of citric acid dissolved, determine the mass of citric acid present.  (Describe the procedure used and how you will determine when you are finished.  Check procedure with instructor.)
Obtain drink from instructor; follow your procedure.  Record observations and mass values on front page.

Questions:

1. How did your drink in part 2A turn out?

2. How could you modify your recipe to make it better?

3. If you added too much baking soda in part 2B, you wouldn’t have been able to calculate the amount of citric acid present.  Why not?

4. If you have 10.0 grams of citric acid and 10.0 grams of baking soda, which reactant will run out first?

5. Jordan decides that to make the fizziest drink you should use 3 grams of baking soda for each gram of citric acid.  Chris thinks that to make the fizziest drink you should use 3 teaspoons of baking soda for each teaspoon of citric acid.  What are your thoughts on each of these ideas?
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