Using Indicators to Measure pH

Investigating the Acidity and Alkalinity of Household Products

Teacher Resource

Curricular Applications 

Senior 2 Science – Chemistry in Action

S2-2-08 – Experiment to classify acids and bases using their characteristic properties.

Include:  pH, indicators, reactivity with metals

Cluster 0: Scientific Inquiry

a. Initiating, Researching & Planning

· S2-0-1a Propose questions that could be tested experimentally.

b. Implementing; Observing, Measuring & Recording

· S2-0-5a Select and use appropriate methods and tools for collecting data or information.

c. Analyzing & Interpreting

· S2 -0-6a Interpret patterns and trends in data, and infer and explain relationships.

· S2-0-6b Identify and suggest explanation for discrepancies in data.

d. Concluding & Applying

· S2-0-7a Draw a conclusion that explains the results of an investigation.

Materials

	Safety goggles
	Indicators:

· Red litmus paper

· Blue litmus paper

· Phenolphthalein

· Bromothymol blue

· Methylorange

· 5% universal indicator solution

· Red cabbage extract

	Disposable pipettes
	

	Beakers (100 mL, 250 mL, and 500 mL)
	

	Spot plates
	

	200 mL of 0.1 M of HCl
	

	200 mL of 0.1 M of NaOH
	

	Distilled water
	

	Stirring rods
	

	Household products:

· milk of magnesia, baking soda vinegar, tomato juice, egg whites,  lemon juice, coffee, household cleaner, bleach and detergent
	Minute Maid® Products:

· Minute Maid® Pink Grapefruit Cocktail

· Minute Maid® Lemonade

· Minute Maid® Limeade

· Minute Maid® Pulp Free Orange Juice

· Minute Maid® Low Acid Orange Juice


Skill Development

The use of indicators is a valuable skill that students should be familiar with.  It is especially important when dealing with unknown solutions.  Another important skill that comes from this activity is the use of indicators to determine specific pH of a given solution. General Introduction

At this point students have been introduced to the idea of acids and bases. They have a basic understanding of what are acids and bases and their properties.  They have the knowledge of what the pH value means and the different types of indicators.  The focus on this lesson will be the identification of acids and bases of regular household items using different indicators. 

The class will start with a demonstration/discrepant event with the teacher having three beakers labeled A, B and C sitting on the table.  Each beaker has a liquid in it (A = distilled water, B = sodium hydroxide, and C = hydrochloric acid).  The teacher will ask the students, “What will happen if I pour a small amount of red cabbage extract into beaker A?”  Students will have a variety of responses such as; it will blow up, or it will turn purple.  The first beaker (beaker A = distilled water) will therefore will turn purple.  Next the teacher will ask the class, “What do you think will happen when the red cabbage extract is poured into this second beaker?”  Most students will assume it will also turn purple. This beaker (beaker B) will turn green, as it is a base (sodium hydroxide).  Last the teacher will ask the class, “What do you think will happen when the red cabbage extract is poured into this beaker?”  The students will most likely think that it will either turn purple or green.  Once added, the solution of the third beaker turns bright red as it is an acid (hydrochloric acid).   The teacher will ask the students, “What has happened and why do you think each beaker has a different colour after red cabbage extract has been added?  What is the purpose of the red cabbage extract?” Students will most likely respond that each beaker had a different liquid and the red cabbage extract assisted us to identify the property that has changed.”  The teacher will let the students know what liquids were in each of the beakers, but not identify which one is an acid or a base.

The teacher will now take two new beakers with one containing hydrochloric acid and the other containing sodium chloride.  The teacher will take some fine pH paper and test for the acidity of hydrochloric acid and sodium chloride.  They teacher will ask the students, “What do you predict the pH value will be for these two liquids?”  The students will respond and hopefully say that hydrochloric acid will have a pH value less than 7 and sodium hydroxide will have a pH value above 7.  Once the teacher tests the pH of each and compares the pH paper to the pH colour indicator.  This is how the use of indicators will be introduced to the class. 

After the demonstration, the theoretical knowledge behind acids and bases will be re-visited just to ensure understanding. Once that is complete the students will be lead into an investigation in determining which household products are acidic or basic and will measure the pH of each household product that ranges across the whole spectrum of the pH scale. 

The second part of the activity is a student lead investigation, where students will use their newly acquired skill and develop an experiment to investigate and identify between five Minute Maid® beverages, which is the least acidic.

Safety


When students are using different liquids of unknown pH (even if it is known to the instructor) it is important to encourage proper lab techniques.  Safety goggles and gloves should be worn to protect the skin and eyes should a mishap/miss-pour or splash occur with an unknown substance.  It is important for students to think about safety and by using all precautionary measures and encouraging proper technique we will also ensure the safest lab environment for ourselves and our students. 


Throughout the entire investigation activity, the teacher should remind the students not to consume any household products.

Resources

· Senior 2 Science: Manitoba Curriculum Framework of Outcomes (pages. 2.16 to p.2.13)

· Senior 2 Science: A Foundation for Implementation (pages 2.24 to 2.27)

· Investigation of Acids and Bases
http://www.oursc.k12.ar.us/default_images/science/acids_bases_investigation_gr6_final11-22-08.pdf  Retrieved on February 16, 2010

· Red Cabbage Indicator Chart
http://wwwchem.csustan.edu/chem3070/images/cabbage.gif  Retrieved on February 18, 2010

Investigating the pH Values of Common Household Products

In this two part activity, you will investigate some the properties of acids and bases by doing some tests and observing the results.

Part 1 – Acidity and Basicity of Household Products

The purpose of this part of the activity is to develop your skill in using indicators to assist you in identifying which household products are acidic or basic. 

Materials

	Safety goggles
	Disposable pipettes

	Distilled water
	5% universal indicator solution

	Spot plate
	

	Household products: milk of magnesia, baking soda vinegar, tomato juice, egg whites, lemon juice, coffee, household cleaner, bleach and detergent.


	Safety Concerns

Acids and bases can be corrosive and caustic.  Wear safety goggles at all times!  Any spills on skin, eyes or clothing should be washed with cold water immediately.  Report any spills to the teacher.


Procedure

1. From what you know about acids and bases, predict which household products are acids and which are bases.

2. Place drops of each household product into the wells in the spot plate.  To each sample add a drop of 5% universal indicator solution.  Record your results of the colour change in Table A.

3. Using fine pH paper, determine the pH of each household product.  Compare the colour on the fine pH paper to the pH indicator chart for each household product to determine the pH of the product.  Record your results of the pH in Table B.

Observations

Table A – Acidity and Alkalinity of Household Products

	Household Products
	Prediction
(Acid or Base)
	Actual Colour Change
	Acid or Base

	1. Milk of magnesia
	
	
	

	2. Baking soda
	
	
	

	3. Vinegar
	
	
	

	4. Tomato Juice
	
	
	

	5. Egg whites
	
	
	

	6. Lemon juice
	
	
	

	7. Coffee
	
	
	

	8. Household cleaner
	
	
	

	9. Bleach
	
	
	

	10. Liquid detergent
	
	
	


Analysis

Table B – pH Values of Household Products


	Household Products
	pH Value
	Acid or Base?

	1. Milk of magnesia
	
	

	2. Baking soda
	
	

	3. Vinegar
	
	

	4. Tomato Juice
	
	

	5. Egg whites
	
	

	6. Lemon juice
	
	

	7. Coffee
	
	

	8. Household cleaner
	
	

	9. Bleach
	
	

	10. Liquid detergent
	
	


Conclusion

You have just acquired the skill of using indicators to identify substances to be acidic, neutral or basic.  From this experiment and your knowledge of the properties of acids and bases,  what did you discover about these household products?

Discussion Questions

Answer the following questions in complete sentences on a separate sheet of paper.

1. Which of the following household products were acidic or basic?

2. Did your predictions match the results from this experiment.

3. Which indicator do you think made it easier for you to determine if a household product was acidic or basic? 

Part 2: Investigating the Acidity and Alkalinity of Fruit Juices

This part of the activity allows you to apply your skills in identifying a substance to be either an acid or a base. 

Studies have shown that drinking orange juice can bring on heartburn.  Minute Maid® is concerned that this study will cause consumers to not buy their drinks.  Minute Maid® has hired you to determine the acidity of their products.  Minute Maid® has given you the following juices to test; Pink Grapefruit Cocktail, Lemonade, Limeade, Pulp Free Orange Juice and Low Acid Orange Juice.   Your job is to develop an experiment and investigate which of the five juices above is the least acidic?

Materials List

	Required Materials
	Possible Materials

	Goggles
	Spot Plate

	Minute Maid® Pink Grapefruit Cocktail
	Beakers (100 mL, 250 mL or 500 mL)

	Minute Maid® Lemonade
	Test tubes

	Minute Maid® Limeade
	Pipettes

	Minute Maid® Pulp Free Orange Juice
	Stir rods

	Minute Maid® Low Acid Orange Juice
	Indicators:

· Red litmus paper

· Blue litmus paper

· Phenolphthalein

· Bromothymol blue

· Methylorange

· 5% universal indicator solution

· Red cabbage extract


Hypothesis

	Which Minute Maid® juice do you predict is the most acidic?  What factors did you base your predictions on?




	List the materials you are using to perform this investigation?




Procedure

	Design a procedure for carrying out this investigation




Data and Observations

	Carry out the investigation procedure and record all of your observations below.




Discussion and Conclusion:

Did the results of your investigation match your prediction?  If not, did the end result surprise you?

Did any of the results in your investigation surprise you?  Why or why not?

If Minute Maid® asked you again to do investigate the same issue, would you make any changes or improvements to your experiment?

Andrew Mathewson

Hilary Johnson


