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(Adapted from the VSVS pH and Natural Indicators lessons and Edible Acid-Base Indicators, Mebane, Robert C. and Rybolt, Thomas R., J.Chem.Educ., Vol. 62, April 1985.)

GOAL  To help students understand universal indicators and pH.
MATERIALS (Be sure you have all of the materials before you leave the lab - enough for 9 pairs of students and 1 set for VSVS volunteers.)

 8 
# 1 Ziploc bags containing:

 12 bottles labeled pH 2- 13 

 1 box of toothpicks

 12 pipettes

 1 container universal indicator paper

 1 small measuring cup

Miscellaneous fruit juices and/or fruit or flower petals, turmeric powder
8
mortar and pestles


8 
bottles distilled water 
 
8 
24-well plates


8 
aluminum pie pans (to catch spills)


8
small measuring cups

   
8
dropper bottles of red cabbage juice


1 
pH scale (using red cabbage juice) in sheet protector

32
observation sheets

1 
answer key

1
extra box of toothpicks

I. Introduction and Discussion-

Ask the students:  What are acids and bases? Name a few examples.

Acids and bases are two important classes of compounds that have different properties from one another. Acids often give food a sour, sharp flavor (lemon juice) and they can also be helpful, such as the acid in your stomach. Strong acids, such as battery acid can burn your skin.  Bases on the other hand taste bitter and feel slippery.  Weak bases such as baking soda can be helpful to settle upset stomachs. Strong bases, such as lye, can burn your skin.

Ask the students: How do scientists test for acidic and basic solutions?

Scientists can test a substance to see whether it is acidic or basic by using an 

indicator. Indicators are substances that will change colors when they come in 

contact with an acid or a base.


Indicators are a safe way to help scientists determine whether a substance is an 
acid or a base. Remember what we said about acids and bases. Often you do not 
want to come in direct contact with them as they can be harmful. 

One example of an indicator is litmus paper, which will simply tell you whether a 
substance is an acid or a base. But what if we had two acidic substances? How 
could we tell which one was more acidic than the other? Litmus paper will not 
work since it can only tell you that they are both acids. 

A universal indicator will undergo a variety of color changes in different pH 
solutions.  Hydrion paper is a convenient way for scientists to be able to exactly 
measure the pH of a solution.  This paper turns a different color at each pH level.
Ask the students: Has anyone heard of the pH scale before?

The pH scale ranges in value from 0 to 14 and was designed to measure the 
acidity or basicity of weak acids and bases.


Volunteers should hold up a copy of the pH scale based on red cabbage juice 
as the indicator. 

II  Using Hydrion Paper to Determine the pH of a Solution

      Tell the students to:


1.  Place the well-plate on the aluminum pan.


2.  Arrange the pH bottles in numerical order (2-13).


3.  Half fill the first well with the pH 2 solution, the second well with the pH 3 


                 solution etc, until all 12 pH solutions are used.


4.  Dip a piece of Hydrion paper into the first (pH 2) well and compare the color 


     with those on the front of the container.  Record the color on the observation 

     sheet. 

5.  Continue with the remaining wells, using a different Hydrion strip for each 

     well.  Record the colors.
III   Experimenting with Other Natural Indicators
Tell the students they have seen how scientists can determine how acidic or basic a substance is. There are other indicators that change color at just a few, but not necessarily all pH’s. Many vegetables, fruits and flowers can be used as indicators – these are called natural indicators.
Distribute the following to each group:

1
mortar and pestle



1
bottle distilled water 

1 
small measuring cup (30 mL.)  

Have one student from each group get one natural indicator from a VSVS member.  Make sure that at least one group uses the red cabbage juice (since this is gives the widest range of color changes).

Tell students to fill the measuring cup with the distilled water.
Groups will test one substance before moving on to the next.
Students will need to rinse out the well plate and the mortar and pestle in between testing different natural indicators.

If the students are using fresh produce, tell them to: 
 
1.  Put the produce (eg 5 berries, 5 petals…) into the mortar and add 15 mL.
distilled water (to JUST cover the sample).  Grind to a pulp, and add the 

remaining 15 mL. 

2.  Use the pipette to add a few drops of the sample to each well, stir with clean

     toothpicks. Remove any large chunks of produce from the well since they may 

     give a false impression of the color.  Record the colors.
If the students use one of the juices, tell them to:


1.  Squirt a few drops into each well and stir with clean toothpicks.  Record the 


     colors.

If the students use the turmeric powder, tell them to:


USE THE WELL-PLATE SET ASIDE FOR TURMERIC (it is already stained yellow!)


1.  Put a scoop of the powder into each well and stir with clean toothpicks.  
  
     Record the colors.

Rinse out the well plate and mortar and pestle before testing another indicator.  Add the pH buffers as in II above and test with a new indicator.
III. Analyzing the Universal Indicators Experiment

The colors may vary slightly between groups. Look at the answer key for the correct color changes. 


Ask the students:
· 
Which indicator(s) had the greatest number of color changes?
· 
Which indicators(s) could be named a universal indicator?  
Notes:  Samples that can be used:
“Juice Makers” Concentrate: Cranberry, Apple, and Grape (dark).  Canned Beet juice, “Just Fruit” Brand Blueberry Jelly, Black Raspberry jam.  These need to be opened and used on the same day.  Their indicator “power”  disappears after opening.

Turmeric powder
Fresh fruit – blackberries, raspberries, blueberries, 

Flower petals – petunias (different colors give different results), 

Red cabbage juice

Observation Sheet – Universal Indicators in Nature

Name_________________________

Directions: Write the name of the indicator material you are testing in the far left column.  Then as the pH standards are mixed with the indicator, record the colors you see for each pH standard.  Does the color of the indicator change when it is added to different pH standards?
	Name of indicator source
	Color change at pH:

     2           3             4            5            6             7            8            9             10          11          12           13

	Hydrion paper


	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	


Which indicator(s) had the greatest number of color changes?
Which indicators(s) could be named a universal indicator?  

Instruction Sheet – Universal Indicators in Nature

II.   Using Hydrion Paper to Determine the pH of a Solution

1.  Place the well-plate on the aluminum pan.

2.  Arrange the pH bottles in numerical order (2-13).

3.  Half fill the first well with the pH 2 solution, the second well with the pH 3 


     solution etc, until all 12 pH solutions are used.

4.  Dip a piece of Hydrion paper into the first (pH 2) well and compare the color with 

     those on the front of the container.  Record the color on the observation sheet. 

5.  Continue with the remaining wells, using a different Hydrion strip for each well.  


     Record the colors.

III.   Experimenting with Other Natural Indicators
Notes:


Groups will test one substance before moving on to the next.

You will need to rinse out the well plate and the mortar and pestle in between testing different natural indicators.

If you are using fresh produce: 

1. Put the produce (eg. 5 berries, 5 petals…) into the mortar and add15 mL. of distilled water to 

JUST cover the sample.  Grind to a pulp, and add the remaining 15 mL water.

2. Use the pipette to add a few drops of the sample to each well, stir with clean toothpicks. 

Remove any large chunks of produce from the well since they may give a false impression of 

the color.  Record the colors.

If you use one of the juices:


1.  Squirt a few drops in each well and stir with clean toothpicks.  Record the 


     colors.

If you use the turmeric powder:

Use the wellplate set aside for Turmeric- it is already stained yellow.


1.  Put a scoop of the powder into each well and stir with clean toothpicks.  
  
     Record the colors.
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