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DRIVING QUESTION: HOW CAN WE USE PLANTS IN CHEMISTRY?
Recommended Grades: K — 6; Adaptations for 7 —12.
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Materials: Materials: Fresh or frozen blueberries, 2 — 3 leaves of red cabbage, hot water or microwave access, small clear
containers with lids or plastic cups, sandwich bags, two mason jars to store testing solutions, water, baking soda, lemon
juice, measuring spoons or graduated cylinder, coffee mug, fork, clear plastic cups, two dropping pipets. Optional: beach

ball, other household liquids and Universal Indicator
Participant activity: 30 minutes

Objectives:
1. Identify properties of acids and bases.

Plan ahead: Universal indicator solution can be ordered
through Carolina Biological or purchased at many pet stores

2. Use a known indicator to compare the precision with fish sections or a swimming pool store. Dropping
and accuracy of homemade indicators. pipets can be purchased from craft stores like Michaels, or
3. Explain solvent, solution, solution, and in bulk from Carolina Biological. All other materials should
concentration. be available at the grocery store.
4. Apply the pH scale to household solutions using Total prep: < 15 minutes to make copies
homemade indicator solutions. Safety: Hot water from the tap is safer than heating water in
5. Prepare a neutralization reaction and observe a microwave. Please note that | have only included edible
chemical changes. items to reduce the risk of ingestion of anything (even soap)

that could make a participant sick. If a participant

accidentally ingests any of the materials, it may not be
pleasant, but it is not dangerous.

Sensory Integration Issues: Strong smells of cabbage may

S: ClaSSify “qUids as acids and bases. be unpleasant for some participants. Keep cabbage
Apply controls and independent indicator liquid in a sealed container. Smashing blueberries
variables. inside a sandwich bag can prevent an unpleasant sticky

experience. Please note that we have chosen lemon juice
instead of vinegar for the neutralization reaction instead of

T: Compare and evaluate solutions for .
the more commonly done vinegar.

their precision and accuracy. Cost: Minimal, <$1 per person.

What else do | need? Paper towels/rags.

. Clean Up: Hands, equipment, and surfaces can be washed
form a new chemical compound. with soap and water. The acids and bases we chose should
not cause damage if mixed during cleanup.

E: Prepare a neutralization reaction to

M: Prepare solutions with a mathematic
ratio of 6:1.
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Blueberry and Cabbage Magic Lesson Plan

1.

3.

Print it out:

a. Print out the graphic for cabbage indicator solution. Note that these colors are different than the ones
used in Universal Indicator solution, but they will be the same colors in blueberries and in red cabbage.
https://www.compoundchem.com/2017/05/18/red-cabbage/

b. Print out the Student Handouts from Blueberry and Cabbage Magic
2. Activate prior knowledge: Many students have already experienced chemical properties of acids and bases
through their food. Soaps are slippery. Lemon juice tastes sour, as do pickles made with vinegar. To introduce

the concepts of water molecules, you will need three people.
a. Hydrogen lon Partner Exchange: H>O: is the chemical formula for water. This demonstration requires
three participants and the teacher, and a beach ball.

Procedure:

H*: Demonstrate hydrogen ions by asking one participant to hold onto a beach ball. That person
is H*, the hydrogen ion that forms an acid. The teacher should explain that he/she/they will take
the beach ball, or electron by pulling it towards the teacher. It should be able to relatively easy
for the teacher to pull away the beach ball. If we look at giving away or sharing a beach ball,
which means giving away a negative electron, as a positive thing, then H* is positive.

OH: Demonstrate hydroxide ions by asking two participants to link arms and to hold onto the
beach ball. That pair of hydrogen and oxygen will be better able to hold the beach ball
representing a negative electron closer to them despite the teacher’s efforts. This would be a
negative action, because they are more likely to hold that negative electron closer, which means
holding onto a negative thing, then OH" is negative.

H,0: is a neutral solution. It has both hydrogen and hydroxide. Although one end of the
molecule is more likely to give away (positive) and one is more likely to hold closer (negative). It
has a slight charge of a positive and a negative end. If you ask the two students and the one
student to pull on the beach ball, they most likely end up looking like a triangle, with the
hydrogen end being positive and the hydroxide end being negative. That charged positive and
negative ends on a water molecule is one of the reasons why water breaks down most
substances. It is why water is known as the “Universal Solvent.”

a. Mix a solution: Provide each table with a teaspoon, baking soda, an empty cup, and a cup of water.

Prepare a 6:1 solution of water and baking soda. Instruct participants to fill one
spoonful of baking soda. This is the solute. Prompt them to say “SOLUTE!” when
{ they pour it into the empty cup.

Then dip and fill six teaspoonfuls of water into the cup. Prompt participants to
say, “SOLVENT!”

Prompt the students to stir the solution and say, “SOLUTION!” Now you have
mixed a solution of water and baking soda with a 6:1 ratio. If needed for practice,
prompt students to mix another 6:1 solution by using tablespoons. The mixture
ratio is the same despite the increased amount.
b.Make the Blueberry and Cabbage indicator solutions. Place a coffee mug in the
microwave to heat up approximately one measuring cup of water.
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https://www.compoundchem.com/2017/05/18/red-cabbage/

c. Place ten blueberries inside a sandwich bag. Close it up tightly, making sure there is no air inside it. Then,
smash the blueberries until they are smooth. Add five teaspoons of hot water to the solution. Prompt
. i / | I EE# participants to identify
that the blueberry
mash is the solute. The
water is the solvent.
Continue to squash the
berries. Prompt
participants to
calculate the ratio of
water to blueberries. It
is 5 teaspoons of water
for 10 blueberries,
which works out to 1:2.
DR (Y S : s this accurate

though? Not really. They are not measured using the same amounts. How many blueberries fit on a
spoon? (generally, around 10 — 15). Then calculate the recalculate ratio, which makes the ratio closer to
5:1. Strain the blueberries by cracking the corner of the sandwich bag to filter the liquid of the solution
only, with no chunks. Pour the liquid into a container with a lid for storage.

i. Tear off two red cabbage leaves. Tear them into small pieces. Place them inside the mug of hot
water and microwave them for 4 minutes. Let them steep and cool. Then remove the leaves with
i AR o i a fork. Pour the liquid
into a container with a
lid for storage.

o e

d. Set up the liquids to test: In small containers, pour two pairs of each liquid: 2 of lemon juice, 2 of water, 2
of baking soda solution. Label one pipet with a “B” to use that one exclusively for the blueberry indicator.

Add several drops of the
blueberry indicator to the left liquid of
each pair. Observe and note any color
changes.

Add several drops of the red
cabbage indicator to the right liquid of
each pair. Observe and note any color
changes.

Data Collection:

a. Describe color changes in the liquids.

b. Compare the indicator solutions with one another. Did they turn the same colors?
Collaboration: This activity may require taking turns in small groups so that each person has the opportunity to
participate by dropping the indicator solution into the liquids.
Data Analysis: Compare and contrast the blueberry indicator colors with the red cabbage indicator colors. In this
experiment, the known indicator or control was the cabbage. How does the blueberry indicator solution compare
with the red cabbage colors? Are they the same color for each pair?

P apert
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7. Extensions: Neutralize It!: This extension activity explores acid-base chemical reactions, or neutralization. The
signs of a chemical reaction are
e Change in temperature
e Changein odor
e Bubbles
e Formation of a solid/precipitate at the bottom

This activity utilizes the container of the prepared 6:1 baking soda solution with cabbage indicator in it and a
container of lemon juice with cabbage indicator solution in it.

a. Use the cabbage indicator solution key to identify the starting pH of the lemon juice and the baking soda
solution.

b. Sniff test. First, watch the video for the proper method of “wafting” or sniffing chemicals. This is a safety
procedure. https://www.youtube.com/watch?v=EQisOnnap74 . Sniff both the lemon juice and the
baking soda solutions. Can you identify the lemon solution by smell?

c. Start with the container of baking soda solution. Use a dropping pipet to add one drop of lemon juice.
Write your observations. Estimate how much lemon juice it will take to neutralize the acid and base.
Use your red cabbage indicator chart to identify the target color of “neutra

8. Resources and adaptations
i. For K—2: Only teachers should work with all hot water preparations. Make sure that
participants do not drink the solutions. To avoid frustrations with pouring, transfer
approximately two teaspoons of baking soda solution into a sandwich bag. Then add one

|II

teaspoon of lemon juice and close the bag. Open it back up and continue adding teaspoons of
lemon juice until the color changes to acid. Observe and write down when the color changes
from base, to neutral, to acid.

ii. For 3 —5: Start with one teaspoon of lemon juice. Add it to the baking soda. Prompt participants
to estimate, then count the actual number of teaspoons of lemon juice it may take to change the
solution to neutral. Prompt them to stop adding more teaspoons of juice. Then add one more.
Write down your observations.

iii. For 6—8: Start with one teaspoon of lemon juice. Add it to the baking soda. Prompt participants.
Then, ask the participants to estimate than to calculate how much lemon juice it will take to
neutralize the activities.

iv. Forgrades 6 —12: Use a small container for the solution and use a dropping pipet. Begin with the
baking soda solution with the cabbage indicator. Add one drop of lemon juice. Then swish the
solution. Continue adding drops one by one until it turns to neutral. Waft the new solution. The
lemon odor should be gone. Then add lemon juice to change the solution to an acid. Does it
smell like lemon juice again? Using a clean pipet, estimate how many drops of baking soda it
would take to turn it back to base. Let the precipitate settle to the bottom of the container. How
does it compare with baking soda? Is it a new substance? They do look the same because they
are both powdery white solids. Take out one teaspoon of baking soda. Add one drop of cabbage
indicator solution onto it. The color should change. Then put one drop of cabbage indicator
solution onto the precipitate. It should not change because it is a “salt”, which is neither an acid
nor a base. Write down the chemical equation:

H3CeHsO7 (ag) T 3NaHCO3 (s) —> 3C02(g) +3H-,0 m+ NazCgHs0O7 (aq)
This chemical equation translates like this:

“A solution of lemon juice, which is mostly citric acid, when mixed with baking soda in powder
form produces (or yields) carbon dioxide gas, water, and sodium citrate, which is a food

preservative.”
@nNccap


https://www.youtube.com/watch?v=EQis0nnap74
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STUDENT HANDOUT
BLUEBERRY AND CABBAGE MAGIC
DRIVING QUESTION: HOW CAN WE USE PLANTS IN CHEMISTRY?

Part 1: Mix a solution: Use a ratio to create a solution. A solution is a liquid mixture. For this solution you need water,
baking soda, a teaspoon, and a cup. Prepare a 6:1 solution of water and baking soda.

1. Fill one cup with one spoonful of baking soda. This is the solute. Say, “SOLUTE!” when you pour it into the empty
cup.

2. Then dip and fill six teaspoonfuls of water into the cup. This is the solvent. Say, “SOLVENT!”
Stir the mixture. This is the solution. Say, “SOLUTION!”

Now you have mixed a solution of water and baking soda with a 6:1 ratio. If needed for practice, prompt students to mix
another 6:1 solution by using tablespoons. The mixture ratio is the same despite the increased amount. Set it aside.

Part 2: Make the Blueberry and Cabbage indicator solutions. Place a coffee mug in the microwave to heat up
approximately one measuring cup of water.

1. Place ten blueberries inside a sandwich bag. Close it up tightly, making sure there is no air inside it. Then, smash
the blueberries until they are smooth.
2. Add five teaspoons of hot water to the solution.
a. The mashed blueberry is the
b. The water is the .
c. What is the ratio of water to blueberries?
3. WAIT! This is tricky. Did you use the number of teaspoons of water versus the number of teaspoons of berries?
a. What's the measured ratio of teaspoons of water to teaspoons of blueberries?

b. Continue to squash the berries.
c. Then crack the corner of the sandwich bag to filter and pour the liquid of the solution only, with no
chunks, into a container with a lid for storage.
4. Tear off two red cabbage leaves. Tear them into small pieces. Place them inside the mug of hot water and
microwave them for 4 minutes. Let them steep and cool. Then remove the leaves with a fork. Pour the liquid into
a container with a lid for storage.

Part 3: Set up the liquids to test: In small containers, pour two pairs of each liquid: 2 of lemon juice, 2 of water, 2 of baking
soda solution. Label one pipet with a “B” to use that one exclusively for the blueberry indicator.

a. Add several drops of the blueberry indicator to the left liquid of each pair. Observe and note any color

changes.
b. Add several drops of the red cabbage indicator to the right liquid of each pair. Observe and note any

color changes.
Data Collection:

c. Thelemon juice turned in blueberry indicator.
d. The lemon juice turned in cabbage indicator.
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e. The water turned in blueberry indicator.

f.  The water turned in cabbage indicator.

g. The baking soda solution turned in blueberry indicator.
h. The baking soda solution turned in cabbage solution.

Data Analysis: Compare and contrast the blueberry indicator colors with the red cabbage indicator colors. In this
experiment, the known indicator or control was the cabbage.

1. How does the blueberry indicator solution compare with the red cabbage colors? Do they turn the same color in each

pair of solutions?
2. Compare the Red Cabbage Indicator to the colors of your solution. Identify the pH of each solution.

MAKING AN INDICATOR FROM RED CABBAGE

The compounds that give red cabbage its colour can be extracted and used as a pH indicator solution. Here we ook at the method and the colours!
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The red cabbage extract can be used to determine whether substances are acidic or
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INDICATOR! are subtly changed at varying pH. These different structures give a range of colours.
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The pH of lemon juice is . Itis an acid/base/neutral. (Circle one).
The pH of water is . Itis an acid/base/neutral. (Circle one).
The pH of baking soda is . Itis an acid/base/neutral. (Circle one).

Think about it: Both blueberries and red cabbage have a pigment called anthocyanin, which turns color in the presence of
an acid or a base.

1. How close in color were the blueberries and red cabbage indicator?
2. Which solution did you prefer? Why?
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Extensions: Neutralize It!: This extension activity explores acid-base chemical reactions, or neutralization. The signs of a
chemical reaction are:

e Change in temperature

e Changein odor

e Bubbles

e Formation of a solid/precipitate at the bottom

This activity utilizes the container of the prepared 6:1 baking soda solution with cabbage indicator in it and the container
of lemon juice with cabbage indicator solution in it.

MAKING AN INDICATOR FROM RED CABBAGE | - iorsoiuton ton s

indicator solution key to

The compounds that give red cabbage its colour can be extracted and used as a pH indicator solution. Here we look at the method and the colours!
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acid/base/neutral. (Circle
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Step 2: Sniff test. First, watch the video for the proper method of “wafting” or sniffing chemicals. This is a safety
procedure. https://www.youtube.com/watch?v=EQisOnnap74 . Sniff both the lemon juice and the baking soda solutions.
Can you identify the lemon solution by smell? Yes or No ( Circle one)

Step 3: Neutralize it.

1. Start with the container of baking soda solution. Use a dropping pipet to add one drop of lemon juice. What
happens? Write down any clues to chemical reactions you observe.

2. Estimate how much lemon juice it will take to neutralize the acid and base. | estimate it will take
drops to neutralize the base.

3. Refer to your red cabbage indicator chart to identify the target color of “neutral.”
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https://www.youtube.com/watch?v=EQis0nnap74

4, Continue adding drops one by one until it turns to neutral. How many drops did it take?

5. Waft the new neutralized solution. Can you smell the lemon scent?

6. Then add lemon juice to change the solution to an acid. Does it smell like lemon juice again?

Data analysis: Using a clean pipet, estimate how many drops of baking soda it would take to turn it back to base.

Let the precipitate settle to the bottom of the container.
Pour out the liquid and scoop a teaspoon of the precipitate (solid) to look at. How does it compare with baking soda?

Is it a new substance?
Think about it: Take out one teaspoon of baking soda. Add one drop of cabbage indicator solution onto it. The color
should change. Then put one drop of cabbage indicator solution onto the precipitate. Does the indicator solution

change?

Likely, the unknown precipitate won’t change color in the indicator solution because it is a “salt”, which is neither an acid
nor a base.

In an acid base reaction, an acid plus a base reacts to form water, gas, and solid precipitate called a salt.

This is our chemical equation:

H3CgHs07 (ag) 3NaHCO3 (s) —> 3C02(g) +3H,0 m+ NaszCeHsO- (aq)
This chemical equation translates like this:

“A solution of lemon juice, which is mostly citric acid, when mixed with baking soda in powder
form produces (or yields) carbon dioxide gas, water, and sodium citrate, which is a food
preservative.”

@NCcap



	Plan ahead: Universal indicator solution can be ordered through Carolina Biological or purchased at many pet stores with fish sections or a swimming pool store.  Dropping pipets can be purchased from craft stores like Michaels, or in bulk from Carolin...
	Total prep: < 15 minutes to make copies
	Safety: Hot water from the tap is safer than heating water in a microwave.  Please note that I have only included edible items to reduce the risk of ingestion of anything (even soap) that could make a participant sick.  If a participant accidentally i...
	Sensory Integration Issues:  Strong smells of cabbage may be unpleasant for some participants.  Keep cabbage indicator liquid in a sealed container. Smashing blueberries inside a sandwich bag can prevent an unpleasant sticky experience.  Please note ...
	Cost: Minimal, <$1 per person.
	What else do I need?  Paper towels/rags.
	Clean Up: Hands, equipment, and surfaces can be washed with soap and water.  The acids and bases we chose should not cause damage if mixed during cleanup.
	S:  Classify liquids as acids and bases.  Apply controls and independent variables.
	T: Compare and evaluate solutions for their precision and accuracy.
	E: Prepare a neutralization reaction to form a new chemical compound.
	M: Prepare solutions with a mathematic ratio of 6:1.

