Science
Starts With
a Question
Chemical
Reactions
Teacher and
Ambassador Guide

Science Starts With a Question is a collaboration between the Smithsonian Science Education Center and The
Dow Chemical Company.

About the Smithsonian Institution
The Smithsonian Institution was created by an Act of Congress in 1846 “for the increase and diffusion of
knowledge…” This independent federal establishment is the world’s largest museum and research complex
and is responsible for public and scholarly activities, exhibitions, and research projects nationwide and
overseas. Among the objectives of the Smithsonian is the application of its unique resources to enhance
elementary and secondary education.

About the Smithsonian Science Education Center
The Smithsonian Science Education Center (SSEC) is operated by the Smithsonian Institution to improve the
teaching of science in the nation’s schools. The SSEC disseminates information about exemplary teaching
resources, develops curriculum materials, and conducts outreach programs of leadership development and
technical assistance to help school districts implement inquiry-centered science programs. Its mission is
to transform the teaching and learning of science in a world of unprecedented scientific and technological
change.

Smithsonian Science Education Center staff involved in development of this publication
Katya Vines, PhD

Curriculum Developer

Brian Mandell, PhD

Curriculum Developer

Claudia Campbell, Jean Flanagan, Patti Marohn
Ashley Deese
Elizabeth Klemick Brannan
Taryn White

Editors
Designer
Proofreader
Production Specialist

Marjee Chmiel, PhD

Associate Director for Curriculum
and Communications

Amy D’Amico, PhD

Director of Professional Services

Eric Nastasi, Esq.
Lisa Rogers
Teng Chamchumrus

Senior Advancement Officer
Director of Finance
Interim Director

Teachers involved in development of this publication
David Brown

Science Teacher
Bullock Creek Middle School, Michigan

Scott Harrison

Science Teacher
Freeland Elementary School, Michigan

Science Starts With a Question: Chemical Reactions

i

About The Dow Chemical Company
Dow’s STEM mission is to build the workforce of tomorrow by empowering teachers, motivating student
achievement, developing careers, and collaborating with communities to transform STEM education into a
driver for innovation, manufacturing, and economic prosperity.
To live out this mission, Dow has created STEMtheGAP™— a growing and constantly evolving series of
initiatives to support and advance STEM education. While stakeholders, target audiences, and focuses may
vary, every initiative is designed to inspire conversation about STEM education, collaboration to develop
innovative solutions and, as a result, transformation that will enable our nation and the world to surmount
the challenges of the 21st century.
For more information on Dow’s STEMtheGAP™ initiatives, visit:
http://www.dow.com/company/citizenship/stem.htm

Dow staff involved in development of this publication
Patrick Heider, PhD

Chemical Engineer

Stephanie Hughes

Chemist

Tricia Wilson

Chemical Technologist

Cassie Fhaner, PhD

Chemist

Meagan Zabetian

Supply Chain Analyst

Jaime Curtis-Fisk, PhD

Chemist

Evaluation of the safety of chemicals used in this module
A Safety Data Sheet (SDS) is the main document scientists at Dow use to assess the safety of chemicals. The
SDS lists any hazards associated with the chemical, including potential hazards such as what might happen
if the chemical is dropped or if it comes into contact with air or water. Before carrying out an activity, a Dow
scientist refers to the SDS for every chemical he or she is going to use. This allows the scientist to decide
what personal protective equipment to wear and where to carry out the reaction. Dow uses a color-coding
system for every chemical. All of the chemicals in this module belong to the green category, which is the
category associated with the lowest level of risk. Appropriate safety precautions recommended by Dow are
included in the Stay Safe boxes in both the Teacher and Ambassador Guide and the Student Guide.
®TM Trademark of the Dow Chemical Company (Dow) or an affiliated company of Dow.
©2015 Smithsonian Institution
Image Credits
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How to Use This Guide
Welcome to your Chemical Reactions Teacher and Ambassador Guide! This Guide contains
all the information you need to teach the Chemical Reactions module produced by the
Smithsonian Science Education Center in partnership with The Dow Chemical Company. You
will also find background information on all the activities and links to the Next Generation
Science Standards and the Michigan Performance Standards.
The following features in this Guide will help you teach this module:

What Scientists Do
Take opportunities to relate what the students are doing to
what the ambassador scientist does.

Stay Safe
Science is fun but can also be dangerous. Emphasize safety
advice to your students.
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Science Starts with a Question

Chemical
Reactions
Module Overview
Students will participate in a series of activities based on a model-based inquiry framework.
These activities will help them understand the signs that a chemical reaction has taken place.
Students will develop a model of an observed phenomenon. Then they will explore their
model by observing and carrying out a series of activities. Finally, they will use evidence from
their experiences to evaluate and refine their model. They will also use the model to test a
prediction. Scientists from Dow Chemical will help students connect what they do in the
classroom to what they may do in a STEM career.
Lesson
Lesson 1: Model
Development

Activity
Baking soda and
calcium chloride
react in an open
system

Length
40 minutes

Teaching style
Teacher-guided
student activity

Lesson 2: Model
Investigation

A series of physical
changes and
chemical reactions

40 minutes

Ambassador
demonstrations and
ambassador-guided
student activities

Lesson 3: Model
Evaluation

Baking soda and
calcium chloride
react in a closed
system

40 minutes

Teacher
demonstration
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Module Level Performance Expectations
These expectations are based on the Next Generation Science Standards (NGSS)
performance expectations for this module. They combine core ideas, practices, and
crosscutting concepts.
At the end of this module, students will be able to:

t
t
t

Develop a model to describe what happens during a chemical reaction.
Compare similarities and differences in data to determine whether a chemical reaction
has taken place.
Use a model to predict what will happen when a reaction is carried out in a closed system.

Central Question
How can I tell if I have made something new?

NGSS Alignment
The NGSS framework combines disciplinary core ideas, crosscutting concepts, and
science and engineering practices. NGSS performance expectations integrate these three
elements. NGSS is designed to be flexible so that teachers can include additional science
and engineering practices in their instruction. Students will work toward the performance
expectations listed in this module but will not be expected to achieve them fully until the
end of grade 8.
Performance Expectations
MS-PS1-2
Analyze and interpret data on the properties of substances before and after the substances
interact to determine if a chemical reaction has occurred.
In Lessons 1 and 2, students look at qualitative data from a series of activities to determine
whether a chemical reaction has taken place.
MS-PS1-5
Develop and use a model to describe how the total number of atoms does not change in a
chemical reaction and thus mass is conserved.
In Lesson 1, students predict what the change in mass will be if a reaction is carried out in a
closed system. In Lesson 3, the teacher demonstrates the closed system to test the students’
predictions.
Science Starts With a Question: Chemical Reactions
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Science and Engineering Practices
Focus practices
Developing and using models
Develop and/or use a model to predict and/or describe phenomena.
In Lesson 1, students develop a model to explain what is going on in a chemical reaction. They
use the model to make a prediction, which will be tested in Lesson 3.
Analyzing and interpreting data
Analyze and interpret data to determine similarities and differences in findings.
In Lesson 2, students analyze qualitative data to decide whether a chemical reaction has taken
place.
Engaging in argument from evidence
Construct, use, and present oral and written arguments supported by empirical evidence
and scientific reasoning to support or refute an explanation or a model for a phenomenon.
Respectfully provide and receive critiques about one’s explanations, procedures, models
and questions by citing relevant evidence and posing and responding to questions that
elicit pertinent elaboration and detail.
In Lessons 1 and 3, students engage in argumentation. They defend their explanations and
compare and contrast other students’ explanations with their own.
Additional practices
Planning and carrying out investigations
Collect data to produce data to serve as the basis for evidence to answer scientific
questions or test design solutions under a range of conditions.
In Lesson 2, students carry out a series of activities and collect qualitative data as evidence of a
chemical reaction.
Constructing explanations and designing solutions
Construct an explanation using models or representations.
In Lesson 1, students explain their observations from a chemical reaction using their model.
Science Starts With a Question: Chemical Reactions
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Disciplinary Core Ideas
PS1.A: Structure and properties of matter
Each pure substance has characteristic physical and chemical properties (for any bulk
quantity under given conditions) that can be used to identify it.
In Lessons 1 and 2, students observe the appearance of products compared to reactants.
PS1.B: Chemical reactions
Substances react chemically in characteristic ways. In a chemical process, the atoms that
make up the original substances are regrouped into different molecules, and these new
substances have different properties from those of the reactants. The total number of each
type of atom is conserved, and thus the mass does not change.
In Lessons 1 and 2, students observe the four main signs of a chemical reaction: a gas, a
precipitate, a color change, and a temperature change. They should relate these observations to
a new substance being produced. In Lesson 3, students observe a reaction carried out in a closed
system that shows that mass is not lost during a chemical reaction.
Crosscutting Concepts
Patterns
Macroscopic patterns are related to the nature of microscopic and atomic-level structure.
In Lessons 1 and 2, students should relate observations to substances breaking up and
reforming as new substances.
Energy and matter
Matter is conserved because atoms are conserved in physical and chemical processes.
In Lesson 3, students should observe that the total mass in a closed system is the same at the
start and end of a reaction.
Influence of science, engineering and technology on society and the natural world
The uses of technologies and any limitations on their use are driven by individual or
societal needs, desires, and values; by the findings of scientific research; and by differences
in such factors as climate, natural resources, and economic conditions. Thus technology use
varies from region to region and over time.
The Extending Your Knowledge section at the end of Lesson 3 discusses the use of sodium
alginate in food science.
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Michigan Department of Education Science Standard Alignment
Content Expectations
P.CM.07.21
Identify evidence of chemical change through color, gas formation, solid formation, and
temperature change.
In Lessons 1 and 2, students observe the four main signs of a chemical reaction: a gas, a
precipitate, a color change, and a temperature change. They should relate these observations to
a new substance being produced.
P.CM.07.23
Describe the physical properties and chemical properties of the products and reactants in a
chemical change.
In Lessons 1 and 2, students make observations of the appearance of products compared to
reactants.

Pre-requisite Knowledge and Skills
Before starting this module, students should know:

t
t
t

Substances are compounds or elements with specific physical and chemical properties
(NGSS: 5-PS1-3).
Substances are made of particles too small to be seen (NGSS: 5-PS1-1).
Physical changes involve particles rearranging themselves but remaining the same
chemical substance. In a change of state, particles have less motion (freezing) or more
motion (heating) (NGSS: MS-PS1-4; Michigan: P.CM.06.11).

Before starting this module, students should be able to:

t
t
t

Draw a simple model to explain a phenomenon.
Analyze and interpret data to make sense of a phenomenon.
Compare and contrast data collected by different groups.
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Module Background Information
In this series of activities, students will observe the main signs of a chemical reaction. These
include a color change, a precipitate forming, a gas forming, a temperature change, and a
smell (although the reactions in this module do not produce a smell). Students should be
aware that one of these signs does not definitely indicate that a chemical reaction has taken
place. For example, dry ice in water produces a gas, but this is not a chemical change. Similarly, some compounds produce a temperature change when dissolved in water. However,
a temperature decrease as well as a temperature increase can indicate that a chemical reaction has taken place. This is evident in the Crushed Ice activity. Avoid the idea that a physical
change is reversible and a chemical change is not.

Misconceptions
There are common misconceptions that students of this grade have about chemical
reactions. Research has shown that unless these misconceptions are corrected, students
will not fully understand new concepts. It is important to identify and correct student
misconceptions using evidence from the activities.
Misconception
A chemical reaction will produce all four
signs: a temperature change, a gas, a color
change, and a precipitate.
Chemical reactions always produce a gas.

Correction
No reactions in this module show all four
signs of a chemical reaction.

Chemical reactions are always irreversible.

Blue Bottle is an example of a reversible
chemical reaction.

Chemical reactions require heat to begin.

No reactions in this module require heat.

All chemical reactions produce heat.

The cold pack shows a reaction where the
temperature decreases.

Only the reaction of baking soda and
calcium chloride produces a gas.

Matter can disappear in a chemical reaction, The reaction of baking soda and calcium
especially in a reaction that produces a gas. chloride in a closed system should show no
decrease in mass.
Products result from matter being created
not rearrangement of bonds in reactants.

The reaction of baking soda and calcium
chloride in a closed system should show no
increase in mass.
Science Starts With a Question: Chemical Reactions
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Teaching Through Inquiry
In this module, students answer a central question by collecting evidence from a series of
activities. The Student Guide gives the procedures for the activities. However, students have
to make decisions on what evidence to collect and how to formulate explanations based on
this evidence. The role of the teacher and the ambassador should be to guide students in
this inquiry. The teacher and ambassador should avoid giving students answers to questions.
Instead, they should direct students to relevant observations and prior scientific knowledge.
A more open inquiry may develop from questions students raise during this module.
Teachers may want to collect these questions on a flip chart or Post-it notes and use them as
a basis for a student-designed activity later.
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Lesson 1: Model Development
Lesson Overview
Students will explore the reaction between baking soda and calcium chloride. They should
observe a precipitate, a gas, and a small temperature increase. Then they will draw a model
to explain their observations. Finally, they will use their model to predict what will happen if
the reaction were repeated in a closed system on an electronic balance.

Preparation
1.
2.

Hand out a copy of the Student Guide to each student.
Arrange the classroom for students to work in groups of four. Ensure each group has
the materials for their group at their station and access to baking soda, calcium
chloride, and distilled water.

Let’s Get Started (10 minutes)
1.
2.
3.
4.

Read the brief overview in the Student Guide together as a class.
Have students answer the two questions in Let’s Get Started in the Student Guide.
When going through the answers to these questions, reinforce that a physical change
involves particles having more movement (heating) or less movement (cooling).
Explain to students that they are going to be doing an activity where they mix two
substances and observe what happens. Remind them to observe very carefully.

Stay Safe
Remind students of the usual laboratory rules when using
chemicals:
r Wear lab-appropriate clothing (closed shoes and long
sleeves).
r Wear safety goggles at all times.
r Always use a spatula to measure solid chemicals.
r Be careful when touching anything that may be hot or cold.
r Always let the teacher know if any chemicals spill or glassware breaks.
r Wash hands immediately with soap and water if anything
spills on hands.
r Never taste chemicals.
r Smell chemicals by wafting the smell using a hand.
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Reaction of Baking Soda and Calcium Chloride (25 minutes)
Activity Background Information
The equation for the chemical reaction is:
2NaHCO3 + CaCl2

CaCO3 + CO2 + 2NaCl + H2O

Calcium carbonate is insoluble in water; therefore, it appears as a precipitate. Sodium
chloride is also produced. However, it is insoluble in water, so it remains in solution. The
bubbles observed are carbon dioxide. The reaction is exothermic because more energy is
given out by bond making than is needed for bond breaking.

Materials
For each student
Safety goggles
Disposable gloves
For each group of four students
2 Beakers (50 mL)
1 Graduated cylinder (25 mL)
1 Thermometer
1 Spatula
Pen or labels
For groups to share
Calcium chloride
Baking soda
Distilled water

Procedure

Stay Safe
Make sure students don’t use the thermometer to stir the
solution, as this may break the thermometer.

1.
2.

Let students know where they can find the baking soda and calcium chloride.
Have students add a spatula of calcium chloride to one beaker followed by 25 mL of
water and stir until most of the calcium chloride dissolves. It is not important that all of
the calcium chloride dissolves.
Science Starts With a Question: Chemical Reactions
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3.

4.

5.
6.
7.
8.

Have students add a spatula of baking soda to one beaker followed by 25 mL of water
and stir until most of the baking soda dissolves. It is not important that all of the
baking soda dissolves.
At this point, have students write down the appearance of the starting materials in
question 1 of What Is Going On. They should describe the two solutions rather than the
solids.
Have students put the thermometer in the calcium chloride solution and take the
temperature.
Have students slowly add the baking soda solution to the calcium chloride solution
and write down their observations in question 2 of What Is Going On.
At the end of the experiment, tell students to dispose of the chemicals using the
procedure followed in your school.
Have students complete questions 3-6 of What Is Going On.

Teaching Notes
1.
2.
3.

4.

Make sure students label each beaker before mixing the solutions.
Students should observe a white precipitate, gas bubbles, and a temperature increase
of a few degrees.
Drawing the model should be an individual activity. Take care not to give students
too much information at this stage. Students can use any kind of drawing to explain
the observations and should be encouraged to use arrows and symbols. You may need
to prompt students to use labels and/or a key so that their model is clear.
After students have drawn their model, select some students to explain their model to
the class. Encourage students to support their model using evidence from the
experiment. Students should compare and contrast models. Lead a discussion about
which model best fits the evidence. If students haven’t had experience in
argumentation, this discussion will need to be carefully moderated. Ensure that
students listen respectfully and use evidence to support their argument.

What Scientists Do
This is a good opportunity to stress the importance of
communication in science. Scientists collaborate with other
scientists to share ideas and challenge each other’s ideas. They
defend their ideas, but they are open to other ideas supported
by evidence. This advances scientific understanding.

5.

In question 4, students should explain that a gas is being produced by the reaction of
baking soda with another ingredient in the cake.
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6.

7.

In question 5, students should know that particles can move more easily in a liquid.
This increases the chances of them bumping into each other and forming new
substances.
Students may need some help visualizing the reaction in a closed system (question 6).
It might be helpful for these students to draw a simple sketch of the apparatus.

Review (5 minutes)
1.
2.

Students should know that a precipitate, a gas, and a temperature change are all signs
that a chemical reaction has taken place and new substances have been formed.
At the end of the lesson, let students know that a scientist from Dow will be visiting
for the next lesson. Tell them that they will be using their model to explore more types
of chemical reaction.
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Lesson 2: Model Investigation
Lesson Overview
In this lesson, students will watch the ambassador carry out three short demonstrations. Two
activities will show a physical change and one will show a chemical reaction. Then students
will carry out four activities themselves. They will use their observations to decide whether a
chemical reaction has taken place. Throughout, students will collect evidence that will help
them explore their model and reflect on their prediction from Lesson 1.
Activity title
Fog Maker

Starting materials
Dry ice and water

Type of change
Physical change
(sublimation)

Teaching style
Ambassador
demonstration

Crime Scene
Investigation

Luminol and bleach

Chemical reaction
(color change)

Ambassador
demonstration

Invisible Shelf

Dry ice and bubbles

Physical change
(sublimation)

Ambassador
demonstration

Blue Bottle

Glucose and
methylene blue

Chemical reaction
(color change)

Ambassador-guided
student activity

Magic Jell-O

Methocel

Physical change
(solid formation on
heating)

Ambassador-guided
student activity

Crushed Ice

Instant cold packs

Chemical reaction
(temperature
decrease)

Ambassador-guided
student activity

Water Snakes

Sodium alginate and
calcium chloride

Chemical reaction
(solid formation)

Ambassador-guided
student activity
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Recommended Roles for Ambassador and Teacher
The table below provides suggestions for the role of the ambassador and teacher during this
lesson. The ambassador and teacher should discuss this table before the lesson and modify
as appropriate to their preferences and needs.
Teacher

Ambassador

Preparation

r Set up classroom for
r Contact teacher to
demonstration and group
arrange time and location
work
for set up
r Prepare materials for
r Ensure all materials are
student experiments and
prepared and ready for
put them on workstations
transportation
r Set up materials for
demonstrations

Let’s Get Started

r Introduce ambassador
r Lead the Let’s Get Started
activity
r Explain what will happen
during the lesson

r Explain the role of a Dow
STEM ambassador
r Remind students of safety
rules in the laboratory

Activity

r Maintain classroom
procedures and discipline
r Keep lesson on track
r Assist students with
activities, providing
guidance but no answers
r Ensure students follow
safety procedures
r Ensure students follow
clean up and disposal
procedures correctly

r Demonstrate experiments
r Assist students with
experiments, providing
guidance but no answers
r Ensure students follow
safety procedures
r Advise students on
disposal procedures
r Make connections
between the activities
and what scientists do
r Answer questions from
students about his/her
job
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Review

r Lead the Review activity
r Explain what he/she does
r Thank the ambassador for
and relate it to scientific
his/her time
practices that students
used in the lesson

Return of materials

r Ensure all materials are
ready for collection

r Pick up materials and
check everything has
been returned
r Let relevant Dow staff
know if any materials
haven’t been returned or
have been damaged

Preparation
1.

2.

3.
4.
5.

Make up a solution of luminol by dissolving 0.4 g of luminol and 4 g of sodium
hydroxide in 1 L of water. Make a solution of household bleach by dissolving 100 cm3
of bleach in 900 cm3 of water.
Arrange the classroom with a suitable area to set up and conduct the demonstrations.
Set up the materials for the Crime Scene Investigation demonstration as in the image
below, with the luminol solution in one separating funnel and the bleach solution in
another.

Arrange the classroom for students to work in pairs.
Put the materials for Blue Bottle, Magic Jell-O, and Crushed Ice on each workstation.
Pour 25 mL of 2% sodium alginate solution into a 50 mL beaker for each pair of
students and label it ”sodium alginate solution.” Make up a solution of calcium
chloride by dissolving 100 g of calcium chloride in 2 L of water. Pour 125 mL of the
Science Starts With a Question: Chemical Reactions 14

calcium chloride solution into a 250 mL beaker for each pair of students and label it
”calcium chloride solution.” Put a beaker of each solution on each workstation.

Note

Refrigerate sodium alginate to prevent mold.

Let’s Get Started (5 minutes)
1.

2.
3.

4.

The teacher should introduce the ambassador (without giving away his/her job title or
what he/she does). The ambassador should explain what a Dow STEM ambassador
does.
The teacher should ask the students to write down the ambassador’s name and what
they think a scientist does in a typical working day.
The teacher should explain the structure of the day and the role of the ambassador.
The teacher should refer the students to the questions in the Review section and
encourage students to find out what the ambassador does while they are carrying out
their activities.
The ambassador should remind students of the laboratory safety rules.

What Scientists Do
The ambassador could talk briefly about the importance of
safety at Dow and that the procedures that students follow to
stay safe are the same procedures that scientists at Dow follow.
The ambassador could also mention that Dow has assessed the
safety of all the chemicals used in the day’s lesson and even
though the safest chemicals have been chosen, students still
need to follow the usual laboratory rules.

Fog Maker (2 minutes)
Note

Before starting Fog Maker, put 5 or 6 pieces of dry ice (solid carbon dioxide) into the aquarium to sublime for Invisible Shelf. Make sure students know you are doing this.
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Activity Background Information
Dry ice has a temperature of –78.5°C (–109.3°F). At temperatures above −56.4°C (−69.5°F),
it sublimes into carbon dioxide gas without passing through the liquid phase. Dry ice will
sublime quickly when dropped into warm water. Gas rises out of the container. As carbon
dioxide is denser than air, the gas falls over the side of the container to the floor.

Materials
For the ambasssador
An insulated glove
2 Small pieces of dry ice
1 Graduated cylinder (1 L) filled with about 300 mL of hot tap water

Procedure

Stay Safe
Always handle dry ice with thick gloves. Tell students that
holding dry ice for several seconds without hand protection will
cause a severe burn similar to grabbing hold of a hot tray from
an oven.

1.
2.

Put the pieces of dry ice into the cylinder of warm water.
Have students complete the table in What Is Going On.

Teaching Notes
1.
2.
3.
4.

Show students the dry ice and explain that it is carbon dioxide in a solid state.
Students should observe gas rising upwards rapidly and then falling down to the
ground when the ambassador adds dry ice to the water.
Ask students what they think the gas is and whether they think this is a physical
change or a chemical reaction.
Explain why this is a physical change.

What Scientists Do
Explain what dry ice is used for in industry, e.g., keeping
reactions very cold.
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Crime Scene Investigation (5 minutes)
Activity Background Information
In this reaction, luminol is oxidized by bleach. The oxidized form is in an excited state and
gives out energy as light. This is an example of chemiluminescence. Bioluminescence is
chemiluminescence in a living organism. Students are likely to know fireflies are an example
of bioluminescence. However, there are many other organisms that exhibit bioluminescence,
particularly in deep water.
Luminol can also be oxidized by hydrogen peroxide, with a catalyst. This is used in forensic
science where the iron in haemoglobin catalyzes chemiluminescence. This causes a glow in
areas where there is blood (see Did You Know feature in this section).

Materials
For the ambassador
Household bleach solution (500 mL)
Luminol solution (500 mL)
1 Piece of transparent plastic tubing (1 m)
2 Separating funnels (500 mL)
1 Large funnel
1 Graduated cylinder (1 L)
1 Bath (1 L)
1 Retort stand
2 Retort rings
1 Clamp

Procedure
1.

2.

Slowly open the taps to the two separating funnels so the luminol and bleach
solutions pour into the large funnel at the same rate. It should take approximately 30
seconds for the two separating funnels to empty fully.
Have students complete the table in What Is Going On.

Teaching Notes
1.

2.

Explain that one of the funnels contains luminol, the chemical found in glow sticks.
The other funnel contains household bleach (you can have students smell this to verify
it). Explain that bleach is a source of oxygen.
Although the glow can be observed in natural light, you may want to dim the lights
before starting the demonstration so the glow is more dramatic.

Science Starts With a Question: Chemical Reactions 17

3.

4.

5.

As the solutions mix, they should generate a blue, glowing liquid. The liquid will travel
down the tube and into the large funnel at the bottom. The blue glow is intense and
lasts a few seconds.
Remind students of the temperature increase they observed during the baking
soda and calcium chloride activity. Ask students what kind of energy was given out in
this experiment (heat) and what other forms of energy there are (light).
It is important that students recognize that a color change is another sign of a
chemical reaction.

Invisible Shelf (3 minutes)
Activity Background Information
When pieces of dry ice are placed in an aquarium at room temperature they sublime rapidly.
As carbon dioxide gas is denser than air, it will remain in the bottom of the aquarium. (This
is why the aquarium doesn’t need a lid!) When bubbles enter the aquarium, they rest on the
heavier carbon dioxide layer. The carbon dioxide eventually diffuses into the bubbles. As the
bubbles get heavier, they fall to the bottom. If they fall onto solid carbon dioxide, they can
freeze.

Materials
For the ambassador
5 or 6 Pieces of dry ice
1 Small aquarium
1 Bottle of bubble solution with wand

Procedure
1.
2.
3.

Before carrying out the Fog Maker demonstration, add 5 or 6 pieces of dry ice into the
empty aquarium.
After carrying out the Crime Scene Investigation demonstration, blow bubbles (or get
a student to blow bubbles) into the aquarium.
Have students complete the table in What Is Going On.

Teaching Notes
1.

Students should observe the bubbles floating as if resting on an invisible shelf. Some
bubbles may eventually fall to the bottom of the aquarium and freeze.
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Blue Bottle (5 minutes)
Note

Students will complete the rest of the lesson working in
pairs. Before they start each activity, they should fill in the
first column in the table in What Is Going On. After carrying out each activity, they should enter their observations
in the second column in the table in What Is Going On.

Activity Background Information
This is an example of a reversible oxidation-reduction reaction. Methylene blue is initially
reduced by glucose to its colorless form. Upon shaking, it is re-oxidized by oxygen in the
air to the blue, oxidized form. Then the oxidized form is quickly reduced by glucose to its
colorless form once more. Bubbling nitrogen through the solution would displace the air and
prevent the color change.

Materials
For each student
Safety goggles
Disposable gloves
For each pair of students
1 Measuring tube containing an alkaline solution of glucose and methylene blue in ethanol
(labeled ‘Blue Bottle’)

Procedure

Stay Safe
Students should be discouraged from shaking the tube too
vigorously or from opening it.

1.
2.

One student per pair should shake the tube for at least 10 seconds.
After shaking, students should let the tube rest on the table or bench for a minute or
so.
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Teaching Notes
1.

2.

3.

The solution is initially colorless. After about 10 seconds of shaking, students should
see a color change from colorless to blue. After resting for about a minute, the solution
fades back to colorless. Observant students should notice that the longer they shake
the solution, the longer it stays blue. This cycle can be repeated up to 20 times.
Students are likely to think that this is a physical change because it is reversible. If so,
remind them what physical change is—a substance moving between a solid, liquid,
and gas. This should help them establish that it is a chemical change. Also remind
them of the color change they observed in the luminol reaction.
The ambassador will advise on whether the tube will be disposed of or reused and
advise on disposal procedure.

What Scientists Do
The ambassador could talk about how scientists use indicators
like methylene blue to tell when a reaction has finished.

Magic Jell-O (5 minutes)
Activity Background Information
Methocel is a cellulose polymer that the Dow Chemical Company developed and sells. In
liquid form, Methocel consists of long polymer chains with water molecules in between.
When heated, the polymers lose the water molecules and the chains form bonds with each
other. This is a more rigid structure, so the liquid becomes a gel.

Materials
For each student
Safety goggles
Disposable gloves
For each pair of students
1 Stoppered test tube containing Methocel
1 Ice bath

Procedure
1.
2.

One student per pair should warm the bottom of the test tube in their hands for 1–2
minutes.
After warming the test tube for 1–2 minutes, students should put it in the ice bath to
cool.
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Teaching Notes
1.
2.
3.

Encourage students to repeat warming the Methocel in the test tube and cooling it in
the ice bath.
Upon warming, the liquid should solidify. It should revert to the liquid as it cools in the
ice bath.
Although this is a physical change, students are likely to be confused as they are used
to seeing a liquid change into a gas upon warming. Students should be able to
identify that this is a physical change by the absence of a precipitate, gas, color
change, or temperature change.

What Scientists Do
The ambassador could talk about the importance of making
new types of compounds with different properties, e.g.,
different gelling temperatures.

4.

The ambassador will advise on whether the tube will be disposed of or reused and
advise on disposal procedure.

Crushed Ice (5 minutes)
Activity Background Information
The Dynarex Instant Cold Packs contain a plastic bag of ammonium nitrate inside a plastic
bag of water. On squeezing, the two bags break and the ammonium nitrate mixes with
water. This is an endothermic reaction, which results in a temperature decrease. The reaction
is endothermic because the energy used for bond breaking is more than the energy
released by bond making. This results in energy being taken in from the surroundings and a
temperature decrease.

Materials
For each student
Safety goggles
Disposable gloves
1 Dynarex Instant Cold Pack
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Procedure

Stay Safe
Tell students to let either the teacher or ambassador know if a
cold pack bursts.

1.
2.

Have students squeeze their instant cold packs firmly but gently until they feel and
hear the bags burst inside the packs.
The ambassador will advise on the disposal procedure for the used cold packs.

Teaching Notes
1.
2.

3.

Students should feel the packs go cold after 1–2 minutes.
Although students can’t see what is going on, they should be aware that inside
the outer packaging there is a packet of water and a packet of another chemical. Upon
squeezing the outer packaging, the two inner packets break and the contents mix.
Students are likely to associate cold with freezing and think of this as a physical
change. Asking them whether any external cooling has been applied should help
them identify a chemical reaction.

Water Snakes (5 minutes)
Activity Background Information
Sodium alginate occurs naturally in giant kelp (brown seaweed). In nature, it consists of long
polymer chains linked together by calcium atoms. The sodium alginate solution used in this
activity has been treated to remove the calcium. The addition of calcium causes the polymer
chains to link together again. This is a more rigid structure, which results in gel formation.

Materials
For each student
Safety goggles
Disposable gloves
For each pair of students
1 Beaker (250 mL)
1 Beaker (50 mL)
Calcium chloride solution (125 mL)
Sodium alginate solution (25 mL)
1 Plastic pipette
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Procedure

Stay Safe
Emphasize to students that this solid has been assessed by
Dow as being safe to touch. Normally, students should not
touch any chemicals in the laboratory.

1.
2.

Have students use the pipette to suck up a small amount of the sodium alginate
solution and slowly add it to the calcium chloride solution.
Have students scoop the solid out with their hands to feel the texture.

Teaching Notes
1.
2.
3.

Encourage students to add the sodium alginate by drops or a long stream.
Although this isn’t a precipitate, students should observe that two liquids have formed
something with a different physical property.
The ambassador will advise on the disposal procedure for the chemicals at the end of
the experiment.

Review (5 minutes)
1.
2.
3.

After clean up, the teacher should tell students they will go over the activities and
review their model in the next lesson.
Give students a few minutes to answer the questions in the Review section in the
Student Guide.
The ambassador should talk about what he or she does, making connections to the
practices the students used during the lesson. This could include collecting
quantitative and qualitative data, looking for evidence, and constructing explanations.
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Lesson 3: Model Evaluation
Lesson Overview
In the final lesson, students will refine their model and review their prediction. The teacher
will test students’ predictions by carrying out the reaction from Lesson 1 in a closed system.
In this case, the system is a flask with a balloon sealing the reactants. The whole apparatus is
on an electronic balance. Extension Activities are provided at the end of lesson.

Preparation
1.

Put all the materials in a suitable demonstration area.

Let’s Get Started (15 minutes)
1.

2.

3.

As a class, review the students’ answers to What Is Going On for each activity in Lesson
2. Ask students to defend their explanation for whether a physical change or a
chemical reaction was taking place. Encourage other students to use evidence to
explain different answers.
Have students review their model from Lesson 1. Give them time to draw a new model
using what they observed in Lesson 2. Their new model should be more refined than
in Lesson 1 and should clearly show what is happening at a particle level. Have
students share their model with the class and explain changes to their earlier model.
Ask students to review their prediction from Lesson 1 using their new model. Have
students write a new prediction if necessary. Ask students to share their prediction and
explain why they changed their mind.

Reaction of Baking Soda and Calcium Chloride in a Closed System
(20 minutes)
Activity Background Information
French chemist Antoine Lavoisier established the law of conservation of mass in 1789. The
law states that mass is neither created nor destroyed in any ordinary chemical reaction. This
means that the mass of substances produced (products) by a chemical reaction is always
equal to the mass of the reacting substances (reactants). In this demonstration, the balloon
stops any gases that the reaction produces from escaping into the air. Therefore, the total
mass of the whole apparatus should remain the same.
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Materials
For the teacher
Safety goggles
Disposable gloves
Calcium chloride
Baking soda
1 Beaker (50 mL)
1 Conical flask (100 mL)
1 Graduated cylinder (25 mL)
1 Spatula
1 Balloon
1 Electronic balance
Distilled water
Pen or labels

Procedure
1.
2.
3.
4.

5.

Add a spatula of calcium chloride to the flask and dissolve in 25 mL of water.
Put the flask of calcium chloride solution on the balance.
Add a spatula of baking soda to the beaker and add 25 mL of water. Stir until the
baking soda dissolves.
Place the baking soda solution on the balance with the flask containing calcium
chloride. Add the balloon to the balance. Have students write down the ‘before’ mass
of the complete apparatus (the flask, the balloon, and the beaker) in question 1 of
What Is Going On.
Add the baking soda solution to the calcium chloride solution and very quickly attach
the balloon to the neck of the flask.

Note

If you are having problems finding a balloon that you can
fit over the neck of a flask quickly, try adding the baking
soda to the balloon first.
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6.
7.

8.

When the reaction is over have students write down the ‘after’ mass of the apparatus in
question 1 of What Is Going On.
Have students review the accuracy of their predictions in question 2 of What Is Going
On. Have them share what they learned about total mass change during a chemical
reaction.
Have students complete questions 3 and 4 of What Is Going On.

Teaching Notes
1.
2.
3.

Tell students that any slight differences in weight are due to gas escaping before you
put the balloon on.
Introduce students to the terms ”conservation of mass,” “reactants,” and “products.” Ask
students to tell you what the reactants are in the demonstration.
In question 4 of What is Going On students should be able to explain that reactants
are substances in the log and oxygen. They have been converted to new substances
by a chemical reaction. As this isn’t a closed system, the products formed will have
gone into the air and will be present as ash in the bottom of the fireplace. No matter
has been created or destroyed.

Reflection (5 minutes)
Students should be able to identify the four main signs of a chemical reaction: precipitate,
gas, color change, and temperature change.

Extension Activities

t
t
t
t
t
t
t

Have students read the Extending Your Knowledge section.
Ask students to identify food and drink items in the supermarket or at home containing
sodium alginate (see Question It in Extending Your Knowledge).
Set up a classroom debate on the pros and cons of adding chemicals to food.
Challenge students to design a biodegradable water bottle.
Ask students to think of other applications for substances such as Methocel, which forms
a solid upon heating.
Ask students to research man-made and natural polymers. Have them also find out what
gives these polymers their unique properties.
Challenge students to invent a new kind of polymer. What would they want the polymer
to do? What problem would it solve? What would they call it?
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