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Using Mineral Resources

Objectives

Reading Focus

After this lesson, students will be able to
F.4.3.1 describe how minerals are used
F.4.3.2 explain how ores are processed to
obtain metals

Key Concepts
• How are minerals used?
• How are ores processed to obtain
metals?

Key Terms

Target Reading Skill
Using Prior Knowledge Explain that using
prior knowledge helps students connect
what they already know to what they are
about to read.
Answers
Possible answers include the following:
What you know: 1. The gems used in
jewelry are minerals. 2. Metals come from
Earth.
What you learned: 1. Minerals are also the
source of metals and other useful materials,
like quartz and gypsum. 2. Most metals
come from ores, which are mined and
smelted before the metals can be used.

• gemstone
• ore
• smelting
• alloy

Target Reading Skill
Using Prior Knowledge Before
you read, look at the section
headings and visuals to see what
this section is about. Then write
what you know about mineral
resources in a graphic organizer
like the one below. As you read,
write what you learn.
What You Know
1. The gems used in jewelry are
minerals.
2.

Teaching Resources
What You Learned

• Transparency F39

1.
2.

Preteach
Build Background
Knowledge

How Are Minerals Processed Before
They Are Used?
1. Examine a piece of the mineral bauxite carefully. Use your
knowledge of the properties of minerals to describe it.
2. Examine an aluminum can. (The metal aluminum comes from
bauxite.) Compare the properties of the aluminum can with
the properties of bauxite.
3. Examine a piece of the mineral graphite and describe its
properties.
4. Examine the lead in a pencil. (Pencil lead is made from
graphite.) Compare the properties of the pencil lead with the
properties of graphite.
Think It Over
Posing Questions How does each mineral compare to the object
made from it? To understand how bauxite and graphite are made
into useful materials, what questions would you need to answer?

More than a thousand years ago, the Hopewell people lived in
the Ohio River valley. These ancient Native Americans are
famous for the mysterious earthen mounds they built near the
river. There these people left beautiful objects made from minerals. Some of these objects are tools chipped from flint (a variety of quartz). Others are animals made from thin sheets of
copper, like the fish in Figure 11.
To obtain these minerals, the Hopewell people traded with
peoples across North America. The copper, for example, came
from near Lake Superior. There, copper could be found as a
pure metal. Because pure copper is soft, it was easy to shape
into ornaments or weapons.

L1
FIGURE 11
Hopewell Fish
The ancient Hopewell people
used a thin sheet of copper to
make this ﬁsh.

Experience With Mineral Resources
Ask: Which things that you use every day
are made from minerals? (A typical answer
may mention such things as bicycles, autos,
and coins.) What process could use minerals
mined from the ground to produce steel?
(Some students might describe a steel mill, in
which ore is melted in furnaces.)

L1
Skills Focus posing questions
Materials samples of bauxite and
graphite, aluminum can, pencil
Time 10 minutes
Tips Place samples of bauxite and graphite
and the aluminum can on a table in a
central location. Have students make notes
of their observations.

Think It Over Bauxite is often earthy or
claylike. It appears very different from
aluminum metal. Graphite is a soft, black,
slippery mineral. Its character is mostly
preserved in pencil lead. One would need to
answer questions like these: How can pure
aluminum be separated from bauxite?
How is graphite mixed with clay to make
pencil lead?

The Uses of Minerals

Instruct

Like the Hopewell people, modern civilizations use many minerals. You are surrounded
by materials that come from minerals, such as
the metal body and window glass of a car.
Minerals are the source of gemstones, metals, and a variety of materials used to make
many products. How many products that are
made from minerals can you name? You
might be surprised at how important minerals are in everyday life.

The Uses of Minerals
Teach Key Concepts

Gemstones Beautiful gemstones such as
rubies and sapphires have captured the imagination of people throughout the ages. Usually, a
gemstone is a hard, colorful mineral that has a
brilliant or glassy luster. People value gemstones
for their color, luster, and durability, and for the
fact that they are rare. Once a gemstone is cut
and polished, it is called a gem. Gems are used
mainly for jewelry and decoration. They are
also used for mechanical parts and for grinding
and polishing.
Metals Some minerals are the sources of metals such as aluminum, iron, copper, or silver. Metals are generally not as hard
as gemstones. But metals are useful because they can be
stretched into wire, flattened into sheets, and hammered or
molded without breaking. Metal tools and machinery, the
metal filament in a light bulb, aluminum foil, and the steel
beams used to frame office buildings all began as minerals
inside Earth’s crust.
Other Useful Minerals There are many other useful minerals besides metals and gems. People use materials from these
minerals in foods, medicines, fertilizers, and building materials. The very soft mineral talc is ground up to make talcum
powder. Clear crystals of the mineral calcite are used in optical
instruments such as microscopes. Quartz, a mineral found in
sand, is used in making glass as well as in electronic equipment
and watches. Gypsum, a soft, white mineral, is used to make
wallboard, cement, and stucco.
How do people use talc and calcite?

FIGURE 12
Gems
Precious gems like the diamonds
and large blue sapphires on this
necklace are among the most
valuable minerals.
Observing How would you
describe the luster of these gems?

mathematical

Independent Practice

L2

Teaching Resources

• Guided Reading and Study Worksheet:
Student Edition on Audio CD

Minerals

Video Preview
Video Field Trip
Video Assessment

L3
Gifted and Talented
Interpreting Data and Communicating
Challenge students to investigate synthetic
gem-quality diamonds: how they are made,
their quality, their cost, and the effect they
might have on the diamond market. Ask
students to prepare a consumer report
about the subject. learning modality:

visual

Mineral Resources
Focus Challenge students to identify items
that are not made from minerals or rocks.
(The only items that qualify are those made
from plant or animal material.)
Teach Write on the board: Gemstones,
Metals From Ore, Other Uses of Minerals. Ask
the class for examples of each.
Apply Ask: How did the use of minerals
affect the development of society? (Society
often advanced as new ways to use mineral
resources were discovered, for example, the
rush for gold led to the founding of towns and
cities.) learning modality: logical/

Using Mineral Resources

Differentiated Instruction
L1
Less Proficient Readers
Communicating Have students use
sketches, photographs, and short captions
to create a visual display about uses of
minerals. Tell students to draw ideas from
the headings and illustrations in the
chapter. learning modality: visual

L2

Minerals
Show the Video Field Trip to let students
experience finding jade and gold. Discussion
question: How did the Maya use jade? (To
inlay their teeth, make burial masks for their
kings, and to make treasured objects)

Monitor Progress
Skills Check Have each student make
a concept map of the uses of minerals.
Answers
Figure 12 Diamond has a brilliant luster;
sapphire often has a glassy luster.
Talc is used for talcum
powder; calcite is used in
optical instruments.

L2

Producing Metals From
Minerals
Teach Key Concepts

modality: visual

L1

Materials photographs of strip mines, open
pit mines, and shaft mines
Time 10 minutes
Focus To help students understand the
different types of mining, have them recall
eating fudge-ribbon ice cream. One can scrape
a ribbon of fudge off the surface (strip
mining), dig a hole to reach a region that has a
concentration of fudge (open pit mining), or
follow a sloping ribbon (shaft mining).
Teach Show students the photographs of
examples of mines. Work together as a class
to classify each mine as strip, open pit,
or shaft.
Apply Ask: What would be the best way to
mine a large copper deposit that extends
several hundred meters beneath the
surface? (Open pit) A shallow layer of coal?
(Strip) A rich but narrow gold vein? (Shaft)
learning modality: visual

How is a mineral containing metal made into a finished product? To produce metal from a mineral, a rock containing the
mineral must be located through prospecting and mined, or
removed from the ground. Then the rock must be processed
to extract the metal. Look at the Tech & Design in History
timeline to see how the technology of producing metals has
developed through the ages.
A rock that contains a metal or other useful mineral that can
be mined and sold at a profit is called an ore. Unlike the copper
used by the Hopewell people, most metals do not occur in a
pure form. A metal usually occurs as a mineral that is a combination of that metal and other elements. Much of the world’s
copper, for example, comes from ores containing the mineral
chalcopyrite (kal koh PY ryt). In addition to copper, chalcopyrite contains iron and sulfur.

L2

Prospecting, Mining, and Processing
Focus Ask: What steps must occur so that
pure metals can be available to society?
(Ores must be found, mined, and processed to
extract the metals.)
Teach Work together as a class to create a
sequence-of-events concept map that
includes the processes of prospecting,
mining, and processing ore. When the
sequence map is complete, add explanation
and detail to each step. Have students copy
the completed map in their journals.
Apply Give students this fictional scenario:
A shortage of iron has developed in the
United States. As geologists, mining
engineers, and chemists, work together
as a class to develop a plan to increase
domestic supplies. (One plan is to locate,
mine, and process new iron ore deposits;
some students may suggest mining garbage
dumps and recycling the steel.) learning

Types of Mines

Producing Metals From Minerals

Advances in Metal Technology

1500 B.C. Iron

For thousands of years, people have been
inventing and improving methods for
smelting metals and making alloys.

The Hittites learned to
mine and smelt iron ore.
Because iron is stronger
than copper or bronze,
its use spread rapidly.
Tools and weapons could
be made of iron. This iron
dagger was made in Austria
several hundred years after
the Hittites’ discovery.

4000 B.C. Copper
The island of Cyprus was one of the
first places where copper was mined
and smelted. In fact, the name of the
island provided the name of the metal.
In Latin, aes cyprium meant “metal
of Cyprus.” It was later shortened
to cuprum, meaning “copper.” The
sculpted figure is carrying a large
piece of smelted copper.

4000 B.C.

3500 B.C. Bronze
Metalworkers in Sumer,
a city between the Tigris
and Euphrates rivers,
made an alloy of tin
and copper to produce
a harder metal—bronze.
Bronze was poured into
molds to form statues,
weapons, or vessels for
food and drink.

2500 B.C.

1000 B.C.

Prospecting A prospector is anyone who searches, or pros-

pects, for an ore deposit. Geologists prospect for ores by observing rocks on the land surface and by studying maps of rocks
beneath the surface. Geologists can often map the size and shape
of an ore deposit by making careful measurements of Earth’s
magnetic field over the deposit. This works well for minerals
that contain magnetic elements such as iron and nickel.

Focus Explain to students that our ability to
use metals has steadily improved throughout
the last 6,000 years. With each improvement
came better tools.

Mining The geologist’s map of an ore deposit helps miners

decide how to remove the ore from the ground. There are three
types of mines: strip mines, open pit mines, and shaft mines.
In strip mining, earthmoving equipment scrapes away soil to
expose ore. In open pit mining, miners use giant earthmoving
equipment to dig a tremendous pit and remove ore deposits.
For ore deposits that occur in veins, miners dig shaft mines.
Shaft mines often have a network of tunnels that extend deep
into the ground, following the veins of ore.

A.D. 1960s Space-Age Alloys
Scientists working on the space
program have developed light
and strong alloys for use in
products ranging from bicycles
to soda cans. For example, a new
alloy of nickel and titanium can
“remember” its shape. It is used
for eyeglasses that return to their
original shape after being bent.

A.D. 500
Early Steel-Making
Sri Lankans made steel
in outdoor furnaces.
Steady winds blowing
over the top of the
furnace’s front wall
created the high
temperatures needed
to make steel. Because
their steel was so much
harder than iron, the
Sri Lankans were able
to trade it throughout
the Indian Ocean region.

Diary Entry When people
discover how to use metals in
a new way, the discovery often
produces big changes in the
way those people live. Choose
a development in the history
of metals to research. Write a
diary entry telling how the
discovery happened and how
it changed people’s lives.

A.D. 1860s

Modern Steel-Making
Steel-making techniques
invented by Henry Bessemer
and William Siemens made
it possible to produce steel
cheaply on a large scale.
Siemens’ invention, the openhearth furnace, is still widely
used, although more modern
methods account for most
steel production today.

A.D. 500

A.D. 2000

English Learners / Intermediate L2
Comprehension: Ask Questions
Use the same images described above, but
have students answer questions about the
processes illustrated, the purpose of
the activities, and the differences among the
mining techniques. learning modality:
visual

Writing Skill Research
Scoring Rubric
4 includes description of how the discovery
happened and how it changed people’s lives,
plus information exceeding the
requirements, such as speculation about
future developments
3 includes all criteria but does not exceed it
2 includes criteria, but only brief
description
1 includes only one criterion or
inaccurate descriptions

Integrating Environmental
Science

Differentiated Instruction
L1
English Learners / Beginning
Comprehension: Ask Questions
Provide students with sketches or
photographs of the three types of mines:
strip mines, open pit mines, and shaft mines.
Label each type of mine on the photo or
sketch. Then ask students to respond to
short, written questions about features in the
images. learning modality: visual

Teach Invite volunteers to read entries on
the timeline. After the entire timeline has
been read, ask: How did the characteristics
of metals improve through time? (Most
students will recognize that bronze is harder
and more durable than copper, that iron is
harder and more durable than bronze, and so
on.) What characteristic is important in
modern alloys, such as those used for
bicycle frames? (Modern alloys are
lightweight as well as strong.)

Encourage student volunteers to contact
their state’s Environmental Protection
Agency (EPA) by telephone or e-mail to ask
about requirements and regulations for mine
operators. Students should ask what the
operators must do to prevent pollution and
to repair the land after use. The state EPA
may be able to send pamphlets or brochures.
If not, have students take notes and report to
the class. learning modality: verbal

Monitor Progress

L2

Oral Presentation Have each student write
a geologist’s ore body report for a fictitious
mineral deposit. Students should describe
the deposit and discuss its potential for
mining. Ask students to present their reports
to the class.

Use Visuals: Figure 13

L2

Smelting Iron Ore
Focus Tell students that the chemical
formula of hematite is Fe2O3. Ask: What do
the chemical symbols in this formula stand
for? (Fe is iron, and O is oxygen.)
Teach Ask: What is the purpose of
smelting? (To separate the iron from the
oxygen in the iron ore) What is added to
accomplish this task? (Coke and limestone)
Where does the oxygen go? (It goes into the
carbon dioxide gas.)
Apply Ask students to name items that are
made of iron produced through smelting.
(Possible answers: Skillets made of cast iron,
knives made of stainless steel) learning
modality: visual

Teaching Resources

• Transparency F40

Smelting Copper Oxide

For: Links on mining minerals
Visit: www.SciLinks.org
Web Code: scn-1043

FIGURE 13
Smelting Iron Ore
Iron ores must be smelted to
separate the iron from the oxygen
and other substances in the ores.
Then the iron is reﬁned and
processed into steel.
Inferring Why does the molten
iron sink to the bottom of the
blast furnace?

L3

Materials black copper oxide, powdered
charcoal, test tube, test tube holder, Bunsen
burner, jar, water
Time 15 minutes
Focus Tell students that smelting is not used
only for iron ore. Many different metals can
be extracted from ore by use of various
smelting procedures.
Teach Demonstrate how to extract copper
from copper oxide. First, mix copper oxide
with bits of charcoal at the bottom of a test
tube. Then, wearing goggles and holding the
test tube with a test tube holder, heat the
mixture over a Bunsen burner. Finally, pour
the heated mixture into a jar of cold water.
Students should note that pieces of shiny
orange copper fall to the bottom of the jar
and that the charcoal floats. Explain that the
heating of the mixture freed the copper from
the oxygen in the copper oxide.
Apply Ask students to explain how this
demonstration is similar to smelting iron
ore. (Separating oxygen from copper oxide is
part of the process used to refine copper;
separating oxygen from iron is part of the
process of refining iron ore.) learning
modality: visual

Smelting Ores must be processed before the metals they
contain can be used. In the process of smelting, an ore is
mixed with other substances and then melted to separate the
useful metal from other elements the ore contains. Look at
Figure 13 to see how smelting separates iron metal from hematite, a common form of iron ore.
1 Iron ore is crushed and mixed with crushed limestone and
coke (baked coal), which is rich in carbon.
2 The mixture is placed in a blast furnace, where extremely
hot air is blown through, making the coke burn easily.
3 As the coke burns, chemical changes in the mixture produce carbon dioxide gas and molten iron.
4 The dense, molten iron sinks to the bottom of the furnace. Impurities left in the ore combine with the limestone to
create slag.
5 The slag and molten iron are poured off through taps.

2
Blast
furnace

Coke

1

Heated air

3
Cokelimestoneiron ore
mixture
4

Heated air

Slag

Iron ore
and limestone

Molten
5 iron
Hot metal car
Slag ladle

Further Processing After smelting, additional pro-

cessing is needed to remove impurities from the metal.
After the iron is purified, a small amount of carbon may
be added to it. The result is steel, which is harder and
stronger than iron. Steel is an alloy, a solid mixture of
two or more elements, at least one of which is a metal.
To be considered an alloy, the mixture must have the
characteristic properties of a metal.
After adding carbon to iron, steelmakers may add
other elements to create alloys with specific properties.
For stronger steel, the metal manganese is added. For
rust-resistant steel, the metals chromium and nickel are
added. Figure 14 shows how rust-resistant stainless
steel was used in the construction of one of America’s
most famous monuments.

For: Links on mining
minerals
Visit: www.SciLinks.org
Web Code: scn-1043
Download a worksheet that will guide students’ review
of mining minerals.

Monitor Progress
Answers
Figure 13 Because it is so dense
A solid mixture of two or
more elements, at least one
of which is a metal

What is an alloy?
FIGURE 14
The Gateway Arch
The Gateway Arch in St. Louis,
Missouri, is covered in stainless steel.

Assess
Reviewing Key Concepts

3

Section 3 Assessment

Target Reading Skill Using Prior Knowledge Review
your graphic organizer and revise it based on what you just
learned in the section.
Reviewing Key Concepts
1. a. Deﬁning What are gemstones? Why are they valuable?
b. Listing What properties of metals make them useful to
humans?
c. Problem Solving Suppose that you are designing a
machine with many small, moving parts that will need
to run constantly. Would you make the parts from
metal or gemstone? Explain your answer.
2. a. Identifying What is an ore?
b. Summarizing Explain the steps that must take place
before an ore can be made into a useful product.
c. Inferring Which material formed during smelting is
denser—molten metal or slag? How can you tell?

Rust Protection You can demonstrate to your family how rust damages objects that contain iron.
Obtain three iron nails. Coat one of
the nails with petroleum jelly and
coat the second nail with clear nail
polish. Do not put anything on the
third nail. Place all the nails in a
glass of water with a little vinegar.
(The vinegar speeds up the rusting
process.) Allow the nails to stand in
the glass overnight. Which nails
show signs of rusting? Explain
these results to your family.

1. a. Gemstones are hard, colorful minerals
that have a brilliant or glassy luster. b. Some
are soft, malleable, and good conductors;
others are hard and durable; some are
lightweight. c. Answers may vary. It would
be difficult to fashion gemstones into
machine parts, but parts made from
gemstones would last longer because gems
such as diamond, ruby, and topaz are harder
than metals.
2. a. Ore is rock that contains a metal or
other useful material that can be mined and
sold at a profit. b. It must be mined and
processed to extract the pure metal.
c. Molten metal; it sinks to the bottom of
the furnace.

Reteach

L1

Have each student make a table that lists the
minerals studied in this section in the left
column and their uses in the right column.

Performance Assessment

L2

Skills Check Have each student make a
flowchart that describes the formation of an
ore and the procedures necessary to find,
mine, and process the ore.
Teaching Resources

Rust Protection L2 Family members
will notice that the uncoated nail shows
signs of rusting after a night in the water
but the coated nails do not. Remind
students that stainless steel is made so that
it does not readily rust. It is an alloy that
includes iron, chromium, and nickel.

• Section Summary: Using Mineral Resources
• Review and Reinforce: Using Mineral
Resources

• Enrich: Using Mineral Resources

A Mouthful of
Minerals

A Mouthful Of Minerals
L2

Prepare for Inquiry
Key Concept
Toothpaste contains various minerals that
polish and clean teeth. Some toothpastes
are more effective than are others.
Skills Objectives
After this lab, students will be able to
• observe, control variables, classify,
interpret data, and draw conclusions.
Prep Time 25 minutes
Class Time 40 minutes
Advance Planning
Small, unglazed, white porcelain tiles can be
obtained from the local hardware store. Stain
the tiles by coloring three small areas of the
unglazed sides of the tiles with a blue
permanent marker.
• Local dentists might be able to supply at
least some of the pastes and brushes
necessary for this experiment. Make sure
that at least one of the pastes students will
test contains the mineral sodium
bicarbonate (baking soda). Do not use
whitening toothpaste containing hydrogen
peroxide for this experiment if you plan to
have students try the Design Your Own
Experiment activity.
Alternative Materials
In place of the unglazed ceramic tiles, the
shells of hardboiled eggs can be used.

Guide Inquiry
Invitation
Survey students as to the type or brand of
toothpaste each uses. Tally the results on the
board. Ask: Why do you use that particular
type or brand? (Most students probably use a
particular toothpaste because of its taste or
because of advertising claims.) Ask: Do you
think all toothpaste is equally effective in
cleaning teeth? (Answers will vary, but most
students should state that different kinds and
brands of toothpaste are probably not equally
effective at cleaning teeth.)
Teaching Resources

Lab Worksheet: A Mouthful of Minerals

Problem
What effect do the minerals in toothpaste have
on the toothpaste’s ability to clean?

Skills Focus

5. Put a pea-sized amount of the ﬁrst toothpaste onto a toothbrush. CAUTION: Do not
ingest any of the toothpaste.
6. Brush one of the stain marks on the tile
50 times. As you brush, try to use the same
amount of force for each stroke.

observing, controlling variables,
drawing conclusions

Materials
• samples of 3 different types of toothpaste
• worn-out toothbrushes
• tap water
• a ceramic tile stained on the unglazed side with
a felt-tip marker or pen

7. Using tap water, rinse the tile to remove all
of the paste. Then rinse the toothpaste out
of the toothbrush.
8. Repeat Steps 5–7 for the other toothpaste
samples, using a different stain mark for each
test. Be sure to brush with the same amount
of force and for the same number of times.
9. Compare how well the different toothpastes
cleaned the stains. Record your observations
in the data table.

Procedure
1. Copy the data table into your notebook.
2. Your teacher will give you samples of toothpaste, a list of the mineral or minerals in
each type of toothpaste, a toothbrush, and a
ceramic tile.
3. In your data table, record the substances
found in each toothpaste sample. Common
minerals in toothpaste include mica, calcite,
and quartz (silica). Toothpaste also may
include compounds such as sodium bicarbonate (baking soda), sodium ﬂuoride, aluminum or calcium phosphates, and titanium
dioxide.
4. For each toothpaste sample, predict how
effective you think it will be in removing the
stain from the tile. Record your predictions in
the data table.

Analyze and Conclude
1. Classifying Which mineral or minerals were
found in all of the toothpastes tested? Did
any toothpaste contain minerals not found
in the other toothpastes?
2. Observing Which toothpaste was most
effective in removing stains from the tile?
3. Interpreting Data Were your predictions
about which toothpaste would be most
effective correct?
4. Interpreting Data Does the toothpaste that
was most effective in cleaning the tile differ
in mineral content from the other toothpastes that were tested?

Data Table
Toothpaste Minerals Present
1
2
3

Predictions

Introduce the Procedure
Demonstrate how much toothpaste should
be used in each trial. Only a pea-sized
amount is necessary. Remind students not
to ingest any of the toothpaste they will be
testing and that swallowing too much
toothpaste while brushing can be harmful.

Observations

Troubleshooting the Experiment
• Stress the importance of completely
cleaning the toothbrush before testing a
new toothpaste.
• Explain to students that they must
completely rinse the toothpaste off of
the tile before they compare the
effectiveness of the pastes. Residual paste
can cause the tiles to appear “cleaner”
than they actually are.

Expected Outcome
Effectiveness of cleaning will vary with the
types and brands of paste tested. The paste
containing the baking soda, however, should
be more effective at removing or lightening
stains than the pastes without this
ingredient.
5. Controlling Variables What was the independent variable in this experiment? What
was the dependent variable? Why did you
use the same amount of toothpaste, force,
and number of brushstrokes in each trial?
6. Drawing Conclusions How do the minerals
in toothpaste affect the toothpaste’s cleaning ability? Explain.

Design Your Own Experiment
Some brands of toothpaste claim that they
whiten teeth. Design an experiment to test the
effectiveness of different kinds of whitening
toothpaste. Make a data table to organize your
ﬁndings. Obtain your teacher’s permission
before carrying out your investigation.

7. Developing Hypotheses Your teeth have the
same composition as apatite, which has a
hardness of 5 on the Mohs scale. What would
be the advantages and disadvantages of
using a toothpaste containing a mineral that
is harder than apatite? Softer than apatite?
Explain.
8. Communicating Write a lab report for this
experiment. In your report, describe your
predictions, your procedure, how you controlled variables, and whether or not your
results supported your predictions.

Extend Inquiry
Design Your Own Experiment The active
ingredients in “whitening” toothpaste are
often either baking soda (sodium
bicarbonate) and/or hydrogen peroxide.
Students’ proposed procedures should be
similar to that used in this experiment.
Students’ results should show that toothpaste

containing both sodium bicarbonate and
hydrogen peroxide will be more effective
at whitening teeth than either of these
ingredients alone. Point out that using
such pastes over long periods of time can
actually damage teeth.

Analyze and Conclude
Answers
1. Most toothpaste contains silica, phosphate
minerals, and sodium fluoride. Some
toothpaste also contains calcite.
2. Harder minerals will polish and clean
teeth more effectively than softer minerals.
Using such minerals, however, will damage
the teeth by removing some of the teeth’s
enamel when used for extended periods
of time.
3. Answers will vary, depending on the
toothpaste tested.
4. The paste with the baking soda, which
is the mineral sodium bicarbonate, was
probably the most effective at removing
the stains.
5. The independent variable was the type/
brand of toothpaste. The dependent variable
was the effectiveness of the paste in removing
stains. Because any valid scientific
experiment tests only one variable at a time,
the amount of paste, the number of
brushstrokes, and force were the same.
6. Answers will depend on the type and
brand of toothpaste used. Paste containing
baking soda is generally more effective at
removing surface stains from teeth than
paste without this mineral.
7. Toothpastes with minerals harder than
apatite will remove stains but will also
scratch the surface of the tooth. Minerals
softer than apatite would not scratch
the surface of the tooth but would not
remove stains as quickly.
8. Students’ lab reports should clearly
demonstrate that they followed scientific
methods and compared their results with
their predictions.

