
Section

1 Polymers and 
Composites

Objectives
After this lesson, students will be able to 
K.4.1.1 Explain how polymers form.
K.4.1.2 Tell what composites are made of.
K.4.1.3 Identify benefits and problems that 
relate to the use of synthetic polymers.

Target Reading Skill
Asking Questions Explain that changing 
a head into a question helps students 
anticipate the ideas, facts, and events they 
are about to read.

Answer
Sample questions and answers:
How do polymers form? (Polymers form 
when chemical bonds link large numbers 
of monomers in a repeating pattern.)
How do polymers and composites 
compare? (A composite often includes one 
or more polymers.) Why are there too many 
polymers? (It is often cheaper to throw some 
polymers away and make new ones than it is to 
reuse them, resulting in more trash.)

Teaching Resources

• Transparency K32

Preteach

Build Background 
Knowledge
Experience With Plastics
Challenge students to name as many items as 
they can that are made of plastic. Then ask: 
What advantage does plastic have over 
other materials that could be used to make 
these items? (Sample answer: Water-resistant, 
lightweight, flexible, comes in many colors)

L2

Skills Focus Observing

Materials white school glue, saturated 
solution of borax and water, paper cups, 
stirrers, large spoons

Time 10 minutes

Tips Measure out the borax solution 
beforehand. Remind students to dispose of 
the product in the trash container; they 
should not wash the putty down the sink.

L1 Expected Outcome A putty-like 
substance forms.

Think It Over A change in properties 
indicates a chemical reaction occurred. 
The two liquids combined to form a 
putty-like substance. Students may infer 
that they have made a polymer.

1 Polymers and Composites

What Did You Make?
1. Look at a sample of borax solution and write down the 

properties you observe. Do the same with white glue.
2. Put about 2 tablespoons of borax solution into a paper cup.
3. Stir the solution as you add about 1 tablespoon of white glue.
4. After 2 minutes, record the properties of the material in the 

cup. Wash your hands when you are finished.

Think It Over
Observing What evidence of a chemical reaction did you 
observe? How did the materials change? What do you think 
you made?

Reading Preview
Key Concepts
• How do polymers form?

• What are composites made of?

• What benefits and problems 
relate to the use of synthetic 
polymers?

Key Terms
• polymer   • monomer   • plastic   
• composite   

Target Reading Skill
Asking Questions Before you 
read, preview the red headings. In 
a graphic organizer like the one 
below, ask a how or why question 
for each heading. As you read, 
write the answers to your 
questions.

Delectable foods and many other interesting materials sur-
round you every day. Have you ever wondered what makes up
these foods and materials? You might be surprised to learn that
many are partly or wholly polymers. A polymer (PAHL uh
mur) is a large, complex molecule built from smaller mole-
cules joined together in a repeating pattern. 

The starches in pancakes and the proteins in meats and
eggs are natural polymers. Many other polymers, however, are
manufactured or synthetic. These synthetic polymers include
polyester and nylon clothing, and plastics. Whether synthetic
or natural, most polymers rely on the element carbon for their
fundamental structures.

Question

How do
polymers
form?

Polymers form
when chemical
bonds link . . .

Answer

FIGURE 1
Polymers
The clothing, boots, goggles, 
and helmet worn by this 
climber are all  made of 
polymers.
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Differentiated Instruction

Instruct

Forming Polymers

Teach Key Concepts
Monomers and Polymers
Focus Tell students that polymers are large 
complex molecules.

Teach Show simple chemical formulas of 
proteins or sugars or diagrams like the ones 
in Figure 3. Ask: What are the smaller 
molecules from which polymers are built? 
(Monomers) How do polymers form? (When 
chemical bonds link large numbers of 
monomers in repeating units) Emphasize 
“repeating units.” Describe the two basic 
patterns of repeating units found in 
polymers—a chain of a single, repeating 
monomers, or a chain of two or three 
different monomers in an alternating 
pattern. Show an example of each.

Apply Ask: On what do the chemical 
properties of a polymer depend? (On the 
monomers from which it is made) learning 
modality: visual

Teaching Resources

• Transparency K33

Independent Practice
Teaching Resources

• Guided Reading and Study Worksheet: 
Polymers and Composites

 

Student Edition on Audio CD

L2

L2

Special Needs
Modeling Polymers Give students 
various modeling materials such as paper 
clips, plastic-foam balls, clay, toothpicks, 
string, beads, pipe cleaners, and washers. 
Invite students to make models of 

L1 polymers by first choosing one, two, or 
three “monomers.” Then, they can 
assemble their models by connecting the 
monomers in a repeating pattern. Ask: 
What element is in all monomers? 
(Carbon) learning modality: kinesthetic

Monitor Progress L2

Writing Have students write a description of 
the ability of carbon atoms to form 
compounds.

Answers
Figure 2 Four

Patterns of monomers in a
 polymer can be a single 

repeating monomer or a chain of two or 
three different monomers in an alternating 
pattern.

Video Preview
Video Field Trip
Video Assessment  

Exploring Materials

Material Profiles
In this chapter, you will explore the properties of 
different types of materials. As you read this chapter, 
you will survey different materials found around you. 

Your Goal  To collect and investigate different 
materials found around you

To complete the project, you must

● collect at least eight material samples from at least 
three different locations

● identify several properties of each material
● create an informative display about 

these materials
● follow the safety guidelines in 

Appendix A 

Plan It! With a group of classmates, 
brainstorm a list of the prop-
erties of various materials 
and how you might test 
these properties. You’ll be 
working on this project as you 
study this chapter. When you fin-
ish Section 1, describe some 
polymers and composites you 
chose to collect and begin 
preparing a showcase. Add 
information when you finish 
Section 2, and complete your 
list of materials at the end 
of the chapter. Finally, 
present your completed 
showcase to the class.

Forming Polymers
Food materials, living things, and plastic have something in
common. All are made of carbon compounds. Carbon com-
pounds contain atoms of carbon bonded to each other and to
other kinds of atoms. Carbon is present in several million
known compounds, and more carbon-containing compounds
are being discovered or invented every day.

Carbon’s Chains and Rings  Carbon’s unique ability to
form so many compounds comes from two properties. First,
carbon atoms can form four covalent bonds. Second, they can
bond to each other in straight and branched chains and ring-
shaped groups, as you can see in Figure 2. These structures
form the “backbones” to which other atoms attach.

Hydrogen is the most common element found in com-
pounds with carbon. Other elements include oxygen, nitrogen,
phosphorus, sulfur, and the halogens—especially chlorine.

Carbon Compounds and Polymers Molecules of some
carbon compounds can bond together, forming larger mol-
ecules, such as polymers. The smaller molecules from which
polymers are built are called monomers (MAHN uh murz).
Polymers form when chemical bonds link large numbers of
monomers in a repeating pattern. A polymer may consist of
hundreds or even thousands of monomers.

Many polymers consist of a single kind of monomer that
repeats over and over again. You could think of these monomers
as linked like the identical cars of a long passenger train. In other
cases, two or three monomers may join in an alternating pattern.
Sometimes links between monomer chains occur, forming large
webs or netlike molecules. The chemical properties of a polymer
depend on the monomers from which it is made.

What are the patterns in which monomers come 
together to form polymers?

FIGURE 2
Carbon’s Bonds
Carbon atoms can form structures 
like those shown above. In these 
drawings, lines represent covalent 
bonds. Interpreting Diagrams  
How many covalent bonds are 
shown for each carbon atom?
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Straight chain

C C
C

C
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Branched chain

C C

C C

C C

Ring

Polymer made of one kind of monomer

Polymer made of two kinds of monomers

FIGURE 3
Building Polymers
Like chains made of similar or 
different paper clips, polymers can 
form from similar or different kinds 
of monomers.
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Polymers and 
Composites
Teach Key Concepts
Relating Polymers and Composites
Focus Tell students that chemists can create 
new materials by combining the useful 
properties of two or more substances.

Teach Ask: What is a composite? (A 
material made by combining two or more 
substances to get the useful properties of each) 
How do polymers relate to composites? 
(Many composites are made from one or more 
polymers.)

Apply Ask: What is fiberglass made of? 
(Glass fibers woven together and strengthened 
with plastic.) Why is this composite useful? 
(It is a strong, hard solid that can be molded 
around a form to give it shape. It is lightweight 
and will not rust.) learning modality: 
verbal

Help Students Read
Reciprocal Teaching Refer to the Content 
Refresher in this chapter, which provides 
guidelines for the Reciprocal Teaching 
strategy.

Have students apply the strategies of 
predicting, questioning, clarifying, and 
summarizing as they read Polymers and 
Composites. Before students read, ask: How 
do you think polymers and composites are 
related? (Sample answer: Composites are 
usually made with at least one polymer.) 
Then, have students read to verify their 
predictions. Clarify the meanings of any 
unfamiliar words and concepts. Ask students 
to summarize what has been read. As 
students become more familiar with this 
strategy, encourage them to assume the role 
of leader in these discussions.

L2

L1

Skills Focus Calculating

Materials calculator

Time 10 minutes

Tips After students list the items they 
observe, have them use the examples in 
this section to help them identify 
polymers.

Expected Outcome Percentages will vary 
based on students’ observations. 

L1 Percentages are calculated by dividing the 
number of items that are not polymers 
by the total number of items, then 
multiplying by 100.

Extend Have students make a circle graph 
that shows their results. They can divide 
their graphs into items made of natural 
polymers, made of synthetic polymers, 
and not made of polymers. learning 
modality: logical/mathematical

Polymers and Composites
Polymers have been around as long as life on Earth. Plants, ani-
mals, and other living things produce many natural materials
made of large polymer molecules.

Natural Polymers Cellulose (SEL yoo lohs) is a flexible but
strong natural polymer found in the cell walls of fruits and
vegetables. Cellulose is made in plants when sugar molecules
are joined into long strands. Humans cannot digest cellulose.
But plants also make digestible polymers called starches,
formed from sugar molecules that are connected in a different
way. Starches are found in pastas, breads, and many vegetables.

You can wear polymers made by animals. Silk is made from
the fibers of the cocoons spun by silkworms. Wool is made
from sheep’s fur. These polymers can be woven into thread and
cloth. Your own body makes polymers, too. For example, your
fingernails and muscles are made of polymers called proteins.
Within your body, proteins are assembled from combinations
of monomers called amino acids. The properties of a protein
depend on which amino acids are used and in what order. One
combination builds the protein that forms your fingernails. Yet
another combination forms the protein that carries oxygen in
your blood.

FIGURE 4

Natural Polymers
Cellulose, the proteins in 
snake venom, and spider’s 
silk are three examples of 
natural polymers.

The cellulose in fruits and 
vegetables serves as dietary 
fiber that keeps the human 
digestive system healthy.

A spider’s web is a 
silken polymer that is 
one of the strongest 
materials known.

Snake venom is a mixture 
containing approximately 
90 percent proteins.

Calculating
Sit or stand where you have a 
clear view of the room you 
are in. Slowly sweep the 
room with your eyes, making 
a list of the objects you see. 
Do the same sweep of the 
clothes you are wearing. 
Check off those items on your 
list made (completely or 
partly) of natural or synthetic 
polymers. Calculate the 
percent of items that were 
not made with polymers.
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Observing Synthetic Polymers

Materials plastic bag, empty milk jug, PVC 
pipe, polystyrene packing “peanuts”

Time 10 minutes

Focus Tell students that the properties of 
synthetic polymers make them useful for 
many objects and functions.

Teach Invite students to compare and 
contrast the characteristics of each material. 
Have them list the properties that make the 
polymers different from each other.

Apply Encourage students to look for 
markings on other types of plastics at home. 
Suggest they look at containers of food and 
household products. Have them identify and 
list the types of polymers used to make the 
items. learning modality: visual

L1

Monitor Progress L2

Skills Check Have students identify a 
characteristic that synthetic and natural 
polymers share. 

Answer
Figure 5 Either nylon, polyvinyl chloride, 
or low-density polyethylene would make a 
suitable picnic table cover.

Video Preview
Video Field Trip
Video Assessment  

Exploring Materials

Material Profiles
In this chapter, you will explore the properties of 
different types of materials. As you read this chapter, 
you will survey different materials found around you. 

Your Goal  To collect and investigate different 
materials found around you

To complete the project, you must

● collect at least eight material samples from at least 
three different locations

● identify several properties of each material
● create an informative display about 

these materials
● follow the safety guidelines in 

Appendix A 

Plan It! With a group of classmates, 
brainstorm a list of the prop-
erties of various materials 
and how you might test 
these properties. You’ll be 
working on this project as you 
study this chapter. When you fin-
ish Section 1, describe some 
polymers and composites you 
chose to collect and begin 
preparing a showcase. Add 
information when you finish 
Section 2, and complete your 
list of materials at the end 
of the chapter. Finally, 
present your completed 
showcase to the class.

Synthetic Polymers Many polymers you use
every day are synthesized—or made—from simpler
materials. The starting materials for many synthetic
polymers come from coal or oil. Plastics, which are
synthetic polymers that can be molded or shaped,
are the most common products. But there are many
others. Carpets, clothing, glue, and even chewing
gum can be made of synthetic polymers.

Figure 5 lists just a few of the hundreds of poly-
mers people use. Although the names seem like
tongue twisters, see how many you recognize. You
may be able to identify some polymers by their ini-
tials printed on the bottoms of plastic bottles.

Compare the uses of polymers shown in the fig-
ure with their characteristics. Notice that many
products require materials that are flexible, yet
strong. Others must be hard or lightweight. When
chemical engineers develop a new product, they
have to think about how it will be used. Then they
synthesize a polymer with properties to match.

This colorful 
kite is made of 
strong nylon. 
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Name Properties Uses

Low-density
polyethylene (LDPE)

High-density
polyethylene (HDPE) 

Polyvinyl chloride (PVC)

Polypropylene (PP)

Flexible, soft,
melts easily

Stronger than LDPE;
higher melting 
temperatures

Hard, keeps its shape

Tough, flexible

Plastic bags, squeeze 
bottles, electric wire
insulation

Detergent bottles, gas 
cans, toys, milk jugs

Garden hoses, imitation
leather, piping

Foam drinking cups, 
insulation, furniture,
“peanut” packing material

Stockings, parachutes,
fishing line, fabric

Nonstick coating for
cooking pans

Toys, car parts, bottle caps

Polystyrene (PS)

Nylon

Teflon
(polytetrafluoroethylene)

Lightweight, can
be made into foam

Strong, can be 
drawn into flexible
thread

Nonreactive,
low friction

Some Synthetic Polymers You Use

FIGURE 5
The properties of 
synthetic polymers make 
them ideal starting 
materials for many 
common objects.
Applying Concepts
Which synthetic polymer 
would you use to make 
a cover for a picnic 
table?



Background

Exploring Materials
Show the Video Field Trip to let students 
learn about polymers and understand the 
differences between natural and synthetic 
polymers. Discussion question: Why do 
scientists want to try to produce a synthetic 
polymer with the properties of spider silk? 
(Spider silk is the strongest natural fiber 
known. It is also lightweight, elastic, insoluble 
in water, and chemically unreactive.)

Focus Tell students that Charles Goodyear 
invented synthetic rubber in the same year 
that the first bicycle was invented. Remind 
students that horses were the primary mode 
of transportation at that time, although 
steam locomotives and steamboats were 
increasingly used to move cargo long 
distances. In 1869, the same year as the 
invention of celluloid, the transcontinental 
railroad was completed.

Teach After students have studied the 
timeline, ask: Which materials in the 
timeline were developed as improvements 
on natural substances? (Celluloid, synthetic 
rubber) Write the headings Strong, Flexible, 
and Lightweight on the board. Have students 
identify the polymers with these properties, 
then list them under the headings. Most 
polymers fit more than one category. 

Writing Mode Research

Scoring Rubric 
4 Exceeds criteria; includes a succinct, 
informative headline and an engaging, fact-
filled paragraph that tells how the invention 
will change people’s lives
3 Meets criteria
2 Includes only brief but accurate 
information
1 Includes scant information and/or serious 
errors

History of Science In 1834, Charles 
Goodyear tried to develop a way to make 
natural rubber hard, yet flexible, at all 
temperatures. While in prison for debt, he 
experimented with raw rubber and a 
rolling pin. Later, he, his wife, and their 
small children made up several hundred 
pairs of rubber overshoes, but the shoes 
melted before he could sell them. Goodyear 
and his family became so destitute that 

they had to live in an abandoned rubber 
factory. Even after he discovered and 
patented vulcanization, the process of 
heating rubber and sulfur together, legal 
battles and pressing debt led to the loss of 
his patents. In 1843, eight weeks before 
Goodyear filed a patent there, an English 
inventor developed the same process. In 
1860, Goodyear died $200,000 in debt.

1800 19001850

The Development of Polymers
The first synthetic polymers were made by 
changing natural polymers in some way. 
Later, crude oil and coal became the start-
ing materials. Now, new polymers are 
designed regularly in laboratories.

1909
Bakelite
Bakelite was the first 
commercial polymer made from compounds
in coal tar. Bakelite doesn’t get soft when 
heated, and it doesn’t conduct electricity. 
These properties made it useful for handles 
of pots and pans, for telephones, and for 
parts in electrical outlets.

1869
Celluloid
Made using cellulose, 
celluloid became a 
substitute for ivory 
in billiard balls and 
combs and brushes. 
It was later used to 
make movie film. Because 
celluloid is very flammable, 
other materials have 
replaced it for almost 
all purposes.

1839
Synthetic
Rubber
Charles Goodyear 
invented a process 
that turned natural 
rubber into a 
hard, stretchable 
polymer. It did not 
get sticky and soft 

when heated or 
become brittle 
when cold, as 
natural rubber 
does. Bicycle 
tires were an 
early use. 

Comparing Polymers Synthetic polymers are often used in
place of natural materials that are too expensive or wear out
too quickly. Polyester and nylon fabrics, for example, are fre-
quently used instead of wool, silk, and cotton to make clothes.
Laminated countertops and vinyl floors replace wood in many
kitchens. Other synthetic polymers have uses for which there is
no suitable natural material. Compact discs, computer parts,
artificial heart valves, and even bicycle tires couldn’t exist with-
out synthetic polymers.

Composites Every substance has its desirable and undesir-
able properties. What would happen if you could take the best
properties of two substances and put them together? A
composite combines two or more substances in a new material
with different properties.

Video Preview
Video Field Trip
Video Assessment  

Exploring Materials



 
Address Misconceptions

Composites Are Not Compounds
Focus Students may confuse composites 
with compounds because both are materials 
formed when two or more substances 
combine.

Teach Inform students that in composites, 
the individual components are still present 
and retain their original properties. 
Composites are formed by physical 
processes; the chemical properties of the 
materials are not changed.

Apply Ask: How is this different from 
what happens when a compound forms? 
(When a compound forms, the elements react 
chemically to create a substance with different 
chemical properties.) learning modality: 
verbal

L1

Monitor Progress L2

Oral Presentation Invite students to 
choose one composite or one synthetic 
polymer and describe how it has made a 
difference in their everyday lives. 

Answer
Wood is made of two plant 
polymers, cellulose and 
lignin.

Video Preview
Video Field Trip
Video Assessment  

Exploring Materials

Material Profiles
In this chapter, you will explore the properties of 
different types of materials. As you read this chapter, 
you will survey different materials found around you. 

Your Goal  To collect and investigate different 
materials found around you

To complete the project, you must

● collect at least eight material samples from at least 
three different locations

● identify several properties of each material
● create an informative display about 

these materials
● follow the safety guidelines in 

Appendix A 

Plan It! With a group of classmates, 
brainstorm a list of the prop-
erties of various materials 
and how you might test 
these properties. You’ll be 
working on this project as you 
study this chapter. When you fin-
ish Section 1, describe some 
polymers and composites you 
chose to collect and begin 
preparing a showcase. Add 
information when you finish 
Section 2, and complete your 
list of materials at the end 
of the chapter. Finally, 
present your completed 
showcase to the class.

1950 2000 2050

1971
Kevlar
Kevlar is five times 
stronger than steel. 
Kevlar is tough enough 
to substitute for steel 
ropes and cables in 
offshore oil rigs but 
light enough to use in 
spacecraft parts. It is 
also used in protective 
clothing for firefighters 
and police officers.

1934
Nylon
A giant 
breakthrough came with 
a synthetic fiber that 
imitates silk. Nylon 
replaced expensive silk in 
women’s stockings and 
fabric for parachutes and 
clothing. It can also be 
molded to make objects 
like buttons, gears, and 
zippers.

2002
Light-Emitting Polymers
Discovered accidentally in 1990, 
light-emitting polymers (LEPs) are 
used commercially in products 
such as MP3 audio players and 
electric shavers with display 
screens. LEPs give off light when 
exposed to low-voltage 
electricity. Newer, 
more colorful LEPs 
may be useful 
as flexible 
monitors for 
computers,
TV screens, 
and watch-
sized phones.

By combining the useful properties of two or more sub-
stances in a composite, chemists can make a new material that
works better than either one alone. Many composite materials
include one or more polymers. The idea of putting two differ-
ent materials together to get the advantages of both was
inspired by the natural world. Many synthetic composites are
designed to imitate a common natural composite—wood.

Wood is made of long fibers of cellulose, held together by
another plant polymer called lignin. Cellulose fibers are flexi-
ble and can’t support much weight. Lignin is brittle and would
crack under the weight of the tree branches. But the combina-
tion of the two polymers makes a strong tree trunk.

Why is wood a composite?

Research and Write Find
out more about the invention 
of one of these polymers. 
Write a newspaper headline 
announcing the invention. 
Then write the first paragraph 
of the news report telling 
how the invention will change 
people’s lives.



Differentiated Instruction

PHSchool.com

Too Many Polymers?

Teach Key Concepts
Advantages and Disadvantages 
of Polymers
Focus Ask: Why have so many synthetic 
polymers been produced? (Sample answer: 
Each new polymer has properties that give it 
a specific use.)

Teach Begin a chart on the board, labeled 
with the headings Benefits and Problems. 
Invite students to complete the chart by 
asking questions like: What makes synthetic 
polymers beneficial? (They are inexpensive 
to make, strong, and last a long time.) 
What are some problems with synthetic 
polymers? (They increase the volume of trash 
because they are so inexpensive to produce that 
they are simply thrown away, and they do not 
naturally break down in the environment.)

Apply Ask: How can the problems with 
synthetic polymers be solved? (Sample 
answer: Use fewer materials made from 
synthetic polymers. Reuse products made from 
polymers. Recycle these materials into another 
useful product.) learning modality: verbal

For: More on polymers
Visit: PHSchool.com
Web Code: cgd-1041

Students can review polymers in an online activity.

L2

Gifted and Talented
Devising a Recycling Plan Have 
students brainstorm a list of ways that 
plastic waste can be reduced at school or 
in their homes. To get them started, ask: 
What are some ways to take advantage 
of the special characteristics of plastics 
without contributing to problems caused 
by too much waste? (Sample answer: Reuse 

L3 plastic items such as sealable sandwich bags 
and grocery bags instead of throwing them 
away.) Then, challenge students to use 
their lists to devise a plan for recycling, 
reducing, or reusing plastics. Suggest that 
they implement their plans at home. 
Consider implementing a school-wide 
plan. learning modality: logical/
mathematical

PHSchool.com

Uses of Composites The idea of combining the properties
of two substances to make a more useful one has led to many
new products. Fiberglass composites are one example. Strands
of glass fiber are woven together and strengthened with a liquid
plastic that sets like glue. The combination makes a strong, hard
solid that can be molded around a form to give it shape. These
composites are lightweight but strong enough to be used as a
boat hull or car body. Also, fiberglass will not rust as metal does.

Many other useful composites are made from strong poly-
mers combined with lightweight ones. Bicycles, automobiles,
and airplanes built from such composites are much lighter
than the same vehicles built from steel or aluminum. Some
composites are used to make fishing rods, tennis rackets, and
other sports equipment that needs to be flexible but strong.

What are two examples of composites?

Too Many Polymers?
You can hardly look around without seeing something made of
synthetic polymers. They have replaced many natural materi-
als for several reasons. Synthetic polymers are inexpensive to
make, strong, and last a long time.

But synthetic polymers have caused some problems, too.
Many of the disadvantages of using plastics come from the same
properties that make them so useful. For example, it is often
cheaper to throw plastics away and make new ones than it is
to reuse them. As a result, plastics increase the volume of trash.

FIGURE 6
Synthetic Composites
The composites in the fishing rod 
above make it flexible so that it 
will not break when reeling in a 
fish. Fiberglass makes the 
snowboard at right both 
lightweight and strong.

For: More on polymers
Visit: PHSchool.com
Web Code: cgd-1041

http://www.phschool.com/webcodes10/index.cfm?fuseaction=home.gotoWebCode&wcprefix=cgd&wcsuffix=1041
http://www.phschool.com/webcodes10/index.cfm?fuseaction=home.gotoWebCode&wcprefix=cgd&wcsuffix=1041


Monitor Progress L2

Answers
Figure 7 Advantages: will not rot, uses 
recycled materials; disadvantages: not easily 
disposed of

Sample answer: Wood and 
fiberglass
It is cheap and easy to throw 
plastics away, and they do 
not degrade.

Assess

Reviewing Key Concepts
1.  a. Polymers are made of smaller 
molecules joined together in a repeating 
pattern.  b. Carbon atoms can form four 
covalent bonds and bond to each other in 
straight and branched chains and ring-
shaped groups.  c. One is made of a single 
kind of monomer that repeats. The other is 
made of two monomers joined in an 
alternating pattern.
2.  a. Natural polymers are formed in plants, 
animals, and other living things. Synthetic 
polymers are made by people from materials 
in coal and oil. Composites combine useful 
properties of two or more materials and 
often include one or more polymers.  
Composites can be natural or synthetic. 
b. Sample answer: Natural polymers include 
wool, hair, cellulose, and silk. Synthetic 
polymers include items made of plastic and 
nylon.  c. Composites combine the desirable 
properties of the individual materials from 
which they are made.
3.  a. Sample benefits: Strong, inexpensive, 
durable, lightweight, flexible, can be molded 
or shaped, don’t react easily. Sample 
problems: Recycling used items may be more 
expensive than discarding them and making 
new ones; don’t break down quickly in the 
environment.  b. Sample answer: A reusable 
cloth bag can replace a plastic grocery bag.

Reteach
Students can make a concept map relating 
monomers, polymers, and composites.

Teaching Resources

• Section Summary: Polymers and 
Composites

• Review and Reinforce: Polymers and 
Composites

• Enrich: Polymers and Composites

L1

Keep Students on Track As students 
collect their samples, remind them to record 
any information on labels or packages. They 
should also record where they found the 
material and what its function is. Suggest 
they use the table in Figure 5 and the 
examples in this section to help them 
identify the materials as natural or synthetic, 
polymer or composite.

Writing Mode Persuasion

Scoring Rubric 
4 Exceeds criteria
3 Meets criteria
2 Includes a developed idea but contains 
some errors
1 Includes a sketchy idea and/or serious 
errors

Video Preview
Video Field Trip
Video Assessment  

Exploring Materials

Material Profiles
In this chapter, you will explore the properties of 
different types of materials. As you read this chapter, 
you will survey different materials found around you. 

Your Goal  To collect and investigate different 
materials found around you

To complete the project, you must

● collect at least eight material samples from at least 
three different locations

● identify several properties of each material
● create an informative display about 

these materials
● follow the safety guidelines in 

Appendix A 

Plan It! With a group of classmates, 
brainstorm a list of the prop-
erties of various materials 
and how you might test 
these properties. You’ll be 
working on this project as you 
study this chapter. When you fin-
ish Section 1, describe some 
polymers and composites you 
chose to collect and begin 
preparing a showcase. Add 
information when you finish 
Section 2, and complete your 
list of materials at the end 
of the chapter. Finally, 
present your completed 
showcase to the class.

Section 1 Assessment

Target Reading Skill Asking Questions Use 
your graphic organizer about the section headings 
to help answer the questions below.

Reviewing Key Concepts
1. a. Defining What are polymers made of?

b. Identifying What properties enable carbon 
atoms to form polymers and so many other 
compounds?

c. Interpreting Diagrams  How do the two 
kinds of polymers modeled in Figure 3 differ?

2. a. Reviewing Distinguish between natural 
polymers, synthetic polymers, and composites.

b. Classifying Make a list of polymers you can 
find in your home. Classify them as natural or 
synthetic.

c. Drawing Conclusions Why are composites 
often more useful than the individual 
materials from which they are made?

3. a. Listing List two benefits and two problems 
associated with the use of synthetic polymers.

b. Making Judgments Think of something 
plastic that you have used today. Is there some 
other material that would be better than 
plastic for this use?

One of the reasons that plastics last so long is
that most plastics don’t react very easily with
other substances. As a result, plastics don’t break
down—or degrade—into simpler materials in the
environment. In contrast, natural polymers do.
Some plastics are expected to last thousands of
years. How do you get rid of something that lasts
that long?

Is there a way to solve these problems? One
solution is to use waste plastics as raw material for
making new plastic products. You know this idea
as recycling. Recycling has led to industries that
create new products from discarded plastics. Bot-
tles, fabrics for clothing, and parts for new cars
are just some of the many items that can come
from waste plastics. A pile of empty soda bottles
can even be turned into synthetic wood. Look
around your neighborhood. You may see park
benches or “wooden” fences made from recycled
plastics. Through recycling, the disposal problem
is eased and new, useful items are created.

Why do plastic materials often 
increase the volume of trash?

1

FIGURE 7
Recycling Plastics
Plastics can be recycled to make many useful 
products. This boardwalk, for example, is made 
of recycled plastics. Making Judgments What
advantages or disadvantages does this material 
have compared to wood?

Advertisement You are a chemist. You invent 
a polymer that can be a substitute for a natural 
material such as wood, cotton, or leather. 
Write an advertisement for your polymer, 
explaining why you think it is a good 
replacement for the natural material.
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Design and Build a 
Polymer Package

Prepare for Inquiry
Key Concept
Both natural and synthetic polymers vary in 
their ability to provide cushioning that will 
protect breakable objects during shipping.

Skills Objective
After this lab, students will be able to
• design an inexpensive shipping package 

that will protect a breakable object
• build a testable prototype of a shipping 

package
• evaluate the design and redesign the 

shipping package, if necessary, for better 
performance

Prep Time 15 minutes

Class Time 40 minutes

Advance Planning
Obtain samples of at least four different 
polymers used in packaging. Have a small 
supply of each sample available for each 
group.

Safety

Remind students to wear safety goggles and 
aprons throughout the activity. Students 
should use heat-resistant gloves when testing 
heat insulation properties. Caution students 
to take care when using the iodine solution 
as it is toxic and will also stain skin and 
clothing. Review the safety guidelines in 
Appendix A.

Teaching Resources

• Lab Worksheet: Design and Build a 
Polymer Package

Guide Inquiry
Invitation
Ask: What factors must be considered when 
choosing a packaging material? (Sample 
answer: Strength, resistance to tearing, and 
cushioning) Invite students to imagine they 
are running a mail-order catalog company. 
Ask: What factors would you consider in 
choosing packaging materials for your 
business? (Sample answer: Cost, cushioning, 
weight, resistance to pests, effect on 
environment)

L3

Introduce the Procedure
Have students read the procedure. Ask: 
What properties of each polymer will 
you test? (Sample answer: Ability to protect 
a fragile object, reaction to water, heat 
insulation, strength, reaction to iodine, 
mass, and appearance) What are the 
design criteria? (A strong, cheap, and 
environmentally friendly way to protect and 
enclose an object so that it will not break 
when dropped 1.5 m.)

Troubleshooting the Experiment
• Guide students in controlling variables. 

Emphasize that only one property and one 
polymer should be tested at a time.

• Advise students to set up the heat 
insulation test first. Other tests may be 
performed while they wait for the time to 
pass until a second temperature 
measurement is taken.

Design and Build a 
Polymer Package

Problem
Can you design and build packaging made of 
polymers that is suitable for mailing a breakable 
object to a friend?

Design Skills
designing a solution, building a prototype, 
evaluating the design

Materials
• water
• hand lens
• weights (or books)
• scissors
• packaging tape
• thermometer
• balance
• clock or timer
• containers (20 beakers, trays, or plastic cups)
• iodine solution, 1% solution (10 mL)
• cookies or hard-boiled eggs 
• polymers used in packaging (paper, Tyvek, 

plastic foam, ecofoam, cardboard, fabric, 
popcorn, sawdust, wood shavings, plastic)

Brief Description
of Test 1

Brief Description
of Test 2

Brief Description
of Test 3

Brief Description
of Test 4

Data Table

Polymer

B

A

C

Procedure
PART 1 Research and Investigate

1. Make a list of all the ways you can think of to 
test the properties of polymers. Think about 
properties including:
• ability to protect a fragile object
• reaction to water   • appearance
• heat insulation   • strength
• reaction to iodine   • mass
Note: Iodine turns a dark blue-black color 
when starch is present. (Starch may attract 
insects or other pests.)

2. Select a property you wish to test. Choose a 
method that you think would be the best 
way to test that property.

3. Design a step-by-step procedure for the test. 
Do the same for each of the other properties 
you decide to investigate. Be sure that you 
change only one variable at a time. Include 
any safety directions in your procedure.

4. Predict which polymers you think will per-
form best in each test you plan.

5. After your teacher has approved your proce-
dure, perform the tests on each polymer.

6. Record your observations in a table similar to 
the one shown.
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Expected Outcome
Students are expected to create packaging 
made of polymers. The packaging must be 
strong, cheap, and environmentally friendly. 
It must prevent an object from breaking 
when dropped a distance of 1.5 m. Students 
may need to redesign their device to meet 
the criteria.

Analyze and Conclude
1. Sample answer: Ability to protect a fragile 
object and strength are the properties that 
proved to be most useful.

2. Sample answer: The final packaging did 
not prevent the object from breaking. My 
design was not strong enough and did not 
prevent the egg from escaping the packaging.

3. Sample answer: The testing and 
evaluation of the design helped locate 
possible strength issues and areas where the 
egg might slip through the packaging.

4. People most likely would choose to use 
the improved packaging if they were 
convinced it would protect objects they want 
to ship and would cost them less to use.

5. Sample answer: To support the additional 
mass, a stronger polymer would have to be 
used, or more of the same polymer. Also, the 
mass of the polymer and cost of the polymer 
would now need to be considered.

Extend Inquiry
Communicate Advertisements should 
describe the benefits of the packaging. 
Benefits may include strength, ability to 
protect fragile objects, and low cost.

Video Preview
Video Field Trip
Video Assessment  

Exploring Materials

Material Profiles
In this chapter, you will explore the properties of 
different types of materials. As you read this chapter, 
you will survey different materials found around you. 

Your Goal  To collect and investigate different 
materials found around you

To complete the project, you must

● collect at least eight material samples from at least 
three different locations

● identify several properties of each material
● create an informative display about 

these materials
● follow the safety guidelines in 

Appendix A 

Plan It! With a group of classmates, 
brainstorm a list of the prop-
erties of various materials 
and how you might test 
these properties. You’ll be 
working on this project as you 
study this chapter. When you fin-
ish Section 1, describe some 
polymers and composites you 
chose to collect and begin 
preparing a showcase. Add 
information when you finish 
Section 2, and complete your 
list of materials at the end 
of the chapter. Finally, 
present your completed 
showcase to the class.

PART 2 Design and Build

7. Using what you learned in Part 1, design
packaging that
• could be used to completely enclose a 

hard-boiled egg or cookie.
• can drop a distance of 1.5 m without 

breaking the egg or cookie.
• is strong and inexpensive to make.

8. Sketch your design on a sheet of paper, and 
list the materials you will need. Design an 
experiment to test the packaging.

9. Obtain your teacher’s approval for your 
design. Then construct the packaging.

PART 3 Evaluate and Redesign

10. Test your packaging to evaluate how well 
the packaging meets the criteria in Step 7.

11. Based on the results of your tests, decide 
how you could improve your packaging. 
Then make any needed changes and test 
how the packaging performs again.

Analyze and Conclude
1. Building a Prototype  What properties of 

polymers that you identified in Part 1 proved 
most useful when you designed your proto-
type in Part 2?

2. Evaluating the Design Did your packaging 
protect the object inside? What characteris-
tics of your design do you think led to this 
result?

3. Designing a Solution How did your testing 
and evaluation  of your prototype help you 
to redesign it?

4. Evaluating the Impact on Society How
might people change their behavior if stron-
ger and cheaper packaging material 
becomes available?

5. Working With Design Constraints  Suppose
the constraints on your design are changed. 
Now, your packaging must also be able to 
support a 10-kilogram weight. How would 
this affect your choice of materials and your 
design?

Communicate
Write an advertisement to market your packag-
ing. In your ad, explain why your packaging does 
the best job of protecting the objects inside.



Background

Technology and 
Society

Polyester Fleece

Key Concept
Plastic can be recycled to make polyester 
fleece, a warm, lightweight fabric.

Build Background 
Knowledge
Recalling Synthetic Polymers
Ask: How are synthetic polymers made? 
(They are made from simpler materials that 
often come from oil or coal.) What are their 
benefits? (Sample answer: Synthetic polymers 
are cheaper than natural polymers and last 
longer. Many are also strong, flexible, and 
lightweight.) What are their disadvantages? 
(It is cheaper to throw them away than it is 
to reuse them. This increases the volume of 
trash.)

Introduce the Debate
Ask: How can the volume of plastics in 
the trash be reduced? (Sample answer: By 
using the waste plastics as raw materials for 
making new plastic products) How would a 
company that made polyester fleece decide 
whether to use recycled plastics or raw 
materials? (Sample answer: Assess the costs 
of reprocessing used plastics and processing 
raw materials for the fabric fibers. Also 
consider the impact on the environment.)

Facilitate the Debate
Invite students to participate in a mock 
board meeting of a company that 
manufactures polyester fleece. Have them 
discuss the advantages and disadvantages of 
making polyester fibers from raw materials 
and from recycled plastics. Students can 
role-play engineers, accountants, 
environmentalists, and chemists. Students 
should consider material costs, energy costs, 
water use, worker safety, and effects on the 
environment.

After the debate, have students write a 
brief business plan describing whether the 
company chose to use raw materials or 
recycled plastics to manufacturer polyester 
fibers. They should include reasons that the 
company made that choice.

Facts and Figures Companies that 
manufacture polyester fibers are always 
looking for the most profitable method. 
It is often cheaper to make fibers directly 
from the chemical ingredients because 
chemical prices are low. The costs of using 
recycled bottles are less flexible because 
the costs of transporting, cleaning, and 
chopping into granules do not change 
much. Some companies address this 

problem by looking for the best deals in 
recycled plastic and buying them, whether 
they need the materials immediately or 
not. They warehouse the excess material 
until they need it. Other companies keep 
costs down by switching from one source 
of recycled material to another. Some 
companies use scrap plastic produced in 
the manufacturing process or from 
manufacturing mistakes.

A simplified molecular model 
of the polymer used to create 
polyester fleece is shown here.
The molecules form long,
straight chains.

It takes about
25 recycled
plastic bottles
to make a
polyester
fleece jacket.

Polyester Fleece
Would you go hiking in the freezing 
Antarctic wearing a bunch of plastic 
beverage bottles? If you are like most 
serious hikers, you would. Polyester fleece 
is a lightweight, warm fabric made from 
plastic, including recycled soda bottles. 
The warmth of the fabric is due to its 
ability to trap and hold air. Polyester fleece 
is easy to wash and requires less energy to 
dry than wool or goose down.

Making Polyester Fleece
Polyethylene terephthalate, or PET, is the 
polymer that is used to make polyester fleece. 
The first step in the process is creating the 
polyester fiber or thread. It can be made from 
raw materials or recycled PET plastic. The 
thread is then knit into fabric, which can be 
dyed or printed. It is then dried and “napped.” 
In the napping process, the fibers are first raised 
and then clipped to an even height. This process 
increases the amount of air the fabric can hold, 
which helps keep you warm in cold weather.
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Weigh the Impact
1. Sample answer: Polyester fleece is a 
lightweight, warm fabric that is easy to wash 
and requires less energy than wool or goose 
down to dry. If recycled plastic is used to 
make fleece fibers, it can also save energy and 
reduce wastes.
2. Sample answer: This form of recycling 
reduces the volume of trash by reducing the 
amount of plastics. It also saves energy.
3. Encourage students to use illustrations in 
their pamphlets and to use clear, concise 
language when describing the process used 
to make fleece from PET plastic. Pamphlets 
should describe why recycling plastics is 
important and why reusing PET plastics to 
create polyester fleece is beneficial.

For: More on polyester 
fleece
Visit: PHSchool.com
Web Code: cgh-1040

Students can research this issue online.

Extend
Encourage students to learn about other 
products that are manufactured from 
recycled plastics. Instruct them to choose 
one product and tell what kind of plastic is 
reused to make it and how that product is 
beneficial.

Video Preview
Video Field Trip
Video Assessment  

Exploring Materials

Material Profiles
In this chapter, you will explore the properties of 
different types of materials. As you read this chapter, 
you will survey different materials found around you. 

Your Goal  To collect and investigate different 
materials found around you

To complete the project, you must

● collect at least eight material samples from at least 
three different locations

● identify several properties of each material
● create an informative display about 

these materials
● follow the safety guidelines in 

Appendix A 

Plan It! With a group of classmates, 
brainstorm a list of the prop-
erties of various materials 
and how you might test 
these properties. You’ll be 
working on this project as you 
study this chapter. When you fin-
ish Section 1, describe some 
polymers and composites you 
chose to collect and begin 
preparing a showcase. Add 
information when you finish 
Section 2, and complete your 
list of materials at the end 
of the chapter. Finally, 
present your completed 
showcase to the class.

PET plastic bottles are
chipped to create
granules like those
shown here. The
granules can be used in
making polyester fleece.

Fleece Fabric

Moisture from
the body passes
through the fabric.

Air pockets
between fibers
trap body heat.

Similar to yarn in a sweater, fleece
fibers are knit together to create a
stretchy, dense fabric that is soft,
lightweight, and durable.
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1. Identify the Need
What are some benefits of using 
polyester fleece to make  
clothing and blankets?

2. Research
Use the Internet to find 
companies that make or sell 
polyester fleece made from 
recycled plastic. Identify ways in 
which this form of recycling 
helps the environment.

3. Write
Create a pamphlet to encourage 
your classmates to recycle 
plastics. Describe how PET 
plastic can be used to create 
polyester fleece. 

For: More on polyester fleece 
Visit: PHSchool.com
Web Code: cgh-1040

Polyester Fleece and the Environment
Making polyester fleece fabric uses water and energy, like 
other fabric-making processes. Using recycled materials 
to create polyester fleece saves energy and reduces wastes. 
One trade-off involves the safety of workers in the fleece 
factories. The clipping process creates dust particles in the 
air that workers then breathe. Some companies that 
produce fleece are developing technology that should 
reduce dust in the workplace, as well as technologies that 
conserve and reuse energy and water.
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