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CHAPTER 1

The World of Science

1.1 WHAT IS SCIENCE?
1.2 THE SCOPE OF PHYSICAL SCIENCE
1.3 REFERENCES

Have you ever experienced the thrill of an exciting fireworks display like this one? Fireworks were invented about
2000 years ago in China. But it wasn’t until much later that people understood the science behind the technology.

Do you know why fireworks explode? Do you know what causes the brilliant bursts of light and the deep rumbling
booms? In this FlexBook digital book, you’ll find out the “hows” and “whys” of many things in the physical world
around you—from the chemical reactions that cause fireworks to the waves of energy that travel through space from
the sun.
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- What Is Science?

Lesson Objectives

* Define science.

» Explain how scientists use induction.

* Distinguish between scientific theories and laws.

* Describe milestones in the history of science.

¢ Identify contributions of women and minorities to science.

Lesson Vocabulary

* induction

e science

e scientific law

* scientific theory

Introduction

Understanding the "hows" and "whys" of the world is the goal of science. The term science comes from a Latin word
that means "having knowledge." But science is as much about adding to knowledge as it is about having knowledge.
Science is a way of thinking as well as a set of facts. Science can be defined as a way of learning about the natural
world that is based on evidence and logic.

Thinking Like a Scientist

Are you like the teen in Figure 1.1? Do you ever wonder why things happen? Do you like to find out how things
work? If so, then you are already thinking like a scientist. Scientists also wonder how and why things happen. They
are curious about the world. To answer their questions, they make many observations. Then they use logic to draw
general conclusions.

Induction
Drawing general conclusions from many individual observations is called induction. It is a hallmark of scientific
thinking. To understand how induction works, think about this simple example. Assume you know nothing about

gravity. In fact, pretend you’ve never even heard of gravity. Perhaps you notice that whenever you let go of an object
it falls to the ground. For example, you drop a book, and it crashes to the floor. Your pencil rolls to the edge of the

2
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~ I wonder how the text message I
just sent can travel through thin air.

FIGURE 1.1

Like a scientist, this teen wonders about
how and why things happen. What do you
wonder about?

I wonder why I can hear my friends
but not see them on the other side of
. that bookcase.

desk and down it goes. You throw a ball into the air, and it falls back down. Based on many such observations (
Figure 1.2), you conclude that all objects fall to the ground.

FIGURE 1.2

From skydivers in the air to kids on a play-
ground slide, whatever goes up always
comes back down. Or does it?

Now assume that someone gives you your first-ever helium balloon. You discover that it rises up into the air if you
don’t hold on to it. Based on this new observation, do you throw out your first idea about falling objects? No; you
decide to observe more helium balloons and try to find other objects that fall up instead of down. Eventually, you
come to a better understanding based on all your observations. You conclude that objects heavier than air fall to
the ground but objects lighter than air do not. Your new conclusion is better because it applies to a wider range of
observations. You can learn more about induction, including its limits, by watching the video at this link: http://w
ww.youtube.com/watch?v=E1TpZ_HbK3M&feature=related (5:39).

MEDIA

Click image to the left for more content.
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How Science Advances

The above example shows how science generally advances. New evidence is usually used to improve earlier ideas
rather than entirely replace them. In this way, scientists gradually refine their ideas and increase our understanding of
the world. On the other hand, sometimes science advances in big leaps. This has happened when a scientist came up
with a completely new way of looking at things. For example, Albert Einstein came up with a new view of gravity.
He said it was really just a dent in the fabric of space and time.

Different conclusions can be drawn from the same observations, and it’s not possible to tell which one is correct.
For example, based on observations of the sun moving across the sky, people in the past couldn’t tell whether the
sun orbits Earth or Earth orbits the sun. Both models of the solar system are pictured in Figure 1.3. It wasn’t until
strong telescopes were invented that people could make observations that let them choose the correct idea. Not sure
which idea is correct? You can learn more by watching the student-created video at this link: http://www.youtube.c
om/watch?v=JcqdUq16S28&feature=related .

Earth at the Center Sun at the Center

FIGURE 1.3 |
Both of these models could explain why the sun appears to move across the sky each day. Other observations
were needed to decide which model is correct.

Theories and Laws

Some ideas in science gain the status of theories. Scientists use the term "theory" differently than it is used in
everyday language. You might say, "I think the dog ate my homework, but it’s just a theory." In other words, it’s just
one of many possible explanations for the missing work. However, in science, a theory is much more than that.
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Scientific Theories

A scientific theory is a broad explanation that is widely accepted because it is supported by a great deal of evidence.
An example is the kinetic theory of matter. According to this theory, all matter consists of tiny particles that are in
constant motion. Particles move at different speeds in matter in different states. You can see this in Figure 1.4 and at
the following URL: http://preparatorychemistry.com/Bishop_KMT_frames.htm . Particles in solids move the least;
particles in gases move the most. These differences in particle motion explain why solids, liquids, and gases look
and act differently. Think about how ice and water differ, or how water vapor differs from liquid water. The kinetic
theory of matter explains the differences. You can learn more about this theory in the chapter States of Matter.

Solid Liquid Gas
FIGURE 1.4 |
MO © 0‘7 Why do you think particles move differ-
/ \ ently in different states of matter? (Hint:
[ ) © What causes ice to melt?)

© 0

©
Pee |
o © @

Scientific Laws

Scientific laws are often confused with scientific theories, but they are not the same thing. A scientific law is a
statement describing what always happens under certain conditions in nature. It answers "how" questions but not
"why" questions. An example of a scientific law is Newton’s law of gravity. It describes how all objects attract each
other. It states that the force of attraction is greater for objects that are closer together or have more mass. However,
the law of gravity doesn’t explain why objects attract each other in this way. Einstein’s theory of general relativity
explains why. You can learn more about Newton’s law of gravity and Einstein’s theory in the chapter Forces, and at
the following link: http://www.youtube.com/watch?v=0-p8yZYxNGc .

History of Science

People have wondered about the natural world for as long as there have been people. So it’s no surprise that modern
science has roots that go back thousands of years. The Table 1.1 describes just a few milestones in the history of
science. A much more detailed timeline is available at the link below. Often, new ideas were not accepted at first
because they conflicted with accepted views of the world. A good example is Copernicus’ idea that the sun is the
center of the solar system. This idea was rejected at first because people firmly believed that Earth was the center of
the solar system and the sun moved around it.

http://www.sciencetimeline.net/
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short caption

Date Scientific Discovery

3500 BC Several ancient civilizations studied astronomy. They
recorded their observations of the movements of stars,
the sun, and the moon. We still use the calendar
developed by the Mesopotamians about 5500 years ago.
It is based on cycles of the moon.

Mesopotamian calendar

600 BC The ancient Greek philosopher Thales proposed that
natural events, such as lightning and earthquakes, have
natural causes. Up until then, people blamed such
events on gods or other supernatural causes. Thales has
been called the "father of science" for his ideas about
the natural world.

Thales

350 BC The Greek philosopher Aristotle argued that truth about
the natural world can be discovered through observa-
tion and induction. This idea is called empiricism.
Aristotle’s empiricism laid the foundation for the meth-
ods of modern science.

Aristotle

400 AD to 1000 AD When Europe went through the Dark Ages, European

science withered. However, in other places, science still
flourished. For example:

e In North Africa, the scientist Alhazen studied
light. He used experiments to test competing
theories about light.

* In China, scientists invented compasses. They
also invented seismographs to measure earth-
quakes. They studied astronomy as well.

Early Chinese Seismograph
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(continued)

Date Scientific Discovery

Mid-1500s to late 1600s The Scientific Revolution occurred in Europe. This
was the beginning of modern Western science. Many
scientific advances were made during this time.

* Copernicus proposed that the sun, not Earth, is
the center of the solar system.

* Galileo improved the telescope and made im-
portant discoveries in astronomy. He discovered

Galil
ateo evidence that supported Copernicus’ theory.
* Newton proposed the law of gravity.
2001 Many scientists around the world worked together to
_ ) complete the genetic sequence of human chromosomes.
|| i I i This amazing feat will help scientists understand, and

perhaps someday cure, genetic diseases.

EEREEE
B wuu
wus wu qp

Human Chromosomes

Women and People of Color in Science

Throughout history, women and people of color have rarely had the same chances as white males for education
and careers in science. But they have still made important contributions to science. The Table 1.2 gives just a few
examples of their contributions to physical science. More contributions are described at these links:

http://www.inventions.org/culture/science/women/index.html
http://www1.umn.edu/ships/gender/giese.htm
https://webfiles.uci.edu/mcbrown/display/faces.html
http://library.thinkquest.org/20117/

A diversity of people has contributed to physical science.

Contributor Description

Marie Curie (1867-1934) Marie Curie was the first woman to win a Nobel Prize.
She won the 1903 Nobel Prize in physics for the
discovery of radiation. She won the 1911 Nobel Prize
in chemistry for discovering the elements radium and
polonium.
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Contributor
Lise Meitner (1878-1968)

Irene Joliot-Curie (1897-1956)

.

Maria Goeppert-Mayer (1906-1972)
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(continued)

Description
Lise Meitner was one of the scientists who discovered

nuclear fission. This is the process that creates enor-
mous amounts of energy in nuclear power plants.

Irene Joliot-Curie, daughter of Marie Curie, won the
1935 Nobel prize in chemistry, along with her husband,
for the synthesis of new radioactive elements.

Maria Goeppert-Mayer was a co-winner of the 1963
Nobel prize in physics for discoveries about the struc-
ture of the nucleus of the atom.

Ada E. Yonath was a co-winner of the 2009 Nobel prize
in chemistry. She made important discoveries about
ribosomes, the structures in living cells where proteins

are made.
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(continued)

Contributor Description
Shirley Ann Jackson (1946-present) Shirley Ann Jackson earned a doctoral degree in

physics. She became the chair of the US Nuclear
Regulatory Commission.

Ellen Ochoa is an inventor, research scientist, and

NASA astronaut. She has flown several space missions.

Lesson Summary

Science is a way of learning about the natural world that is based on evidence and logic. The hallmark of
scientific thinking is induction.

A scientific theory is a broad explanation that is widely accepted because it is supported by a great deal of
evidence. A scientific law is a statement describing what always happens under certain conditions in nature.
Modern science has roots that go back thousands of years. Diverse people from around the world have
contributed to the evolution of science.

Women and minorities have rarely had the same chances in science as white males, but they still have made
important contributions.

Lesson Review Questions

Recall

1.
2.
3.
4.

Define science.

What is induction?

State the contributions of Thales and Aristotle to the evolution of science.
What was the Scientific Revolution?

Apply Concepts

5.

Use induction to draw a logical conclusion based on Table 1.3.
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Freezing Point of Substances

Substance Temperature at Freezing (°C)
Pure water (1 cup water) 0
Salt water (1 cup water + 5 grams table salt) -4
Sugar water (1 cup water + 6 grams sugar) -5

6. What observation would require you to revise your conclusion in question 5?

Think Critically

7. Compare and contrast scientific theories and scientific laws. Give an example of each.

Points to Consider

Most of the scientists mentioned in this lesson are physical scientists.

* Based on their work, what do you think is the subject matter of physical science?
* What are some questions that physical scientists might investigate?

10
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12 The Scope of Physical Science

Lesson Objectives

* Define physical science.
* Explain the relevance of physical science to everyday life.
* Describe examples of careers in physical science.

Lesson Vocabulary

e chemistry
* physical science
* physics

Introduction

Physical science covers a lot of territory. It’s easier to describe by what it is not than by what it is. Basically, it’s all
science that is not life science.

Defining Physical Science

Physical science can be defined as the study of matter and energy. Matter refers to all the "stuff" that exists in the
universe. It includes everything you can see and many things that you cannot see, including the air around you.
Energy is what gives matter the ability to move and change. Energy can take many forms, such as electricity, heat,
and light. Physical science can be divided into chemistry and physics. Chemistry focuses on matter and energy at
the scale of atoms and molecules. Physics focuses on matter and energy at all scales, from atoms to outer space.

Chemistry

Chemistry is the study of the structure, properties, and interactions of matter. Important concepts in chemistry
include physical changes, such as water freezing, and chemical reactions, such as fireworks exploding. Chemistry
concepts can answer all the questions on the left page of the notebook in Figure 1.5. Do you know the answers?

Physics

Physics is the study of energy and how it interacts with matter. Important concepts in physics include motion, forces
such as magnetism and gravity, and different forms of energy. Physics concepts can answer all the questions on the
right page of the notebook in Figure 1.5.
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Why dees a mud puddle dry up
in the sun? Where does the
water go?

How does a rainbow form?
‘What role does rain play?

What happens to a candle How do waves move? Does
when it burns? Is its matter the water in a wave travel to
destroyed? shore?

g

How do icicle-like stalactites
form in caves? What are they
made of?

How do musical instruments

i make sounds? Do different in-
s struments make sounds the

| same way?

Why do baked goods rise in
the oven? Would they rise if
they weren't baked?

Why do satellites orbit Earth?
Why don't they either fall to
Earth or fly out into space?

How does a light bulb turn
electricity into light? Do all
light bulbs work the same way?

6 How do different cleaning
il

ey | ' qs-g't products work? Why are some
1" products better for cleaning
T g

clothes whereas others are
better for washing dishes or
scrubbing bathtubs?

\:::' / ),

XX
UV e e Ve e Ve e eV

FIGURE 1.5

Using what you already know, try to answer each of these questions. Revisit your answers after you read about
the relevant concepts in later chapters.

Physical Science and You

Physical science explains much of what you observe and do in your daily life. In fact, you depend on physical
science for almost everything that makes modern life possible. You couldn’t drive a car, text message, or send a
tweet without decades of advances in chemistry and physics. You wouldn’t even be able to turn on a light. Figure
1.6 shows some other examples of common activities that depend on advances in physical science. You’ll learn the
"hows" and "whys" about them as you read the rest of this book.

Careers in Physical Science

People with training in physical science are employed in a variety of places. There are many career options. Just
four are described in Figure 1.7. Many more are described at the URL below. Do any of these careers interest you?
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A bike lets you The air conditioner
travel faster and turns on when you
farther than you lower the thermostat.
can travel by foot.

A microwave heats
food very quickly.

Lenses correct vision
problems.

Mixing different colors of
paint produces new colors.

FIGURE 1.6

All these activities involve matter and energy. Can you explain how or why?

* http://diplomaguide.com/article_directory/sh/page/Physical%20Science/sh/Job_Titles_and_Careers_List.html

Lesson Summary
* Physical science is the study of matter and energy. It includes chemistry, which focuses on matter, and physics,
which focuses on energy.

* Physical science explains everyday observations and actions. Its advances make modern life possible.
* There are many career options in physical science. Examples include pharmacist and surveyor.

Lesson Review Questions

Recall

1. Define physical science.
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A forensic scientist helps
solve crimes by gathering
and analyzing clues.
Forensic scientists work in
police departments,
government agencies, and
other settings. To become
a forensic scientist
requires at least 4 years of
college.

A pharmacist prepares
and dispenses medicines
and advises patients.
Pharmacists work in drug
stores, hospitals, and
other settings. To become
a pharmacist requires 6
years of college.

An automotive mechanic diagnoses and A surveyor measures and records features
repairs car and truck problems. Mechanics on Earth’s surface. Surveyors work for archi-
work in car dealerships and repair shops. To tects, engineers, and government agencies.
become an automotive mechanic generally Becoming a surveyor usually requires 4
takes between 6 months and 2 years of years of college.

technical training.

FIGURE 1.7

How might chemistry or physics be involved in each of these careers?

2. What is the focus of chemistry?
3. Describe an example of a career in physical science.

Apply Concepts

4. What practical question might be answered with physics concepts?

Think Critically

5. Energy is needed to make matter move. Explain how you use energy to ride a bike uphill. What force allows
you to coast downhill without peddling?
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Points to Consider

Figure 1.7 describes several careers in physical science. Other careers in physical science include research scientist
and engineer.

* What do you think research scientists do?
* How do you think the work of engineers differs from that of research scientists?

Opening image copyright Deymos, 2011. http://www.shutterstock.com . Used under license from Shutterstock.com.

For Table 1.1, from top to bottom:

* Ceridwen. http://commons.wikimedia.org/wiki/File:Piedra_del_Sol.jpg . Public Domain.

* Ernst Wallis et al. http://commons.wikimedia.org/wiki/File:Illustrerad_Verldshistoria_band_I_Ill_107.jpg .
Public Domain.

* Marie-Lan Nguyen (Jastrow). http://commons.wikimedia.org/wiki/File: Aristotle_Altemps_Inv8575.jpg . Pub-
lic Domain.

* nozomiigel. http://www.flickr.com/photos/nozomiiqel/2910975379/ . CC-BY-NC-SA 2.0.

* Courtesy of NASA. http://solarsystem.nasa.gov/multimedia/download-detail.cfm?DL_ID=422 . Public Do-
main.

* Courtesy of US National Library of Medicine. http://ghr.nlm.nih.gov/handbook/illustrations/normalkaryotyp
e . Public Domain.

For Table 1.2, from top to bottom:

* http://commons.wikimedia.org/wiki/File:Mariecurie.jpg . Public Domain.

* Courtesy Master and Fellows of Churchill College, Cambridge, England. http://en.wikipedia.org/wiki/File:Li
se_Meitner_1900.jpg . Public Domain.

* Courtesy Nobel Foundation. http://en.wikipedia.org/wiki/File:Joliot-curie.jpg . Public Domain.

» Courtesy Nobel Foundation. http://commons.wikimedia.org/wiki/File:Mayer.jpg . Public Domain.

* Ben Kelmer. http://www.flickr.com/photos/ukinisrael/5676148875/ . CC-BY-NC 2.0.

* Qilai Shen. http://commons.wikimedia.org/wiki/File:Shirley_Ann_Jackson_World_Economic_Forum_2010
Jjpg . CC-BY-SA 2.0.

* Courtesy of NASA. http://images.jsc.nasa.gov/luceneweb/caption.jsp?photold=S90-45857 . Public Domain.
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CHAPTER 2

Scientific Research and
Technology

2.1 SCIENTIFIC INVESTIGATION
2.2 SCIENCE SKILLS

2.3 TECHNOLOGY

2.4 REFERENCES

In 1999, NASA’s Mars Climate Orbiter, pictured here, burned up as it passed through Mars’ atmosphere. The
satellite was programmed to orbit Mars at high altitude and gather climate data. Instead, the Orbiter flew too low
and was lost almost as soon as it reached the red planet. What happened to the Orbiter? The answer is human error.
The flight system software on the Orbiter was written using scientific units of measurement. The ground crew was
entering data using the common English system of units.

The example of the Mars Climate Orbiter shows the importance of using a standard system of measurement in
science and technology. Measurement is just one of the basic skills needed in these fields. What other skills are
needed? In this chapter, you’ll find out.

17


http://www.ck12.org

2.1. Scientific Investigation www.ck12.org

21 Scientific Investigation

Lesson Objectives

* List the steps of a scientific investigation.
* Describe the relationship of ethics to scientific research.

Lesson Vocabulary

* control

* ethics

* experiment

* field study

* hypothesis

* manipulated variable
* observation

* replication

* responding variable

Introduction

Investigation is at the heart of science. It is how scientists do research. Scientific investigations produce evidence
that helps answer questions and solve problems. If the evidence cannot provide answers or solutions, it may still
be useful. It may lead to new questions or problems for investigation. As more knowledge is discovered, science
advances.

Steps of a Scientific Investigation

Scientists investigate the world in many ways. In different fields of science, researchers may use different methods
and be guided by different theories and hypotheses. However, most scientists, including physical scientists, usually
follow the general approach shown in Figure 2.1. This approach typically includes the following steps:

* Identify a research question or problem.

* Form a hypothesis.

* Gather evidence, or data, to test the hypothesis.

* Analyze the evidence.

* Decide whether the evidence supports the hypothesis
* Draw conclusions.

* Communicate the results.
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Scientists may follow these steps in a different sequence. Or they may skip or repeat some of the steps. Which steps
are repeated in Figure 2.17

Asking Questions

A scientific investigation begins with a question or problem. Often, the question arises because a scientist is curious
about something she has observed. An observation is any information that is gathered with the senses. People often
have questions about things they see, hear, or observe in other ways. For example, a teen named Tara has a bracelet
with a magnetic clasp, like the one shown in Figure 2.2. Tara has noticed that the two magnets in the clasp feel
harder to pull apart on cold days than on warm days. She wonders whether temperature affects the strength of a
magnet.

Forming Hypotheses and Making Predictions

Tara is curious. She decides to investigate. She begins by forming a hypothesis. A hypothesis is a potential answer
to a question that can be tested by gathering information. If it isn’t possible to gather evidence to test an answer,
then it cannot be used as a scientific hypothesis. In fact, the question it addresses may not even be answerable by
science. For example, in the children’s television show Sesame Street, there was a large Snuffalufagus (kind of like
an elephant). But Snuffy would disappear whenever people came around. So if someone said "Is there a Snuffy on
Sesame Street?," that question would be unanswerable by science, since there isn’t any test that can be performed
— because Snuffy would disappear as soon as a scientist showed up. Can you think of other examples of questions
outside the realm of science?

This important distinction, that evidence taken in by observation is experimented on by a scientist, is what separates
legitimate science from other things which may pretend to be science. Fields which claim to be scientific but don’t
use the scientific method are called "pseudoscience." If a person can’t gather data through some sort of instrument
or sense information, they can’t form a scientific conclusion. If there is no way to prove the hypothesis false,
there is no scientific claim either. For example, if a friend told you that Snuffy visited him every day, but he was
invisible whenever anyone walked into the room, this claim is not scientific, since there is no way to prove him false.
Developing a hypothesis may require creativity as well as reason. However, in Tara’s case, the hypothesis is simple.
She hypothesizes that a magnet is stronger at lower temperatures. Based on her hypothesis, Tara makes a prediction.
If she cools a magnet, then it will pick up more metal objects, such as paper clips. Predictions are often phrased as
"if-then" statements like this one. Is Tara’s prediction correct? She decides to do an experiment.

Doing Experiments

An experiment is a controlled scientific study of specific variables. A variable is a factor that can take on different
values. There must be at least two variables in an experiment. They are called the manipulated variable and the
responding variable.

* The manipulated variable (also called the "independent variable") is a factor that is changed by the re-
searcher. For example, Tara will change the temperature of a magnet (see Figure 2.3). Temperature is the
manipulated variable in her experiment.

* The responding variable (also called the "dependent variable") is a factor that the researcher predicts will
change if the manipulated variable changes. Tara predicts the number of paper clips attracted by the magnet
will be greater at lower temperatures. Number of paper clips is the responding variable in her experiment.

Tara wonders what other variables might affect the strength of a magnet. She thinks that the size and shape of a
magnet might affect its strength. These are variables that must be controlled. A control is a variable that is held
constant so it won’t influence the outcome of an experiment. By using the same magnet at different temperatures,
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FIGURE 2.1 |
This diagram shows the steps of a scientific investigation. Other arrows could be added to the diagram. Can you
think of one? (Hint: Sometimes evidence that does not support one hypothesis may lead to a new hypothesis to
investigate.)
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FIGURE 2.2

Each end of this bracelet contains a small magnet. The magnets attract
each other and hold together the two ends.

FIGURE 2.3
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Tara is controlling for any magnet variables that might affect the results. What other variables should Tara control?
(Hint: What about the paper clips?)

Doing Other Types of Studies

Not everything in physical science is as easy to study as magnets and paper clips. Sometimes it’s not possible or
desirable to do experiments. There are some things with which a person simply cannot experiment. A distant star is a
good example. Scientists study stars by making observations with telescopes and other devices. Often, it’s important
to investigate a problem in the real world instead of in a lab. Scientists do field studies to gather real-world evidence.
You can see an example of a field study in Figure 2.4. You can learn about another example by watching this video:
http://transcanada.essentialtalk.com/media/7/ .
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FIGURE 2.4

This environmental chemist is investigat-
ing causes of river pollution. He is collect-
ing and analyzing samples of river water.
How might the evidence he gathers in the
field help him solve the problem?

Communicating Results

Researchers should always communicate their results. By sharing their results, they may be able to get helpful
feedback from other scientists. Reporting on research also lets other scientists repeat the investigation to see whether
they get the same results. Getting the same results when an experiment is repeated is called replication. If results can
be replicated, it means they are more likely to be correct. Replication of investigations is one way that a hypothesis
may eventually become a theory.

Scientists can share their results in various ways. For example, they can write articles for peer-reviewed science
journals. Peer review means that the work is analyzed by peers, in this case other scientists. This is the best way
to ensure that the results are accurate and reported honestly. Another way to share results with other scientists is
with presentations at scientific meetings (see Figure 2.5). Creating websites and writing articles for newspapers and
magazines are ways to share research with the public. Why might this be important?

FIGURE 2.5

This researcher is presenting his results
to a group of other scientists in his field.
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Ethics and Scientific Research

Ethics refers to rules for deciding between right and wrong. Ethics is an important issue in science. Scientific
research must be guided by ethical rules, including those listed below. The rules help ensure that the research is
done safely and the results are reliable. Following the rules furthers both science and society. You can learn more
about the role of ethics in science by following the links at this URL: http://www.files.chem.vt.edu/chem-ed/ethics/
index.html#resources .

Ethical Rules for Scientific Research

* Scientific research must be reported honestly. It is wrong and misleading to make up or change research
results.

* Scientific researchers must try to see things as they really are. They should avoid being biased by the results
they expect or want to get.

* Researchers must be careful. They should take pains to avoid errors in their data.

* Researchers studying human subjects must tell their subjects about any potential risks of the research. Subjects
also must be told that they can refuse to participate in the research.

* Researchers must inform coworkers, students, and members of the community about any risks of the research.
They should proceed with the research only if they have the consent of these groups.

» Researchers studying living animals must treat them humanely. They should provide for their needs and do
what they can to avoid harming them (see Figure 2.6).

FIGURE 2.6

This scientist is studying lab rats. He keeps them in comfortable cages
and provides them with plenty of food and water.

Sometimes, science can help people make ethical decisions in their own lives, although science is unlikely to be
the only factor involved. For example, scientific evidence shows that human actions are affecting Earth’s climate.
Actions such as driving cars are causing Earth to get warmer. Does this mean that it is unethical to drive a car to
work or school? What if driving is the only way to get there? As this example shows, ethical decisions are likely
to be influenced by many factors, not just science. Can you think of other factors that might affect ethical decisions
such as this one?

Lesson Summary

 Steps of a scientific investigation include identifying a research question or problem, forming a hypothesis,
gathering evidence, analyzing evidence, deciding whether the evidence supports the hypothesis, drawing
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conclusions, and communicating the results.
* Scientific research must be guided by ethical rules. They help ensure that the research is done safely and the
results are reliable.

Lesson Review Questions

Recall
1. List the steps of a typical scientific investigation.

2. State why communication is important in scientific research.
3. Identify three ethical rules for scientific research.

Apply Concepts
4. Write a hypothesis based on this question: Do vinegar and water freeze at the same temperature? Make a
prediction based on your hypothesis.

5. Describe an experiment you could do to test your prediction in question 4. Identify the variables and controls
in your experiment. Include a list of materials. With your teacher’s approval, conduct your investigation.

Think Critically

6. In Tara’s experiment with the magnet, she measured and recorded the data in the Table 2.1.

Tara’s Data Table

Magnet Temperature (°C) Number of Paper Clips Picked up by Magnet
24 8
4 6
3 6

Based on these data, Tara wrote this conclusion:

Magnets get stronger at cooler temperatures, but only down to 4°C. Below 4°C, the strength of magnets does not
change.

Do you agree with Tara’s conclusion? Why or why not? Suggest an alternative explanation for the data.

7. Describe a better experiment to test Tara’s original hypothesis. (Hint: You might include more measurements,
a wider range of temperatures, and more than one magnet.)

Points to Consider

Scientific investigations often involve measuring. For example, Tara measured the temperature of a magnet with a
thermometer. Thermometers may have different scales. You may be most familiar with the Fahrenheit and Celsius
scales.
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* Do you know how the Fahrenheit and Celsius scales differ? For example, what are the freezing and boiling
points of water on each scale?
* Do you know how to convert a temperature from one scale to the other?
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- Science Skills

Lesson Objectives

* Explain how measurements are made in scientific research.

* Describe how to keep good records in scientific investigations.

* Demonstrate how to use significant figures and scientific notation.
* Calculate descriptive statistics and use data graphs.

* Identify the role of models in science.

* Describe how to stay safe when doing scientific research.

Lesson Vocabulary

* accuracy
* Kelvin scale

* mean

¢ model

* precision

* range

* scientific notation
e SI

* significant figures

Introduction

Measuring is an important science skill. Other skills needed to do science include keeping records, doing calcula-
tions, organizing data, and making models. Knowing how to stay safe while doing scientific investigations may be
the most important skill of all. You will read about all these science skills in this lesson.

Measuring

One of the most important aspects of measuring is the system of units used for measurement. Remember the Mars
Climate Orbiter that opened this chapter? It shows clearly why a single system of measurement units is needed in
science.
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Using Sl Units

The measurement system used by most scientists is the International System of Units, or SI. Table 2.2 lists common
units in this system. SI is easy to use because everything is based on the number 10. Basic units are multiplied or
divided by powers of ten to arrive at bigger or smaller units. Prefixes are added to the names of the basic units to
indicate the powers of ten. For example, the meter is the basic unit of length. The prefix kilo- means 1000, so a
kilometer is 1000 meters. Can you infer what the other prefixes in the table mean? If not, you can find out at this
URL: http://physics.nist.gov/cuu/Units/prefixes.html .

Common Sl Units

Variable Basic SI Unit (English Related SI Units Equivalent Units
Equivalent)
Length meter (m) kilometer (km) = 1000 m
(1 m=39.37 in) decimeter (dm) =0.1m
centimeter (cm) =0.01 m
millimeter (mm) =0.001 m
micrometer (um) =0.000001 m
nanometer (nm) =0.000000001 m
Volume cubic meter (m?) liter (L) =1dm?
(1m*=13yd) milliliter (mL) =1cm?
Mass gram (g) kilogram (kg) =1000 g
(1g=0.04 0z) milligram (mg) =0.001 g

The SI system has units for other variables in addition to the three shown here in Table 2.2. Some of these other
units are introduced in later chapters.

Problem Solving

Problem: Use information in Table 2.2 to convert 3 meters to inches.
Solution: 3m =3x39.37in=118.11 in

You Try It!

Problem: Rod needs to buy 1 m of wire for a science experiment. The wire is sold by the yard, not the meter. If he
buys 1 yd of wire, will he have enough? (Hint: How many inches are there in 1 yd? In 1 m?)

Measuring Temperature

The SI scale for measuring temperature is the Kelvin scale. However, some scientists use the Celsius scale instead.
If you live in the U.S., you are probably more familiar with the Fahrenheit scale. Table 2.3 compares all three
temperature scales. What is the difference between the boiling and freezing points of water on each of these scales?

Temperature Scales

Scale Freezing Point of Water Boiling Point of Water
Kelvin 273 K 373K
Celsius 0°C 100°C
Fahrenheit 32°F 212°F

Each 1-degree change on the Kelvin scale is equal to a 1-degree change on the Celsius scale. This makes it easy to
convert measurements between Kelvin and Celsius. For example, to go from Celsius to Kelvin, just add 273. How
would you convert a temperature from Kelvin to Celsius?
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Converting between Celsius and Fahrenheit is more complicated. The following conversion factors are used:

* Celsius — Fahrenheit : (°C x 1.8)+32= °F
* Fahrenheit — Celsius : (°F—32)+1.8= °C

Problem Solving

Problem: Convert 10°C to Fahrenheit.
Solution: (10°C x 1.8) 432 = 50°F
You Try It!

Problem: The weather forecaster predicts a high temperature today of 86°F. What will the temperature be in Celsius?

Using Measuring Devices
Measuring devices must be used correctly to get accurate measurements. Figure 2.7 shows the correct way to use a

graduated cylinder to measure the volume of a liquid.

Reading the Meniscus
at Eye Level

| B T I > FIGURE 2.7
.......... eye This cylinder contains about 66 mL of liquid. What would the measure-

ment be if you read the top of the meniscus by mistake?

Follow these steps when using a graduated cylinder to measure liquids:

* Place the cylinder on a level surface before adding liquid.

* Move so your eyes are at the same level as the top of the liquid in the cylinder.

* Read the mark on the glass that is at the lowest point of the curved surface of the liquid. This is called the
meniscus.

At the URLs below, you can see the correct way to use a metric ruler to measure length and a beam balance to
measure mass.

* http://www.wsd1.org/waec/math/Consumer%20Math%20Advanced/Unit%202%20Design%20and%20Measu
rement/Ruler%20Meas/measmain.htm (metric ruler)
* http://www.youtube.com/watch?v=C9howXG7LUY &feature=related (beam balance) (5:14)
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MEDIA
Click image to the left for more content.

Accuracy and Precision

Measurements should be both accurate and precise.

* Accuracy is how close a measurement is to the true value. For example, 66 mL is a fairly accurate measure-
ment of the liquid in Figure 2.7.

* Precision is how exact a measurement is. A measurement of 65.5 mL is more precise than a measurement of
66 mL. But in Figure 2.7, it is not as accurate.

You can think of accuracy and precision in terms of a game like darts. If you are aiming for the bull’s-eye and get all
of the darts close to it, you are being both accurate and precise. If you get the darts all close to each other somewhere
else on the board, you are precise, but not accurate. And finally, if you get the darts spread out all over the board,
you are neither accurate nor precise.

Keeping Records

Record keeping is very important in scientific investigations. Follow the tips below to keep good science records.

» Use a bound laboratory notebook so pages will not be lost. Write in ink for a permanent record.
* Record the steps of all procedures.

* Record all measurements and observations.

* Use drawings as needed.

 Date all entries, including drawings.

Calculating

Doing science often requires calculations. Converting units is just one example. Calculations are also needed to find
derived quantities.

Calculating Derived Quantities
Derived quantities are quantities that are calculated from two or more different measurements. Examples include

area and volume. It’s easy to calculate these quantities for a simple shape. For a rectangular solid, like the one in
Figure 2.8, the formulas are:

Area (of each side) = length x width (I x w)
Volume = length x width x height (I x w x h)
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FIGURE 2.8

Dimensions of a rectangular solid include
length (I), width (w), and height (h). The
h = Height solid has six sides. How would you calcu-
late the total surface area of the solid?

w =Width

| = Length

Helpful Hints

When calculating area and volume, make sure that:

* all the measurements have the same units.
« answers have the correct units. Area should be in squared units, such as cm?; volume should be in cubed units,
such as cm?. Can you explain why?

Naturally, not all derived quantities will have the same types of units. In the examples above, the only fundamental
unit used was meters for the length of one of the sides of the box. However, if you had a quantity like speed (a
derived quantity), it would be equal to distance traveled (which is meters) divided by the amount of time you spent
traveling that distance (which is in seconds). Therefore your speed would be measured in meters per second.

Using Significant Figures

Assume you are finding the area of a rectangle with a length of 6.8 m and a width of 6.9 m. When you multiply the
length by the width on your calculator, the answer you get is 46.92 m. Is this the correct answer? No; the correct
answer is 46.9 m?. The correct answer must be rounded down so there is just one digit to the right of the decimal
point. That’s because the answer cannot have more digits to the right of the decimal point than any of the original
measurements. Using extra digits implies a greater degree of precision than actually exists. The correct number of
digits is called the number of significant figures. To learn more about significant figures and rounding, you can
watch the videos at the URLs below.

* http://www.youtube.com/watch?v=/2bTxK6-1fDg (3:20)
* http://www.youtube.com/watch?v=MuVyoqz5IxMé&feature=related (8:30)

Using Scientific Notation
Quantities in science may be very large or very small. This usually requires many zeroes to the left or right of the
decimal point. Such numbers can be hard to read and write accurately. That’s where scientific notation comes in.

Scientific notation is a way of writing very large or small numbers that uses exponents. Numbers are written in this
format:

ax10°
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The letter a stands for a decimal number. The letter b stands for an exponent, or power, of 10. For example, the
number 300 is written as 3.0 x 10?. The number 0.03 is written as 3.0 x 1072, Figure 2.9 explains how to convert
numbers to and from scientific notation. For a review of exponents, watch: http://www.youtube.com/watch?v=8htcZ
caOJIA .

1. Move the decimal point
left or right until you reach
the last nonzero digit. This
new decimal number is ¢ in
a x 10",

2. Count how many places
you moved the decimal
point in Step 1. This number
ishina = 10",

3. Did you move the
decimal point left? If so, b is
positive. Did you move the
decimal point right? If so, &
is negative.

FIGURE 2.9

Follow the steps in reverse to convert numbers from scientific notation.

You Try It!
Problem: Write the number 46,000,000 in scientific notation.

Organizing Data

In a scientific investigation, a researcher may make and record many measurements. These may be compiled in
spreadsheets or data tables. In this form, it may be hard to see patterns or trends in the data. Descriptive statistics
and graphs can help organize the data so patterns and trends are easier to spot.

Example: A vehicle checkpoint was set up on a busy street. The number of vehicles of each type that passed by the
checkpoint in one hour was counted and recorded in Table 2.4. These are the only types of vehicles that passed the
checkpoint during this period.

Data Table
Type of Vehicle Number
4-door cars 150
2-door cars 50
SUVs 80
vans 50
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(continued)

Type of Vehicle Number
pick-up trucks 70

Descriptive Statistics

A descriptive statistic sums up a set of data in a single number. Examples include the mean and range.

* The mean is the average value. It gives you an idea of the typical measurement. The mean is calculated by
summing the individual measurements and dividing the total by the number of measurements. For the data in
Table 2.4, the mean number of vehicles by type is: (150450 + 80 + 50+ 70) <5 = 80 (There are two other
words people can sometimes use when they use the word "average." They might be referring to a quantity
called the "median" or the "mode." You’ll see these quantities in later courses, but for now, we’ll just say the
average is the same thing as the mean.)

* The range is the total spread of values. It gives you an idea of the variation in the measurements. The range
is calculated by subtracting the smallest value from the largest value. For the data in Table 2.4, the range in
numbers of vehicles by type is: 150 — 50 = 100.

Graphs

Graphs can help you visualize a set of data. Three commonly used types of graphs are bar graphs, circle graphs, and
line graphs. Figure 2.10 shows an example of each type of graph. The bar and circle graphs are based on the data
in Table 2.4, while the line graph is based on unrelated data. You can see more examples at this URL: http://www.b
eaconlearningcenter.com/weblessons/kindsofgraphs/default.htm .

* Bar graphs are especially useful for comparing values for different types of things. The bar graph in Figure
2.10 shows the number of vehicles of each type that passed the checkpoint.

* Circle graphs are especially useful for showing percents of a whole. The circle graph in Figure 2.10 shows
the percent of all vehicles counted that were of each type.

* Line graphs are especially useful for showing changes over time. The line graph in Figure 2.10 shows how
distance from school changed over time when some students went on a class trip.

Helpful Hints

Circle graphs show percents of a whole. What are percents?

* Percents are fractions in which the denominator is 100. Example: 30% = 30/100
* Percents can also be expressed as decimal numbers. Example: 30% = 0.30

You Try It!
Problem: Show how to calculate the percents in the circle graph in Figure 2.10.

Need a refresher on percents, fractions, and decimals? Go to this URL: http://www.mathsisfun.com/decimal-fracti
on-percentage.html .

Using Models

Did you ever read a road map, sketch an object, or play with toy trucks or dolls? No doubt, the answer is yes. What
do all these activities have in common? They all involve models. A model is a representation of an object, system,
or process. For example, a road map is a representation of an actual system of roads on the ground.
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Number of Vehicles by Type Percent of All Vehicles by Type School Trip to Washington DC
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FIGURE 2.10
These are three commonly used types of graphs. When would you want to use a bar graph? What about a line
graph?

Models are very useful in science. They provide a way to investigate things that are too small, large, complex, or
distant to investigate directly. Figure 2.11 shows an example of a model in chemistry. To be useful, a model must
closely represent the real thing in important ways, but it must be simpler and easier to manipulate than the real thing.
Do you think the model in Figure 2.11 meets these criteria?

Oxygen

Key

+ = proton

n = neutron FIGURE 2.11

- = electron This model represents a water molecule.
It shows that a water molecule consists
of an atom of oxygen and two atoms of
hydrogen. What else does the model
show?

Hydrogen Hydrogen

Electrons from hydrogen
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Staying Safe in Science

Research in physical science can be exciting, but it also has potential dangers. Whether in the lab or in the field,
knowing how to stay safe is important.

Safety Symbols

Lab procedures and equipment may be labeled with safety symbols. These symbols warn of specific hazards, such
as flames or broken glass. Learn the symbols so you will recognize the dangers. A list of common safety symbols is
shown in Figure 2.12. Do you know how to avoid each hazard? You can learn more at this URL: http://www.angel
fire.com/va3/chemclass/safety.html .

L ARPS

Animal Sharp instrument Heat Glassware
hazard hazard hazard hazard
=
FIGURE 2.12
ﬁ, ﬂ Why does glassware pose a hazard?
Chemical Electrical Eye & face Fire
hazard hazard hazard hazard

oy sa

X a

Biohazard Laser radiation Radioactive Explosive
hazard hazard hazard

Safety Rules

Following basic safety rules is the best way to stay safe in science. Safe practices help prevent accidents. Several
lab safety rules are listed below. Different rules may apply when you work in the field. But in all cases, you should
always follow your teacher’s instructions.

Lab Safety Rules

* Wear safety gear, including goggles, an apron, and gloves.

* Wear a long-sleeved shirt and shoes that completely cover your feet.
* Tie back your hair if it is long.

* Do not eat or drink in the lab.

* Never work alone.
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* Never perform unauthorized experiments.

* Never point the open end of a test tube at yourself or another person.

* Always add acid to water — never water to acid — and add the acid slowly.

* To smell a substance, use your hand to fan vapors toward your nose rather than smell it directly. This is
demonstrated in Figure 2.13.

* When disposing of liquids in the sink, flush them down the drain with lots of water.

* Wash glassware and counters when you finish your lab work.

* Thoroughly wash your hands with soap and water before leaving the lab.

Correct way of
walfting odors

= FIGURE 2.13

- This is the correct way to smell a chemical in science lab. This helps
prevent possible injury from toxic fumes.

Even when you follow the rules, accidents can happen. Immediately alert your teacher if an accident occurs. Report
all accidents, even if you don’t think they are serious.

Lesson Summary

* Most scientists use the SI system of units. It includes the Kelvin scale for temperature. Measurements should
be both accurate and precise.

* Good record keeping is very important in scientific research.

* Doing science often requires calculations, such as finding derived quantities. Calculations may involve
significant figures or scientific notation.

* Descriptive statistics and graphs help organize data so patterns and trends are more apparent. Descriptive
statistics include the mean and range. Types of graphs include bar, circle, and line graphs.

* A model is a representation of an object, system, or process. Models help scientists investigate things that are
too small, large, complex, or distant to study directly.

 Staying safe while doing scientific research means recognizing safety symbols and following safety rules.

Lesson Review Questions

Recall

1. What are the basic SI units for length, volume, and mass?
2. How much liquid does this graduated cylinder contain?
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3. Define the mean and range of a data set. How are they calculated?
4. What is a model? How are models used in science?
5. What hazard does each of these symbols represent?

a 11949

Apply Concepts

6. Do the following calculations:

a. Write the number 0.0000087 in scientific notation.
b. Convert 50°C to °F.
c. Find the volume of a cube that measures 5 cm on each dimension (length, width, and height).

7. Make a safety poster to convey one of the lab safety rules in this lesson.

Think Critically

8. Compare and contrast accuracy and precision of measurements in science.

Points to Consider

Most of the skills described in this lesson are important in technology as well as science.

* What is technology?
* How do you think technology differs from science?
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-Technology

Lesson Objectives

* Define technology.

* QOutline the technological design process.

* Explain how science and technology are related.

* Describe how technology and society influence each other.

Lesson Vocabulary

* engineer
* technological design
* technology

Introduction

What do you think of when you hear the word technology? Do devices like computers and solar-powered cars come
to mind? Devices such as these are just one meaning of the term "technology." As a field of study, technology is
much broader than that.

What Is Technology?

Technology is the application of knowledge to real-world problems. It includes methods and processes as well
as devices like computers and cars. An example is the Bessemer process. It is a cheap method of making steel
that was invented in the 1850s. It is just one of many technological advances that have occurred in manufacturing.
Technology is also responsible for most of the major advances in agriculture, transportation, communications, and
medicine. Clearly, technology has had a huge impact on people and society. It is hard to imagine what life would be
like without it.

Professionals in technology are generally called engineers. Most engineers have a strong background in physical
science. There are many different careers in engineering. You can learn about some of them at the URLSs below.

* http://www.sciencebuddies.org/science-fair-projects/science_careers.shtml?gclid=CMbjI5SHB4qgCFcW8Kgod
7THdmGQ
* http://www.careertoolkits.com/engineering/
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Technological Design

The development of new technology is called technological design. It is similar to scientific investigation. Both
processes use evidence and logic to solve problems.

Technological Design Process

Figure 2.14 shows the steps of the technological design process. Consider the problem of developing a solar-
powered car. Many questions would have to be researched in the design process. For example, what is the best shape
for gathering the sun’s rays? How will the energy from the sun be stored? Will a back-up energy source be needed?
After researching the answers, possible designs are developed. This takes imagination as well as reason. Then a
model is made of the best design, and the model is tested. This allows any problems with the design to be worked
out before a final design is selected.

( ) Identify Communicate
\ the problem the final solution
FIGURE 2.14
— n Research Refine & retest This flowchart represents the process of
. . sl the model as technological design. How does the tech-
e=" ¥*— needed nological design process resemble a sci-

entific investigation?

Create a model
of the solution

Generate Sl
possible % Test the model
- 3] solutions
f Select the
best solution X

Constraints on Technological Design

Technological design always has constraints. Constraints are limits on the design. Common constraints include:
* laws of nature, such as the law of gravity.
* properties of the materials used.

* cost of producing a technology.

Ethical concerns are also constraints on many technological designs. Like scientists, engineers must follow ethical
rules. For example, the technologies they design must be as safe as possible for people and the environment.
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Engineers must weigh the benefits and risks of new technologies, and the benefits should outweigh the risks.

Advances in Technology

Technology advances as new materials and processes are invented. Computers are a good example. Table 2.5 and
the videos below show some of the milestones in their evolution. The evolution of modern computers began in the
1930s. Computers are still evolving today. How have computers changed during your lifetime?

* http://www.youtube.com/watch?v=ETVAIcMXitk (4:11)

MEDIA

Click image to the left for more content.

* http://www.youtube.com/watch?v=gas2 XiOrWo6A&feature=related (5:36)

MEDIA

Click image to the left for more content.

Evolution of Computers

Computer (Year) Description
ENIAC (1946) Like other early computers, the huge ENIAC computer
used vacuum tubes for electrical signals. This made it

if very large and expensive. It could do just one task at a
§§ time. It had to be rewired to change programs. That’s
£8 what the women in this photo are doing.

US Army Photo

ERMA (1955) The ERMA computer represented a new computer

technology. It used transistors instead of vacuum tubes.
This allowed computers to be smaller, cheaper, and
more energy efficient.

Image courtesy of Computer History Museum
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(continued)

Computer (Year) Description

PDP-8 (1968) By the late 1960s, tiny transistors on silicon chips were
invented. They increased the speed and efficiency of
computers. They also allowed computers to be much
smaller. The PDP-8 computer pictured here was the
first "mini" computer.

The next major advance in computers was the develop-
ment of microprocessors. A microprocessor consisted
of thousands of integrated circuits placed on a tiny sili-
con chip. This allowed computers to be more powerful
and even smaller. The computer pictured here is the
first Macintosh personal computer.

The computers of the 21st century are tiny compared
with the lumbering giants of the mid-1900s. Their
g‘ﬂf " problem-solving abilities are also immense compared
with early computers. The diversity of software pro-
grams available today allows users to undertake an
immense variety of tasks — and no rewiring is needed!

Technology and Science

Technology is sometimes referred to as applied science, but it has a different goal than science. The goal of science
is to increase knowledge. The goal of technology is to use knowledge for practical purposes.

Although they have different goals, technology and science work hand in hand. Each helps the other advance.
Scientific knowledge is needed to create new technologies. New technologies are used to further science. The
microscope is a good example. Scientific knowledge of light allowed 17 century lens makers to make the first
microscopes. This new technology let scientists view a world of tiny objects they had never before seen. Figure
2.15 describes other examples.

Technology and Society

The goal of technology is to solve people’s problems. Therefore, the problems of society generally set the direction
that technology takes. Technology, in turn, affects society. It may make people’s lives easier or healthier. Two
examples are described in Figure 2.16. You can read about other examples at these URLs:

* http://mezocore.wordpress.com/
* http://www.makingthemodernworld.org.uk/everyday_life/
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Sonar Spectrometer
What it does: What it does:
Sends sound waves Measures properties
and receives the of light
sound waves that are Based on scientific
reflected black knowledge of:
Based on scientific Light and chemical
knowledge of: elements
Sound Led to scientific
Led to scientific advances such as:
advances such as: Discovery of the
Mapping of the ocean composition and
floor temperature of stars
s A ot i Seismometer & Vacuum Tube
R N S What it does: What it does:
) o Records ground i a Creates and
o s s TAGTSTRATIS Gl Red processes electrical
Pk el et AT 10 1 by earthquakes £ a. EIESS en\'l'.’ll)w signals
Based on scientific b. filament (cathode) Based on scientific
\ knowledge of: e. plate (anode) knowledge of:
Waves and motion ﬂ,} d. anode lead Electricity and
Led to scientific € e, f. cathode leads vacuums
advances such as: Led to scientific
Discovery that Earth advances such as:
has a solid inner core Discovery of
electrons, the
] negatively charged
f " |‘$ particles in atoms
FIGURE 2.15
Each of the technologies pictured here is based on scientific knowledge. Each also led to important scientific
advances.

Lesson Summary

» Technology is the application of knowledge to real-world problems. Engineers are professionals in technology.

» Technological design is the development of new technology. The design process is based on evidence and
logic.

» Technology and science have different goals, but each helps the other advance.

* The problems of society generally set the direction of technology. New technologies, in turn, may make
people’s lives easier or healthier.

Lesson Review Questions

Recall
1. Define technology.

2. What do engineers do?
3. List the steps of the technological design process.
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Nanotechnology

Nanotechnology is the manipulation of matter
at the level of atoms and molecules. In
medicine, nanotechnology is used to deliver
drugs to specific cells.

Nanoparticles in Medicine

WWW.C

Fiber Optics

Fiber optics is the use of transparent fibers to transmit
light. It is used in modern communications. The fibers can
transmit signals long distances without loss of signal
strength.

Fiber Optic Cable

FIGURE 2.16

Technologies that help people may be as simple as forks and knives. Or they may be as complex as the two
examples described here. How does technology help you?

Apply Concepts

.org

4. A team of engineers is designing a new type of car. What are likely to be some of the constraints on the

design?

Think Critically

5. Compare and contrast science and technology.

6. Relate technology and society.

Points to Consider

Nanotechnology manipulates atoms and molecules of matter.

e What is matter? What are its characteristics?

* Do you think all matter consists of atoms and molecules?

Opening image courtesy of NASA. http://en.wikipedia.org/wiki/File:Mars_Climate_Orbiter_2.jpg . Public Domain.

For Table 2.5, from top to bottom,

* ENIAC: courtesy of US Army. http://en.wikipedia.org/wiki/File:Two_women_operating_ ENIAC.gif . Public

Domain.
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* ERMA: image courtesy of the Computer History Museum. http://www.computerhistory.org/collections/acces
sion/102680121 . Image may be copied or distributed provided image bears the following credit line: "Image
courtesy of Computer History Museum." Image may not be used for commercial purposes without written
permission from the Computer History Museum.

» PDP-8: Alkivar. http://en.wikipedia.org/wiki/File:PDP-8.jpg . Public Domain.

* Macintosh 128K: Blake Patterson. http://www.flickr.com/photos/blakespot/2388811229/ . CC-BY 2.0.

* MacBook Air: ntr23. http://www.flickr.com/photos/ntr23/5958205184/ . CC-BY-NC-SA 2.0.

43


http://www.ck12.org
http://www.computerhistory.org/collections/accession/102680121
http://www.computerhistory.org/collections/accession/102680121
http://www.computerhistory.org/collections/accession/102680121
http://www.computerhistory.org/collections/accession/102680121
http://www.computerhistory.org/collections/accession/102680121
http://www.computerhistory.org/collections/accession/102680121
http://www.computerhistory.org/collections/accession/102680121
http://www.computerhistory.org/collections/accession/102680121
http://www.computerhistory.org/collections/accession/102680121
http://www.computerhistory.org/collections/accession/102680121
http://www.computerhistory.org/collections/accession/102680121
http://www.computerhistory.org/collections/accession/102680121
http://www.computerhistory.org/collections/accession/102680121
http://www.computerhistory.org/collections/accession/102680121
http://www.computerhistory.org/collections/accession/102680121
http://www.computerhistory.org/collections/accession/102680121
http://www.computerhistory.org/collections/accession/102680121
http://en.wikipedia.org/wiki/File:PDP-8.jpg
http://en.wikipedia.org/wiki/File:PDP-8.jpg
http://en.wikipedia.org/wiki/File:PDP-8.jpg
http://en.wikipedia.org/wiki/File:PDP-8.jpg
http://en.wikipedia.org/wiki/File:PDP-8.jpg
http://en.wikipedia.org/wiki/File:PDP-8.jpg
http://en.wikipedia.org/wiki/File:PDP-8.jpg
http://en.wikipedia.org/wiki/File:PDP-8.jpg
http://en.wikipedia.org/wiki/File:PDP-8.jpg
http://en.wikipedia.org/wiki/File:PDP-8.jpg
http://en.wikipedia.org/wiki/File:PDP-8.jpg
http://en.wikipedia.org/wiki/File:PDP-8.jpg
http://www.flickr.com/photos/blakespot/2388811229/
http://www.flickr.com/photos/blakespot/2388811229/
http://www.flickr.com/photos/blakespot/2388811229/
http://www.flickr.com/photos/blakespot/2388811229/
http://www.flickr.com/photos/blakespot/2388811229/
http://www.flickr.com/photos/blakespot/2388811229/
http://www.flickr.com/photos/blakespot/2388811229/
http://www.flickr.com/photos/blakespot/2388811229/
http://www.flickr.com/photos/blakespot/2388811229/
http://www.flickr.com/photos/blakespot/2388811229/
http://www.flickr.com/photos/blakespot/2388811229/
http://www.flickr.com/photos/blakespot/2388811229/
http://www.flickr.com/photos/blakespot/2388811229/
http://www.flickr.com/photos/blakespot/2388811229/
http://www.flickr.com/photos/ntr23/5958205184/
http://www.flickr.com/photos/ntr23/5958205184/
http://www.flickr.com/photos/ntr23/5958205184/
http://www.flickr.com/photos/ntr23/5958205184/
http://www.flickr.com/photos/ntr23/5958205184/
http://www.flickr.com/photos/ntr23/5958205184/
http://www.flickr.com/photos/ntr23/5958205184/
http://www.flickr.com/photos/ntr23/5958205184/
http://www.flickr.com/photos/ntr23/5958205184/
http://www.flickr.com/photos/ntr23/5958205184/
http://www.flickr.com/photos/ntr23/5958205184/
http://www.flickr.com/photos/ntr23/5958205184/
http://www.flickr.com/photos/ntr23/5958205184/

2.4. References www.ck | 2.org

- References

®

10.
11.
12.

13.
14.

15.

16.

44

CK-12 Foundation. . CC-BY-NC-SA 3.0

. looseends. http://www.flickr.com/photos/lunaspin/25719480/in/photostream/ . CC-BY-NC-SA 2.0
. (Clockwise from upper left) Images copyright Sashkin, 2011; STILLFX, 2011; Alex Mit, 2011; and marema,

2011. http://www.shutterstock.com . Used under licenses from Shutterstock.com
Image copyright Goodluz, 2011. http://www.shutterstock.com . Used under license from Shutterstock.com

. Courtesy of Fermilab. http://www.fnal.gov/pub/presspass/images/sigma-b-baryon-images.html . Public Do-

main

. Image copyright Ragne Kabanova, 2011. http://www.shutterstock.com . Used under license from Shutter-

stock.com

CK-12 Foundation. . CC-BY-NC-SA 3.0

CK-12 Foundation. . CC-BY-NC-SA 3.0

Chalkboard image copyright HuHu, 2011; derivative work by CK-12 Foundation. http://www.shutterstock.
com . Chalkboard image used under license from Shutterstock.com

CK-12 Foundation. . CC-BY-NC-SA 3.0

CK-12 Foundation. . CC-BY-NC-SA 3.0

Image copyright Jozsef Szasz-Fabian, 2011. http://www.shutterstock.com . Used under license from Shutter-
stock.com

CK-12 Foundation. . CC-BY-NC-SA 3.0

CK-12 Foundation, using images from Shutterstock: magnifying glass image copyright Kraska, 2011; com-
puter image copyright Viktor Gmyria, 2011; light bulb image copyright ProfyArt, 2011; two hammers image
copyright PaintDoor, 2011; studying boy image copyright Ain Mikail, 2011. http://www.shutterstock.com .
Shutterstock images used under licenses from Shutterstock.com

(Sonar) Courtesy of USGS; (Spectrometer) Courtesy of National Institute for Occupational Safety and Health
(NIOSH); (Seismometer) Courtesy of the USGS; (Vacuum tube) IMeowbot, based on illustration by john
Ambrose Fleming. (Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http:/
/commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/
learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png . (Sonar) Pub-
lic Domain; (Spectrometer) Public Domain; (Seismometer) Public Domain; (Vacuum tube) Public Domain
(left) Image Copyright Andrea Danti, 2011; (right) Mysid. (left) http://www.shutterstock.com; (right) http://c
ommons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg . (left) Used under license from
Shutterstock.com; (right) Public Domain


http://www.ck12.org
http://www.flickr.com/photos/lunaspin/25719480/in/photostream/
http://www.flickr.com/photos/lunaspin/25719480/in/photostream/
http://www.flickr.com/photos/lunaspin/25719480/in/photostream/
http://www.flickr.com/photos/lunaspin/25719480/in/photostream/
http://www.flickr.com/photos/lunaspin/25719480/in/photostream/
http://www.flickr.com/photos/lunaspin/25719480/in/photostream/
http://www.flickr.com/photos/lunaspin/25719480/in/photostream/
http://www.flickr.com/photos/lunaspin/25719480/in/photostream/
http://www.flickr.com/photos/lunaspin/25719480/in/photostream/
http://www.flickr.com/photos/lunaspin/25719480/in/photostream/
http://www.flickr.com/photos/lunaspin/25719480/in/photostream/
http://www.flickr.com/photos/lunaspin/25719480/in/photostream/
http://www.flickr.com/photos/lunaspin/25719480/in/photostream/
http://www.flickr.com/photos/lunaspin/25719480/in/photostream/
http://www.flickr.com/photos/lunaspin/25719480/in/photostream/
http://www.flickr.com/photos/lunaspin/25719480/in/photostream/
http://www.flickr.com/photos/lunaspin/25719480/in/photostream/
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.fnal.gov/pub/presspass/images/sigma-b-baryon-images.html
http://www.fnal.gov/pub/presspass/images/sigma-b-baryon-images.html
http://www.fnal.gov/pub/presspass/images/sigma-b-baryon-images.html
http://www.fnal.gov/pub/presspass/images/sigma-b-baryon-images.html
http://www.fnal.gov/pub/presspass/images/sigma-b-baryon-images.html
http://www.fnal.gov/pub/presspass/images/sigma-b-baryon-images.html
http://www.fnal.gov/pub/presspass/images/sigma-b-baryon-images.html
http://www.fnal.gov/pub/presspass/images/sigma-b-baryon-images.html
http://www.fnal.gov/pub/presspass/images/sigma-b-baryon-images.html
http://www.fnal.gov/pub/presspass/images/sigma-b-baryon-images.html
http://www.fnal.gov/pub/presspass/images/sigma-b-baryon-images.html
http://www.fnal.gov/pub/presspass/images/sigma-b-baryon-images.html
http://www.fnal.gov/pub/presspass/images/sigma-b-baryon-images.html
http://www.fnal.gov/pub/presspass/images/sigma-b-baryon-images.html
http://www.fnal.gov/pub/presspass/images/sigma-b-baryon-images.html
http://www.fnal.gov/pub/presspass/images/sigma-b-baryon-images.html
http://www.fnal.gov/pub/presspass/images/sigma-b-baryon-images.html
http://www.fnal.gov/pub/presspass/images/sigma-b-baryon-images.html
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(Sonar) http://marine.usgs.gov/fact-sheets/michigan/michigan.html; (Spectrometer) http://commons.wikimedia.org/wiki/File:Microscopic_spectrometer.jpg; (Seismometer) http://earthquake.usgs.gov/learn/kids/coloring/; (Vacuum tube) http://commons.wikimedia.org/wiki/File:Diode-tube.png
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg
(left) http://www.shutterstock.com; (right) http://commons.wikimedia.org/wiki/File:Southern_Cross_Cable_cross_section.svg

www.ck|Z.org Chapter 3. Introduction to Matter

CHAPTER 3 ]
Introduction to Matter

3.1 PROPERTIES OF MATTER
3.2 TYPES OF MATTER

3.3 CHANGES IN MATTER
3.4 REFERENCES

The greenish-blue peaks in this picture are individual atoms of iron on a background of copper. This amazing image
was made by a scanning tunneling microscope. It’s the only kind of microscope that can make images of things as
small of atoms. The invention of the scanning tunneling microscope was so significant that its inventors got a Nobel
prize for it. Why is being able to see atoms so important? Atoms are the basic building blocks of all the matter in
the universe. You will learn more about atoms and matter when you read this chapter.

45


http://www.ck12.org

3.1. Properties of Matter www.ck12.org

3.1 Properties of Matter

Lesson Objectives

¢ Define matter, mass, and volume.
* Identify physical properties of matter.
* List examples of chemical properties of matter.

Vocabulary

* chemical property
* density

* flammability

* mass

* matter

* physical property
* reactivity

* volume

* weight

Introduction

Here’s a riddle for you to ponder: What do you and a tiny speck of dust in outer space have in common? Think you
know the answer? Read on to find out.

What is Matter?

Both you and the speck of dust consist of atoms of matter. So does the ground beneath your feet. In fact, everything
you can see and touch is made of matter. The only things that aren’t matter are forms of energy, such as light and
sound. Although forms of energy are not matter, the air and other substances they travel through are. So what is
matter? Matter is defined as anything that has mass and volume.

Mass

Mass is the amount of matter in a substance or object. Mass is commonly measured with a balance. A simple
mechanical balance is shown in Figure 3.1. It allows an object to be matched with other objects of known mass. SI
units for mass are the kilogram, but for smaller masses grams are often used instead.
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b i e
Hﬂi—‘ t FIGURE 3.1

| | This balance shows one way of measuring mass. When both sides of the
| | balance are at the same level, it means that objects in the two pans have
the same mass.

Mass versus Weight

The more matter an object contains, generally the more it weighs. However, weight is not the same thing as mass.
Weight is a measure of the force of gravity pulling on an object. It is measured with a scale, like the kitchen scale in
Figure 3.2. The scale detects how forcefully objects in the pan are being pulled downward by the force of gravity.
The SI unit for weight is the newton (N). The common English unit is the pound (Ib). With Earth’s gravity, a mass
of 1 kg has a weight of 9.8 N (2.2 1b).

| FIGURE 3.2

This kitchen scale measures weight. How does weight differ from mass?

Kiichen Scale
> 4

Problem Solving

Problem: At Earth’s gravity, what is the weight in newtons of an object with a mass of 10 kg?

Solution: At Earth’s gravity, 1 kg has a weight of 9.8 N. Therefore, 10 kg has a weight of (10 x 9.8 N) =98 N.
You Try It!

Problem: If you have a mass of 50 kg on Earth, what is your weight in newtons?

An object with more mass is pulled by gravity with greater force, so mass and weight are closely related. However,
the weight of an object can change if the force of gravity changes, even while the mass of the object remains constant.
Look at the photo of astronaut Edwin E. Aldrin Jr taken by fellow astronaut Neil Armstrong, the first human to walk
on the moon, in Figure 3.3. An astronaut weighed less on the moon than he did on Earth because the moon’s gravity
is weaker than Earth’s. The astronaut’s mass, on the other hand, did not change. He still contained the same amount
of matter on the moon as he did on Earth.

The amount of space matter takes up is its volume. How the volume of matter is measured depends on its state.

* The volume of liquids is measured with measuring containers. In the kitchen, liquid volume is usually
measured with measuring cups or spoons. In the lab, liquid volume is measured with containers such as
graduated cylinders. Units in the metric system for liquid volume include liters (L) and milliliters (mL).
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FIGURE 3.3

If the astronaut weighed 175 pounds on
Earth, he would have weighed only 29
pounds on the moon. If his mass on Earth
was 80 kg, what would his mass have
been on the moon?

* The volume of gases depends on the volume of their container. That’s because gases expand to fill whatever
space is available to them. For example, as you drink water from a bottle, air rushes in to take the place of the
water. An "empty" liter bottle actually holds a liter of air. How could you find the volume of air in an "empty"
room?

* The volume of regularly shaped solids can be calculated from their dimensions. For example, the volume of
a rectangular solid is the product of its length, width, and height (I x w x h). For solids that have irregular
shapes, the displacement method is used to measure volume. You can see how it works in Figure 3.4 and in
the video below. The SI unit for solid volumes is cubic meters (m?). However, cubic centimeters (cm?) are
often used for smaller volume measurements.

http://www.youtube.com/watch?v=q9L52maq_vA&feature=related

Physical Properties of Matter

Matter has many properties. Some are physical properties. Physical properties of matter are properties that can
be measured or observed without matter changing to a different substance. For example, whether a given substance
normally exists as a solid, liquid, or gas is a physical property. Consider water. It is a liquid at room temperature,
but if it freezes and changes to ice, it is still water. Generally, physical properties are things you can see, hear, smell,
or feel with your senses.

Examples of Physical Properties

Physical properties include the state of matter and its color and odor. For example, oxygen is a colorless, odorless
gas. Chlorine is a greenish gas with a strong, sharp odor. Other physical properties include hardness, freezing
and boiling points, the ability to dissolve in other substances, and the ability to conduct heat or electricity. These
properties are demonstrated in Figure 3.5. Can you think of other physical properties?
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Displacement Method
for Finding Volume

1. Add water to a measuring
container such as a graduated

4 cylinder. Record the volume of the
water.

3 2.Place the object in the water in
the graduated cylinder. Measure
the volume of the water with the
object in it.

3. Subtract the first volume from the
second volume. The difference
represents the volume of the object.

—
—

FIGURE 3.4

The displacement method is used to find the volume of an irregularly shaped solid object. It measures the amount
of water that the object displaces, or moves out of the way. What is the volume of the toy dinosaur in mL?

Density

Density is an important physical property of matter. It reflects how closely packed the particles of matter are. Density
is calculated from the amount of mass in a given volume of matter, using the formula:

) Mass (M)
DenSIty (D) = \IOITQ(‘/)

Problem Solving

Problem: What is the density of a substance that has a mass of 20 g and a volume of 10 mL.?
Solution: D =20 g/10 mL = 2.0 g/mL

You Try It!

Problem: An object has a mass of 180 kg and a volume of 90 m>. What is its density?

To better understand density, think about a bowling ball and a volleyball. The bowling ball feels heavy. It is solid
all the way through. It contains a lot of tightly packed particles of matter. In contrast, the volleyball feels light. It is
full of air. It contains fewer, more widely spaced particles of matter. Both balls have about the same volume, but the
bowling ball has a much greater mass. Its matter is denser.
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Hardness

Diamond is the hardest mineral. It is
so hard that it is used in drill bits.
Talc is the softest mineral. It is so
soft that you can crumble it with
your fingers.

Freezing & Boiling Points

Antifreeze has a higher boiling point and lower
freezing point than water. It is used in a car's cooling
system to keep the cooling fluid in a liquid state. If
plain water were used instead, it might boil in hot
weather and freeze in cold weather.

Ability to Conduct Heat or
Electricity

Aluminum is a good conductor of heat; wood
is not. That's why this pot is made of alumi-
num and the spoon is made of wood. Copper
is a good conductor of electricity; plastic is
not. That’s why the wires inside this cable are
made of copper and the outside covering is

pber vs. Plastic .
made of plastic.

Ability to Dissolve in Other

Substances
This white sand may look like sugar. But it
doesn’t dissolve in water as sugar does.

FIGURE 3.5 |

These are just a few of the physical properties of matter.
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Chemical Properties of Matter

Some properties of matter can be measured or observed only when matter undergoes a change to become an entirely
different substance. These properties are called chemical properties. They include flammability and reactivity.

Flammability

Flammability is the ability of matter to burn. Wood is flammable; iron is not. When wood burns, it changes to
ashes, carbon dioxide, water vapor, and other gases. After burning, it is no longer wood.

Reactivity

Reactivity is the ability of matter to combine chemically with other substances. For example, iron is highly reactive
with oxygen. When it combines with oxygen, it forms the reddish powder called rust (see Figure 3.6). Rust is not
iron but an entirely different substance that consists of both iron and oxygen.

FIGURE 3.6

The iron in this steel chain has started to rust.

Lesson Summary

* Matter is anything that has mass and volume. Mass is the amount of matter in a substance. Volume is the
amount of space matter takes up.

* Matter has both physical and chemical properties. Physical properties can be measured or observed without
matter changing to a different substance.

* Chemical properties of matter can be measured or observed only when matter undergoes a change to become
an entirely different substance.
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Lesson Review Questions

Recall
1. Define matter.
2. How does mass differ from weight?

3. Describe the displacement method for measuring the volume of an object.
4. Identify two physical properties and two chemical properties of matter.

Apply Concepts

5. Create a table comparing and contrasting physical properties of tap water and table salt.
6. Apply the concept of density to explain why oil floats on water.

Think Critically

7. Some kinds of matter are attracted to a magnet. Is this a physical or chemical property of matter? How do you
know?

Points to Consider

The physical and chemical properties of substances can be used to identify them. That’s because different kinds of
matter have different properties.

* What property could you use to tell the difference between iron and aluminum?
* How could you tell whether a liquid is honey or vinegar?
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3.2 Types of Matter

Lesson Objectives

* Describe elements and atoms.
* Describe compounds, molecules, and crystals.
* Define mixture, and identify types of mixtures.

Vocabulary

e atom

e colloid

¢ compound
* crystal

¢ element

* mixture

* molecule
* solution

* suspension

Introduction

The properties of matter, both physical and chemical, depend on the substances that matter is made of. Matter can
exist either as a pure substance or as a combination of different substances.

Elements

An element is a pure substance. It cannot be separated into any other substances. There are more than 90 different
elements that occur in nature. Some are much more common than others. Hydrogen is the most common element in
the universe. Oxygen is the most common element in Earth’s crust. Figure 3.7 shows other examples of elements.
Still others are described in the video below.

http://www.youtube.com/watch?v=d0zION8xjbM (3:47)
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Helium

Helium is a gas that is
lighter than air. That'’s
why it is used in balloons.

WWW.C

MEDIA

Click image to the left for more content.

Carbon

Carbon has the ability to
combine with many other
elements as well as with
itself. It can form many
different substances. It is
the most common
element in living things.

Neon

Neon is a gas that
gives off a reddish
orange glow when
electricity flows
through it. It is used
in colored lights
and signs.

\"V

Iron

Iron is a metal that
is very hard and
strong. It is the
main component of
steel.

.org

FIGURE 3.7

Each of the elements described here has different uses because of its properties.

Properties of Elements

Each element has a unique set of properties that make it different from all other elements. As a result, elements can
be identified by their properties. For example, the elements iron and nickel are both metals that are good conductors
of heat and electricity. However, iron is attracted by a magnet, whereas nickel is not. How could you use this
property to separate iron objects from nickel objects?

History of Elements

The idea of elements is not new. It dates back about 2500 years to ancient Greece. The ancient Greek philosopher
Aristotle thought that all matter consists of just four elements. He identified the elements as earth, air, water, and
fire. He thought that different kinds of matter contain only these four elements but in different combinations.

Aristotle’s ideas about elements were accepted for the next 2000 years. Then, scientists started discovering the many
unique substances we call elements today. You can read when and how each of the elements was discovered at the
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link below. Scientists soon realized that there are far more than just four elements. Eventually, they discovered a
total of 92 naturally occurring elements. http://www.nndc.bnl.gov/content/origindc.pdf

Elements and Atoms

The smallest particle of an element that still has the element’s properties is an atom. All the atoms of an element
are alike, and they are different from the atoms of all other elements. For example, atoms of gold are the same
whether they are found in a gold nugget or a gold ring (see Figure 3.8). All gold atoms have the same structure and
properties.

FIGURE 3.8

Gold is gold no matter where it is found
because all gold atoms are alike.

Gold nugget Gold ring

Compounds

There are millions of different substances in the world. That’s because elements can combine in many different
ways to form new substances. In fact, most elements are found in compounds. A compound is a unique substance
that forms when two or more elements combine chemically. An example is water, which forms when hydrogen and
oxygen combine chemically. A compound always has the same components in the same proportions. It also has the
same composition throughout. You can learn more about compounds and how they form by watching this video:
http://www.youtube.com/watch?v=-HjMoTthEZO&feature=related (3:53).

MEDIA
Click image to the left for more content.

Properties of Compounds

A compound has different properties than the substances it contains. For example, hydrogen and oxygen are gases
at room temperature. But when they combine chemically, they form liquid water. Another example is table salt,
or sodium chloride. It contains sodium and chlorine. Sodium is a silvery solid that reacts explosively with water,
and chlorine is a poisonous gas (see Figure 3.9). But together, sodium and chlorine form a harmless, unreactive
compound that you can safely sprinkle on food.
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FIGURE 3.9

Table salt is much different than its com-
ponents. What are some of its proper-
ties?

Sodium Chlorine Sodium Chloride

Molecules and Crystals

The smallest particle of a compound that still has the compound’s properties is a molecule. A molecule consists of
two or more atoms that are joined together. For example, a molecule of water consists of two hydrogen atoms joined
to one oxygen atom (see Figure 3.10). You can learn more about molecules at this link: http://www.nyhallsci.org
/marvelousmolecules/marveloussub.html .

: FIGURE 3.10
h ) J Water is a compound that forms molecules. Each water molecule consists

of two atoms of hydrogen (white) and one atom of oxygen (red).

Some compounds form crystals instead of molecules. A crystal is a rigid, lattice-like framework of many atoms
bonded together. Table salt is an example of a compound that forms crystals (see Figure 3.11). Its crystals are made
up of many sodium and chloride ions. lons are electrically charged forms of atoms. You can actually watch crystals
forming in this video: http://www.youtube.com/watch?v=Jd9C40Svt5Sg&feature=related .

FIGURE 3.11

A crystal of table salt has a regular, repeating pattern of ions.
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Mixtures

Not all combined substances are compounds. Some are mixtures. A mixture is a combination of two or more
substances in any proportion. The substances in a mixture may be elements or compounds. The substances don’t
combine chemically to form a new substance, as they do in a compound. Instead, they keep their original properties
and just intermix. Examples of mixtures include salt and water in the ocean and gases in the atmosphere. Other
examples are pictured in Figure 3.12.

This rock is a
mixture of

smaller rocks
and minerals.

This lemonade is
mixture of water,
lemon juice, and
sugar.

This salad dressing
is a mixture of olive
oil, vinegar, herbs,
and spices.

This package
contains a mixture of
seeds of several
types of wildflowers.

FIGURE 3.12

All these substances are mixtures. How do they differ from compounds?

Homogeneous and Heterogeneous Mixtures

Some mixtures are homogeneous. This means they have the same composition throughout. An example is salt water
in the ocean. Ocean water everywhere is about 3.5 percent salt.

Some mixtures are heterogeneous. This means they vary in their composition. An example is trail mix. No two
samples of trail mix, even from the same package, are likely to be exactly the same. One sample might have more
raisins, another might have more nuts.
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Particle Size in Mixtures

Mixtures have different properties depending on the size of their particles. Three types of mixtures based on particle
size are described below. Figure 3.13 shows examples of each type. You can watch videos about the three types of
mixtures at these links:

http://www.youtube.com/watch?v=q96ljVMHYLo (4:35)

MEDIA

Click image to the left for more content.

http://www.youtube.com/watch?v=9600IL6atXs&feature=related (6:13)

Distinguishing Between Solutions
and Mechanical Mixiures

MEDIA

Click image to the left for more content.

* A solution is a homogeneous mixture with tiny particles. An example is salt water. The particles of a solution
are too small to reflect light. As a result, you cannot see them. That’s why salt water looks the same as pure
water. The particles of solutions are also too small to settle or be filtered out of the mixture.

* A suspension is a heterogeneous mixture with large particles. An example is muddy water. The particles of
a suspension are big enough to reflect light, so you can see them. They are also big enough to settle or be
filtered out. Anything that you have to shake before using, such as salad dressing, is usually a suspension.

* A colloid is a homogeneous mixture with medium-sized particles. Examples include homogenized milk and
gelatin. The particles of a colloid are large enough to reflect light, so you can see them. But they are too small
to settle or filter out of the mixture.

Separating Mixtures

The components of a mixture keep their own identity when they combine. Therefore, they usually can be easily
separated again. Their different physical properties are used to separate them. For example, oil is less dense than
water, so a mixture of oil and water can be separated by letting it stand until the oil floats to the top. Other ways of
separating mixtures are shown in Figure 3.14 and in the videos below.

* http://www.youtube.com/watch?v=jWdu_RVy5_A (2:30)

MEDIA

Click image to the left for more content.

58


http://www.ck12.org
http://www.youtube.com/watch?v=q96ljVMHYLo
http://www.youtube.com/watch?v=q96ljVMHYLo
http://www.youtube.com/watch?v=q96ljVMHYLo
http://www.youtube.com/watch?v=q96ljVMHYLo
http://www.youtube.com/watch?v=q96ljVMHYLo
http://www.youtube.com/watch?v=q96ljVMHYLo
http://www.youtube.com/watch?v=q96ljVMHYLo
http://www.youtube.com/watch?v=q96ljVMHYLo
http://www.youtube.com/watch?v=q96ljVMHYLo
http://www.youtube.com/watch?v=q96ljVMHYLo
http://www.youtube.com/watch?v=q96ljVMHYLo
http://www.youtube.com/watch?v=q96ljVMHYLo
http://www.ck12.org/flx/show/video/http%3A//www.youtube.com/embed/q96ljVMHYLo%3Fwmode%3Dtransparent%26hash%3Defcfdcd169c8972b65584fc4badb0d5a
http://www.youtube.com/watch?v=96OOIL6atXs&feature=related
http://www.youtube.com/watch?v=96OOIL6atXs&feature=related
http://www.youtube.com/watch?v=96OOIL6atXs&feature=related
http://www.youtube.com/watch?v=96OOIL6atXs&feature=related
http://www.youtube.com/watch?v=96OOIL6atXs&feature=related
http://www.youtube.com/watch?v=96OOIL6atXs&feature=related
http://www.youtube.com/watch?v=96OOIL6atXs&feature=related
http://www.youtube.com/watch?v=96OOIL6atXs&feature=related
http://www.youtube.com/watch?v=96OOIL6atXs&feature=related
http://www.youtube.com/watch?v=96OOIL6atXs&feature=related
http://www.youtube.com/watch?v=96OOIL6atXs&feature=related
http://www.youtube.com/watch?v=96OOIL6atXs&feature=related
http://www.youtube.com/watch?v=96OOIL6atXs&feature=related
http://www.youtube.com/watch?v=96OOIL6atXs&feature=related
http://www.youtube.com/watch?v=96OOIL6atXs&feature=related
http://www.youtube.com/watch?v=96OOIL6atXs&feature=related
http://www.ck12.org/flx/show/video/http%3A//www.youtube.com/embed/96OOIL6atXs%3Fwmode%3Dtransparent%26hash%3D5c74beaf03ceb467a216a663dab5a55d
http://www.youtube.com/watch?v=jWdu_RVy5_A
http://www.youtube.com/watch?v=jWdu_RVy5_A
http://www.youtube.com/watch?v=jWdu_RVy5_A
http://www.youtube.com/watch?v=jWdu_RVy5_A
http://www.youtube.com/watch?v=jWdu_RVy5_A
http://www.youtube.com/watch?v=jWdu_RVy5_A
http://www.youtube.com/watch?v=jWdu_RVy5_A
http://www.youtube.com/watch?v=jWdu_RVy5_A
http://www.youtube.com/watch?v=jWdu_RVy5_A
http://www.youtube.com/watch?v=jWdu_RVy5_A
http://www.youtube.com/watch?v=jWdu_RVy5_A
http://www.youtube.com/watch?v=jWdu_RVy5_A
http://www.ck12.org/flx/show/video/http%3A//www.youtube.com/embed/jWdu_RVy5_A

www.ck12.org Chapter 3. Introduction to Matter

This muddy water This salt water is This gelatin is a

is a suspension. It a solution. It colloid. It is uniformly
contains visible ——_ looks like pure green.

pieces of soil. " water.

FIGURE 3.13

These three mixtures differ in the size of their particles. Which mixture has the largest particles? Which has the
smallest particles?

* http://www.youtube.com/watch?v=UsouAIL-YZU&NR=1 (2:41)

MEDIA

Click image to the left for more content.

Lesson Summary

* Elements are pure substances with unique properties. There are more than 100 different elements (92 of which
occur naturally). The smallest particles of elements are atoms.

* Compounds are unique substances that form when two or more elements combine chemically. The smallest
particles of compounds are molecules. Some compounds form crystals instead.

Lesson Review Questions

Recall

1. What is an element? Give three examples.
2. Describe compounds.

3. Identify molecules and crystals.

4. What are mixtures?
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\ . !7
The sun heats salt water in A coffee filter lets A magnet can be
this lake. This causes some water but not coffee used to separate iron
of the water to evaporate, grounds pass through filings from sand. Can
leaving the salt behind. into the pot below. you explain why?

FIGURE 3.14

Separating the components of a mixture depends on their physical properties. Which physical property is used in
each example shown here?

Apply Concepts

5. How could you use water and a coffee filter to separate a mixture of salt and sand?

6. Homogenized milk is a colloid. It has been treated to prevent its different components from separating when
it stands. When non-homogenized milk stands, the cream rises to the top because it is less dense than the rest
of the milk. Which type of mixture is non-homogenized milk? Explain your answer.

Think Critically

7. Create a table comparing and contrasting compounds and mixtures. Include an example of each.
8. How are atoms related to molecules?

Points to Consider

The properties of matter are not fixed. In fact, matter is always changing.

* What are some ways you have seen matter change?
* What do you think caused the changes?
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33 Changes in Matter

Lesson Objectives
* Define and give examples of physical changes in matter.

* Define and give examples of chemical changes in matter.
* State the law of conservation of mass.

Vocabulary
* chemical change

¢ law of conservation of mass
* physical change

Introduction

You hit a baseball out of the park and head for first base. You’re excited. The score is tied, and now your team has a
chance of getting a winning home run. Then you hear a crash. Oh no! The baseball hit a window in a neighboring
house. The glass has a big hole in it, surrounded by a web of cracks (see Figure 3.15). The glass has changed. It’s
been broken into jagged pieces. But the glass is still glass. Breaking the window is an example of a physical change
in matter.

FIGURE 3.15

When glass breaks, its physical properties change. Instead of one solid
sheet of glass, it now has holes and cracks.

Physical Changes in Matter

A physical change in matter is a change in one or more of matter’s physical properties. Glass breaking is just one
example of a physical change. Some other examples are shown in Figure 3.16 and in the video below. In each
example, matter may look different after the change occurs, but it’s still the same substance with the same chemical
properties. For example, smaller pieces of wood have the ability to burn just as larger logs do.
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Cutting a log into Braiding hair
smaller pieces changes how the
changes its size and strands are arranged
shape, but it’s still but not their other
wood. properties.

Crushing a metal can
changes its shape. But
the crushed can is still
made of metal and has

the same properties,
such as the ability to

Crisp squares of
chocolate melt into a
shapeless puddle in
the heat. The puddle
tastes yummy because
it's still chocolate.

conduct heat.

Wind-blown sand has worn away this rock to create an arch, but the rock's
composition has not changed. The bits of rock worn away by the wind still
contain the same minerals as they did when they were part of the large rock.

FIGURE 3.16

In each of these changes, only the physical properties of matter change. The chemical properties remain the
same.

http://www.youtube.com/watch?v=Cne9ncSaN5c&feature=related (1:53)

MEDIA

Click image to the left for more content.

Because the type of matter remains the same with physical changes, the changes are often easy to undo. For example,
braided hair can be unbraided again. Melted chocolate can be put in a fridge to re-harden. Dissolving salt in water
is also a physical change. How do you think you could undo it?

Chemical Changes in Matter

Did you ever make a "volcano," like the one in Figure 3.17, using baking soda and vinegar? What happens when
the two substances combine? They produce an eruption of foamy bubbles. This happens because of a chemical
change. A chemical change occurs when matter changes chemically into an entirely different substance with
different chemical properties. When vinegar and baking soda combine, they form carbon dioxide, a gas that causes
the bubbles. It’s the same gas that gives soft drinks their fizz.

Not all chemical changes are as dramatic as this "volcano." Some are slower and less obvious. Figure 3.18 and the
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FIGURE 3.17
This girl is pouring vinegar on baking
soda. This causes a bubbling "volcano."

video below show other examples of chemical changes.

http://www.youtube.com/watch?v=BqeWpywDuiY (2:54)

MEDIA

Click image to the left for more content.

Signs of Chemical Change

How can you tell whether a chemical change has occurred? Often, there are clues. Several are demonstrated in
Figures 3.17 and 3.18 and in the video below.

http://www.youtube.com/watch?v=gs0j1EZJ1Uc (9:57)

MEDIA

Click image to the left for more content.

To decide whether a chemical change has occurred, look for these signs:

Gas bubbles are released. (Example: Baking soda and vinegar mix and produce bubbles.)

* Something changes color. (Example: Leaves turn from green to other colors.)

* An odor is produced. (Example: Logs burn and smell smoky.)

* A solid comes out of a solution. (Example: Eggs cook and a white solid comes out of the clear liquid part of
the egg.)
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When you fry an egg,
the heat changes it
Leaves turn color in into different
the fall because of substances with
chemical changes in different properties.
the leaves. For example, the
clear liquid part
turns into a white
solid.
Some of these copper
pennies are bright and The logs in this camp-

shiny. Others are dark
and dull. The dull
pennies have tarnished.
Their copper has ¥
combined with oxygen | [ £ .
in the air to form a new \ / i oy -~
substance with different ] :
properties,

fire are slowly burning
down to ashes. The
ashes are composed of
different substances
than the logs. They
hawve a different color

| ‘ﬁ and texture than wood.

\
)
%

¢

FIGURE 3.18

These chemical changes all result in the formation of new substances with different chemical properties. Do you
think any of these changes could be undone?

Reversing Chemical Changes

Because chemical changes produce new substances, they often cannot be undone. For example, you can’t change
a fried egg back to a raw egg. Some chemical changes can be reversed, but only by other chemical changes. For
example, to undo the tarnish on copper pennies, you can place them in vinegar. The acid in the vinegar reacts with
the tarnish. This is a chemical change that makes the pennies bright and shiny again. You can try this yourself at
home to see how well it works.

Conservation of Mass

If you build a campfire, like the one in Figure 3.19, you start with a large stack of sticks and logs. As the fire burns,
the stack slowly shrinks. By the end of the evening, all that’s left is a small pile of ashes. What happened to the
matter that you started with? Was it destroyed by the flames? It may seem that way, but in fact, the same amount of
matter still exists. The wood changed not only to ashes but also to carbon dioxide, water vapor, and other gases. The
gases floated off into the air, leaving behind just the ashes.

Assume you had measured the mass of the wood before you burned it. Assume you had also trapped the gases
released by the burning wood and measured their mass and the mass of the ashes. What would you find? The ashes
and gases combined have the same mass as the wood you started with.

This example illustrates the law of conservation of mass. The law states that matter cannot be created or destroyed.
Even when matter goes through physical or chemical changes, the total mass of matter always remains the same. (In
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oxygen carbon dioxide 3
\ and water vapor FIGURE 3.19
' Burning is a chemical process. Is mass
‘ destroyed when wood burns?
Start End

the chapter Nuclear Chemistry, you will learn about nuclear reactions, in which mass is converted into energy. But
other than that, the law of conservation of mass holds.) For a fun challenge, try to apply the law of conservation of
mass to a scene from a Harry Potter film at this link: http://www.youtube.com/watch?v=3TsTOnNmkf8 .

Lesson Summary
* Physical changes are changes in the physical properties of matter but not in the makeup of matter. An example
of a physical change is glass breaking.
* Chemical changes are changes in the makeup and chemical properties of matter. An example of a chemical

change is wood burning.
* Matter cannot be created or destroyed even when it changes. This is the law of conservation of mass.

Lesson Review Questions

Recall
1. What is a physical change in matter?
2. What happens during a chemical change in matter?
3. State the law of conservation of mass.
Apply Concepts
4. When a plant grows, its mass increases over time. Does this mean that new matter is created? Why or why
not?

5. Butter melts when you heat it in a pan on the stove. Is this a chemical change or a physical change? How can
you tell?

Think Critically

6. Compare and contrast physical and chemical changes in matter. Give an example of each type of change.
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Points to Consider

Some physical changes in matter are changes of state.

* What are the states of matter?
* What might cause matter to change state?

Opening image courtesy of Don Eigler, IBM Almaden Research Center. http://www.nisenet.org/scientific-images
/quantum_corral_side_view . This image is for non-profit educational use only.
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CHAPTER 4

Chapter 4. States of Matter

States of Matter

4.1
4.2
4.3
4.4

SoLibs, LiQuibs, GASES, AND PLASMAS
BEHAVIOR OF GASES

CHANGES OF STATE

REFERENCES

Can you guess what this picture shows? The blue and red "flames" are matter in a particular state. You’re probably
familiar with the states of matter most common on Earth — solids, liquids, and gases. But these "flames" are a state
of matter called plasma. This plasma ball was made by humans. Plasma also occurs in nature. In fact, plasma makes
up most of the matter in the universe.

What do you know about plasma? For example, do you know where it is found in nature? In this chapter, you’ll find
out as you read about plasma and other states of matter.
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41 Solids, Liquids, Gases, and Plasmas

Lesson Objectives

* Describe matter in the solid state.

* State properties of liquid matter

* Identify properties of gases.

* Describe plasma.

* Explain the relationship between energy and states of matter.

Vocabulary

* energy

* gas

* Kkinetic energy

* kinetic theory of matter
* liquid

* plasma

* solid

* states of matter

Introduction

States of matter are the different forms in which matter can exist. Look at Figure 4.1. It represents water in three
states: solid (iceberg), liquid (ocean water), and gas (water vapor in the air). In all three states, water is still water.
It has the same chemical makeup and the same chemical properties. That’s because the state of matter is a physical

property.
How do solids, liquids, and gases differ? Their properties are compared in Figure 4.2 and described below. You can
also watch videos about the three states at these URLs:

http://www.youtube.com/watch?v=s-KvoVzukHo&feature=related (0:52)

MEDIA

Click image to the left for more content.

LIQUID

http://www.youtube.com/watch?v=NO90GeHgtBY &feature=related (1:42)
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FIGURE 4.1

This photo represents solid, liquid, and
gaseous water. Where is the gaseous
water in the picture?

MEDIA

Click image to the left for more content.

Gas Liquid Solid
Shape of container Shape of container Holds shape
Volume of container Free surface Fizxed volume
Fixed volume
FIGURE 4.2
These three states of matter are common on Earth. What are some substances that usually exist in each of these

states?
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Solids

Ice is an example of solid matter. A solid is matter that has a fixed volume and a fixed shape. Figure 4.3 shows
examples of matter that are usually solids under Earth conditions. In the figure, salt and cellulose are examples
of crystalline solids. The particles of crystalline solids are arranged in a regular repeating pattern. The steaks and
candle wax are examples of amorphous ("shapeless") solids. Their particles have no definite pattern.

The steaks on this

Salt consists of . .
grill consist of carbon

crystals of sodium
and chloride. comppunds called
proteins.
Wood is about 50 This candle consists

mostly of wax, a solid
fat-like substance.

percent cellulose.
Cellulose is a carbon
compound.

FIGURE 4.3
The volume and shape of a solid can be changed, but only with outside help. How could you change the volume
and shape of each of the solids in the figure without changing the solid in any other way?

Liquids

Ocean water is an example of a liquid. A liquid is matter that has a fixed volume but not a fixed shape. Instead,
a liquid takes the shape of its container. If the volume of a liquid is less than the volume of its container, the top
surface will be exposed to the air, like the oil in the bottles in Figure 4.4.

FIGURE 4.4
Each bottle contains the same volume of oil. How would you describe the
shape of the oil in each bottle?
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Two interesting properties of liquids are surface tension and viscosity.

 Surface tension is a force that pulls particles at the exposed surface of a liquid toward other liquid particles.
Surface tension explains why water forms droplets, like those in Figure 4.5.

* Viscosity is a liquid’s resistance to flowing. Thicker liquids are more viscous than thinner liquids. For example,
the honey in Figure 4.5 is more viscous than the vinegar.

Rain forms large
drops on the hood
of a car because of
surface tension.

FIGURE 4.5
These images illustrate surface tension
and viscosity of liquids.

Honey (left) has
greater viscosity than
vinegar (right).

You can learn more about surface tension and viscosity at these URLSs:

* http://i09.com/5668221/an-experiment-with-soap-water-pepper-and-surface-tension
* http://chemed.chem.wisc.edu/chempaths/GenChem-Textbook/Viscosity-840.html
* http://www.youtube.com/watch?v=u5AxIJSiEEs (1:40)

MEDIA

Click image to the left for more content.

Gases

Water vapor is an example of a gas. A gas is matter that has neither a fixed volume nor a fixed shape. Instead, a gas
takes both the volume and the shape of its container. It spreads out to take up all available space. You can see an
example in Figure 4.6.
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FIGURE 4.6
When you add air to a bicycle tire, you
add it only through one tiny opening. But
the air immediately spreads out to fill the
whole tire.

Plasmas

You’re probably less familiar with plasmas than with solids, liquids, and gases. Yet, most of the universe consists of
plasma. Plasma is a state of matter that resembles a gas but has certain properties that a gas does not have. Like a
gas, plasma lacks a fixed volume and shape. Unlike a gas, plasma can conduct electricity and respond to magnetism.
That’s because plasma contains charged particles called ions. This gives plasma other interesting properties. For
example, it glows with light.

Where can you find plasmas? Two examples are shown in Figure 4.7. The sun and other stars consist of plasma.
Plasmas are also found naturally in lightning and the polar auroras (northern and southern lights). Artificial plasmas
are found in fluorescent lights, plasma TV screens, and plasma balls like the one that opened this chapter. You can
learn more about plasmas at this URL: http://www.youtube.com/watch?v=VkeSI_B5Ljc (2:58).

MEDIA

Click image to the left for more content.

FIGURE 4.7

Both the northern lights (aurora borealis)
and a plasma TV contain matter in the
plasma state. What other plasmas are
shown in the northern lights picture?

Northern Lights Plasma TV
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Energy and Matter

Why do different states of matter have different properties? It’s because of differences in energy at the level of atoms
and molecules, the tiny particles that make up matter.

Energy

Energy is defined as the ability to cause changes in matter. You can change energy from one form to another when
you lift your arm or take a step. In each case, energy is used to move matter — you. The energy of moving matter
is called Kkinetic energy.

Kinetic Theory of Matter

The particles that make up matter are also constantly moving. They have kinetic energy. The theory that all matter
consists of constantly moving particles is called the kinetic theory of matter. You can learn more about it at the
URL below.

http://www.youtube.com/watch?v=Agk7_D4-deY (10:55)

Energy and States of Matter

Particles of matter of the same substance, such as the same element, are attracted to one another. The force of
attraction tends to pull the particles closer together. The particles need a lot of kinetic energy to overcome the
force of attraction and move apart. It’s like a tug of war between opposing forces. The kinetic energy of individual
particles is on one side, and the force of attraction between different particles is on the other side. The outcome of
the "war" depends on the state of matter. This is illustrated in Figure 4.8 and in the animation at this URL: http://w
ww.tutorvista.com/content/physics/physics-i/heat/kinetic-molecular-theory.php .

[ *] [ ]
® ©
© ¢ <
Solid Liquid Gas

Kinetic Ener

——il »
Particle Motions >

< Force of Attraction Between Particles
FIGURE 4.8

Kinetic energy is needed to overcome the force of attraction between particles of the same substance.
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* In solids, particles don’t have enough kinetic energy to overcome the force of attraction between them. The
particles are packed closely together and cannot move around. All they can do is vibrate. This explains why
solids have a fixed volume and shape.

* In liquids, particles have enough kinetic energy to partly overcome the force of attraction between them. They
can slide past one another but not pull completely apart. This explains why liquids can change shape but have
a fixed volume.

* In gases, particles have a lot of kinetic energy. They can completely overcome the force of attraction between
them and move apart. This explains why gases have neither a fixed volume nor a fixed shape.

Lesson Summary

* A solid is matter that has a fixed volume and a fixed shape.

* A liquid is matter that has a fixed volume but not a fixed shape.

* A gas is matter that has neither a fixed volume nor a fixed shape.

* Like a gas, plasma lacks a fixed volume and shape. Unlike a gas, it can conduct electricity and respond to
magnetism.

* The state of matter depends on the kinetic energy of the particles of matter.

Lesson Review Questions

Recall

What are states of matter?

What are the properties of solids?
State the properties of liquids.
Describe properties of gases.

How do plasmas compare with gases?

MY

Apply Concepts

6. Apply the concept of surface tension to explain why the surface of water in the glass shown in the Figure 4.9
is curved upward. Why doesn’t the water overflow the glass?

Think Critically

7. Explain the relationship between energy and states of matter.

Points to Consider
You read in this lesson that gases expand to fill their container.

* What if gas were forced into a smaller container? Would it shrink to fit?
* What other properties of the gas might change if its particles were crowded closer together?
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FIGURE 4.9
The surface of water in the glass is curved
upward. How does surface tension ex-
plain this phenomenon?
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- Behavior of Gases

Lesson Objectives

* Define pressure.
* State the gas laws.

Vocabulary

¢ Amonton’s law
* Boyle’s law

e Charles’s law
* pressure

Introduction

The molecules of a gas in a closed container, such as a balloon, are not only constantly moving. They are also
constantly bumping into each other and into the sides of their container. The sketch in Figure 4.10 shows how this
happens. The force of the particles against whatever they bump into creates pressure.

Gas
Particles

]

i\ ©
M

Ay @
\°v. al

FIGURE 4.10

The particles of a gas keep bumping into the sides of its container.

Container Wall

What Is Pressure?

Pressure is defined as the amount of force pushing against a given area. How much pressure a gas exerts depends
on the amount of gas. The more gas particles there are, the greater the pressure.

You usually cannot feel it, but air has pressure. The gases in Earth’s atmosphere exert pressure against everything
they contact. The atmosphere rises high above Earth’s surface. It contains a huge number of individual gas particles.
As aresult, the pressure of the tower of air above a given spot on Earth’s surface is substantial. If you were standing
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at sea level, the amount of force would be equal to 10.14 Newtons per square centimeter (14.7 pounds per square
inch). This is illustrated in Figure 4.11.

Top of Atmosphere

FIGURE 4.11
Gas Particles Earth’s Earth’s atmosphere exerts pressure. This
Atmosphere pressure is greatest at sea level. Can you

explain why?

Sea Level
Air Pressure = 14.78 1b/in?

The Gas Laws

For a given amount of gas, scientists have discovered that the pressure, volume, and temperature of a gas are related
in certain ways. Because these relationships always hold in nature, they are called laws. The laws are named for the
scientists that discovered them.

Boyle’s Law

Boyle’s law was discovered in the 1600s by an Irish chemist named Robert Boyle. According to Boyle’s law, if
the temperature of a gas is held constant, increasing the volume of the gas decreases its pressure. Why is this the
case? As the volume of a gas increases, its particles have more room to spread out. This means that there are fewer
particles bumping into any given area. This decreases the pressure of the gas. The graph in Figure 4.12 shows
this relationship between volume and pressure. Because pressure and volume change in opposite directions, their
relationship is called an inverse relationship. You can see an animation of the relationship at this URL: http://www.g
rc.nasa.gov/WWW/K-12/airplane/aboyle.html .

A scuba diver, like the one in Figure 4.13, releases air bubbles when she breathes under water. As she gets closer to
the surface of the water, the air bubbles get bigger. Boyle’s law explains why. The pressure of the water decreases
as the diver gets closer to the surface. Because the bubbles are under less pressure, they increase in volume even
though the amount of gas in the bubbles remains the same.
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A

) % FIGURE 4.12
g \ As the volume of a gas increases, its pressure decreases.
IG)
S

x%%%

>
Pressure

FIGURE 4.13

Gas bubbles get bigger when they are under less pressure.

Charles’s Law

Charles’s law was discovered in the 1700s by a French physicist named Jacques Charles. According to Charles’s
law, if the pressure of a gas is held constant, increasing the temperature of the gas increases its volume. What
happens when a gas is heated? Its particles gain energy. With more energy, the particles have a greater speed.
Therefore, they can move more and spread out farther. The volume of the gas increases as it expands and takes up
more space. The graph in Figure 4.14 shows this relationship between the temperature and volume of a gas. You
can see an animation of the relationship at this URL: http://www.grc.nasa.gov/WW W/K-12/airplane/aglussac.html

A
Q FIGURE 4.14
§ As the temperature of a gas increases, its volume also increases.
9]
>
>

Temperature
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Roger had a latex balloon full of air inside his air-conditioned house. When he took the balloon outside in the hot
sun, it got bigger and bigger until it popped. Boyle’s law explains why. As the gas in the balloon warmed in the sun,
its volume increased. It stretched and expanded the latex of the balloon until the balloon burst.

Amonton’s Law

Amonton’s law was discovered in the late 1600s by a French physicist named Guillaume Amonton. According to
Amonton’s law, if the volume of a gas is held constant, increasing the temperature of the gas increases its pressure.
Why is this the case? A heated gas has more energy. Its particles move more and have more collisions, so the
pressure of the gas increases. The graph in Figure 4.15 shows this relationship.

>

FIGURE 4.15

As the temperature of a gas increases, its pressure increases as well.

Pressure

>

Temperature

A woman checked the air pressure in her tires before driving her car on a cold day (see Figure 4.16). The tire
pressure gauge registered 32 pounds of pressure per square inch. After driving the car several miles on the highway,
the woman stopped and checked the tire pressure again. This time the gauge registered 34 pounds per square inch.
Amonton’s law explains what happened. As the tires rolled over the road, they got warmer. The air inside the tires

also warmed. As it did, its pressure increased.

FIGURE 4.16

A tire pressure gauge measures the pres-
sure of the air inside a car tire. Why is
the pressure likely to increase as the car
is driven?
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Lesson Summary

* Particles of a gas are constantly moving and bumping into things. This gives gases pressure.
* The gas laws describe the relationship among pressure, volume, and temperature of a given amount of gas.

Lesson Review Questions

Recall
1. Define pressure.
2. Why do gases exert pressure?

3. What is Boyle’s law?
4. State Charles’s law.

Apply Concepts
5. Assume you have a closed glass container that contains only air. If you heat the air in the closed container, it

will gain energy. What other property of the air will also change?
6. Draw a graph to show the relationship between the volume and pressure of a fixed amount of gas.

Think Critically

7. A weather balloon is released at Earth’s surface. It rises high in the atmosphere. As the balloon rises, it
expands and eventually bursts. Explain why.

Points to Consider

In this lesson, you read that heating a gas gives its particles more kinetic energy. As a result, its volume or pressure
also increases. The opposite happens when a gas is cooled.

* What might happen if you cool a gas to an even lower temperature? Might it change state and become a

liquid?
* Can you predict the role of energy in changes of state?
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4.3 Changes of State

Lesson Objectives

* Explain the role of energy in changes of state.
* Outline the processes of freezing and melting.
* Describe vaporization and condensation.

* Define sublimation and deposition.

Vocabulary

* condensation
* deposition

* evaporation
* freezing

* melting

* sublimation
* temperature
* vaporization

Introduction

Matter is always changing state. Look at the two pictures of Mount Rushmore in Figure 4.17. The picture on the
left was taken on a sunny summer morning. In this picture, the sky is perfectly clear. The picture on the right was
taken just a few hours later. In this picture, there are clouds in the sky. The clouds consist of tiny droplets of liquid
water. Where did the water come from? It was there all along in the form of invisible water vapor.

FIGURE 4.17

Both of these pictures of Mount Rush-
more were taken on the same day just
a few hours apart. Where did the clouds
come from in the picture on the right?

Mount Rushmore; 7:00 AM  Mount Rushmore; 10:00 AM
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Introduction to Changes of State

What causes clouds to form? And in general, how does matter change from one state to another? As you may have
guessed, changes in energy are involved.

What Are Changes of State?

Changes of state are physical changes in matter. They are reversible changes that do not involve changes in
matter’s chemical makeup or chemical properties. Common changes of state include melting, freezing, sublimation,
deposition, condensation, and vaporization. These changes are shown in Figure 4.18. Each is described in detail
below.

FIGURE 4.18

Which process changes a solid to a gas?
Which process changes a gas to a solid?

LI QUID evaporation > G AS

<
.y

condensation

Energy, Temperature, and Changes of State

Energy is always involved in changes of state. Matter either loses or absorbs energy when it changes from one
state to another. For example, when matter changes from a liquid to a solid, it loses energy. The opposite happens
when matter changes from a solid to a liquid. For a solid to change to a liquid, matter must absorb energy from its
surroundings. The amount of energy in matter can be measured with a thermometer. That’s because a thermometer
measures temperature, and temperature is the average kinetic energy of the particles of matter. You can learn more
about energy, temperature, and changes of state at this URL: http://hogan.chem.lsu.edu/matter/chap26/animate3/an2
6_035.mov .

Changes Between Liquids and Solids

Think about how you would make ice cubes in a tray. First you would fill the tray with water from a tap. Then you
would place the tray in the freezer compartment of a refrigerator. The freezer is very cold. What happens next?
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Freezing

The warmer water in the tray loses heat to the colder air in the freezer. The water cools until its particles no longer
have enough energy to slide past each other. Instead, they remain in fixed positions, locked in place by the forces of
attraction between them. The liquid water has changed to solid ice. Another example of liquid water changing to
solid ice is pictured in Figure 4.19.

FIGURE 4.19

Water dripping from a gutter turned to
ice as it fell toward the ground, forming
icicles. Why did the liquid water change
to a solid?

The process in which a liquid changes to a solid is called freezing. The temperature at which a liquid changes to a
solid is its freezing point. The freezing point of water is 0°C (32°F). Other types of matter may have higher or lower
freezing points. For example, the freezing point of iron is 1535°C. The freezing point of oxygen is -219°C.

Melting

If you took ice cubes out of a freezer and left them in a warm room, the ice would absorb energy from the warmer air
around it. The energy would allow the particles of frozen water to overcome some of the forces of attraction holding
them together. They would be able to slip out of the fixed positions they held as ice. In this way, the solid ice would
turn to liquid water.

The process in which a solid changes to a liquid is called melting. The melting point is the temperature at which a
solid changes to a liquid. For a given type of matter, the melting point is the same as the freezing point. What is the
melting point of ice? What is the melting point of iron, pictured in Figure 4.20?

Changes Between Liquids and Gases

If you fill a pot with cool tap water and place the pot on a hot stovetop, the water heats up. Heat energy travels from
the stovetop to the pot, and the water absorbs the energy from the pot. What happens to the water next?

Vaporization

If water gets hot enough, it starts to boil. Bubbles of water vapor form in boiling water. This happens as particles
of liquid water gain enough energy to completely overcome the force of attraction between them and change to the

85


http://www.ck12.org

4.3. Changes of State www.ck | 2.org

FIGURE 4.20

Molten (melted) iron is poured into a mold
at a foundry. It takes extremely high
temperatures to change iron from a solid
to the liquid shown here. That’s because
iron has a very high melting point.

gaseous state. The bubbles rise through the water and escape from the pot as steam.

The process in which a liquid boils and changes to a gas is called vaporization. The temperature at which a liquid
boils is its boiling point. The boiling point of water is 100°C (212°F). Other types of matter may have higher or
lower boiling points. For example, the boiling point of table salt is 1413°C. The boiling point of nitrogen is -196°C.

Evaporation

A liquid can also change to a gas without boiling. This process is called evaporation. It occurs when particles at
the exposed surface of a liquid absorb just enough energy to pull away from the liquid and escape into the air. This
happens faster at warmer temperatures. Look at the puddle in Figure 4.21. It formed in a pothole during a rain
shower. The puddle will eventually evaporate. It will evaporate faster if the sun comes out and heats the water than
if the sky remains cloudy.

FIGURE 4.21

Evaporation of water occurs even at rel-
atively low temperatures. The water
trapped in this pothole will evaporate
sooner or later.
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Condensation

If you take a hot shower in a closed bathroom, the mirror is likely to "fog" up. The "fog" consists of tiny droplets
of water that form on the cool surface of the mirror. Why does this happen? Some of the hot water from the shower
evaporates, so the air in the bathroom contains a lot of water vapor. When the water vapor contacts cooler surfaces,
such as the mirror, it cools and loses energy. The cooler water particles no longer have enough energy to overcome
the forces of attraction between them. They come together and form droplets of liquid water.

The process in which a gas changes to a liquid is called condensation. Other examples of condensation are shown
in Figure 4.22. A gas condenses when it is cooled below its boiling point. At what temperature does water vapor
condense?

A cold drink "sweats" on a
warm day when water vapor in
the warm air condenses on the

Water vapor in the air §
condenses on cool
blades of grass, forming

Clouds form when water
vapor in the air condenses
on dust particles in the
atmosphere.

FIGURE 4.22

Water vapor condenses to form liquid water in each of the examples pictured here.

Changes Between Solids and Gases

Solids that change to gases generally first pass through the liquid state. However, sometimes solids change directly
to gases and skip the liquid state. The reverse can also occur. Sometimes gases change directly to solids.

Sublimation

The process in which a solid changes directly to a gas is called sublimation. It occurs when the particles of a solid
absorb enough energy to completely overcome the force of attraction between them. Dry ice (solid carbon dioxide,
COy) is an example of a solid that undergoes sublimation. Figure 4.23 shows chunks of dry ice in water changing
directly to carbon dioxide gas. Sometimes snow undergoes sublimation as well. This is most likely to occur on
sunny winter days when the air is very dry. What gas does snow become?
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FIGURE 4.23
Solid carbon dioxide changes directly to
oy the gaseous state.
. ™
#
Deposition

The opposite of sublimation is deposition. This is the process in which a gas changes directly to a solid without
going through the liquid state. It occurs when gas particles become very cold. For example, when water vapor in the
air contacts a very cold windowpane, the water vapor may change to tiny ice crystals on the glass. The ice crystals
are called frost. You can see an example in Figure 4.24.

FIGURE 4.24

Frost is solid water that forms when water
vapor undergoes deposition.

Lesson Summary

» Changes of state are physical changes. They occur when matter absorbs or loses energy.
* Processes in which matter changes between liquid and solid states are freezing and melting.
* Processes in which matter changes between liquid and gaseous states are vaporization, evaporation, and
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condensation.
* Processes in which matter changes between solid and gaseous states are sublimation and deposition.

Lesson Review Questions

Recall
1. Identify the processes involved in changes of state between liquids and solids.
2. Define vaporization and evaporation. State how the two processes differ.

3. What is sublimation? Give an example.
4. Define deposition. When does it occur?

Apply Concepts

5. CIliff opened the oven door to check on the cake he was baking. As hot, moist air rushed out of the oven, his
eyeglasses steamed up. Explain why.

Think Critically

6. Explain the role of energy in changes of state.
7. Form a hypothesis to explain why the melting points of different solids vary.

Points to Consider

In this chapter, you read that atoms and molecules of the same kind of matter have forces of attraction between them.
Atoms consist of even smaller particles. These particles are held together by certain forces as well.

* What are the particles that make up atoms?
* What forces might hold them together?

Opening image copyright Dominik Michalek, 2011. http://www.shutterstock.com . Used under license from
Shutterstock.com.
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CHAPTER
Atoms
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5.3 MODERN ATOMIC THEORY
5.4 REFERENCES

This colorful image looks a little bit like an eye. It actually shows an explosion. It happened when scientists smashed
together two ions at tremendously high speeds. Ions form when atoms lose or gain electrons. For many decades,
scientists have known that atoms consist of electrons and other particles called protons and neutrons. They created
the explosion in the picture in their search for even smaller particles of atoms. These particles have now been
identified, although they are far too small to be seen. Scientists call them by the funny name of "quarks." In this
chapter you’ll learn about quarks and other particles inside the atom.
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- Inside the Atom

Lesson Objectives

» Compare and contrast protons, neutrons, and electrons.

* Describe the forces that hold the particles of atoms together.
* Define atomic number and mass number.

* Describe ions and isotopes

* Identify the particles called quarks.

Vocabulary

¢ atomic mass unit (amu)
e atomic number

* electron

* ion

* isotope

* mass number

* neutron

* nucleus

* proton

* quark

Introduction

Atoms are the smallest particles of an element that still have the element’s properties. They are the building blocks
of all matter. Individual atoms are extremely small. In fact, they are so small that trillions of them would fit inside
the period at the end of this sentence. Yet atoms, in turn, consist of even smaller particles.

Parts of the Atom

Figure 5.1 represents a simple model of an atom. You will learn about more complex models in later lessons, but
this model is a good place to start. You can see similar, animated models of atoms at this URL: http://web.jjay.cuny
.edu/~acarpi/NSC/3-atoms.htm .
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@ Prowen
i FIGURE 5.1
3 This simple atomic model shows the particles inside the atom.

The Nucleus

At the center of an atom is the nucleus (plural, nuclei). The nucleus contains most of the atom’s mass. However, in
size, it’s just a tiny part of the atom. The model in Figure 5.1 is not to scale. If an atom were the size of a football
stadium, the nucleus would be only about the size of a pea.

The nucleus, in turn, consists of two types of particles, called protons and neutrons. These particles are tightly
packed inside the nucleus. Constantly moving about the nucleus are other particles called electrons. You can see a
video about all three types of atomic particles at this URL: http://www.youtube.com/watch?v=IP57gEWcisY (1:57).

Protons

A proton is a particle in the nucleus of an atom that has a positive electric charge. All protons are identical. It is
the number of protons that gives atoms of different elements their unique properties. Atoms of each type of element
have a characteristic number of protons. For example, each atom of carbon has six protons, as you can see in Figure
5.2. No two elements have atoms with the same number of protons.

Neutrons

A neutron is a particle in the nucleus of an atom that has no electric charge. Atoms of an element often have the
same number of neutrons as protons. For example, most carbon atoms have six neutrons as well as six protons. This
is also shown in Figure 5.2.

Electrons

An electron is a particle outside the nucleus of an atom that has a negative electric charge. The charge of an electron
is opposite but equal to the charge of a proton. Atoms have the same number of electrons as protons. As a result, the
negative and positive charges "cancel out." This makes atoms electrically neutral. For example, a carbon atom has
six electrons that "cancel out" its six protons.

Atomic Forces
When it comes to atomic particles, opposites attract. Negative electrons are attracted to positive protons. This force
of attraction keeps the electrons moving about the nucleus. An analogy is the way planets orbit the sun.

What about particles with the same charge, such as protons in the nucleus? They push apart, or repel, each other. So
why doesn’t the nucleus fly apart? The reason is a force of attraction between protons and neutrons called the strong
force. The name of the strong force suits it. It is stronger than the electric force pushing protons apart. However, the
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6 Protons
6 Neutrons

FIGURE 5.2

This model shows the particles that make
up a carbon atom.

& Electron

strong force affects only nearby particles (see Figure 5.3). It is not effective if the nucleus gets too big. This puts an
upper limit on the number of protons an atom can have and remain stable. You can learn more about atomic forces
in the colorful tutorial at this URL: http://www.ric.edu/faculty/ptiskus/Atomic_Force/ .

The strong force
affects particles that
are near each other.

The strong force doesn’t FIGURE 5.3

extend to particles that The strong force is effective only between

are distant. particles that are very close together in
the nucleus.

Atomic Number and Mass Number

Electrons have almost no mass. Instead, almost all the mass of an atom is in its protons and neutrons in the nucleus.
The nucleus is very small, but it is densely packed with matter. The SI unit for the mass of an atom is the atomic
mass unit (amu). One atomic mass unit equals the mass of a proton, which is about 1.7 x 1072* g. Each neutron
also has a mass of 1 amu. Therefore, the sum of the protons and neutrons in an atom is about equal to the atom’s
total mass in atomic mass units.

Two numbers are commonly used to distinguish atoms: atomic number and mass number. Figure 5.4 shows how
these numbers are usually written.

* The atomic number is the number of protons in an atom. This number is unique for atoms of each kind of
element. For example, the atomic number of all helium atoms is 2.

* The mass number is the number of protons plus the number of neutrons in an atom. For example, most atoms
of helium have 2 neutrons, so their mass number is 2 + 2 = 4. This mass number means that an atom of helium
has a mass of about 4 amu.
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FIGURE 5.4

mﬁ‘;:j—>4 H The symbol He stands for the element helium. Can you infer how many
<«
_ore

element :
atomic symbol electrons a helium atom has?

number

Problem Solving

Problem: An atom has an atomic number of 12 and a mass number of 24. How many protons and neutrons does the
atom have?

Solution: The number of protons is the same as the atomic number, or 12. The number of neutrons is equal to the
mass number minus the atomic number, or 24 — 12 = 12.

You Try It!

Problem: An atom has an atomic number of 8 and a mass number of 16. How many neutrons does it have? What is
the atom’s mass in atomic mass units?

lons and Isotopes

The number of protons per atom is always the same for a given element. However, the number of neutrons may vary,
and the number of electrons can change.

lons

Sometimes atoms lose or gain electrons. Then they become ions. Ions have a positive or negative charge. That’s
because they do not have the same number of electrons as protons. If atoms lose electrons, they become positive
ions, or cations. If atoms gain electrons, they become negative ions, or anions.

Consider the example of fluorine in Figure 5.5. A fluorine atom has nine protons and nine electrons, so it is
electrically neutral. If a fluorine atom gains an electron, it becomes a fluoride ion with a negative charge of minus
one.

Flourine Atom (FI) — Flouride Ion (F1)

e
oe" \ 106" FIGURE 5.5

When a fluorine atom gains an electron, it
becomes a negative fluoride ion.
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Isotopes of Atoms

Some atoms of the same element may have different numbers of neutrons. For example, some carbon atoms have
seven or eight neutrons instead of the usual six. Atoms of the same element that differ in number of neutrons are
called isotopes. Many isotopes occur naturally. Usually one or two isotopes of an element are the most stable and
common. Different isotopes of an element generally have the same chemical properties. That’s because they have
the same numbers of protons and electrons. For a video explanation of isotopes, go to this URL: http://www.youtu
be.com/watch?v=6w7raarHNAS8 (5:23).

Isotope Examples
16 QD AP,
80 30 50 MEDIA

Click image to the left for more content.

An Example: Hydrogen Isotopes
Hydrogen is a good example of isotopes because it has the simplest atoms. Three isotopes of hydrogen are modeled
in Figure 5.6. Most hydrogen atoms have just one proton and one electron and lack a neutron. They are just called

hydrogen. Some hydrogen atoms have one neutron. These atoms are the isotope named deuterium. Other hydrogen
atoms have two neutrons. These atoms are the isotope named tritium.

H ‘H "H

Hydrogen Deuterium Tritium

FIGURE 5.6
All isotopes of a given element have the same number of protons (P), but they differ in the number of neutrons
(N). What is the mass number of each isotope shown here?
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Naming Isotopes

For most other elements, isotopes are named for their mass number. For example, carbon atoms with the usual 6
neutrons have a mass number of 12 (6 protons + 6 neutrons = 12), so they are called carbon-12. Carbon atoms with
7 neutrons have an atomic mass of 13 (6 protons + 7 neutrons = 13). These atoms are the isotope called carbon-13.
Some carbon atoms have 8 neutrons. What is the name of this isotope of carbon? You can learn more about this
isotope at the URL below. It is used by scientists to estimate the ages of rocks and fossils.

http://www.khanacademy.org/video/carbon-14-dating-1?playlist=Chemistry

Back to Quarks

Remember the quarks from the first page of this chapter? Quarks are even tinier particles of matter that make up
protons and neutrons. There are three quarks in each proton and three quarks in each neutron. The charges of quarks
are balanced exactly right to give a positive charge to a proton and a neutral charge to a neutron. It might seem
strange that quarks are never found alone but only as components of other particles. This is because the quarks are
held together by very strange particles called gluons.

Gluons

Gluons make quarks attract each other more strongly the farther apart the quarks get. To understand how gluons
work, imagine holding a rubber band between your fingers. If you try to move your hands apart, they will be pulled
back together by the rubber band. The farther apart you move your hands, the stronger the force of the rubber band
pulling your hands together. Gluons work the same way on quarks inside protons and neutrons (and other, really
rare particles too).

If you were to move your hands apart with enough force, the rubber band holding them together would break. The
same is true of quarks. If they are given enough energy, they pull apart with enough force to "break" the binding
from the gluons. However, all the energy that is put into a particle to make this possible is then used to create a new
set of quarks and gluons. And so a new proton or neutron appears.

Finding Quarks

The existence of quarks was first proposed in the 1960s. Since then, scientists have done experiments to show that
quarks really do exist. In fact, they have identified six different types of quarks. However, much remains to be
learned about these tiny, fundamental particles of matter. They are very difficult and expensive to study. If you want
to learn more about them, including how they are studied, the URL below is a good place to start.

http://www.particleadventure.org/index.html

Lesson Summary

* The nucleus is at the center of the atom. It contains positive protons and neutral neutrons. Negative electrons
constantly move about the nucleus.
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* Atomic number is the number of protons in an atom. It is unique for the atoms of each element. Mass number
is the number of protons plus neutrons in an atom. It is about equal to the mass of the atom in atomic mass
units (amu).

» Negative electrons are attracted to positive protons, and this electric force keeps electrons moving about the
nucleus. The force of attraction between protons and neutrons, called the strong force, holds the nucleus
together.

 If atoms lose or gain electrons, they become positive or negative ions. Atoms of the same element that have
different numbers of neutrons are called isotopes.

* Quarks are even tinier particles of matter that make up protons and neutrons. Scientists have identified six
different types of quarks.

Lesson Review Questions

Recall

Describe the nucleus of an atom.

Outline the forces that hold particles together in an atom.
What does the atomic number of an atom represent?
Define isotope. Give an example.

What are quarks?

MY

Apply Concepts

6. If an atom gains electrons, it becomes an ion. Is the ion positively or negatively charged? Explain your answer.
7. What is the atomic mass (in atomic mass units) of the atom represented by the model below?

Think Critically

8. Make a table comparing and contrasting protons, neutrons, and electrons. Include their location, mass, and
electric charge.
9. Explain why atoms are neutral in electric charge.

Points to Consider

In this lesson, you saw several simple models of atoms. Models are useful for representing things that are very small.
Scientists have used models to represent atoms for more than 200 years. In the next lesson, "History of the Atom,"
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you’ll read about some of the earlier models.

* How might scientists have modeled atoms before the particles inside atoms were discovered?
* How do you think earlier models might have differed from the models in this lesson?
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52 History of the Atom

Lesson Objectives

e State Democritus’s ideas about the atom.

* Qutline Dalton’s atomic theory.

* Explain how Thompson discovered electrons.
¢ Describe how Rutherford found the nucleus.

Introduction

Atoms are very tiny. They could not be seen before scanning tunneling microscopes were invented in 1981. However,
the idea of atoms goes back to ancient Greece. That’s where this brief history of the atom begins. You can watch a
video about the history of the atom at this URL: http://video.google.com/videoplay?docid=-6735732025674198539
# .

Democritus Introduces the Atom

The history of the atom begins around 450 B.C. with a Greek philosopher named Democritus (see Figure 5.7).
Democritus wondered what would happen if you cut a piece of matter, such as an apple, into smaller and smaller
pieces. He thought that a point would be reached where matter could not be cut into still smaller pieces. He called
these "uncuttable" pieces atomos. This is where the modern term atom comes from.

FIGURE 5.7
Democritus first introduced the idea of the atom almost 2500 years ago.

Democritus was an important philosopher. However, he was less influential than the Greek philosopher Aristotle,
who lived about 100 years after Democritus. Aristotle rejected Democritus’s idea of atoms. In fact, Aristotle thought
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the idea of atoms was ridiculous. Unfortunately, Aristotle’s ideas were accepted for more than 2000 years. During
that time, Democritus’s ideas were more or less forgotten.

Dalton Brings Back the Atom

Around 1800, a British chemist named John Dalton revived Democritus’s early ideas about the atom. Dalton is
pictured in Figure 5.8. He made a living by teaching and just did research in his spare time. Nonetheless, from his
research results, he developed one of the most important theories in science.

FIGURE 5.8

John Dalton used evidence from experiments to show that atoms exist.

Dalton’s Research

Dalton did many experiments that provided evidence for atoms. For example, he studied the pressure of gases.
He concluded that gases must consist of tiny particles in constant motion. Dalton also researched the properties
of compounds. He showed that a compound always consists of the same elements in the same ratio. On the other
hand, different compounds always consist of different elements or ratios. This can happen, Dalton reasoned, only
if elements are made of tiny particles that can combine in an endless variety of ways. From his research, Dalton
developed a theory of the atom. You can learn more about Dalton and his research by watching the video at this
URL: http://www.youtube.com/watch?v=BhWgvOSTLZs&feature=related (9:03).

MEDIA

Click image to the left for more content.

Dalton’s Atomic Theory

The atomic theory Dalton developed consists of three ideas:

* All substances are made of atoms. Atoms are the smallest particles of matter. They cannot be divided into
smaller particles. They also cannot be created or destroyed.

101


http://www.ck12.org
http://www.youtube.com/watch?v=BhWgv0STLZs&feature=related
http://www.youtube.com/watch?v=BhWgv0STLZs&feature=related
http://www.youtube.com/watch?v=BhWgv0STLZs&feature=related
http://www.youtube.com/watch?v=BhWgv0STLZs&feature=related
http://www.youtube.com/watch?v=BhWgv0STLZs&feature=related
http://www.youtube.com/watch?v=BhWgv0STLZs&feature=related
http://www.youtube.com/watch?v=BhWgv0STLZs&feature=related
http://www.youtube.com/watch?v=BhWgv0STLZs&feature=related
http://www.youtube.com/watch?v=BhWgv0STLZs&feature=related
http://www.youtube.com/watch?v=BhWgv0STLZs&feature=related
http://www.youtube.com/watch?v=BhWgv0STLZs&feature=related
http://www.youtube.com/watch?v=BhWgv0STLZs&feature=related
http://www.youtube.com/watch?v=BhWgv0STLZs&feature=related
http://www.youtube.com/watch?v=BhWgv0STLZs&feature=related
http://www.youtube.com/watch?v=BhWgv0STLZs&feature=related
http://www.youtube.com/watch?v=BhWgv0STLZs&feature=related
http://www.ck12.org/flx/show/video/http%3A//www.youtube.com/embed/BhWgv0STLZs%3Fwmode%3Dtransparent%26hash%3D314f39025cbecb12a61eac9de30e02f4

5.2. History of the Atom www.ck12.org

¢ All atoms of the same element are alike and have the same mass. Atoms of different elements are different
and have different masses.

* Atoms join together to form compounds. A given compound always consists of the same kinds of atoms in
the same ratio.

Dalton’s theory was soon widely accepted. Most of it is still accepted today. The only part that is no longer accepted
is his idea that atoms are the smallest particles. Scientists now know that atoms consist of even smaller particles.

Dalton’s Atomic Models

Dalton incorrectly thought that atoms are tiny solid particles of matter. He used solid wooden balls to model them.
The sketch below ( Figure 5.9) shows how Dalton’s model atoms looked. He made holes in the balls so they could
be joined together with hooks. In this way, the balls could be used to model compounds. When later scientists
discovered subatomic particles (particles smaller than the atom itself), they realized that Dalton’s models were too
simple. They didn’t show that atoms consist of even smaller particles. Models including these smaller particles were
later developed.

FIGURE 5.9

Dalton’'s model atoms were hard, solid
balls. How do they differ from the atomic
models you saw in the lesson "Inside the
Atom" from earlier in the chapter?

Thompson Adds Electrons

The next major advance in the history of the atom was the discovery of electrons. These were the first subatomic
particles to be identified. They were discovered in 1897 by a British physicist named J. J. Thompson. You can learn
more about Thompson and his discovery at this online exhibit: http://www.aip.org/history/electron/ .

Thompson’s Vacuum Tube Experiments

Thompson was interested in electricity. He did experiments in which he passed an electric current through a vacuum
tube. The experiments are described in Figure 5.10.

Thompson’s experiments showed that an electric current consists of flowing, negatively charged particles. Why was
this discovery important? Many scientists of Thompson’s time thought that electric current consists of rays, like rays
of light, and that it is positive rather than negative. Thompson’s experiments also showed that the negative particles
are all alike and smaller than atoms. Thompson concluded that the negative particles couldn’t be fundamental units
of matter because they are all alike. Instead, they must be parts of atoms. The negative particles were later named
electrons.
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1.When connected to a
power source, one end
plate becomes negative
and one becomes
positive.

+
2. Thompson discovered that - 3.Thompson observed that the

electric current flowed through positive and negative plates
the tube from the negative end along the sides of the tube
plate to the positive end plate. caused the electric current to
This showed that electric current bend toward the side with the
is negative in charge. positive plate. This showed that

the charge is carried by particles
of matter (rather than by rays).

FIGURE 5.10
This sketch shows the basic set up of Thompson’s experiments. The vacuum tube is a glass tube that contains
very little air. It has metal plates at each end and along the sides.

Thompson’s Plum Pudding Model

Thompson knew that atoms are neutral in electric charge. So how could atoms contain negative particles? Thompson
thought that the rest of the atom must be positive to cancel out the negative charge. He said that an atom is like a
plum pudding, which has plums scattered through it. That’s why Thompson’s model of the atom is called the plum
pudding model. You can see it in Figure 5.11. It shows the atom as a sphere of positive charge (the pudding) with
negative electrons (the plums) scattered through it.

Rutherford Finds the Nucleus
A physicist from New Zealand named Ernest Rutherford made the next major discovery about atoms. He discovered

the nucleus. You can watch a video about Rutherford and his discovery at this URL: http://www.youtube.com/watch
?7v=wzALbzTdnc8 (3:28).
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The Plum Pudding
Model of an Atom

Area of Positive e FIGURE 5.11

Ch . .
arge \ 9 e Thompson’s atomic model includes neg-

ative electrons in a "sea" of positive

e e charge.

©

c

Negatively Charged
Particles (Electrons)

MEDIA
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Rutherford’s Gold Foil Experiments

In 1899, Rutherford discovered that some elements give off positively charged particles. He named them alpha
particles (o). In 1911, he used alpha particles to study atoms. He aimed a beam of alpha particles at a very thin sheet
of gold foil. Outside the foil, he placed a screen of material that glowed when alpha particles struck it.

If Thompson’s plum pudding model were correct, the alpha particles should be deflected a little as they passed
through the foil. Why? The positive "pudding” part of gold atoms would slightly repel the positive alpha particles.
This would cause the alpha particles to change course. But Rutherford got a surprise. Most of the alpha particles
passed straight through the foil as though they were moving through empty space. Even more surprising, a few of
the alpha particles bounced back from the foil as though they had struck a wall. This is called back scattering. It
happened only in very small areas at the centers of the gold atoms.

The Nucleus and Its Particles

Based on his results, Rutherford concluded that all the positive charge of an atom is concentrated in a small central
area. He called this area the nucleus. Rutherford later discovered that the nucleus contains positively charged
particles. He named the positive particles protons. Rutherford also predicted the existence of neutrons in the nucleus.
However, he failed to find them. One of his students, a physicist named James Chadwick, went on to discover
neutrons in 1932. You learn how at this URL: http://www.light-science.com/chadwick.html .

Rutherford’s Atomic Model

Rutherford’s discoveries meant that Thompson’s plum pudding model was incorrect. Positive charge is not spread
out everywhere in an atom. It is all concentrated in the tiny nucleus. The rest of the atom is empty space, except
for the electrons moving randomly through it. In Rutherford’s model, electrons move around the nucleus in random
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Gold Foil

Expected path of
u-particles according to
plum pudding model
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a-particle
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FIGURE 5.12

Rutherford shot a beam of positive alpha particles at thin gold foil.

orbits. He compared them to planets orbiting a star. That’s why Rutherford’s model is called the planetary model.
You can see it in Figure 5.13.

The Planetary Model
of an Atom

FIGURE 5.13

This model shows Rutherford’s idea of
Positively Charged the atom. How does it compare with
Nucleus Thompson’s plum pudding model?

Negatively Charged
Electrons
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Lesson Summary

Around 450 B.C., the Greek philosopher Democritus introduced the idea of the atom. However, the idea was
essentially forgotten for more than 2000 years.

In 1800, John Dalton re-introduced the atom. He provided evidence for atoms and developed atomic theory.
His theory is essentially correct. However, he incorrectly thought that atoms are the smallest particles of
matter.

In 1897, J.J. Thompson discovered electrons. He proposed the plum pudding model of the atom. In this model,
negative electrons are scattered throughout a "sea" of positive charge.

In 1911, Ernest Rutherford discovered the nucleus. He later discovered protons as well. Rutherford thought
that electrons randomly orbit the nucleus.

Lesson Review Questions

Recall

1.
2.
3.
4.

State Democritus’s ideas about the atom.

What evidence did Dalton use to argue for the existence of atoms?
State Dalton’s atomic theory.

Describe how Thompson discovered electrons.

Apply Concepts

5.

Create sketches to compare and contrast Thompson’s and Rutherford’s models of the atom.

Think Critically

6.

Based on Rutherford’s work, use evidence and reasoning to argue for the existence of the nucleus.

Points to Consider

In this lesson, you read how models of the atom changed as scientists discovered the particles that make up atoms.
In the next lesson, "Modern Atomic Theory," you will read how Rutherford’s model was revised as scientists learned
even more about electrons. For example, they discovered that electrons do not travel around the nucleus in random
orbits as Rutherford thought.

* Can you predict how electrons might move around the nucleus?
* How might Rutherford’s model be changed to show this?
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513/ Modern Atomic Theory

Lesson Objectives

* Define energy levels.
¢ Describe the electron cloud and orbitals.

Vocabulary

e electron cloud
* energy level
 orbital

Introduction

Rutherford’s model of the atom was better than earlier models. But it wasn’t the last word. Danish physicist Niels
Bohr created a more accurate and useful model. Bohr’s model was an important step in the development of modern
atomic theory. The video at the URL below is a good introduction to modern atomic theory. It also reviews important
concepts from the previous two lessons, "Inside the Atom" and "History of the Atom."

http://www.khanacademy.org/video/introduction-to-the-atom?playlist=Chemistry

Bohr’s Model of the Atom

Bohr’s research focused on electrons. In 1913, he discovered evidence that the orbits of electrons are located at fixed
distances from the nucleus. Remember, Rutherford thought that electrons orbit the nucleus at random. Figure 5.14
shows Bohr’s model of the atom.

Energy Levels

Basic to Bohr’s model is the idea of energy levels. Energy levels are areas located at fixed distances from the nucleus
of the atom. They are the only places where electrons can be found. Energy levels are a little like rungs on a ladder.
You can stand on one rung or another but not between the rungs. The same goes for electrons. They can occupy one
energy level or another but not the space between energy levels.

The model of an atom in Figure 5.15 has six energy levels. The level with the least energy is the one closest to
the nucleus. As you go farther from the nucleus, the levels have more and more energy. Electrons can jump from
one energy level to another. If an atom absorbs energy, some of its electrons can jump to a higher energy level.
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Bohr's Model of the Atom
FIGURE 5.14
e In Bohr’s atomic model, electrons orbit at fixed distances from the nucleus.
i Yot ‘ These distances are called energy levels.
1
2
3

If electrons jump to a lower energy level, the atom emits, or gives off, energy. You can see an animation at this

happening at the URL below.

http://cas.sdss.org/dr6/en/proj/advanced/spectraltypes/energylevels.asp

n=6

n=5

Atom

2 P absorbs

energy

Atom
emits
energy

Energy Levels in Action

FIGURE 5.15
This model of an atom contains six energy
levels (n = 1 to 6). Atoms absorb or emit
energy when some of their electrons jump
to a different energy level.

Bohr’s idea of energy levels is still useful today. It helps explain how matter behaves. For example, when chemicals
in fireworks explode, their atoms absorb energy. Some of their electrons jump to a higher energy level. When
the electrons move back to their original energy level, they give off the energy as light. Different chemicals have
different arrangements of electrons, so they give off light of different colors. This explains the blue- and purple-

colored fireworks in Figure 5.16.
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FIGURE 5.16
Atoms in fireworks give off light when their
electrons jump back to a lower energy
level.

Electron Cloud and Orbitals

In the 1920s, physicists discovered that electrons do not travel in fixed paths. In fact, they found that electrons
only have a certain chance of being in any particular place. They could only describe where electrons are with
mathematical formulas. That’s because electrons have wave-like properties as well as properties of particles of
matter. It is the "wave nature" of electrons that lets them exist only at certain distances from the nucleus. The
negative electrons are attracted to the positive nucleus. However, because the electrons behave like waves, they bend
around the nucleus instead of falling toward it. Electrons exist only where the wave is stable. These are the orbitals.
They do not exist where the wave is not stable. These are the places between orbitals.

Electron Cloud Model

Today, these ideas about electrons are represented by the electron cloud model. The electron cloud is an area around
the nucleus where electrons are likely to be. Figure 5.17 shows an electron cloud model for a helium atom.

Electron Cloud Model
of the Atom

Electron cloud (2e7)

FIGURE 5.17

This sketch represents the electron cloud model for helium. What does
the electron cloud represent?

Nucleus (2p+, 2n)
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Orbitals

Some regions of the electron cloud are denser than others. The denser regions are areas where electrons are most
likely to be. These regions are called orbitals. Each orbital has a maximum of just two electrons. Different energy
levels in the cloud have different numbers of orbitals. Therefore, different energy levels have different maximum
numbers of electrons. Table 5.1 lists the number of orbitals and electrons for the first four energy levels. Energy
levels farther from the nucleus have more orbitals. Therefore, these levels can hold more electrons.

First Four Energy Levels and Their Orbitals

Energy Level Number of Orbitals Max. No. of Electrons (@ 2 per
orbital)

1 1 2

2 4 8

3 9 18

4 16 32

Figure 5.18 shows the arrangement of electrons in an atom of magnesium as an example. The most stable arrange-
ment of electrons occurs when electrons fill the orbitals at the lowest energy levels first before more are added at
higher levels. You can learn more about orbitals and their electrons at the URL below: http://www.khanacademy.o
rg/video/orbitals?playlist=Chemistry .

Energy Levels and Electrons
of Magnesium (Mg)

FIGURE 5.18

This model represents an atom of the
element magnesium (Mg). How many
electrons does the atom have at each en-
ergy level? What is the maximum number
it could have at each level?

Electrons
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Lesson Summary
* Bohr introduced the idea that electrons orbit the nucleus only at fixed distances, called energy levels. Electrons
in energy levels farther from the nucleus have more energy.

* Today, electrons are represented by an electron cloud model. Orbitals in the cloud show where electrons are
most likely to be.

Lesson Review Questions

Recall
1. What are energy levels?
2. Which energy level has the smallest amount of energy?

3. Define orbitals.
4. How many electrons can be found in an orbital?

Apply Concepts
5. A change in energy caused an electron in an atom to jump from energy level 2 to energy level 3. Did the atom

gain or lose energy? Explain.
6. Create a sketch to model the concept of the electron cloud.

Think Critically

7. Explain how orbitals are related to energy levels.

Points to Consider

In this chapter, you learned that atoms of each element have a unique number of protons. This is one way that each
element differs from all other elements.

* How could the number of protons be used to organize elements?
* If one element has more protons than another element, how do their numbers of electrons compare?

Opening image courtesy of Brookhaven National Laboratory. http://www.flickr.com/photos/11304375@N07/67
99740261/ . CC-BY 2.0.
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CHAPTER 6

Chapter 6. Periodic Table

Periodic Table

6.1
6.2
6.3
6.4

How ELEMENTS ARE ORGANIZED
CLASSES OF ELEMENTS

GROUPS OF ELEMENTS
REFERENCES

Imagine going to the library and finding all the books in big messy piles like the one above. It could take a very long
time to find the book you wanted. You might give up without even trying. Of course, in most libraries, books are
arranged in an orderly way, like the books shown below. For example, novels, like those pictured here, are arranged
in alphabetical order by author’s last name. Not only can you quickly find the book you want, you can also scan the
books nearby to find others by the same author. It’s clear that grouping books in an organized way is very useful.

The same is true of chemical elements. For many years, scientists looked for a good way to organize them. This
became increasingly important as more and more elements were discovered. In this chapter, you’ll read how
elements were first organized and how they are organized today. You’ll see why an orderly arrangement of elements,
like the books in a library, is also very useful.
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651 How Elements Are Organized

Lesson Objectives

* Describe Mendeleev’s periodic table of the elements.
* Give an overview of the modern periodic table of the elements.

Vocabulary

* group
* period
* periodic table

Introduction

Scientists first started looking for a way to organize the elements in the 1700s. They were trying to find a method
to group together elements with similar properties. No one could come up with a good solution. It wasn’t until the
1860s that a successful method was devised. It was developed by a Russian chemist named Dmitri Mendeleev. He is
pictured in Figure 6.1. You can learn more about him and his work at this URL: http://videos.howstuffworks.com/
science-channel/27862-100-greatest-discoveries-the-periodic-table-video.htm .

FIGURE 6.1
Dmitri Mendeleev developed the first periodic table of the elements in
1869.
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Mendeleev’s Periodic Table of the Elements

Mendeleev was a teacher as well as a chemist. He was writing a chemistry textbook and needed a way to organize
the elements so it would be easier for students to learn about them. He made a set of cards of the elements, similar
to a deck of playing cards, with one element per card. On the card, he wrote the element’s name, atomic mass, and
known properties. He arranged and rearranged the cards in many different ways, looking for a pattern. He finally
found it when he placed the elements in order by atomic mass.

A Repeating Pattern

You can see how Mendeleev organized the elements in Figure 6.2. From left to right across each row, elements are
arranged by increasing atomic mass. Mendeleev discovered that if he placed eight elements in each row and then
continued on to the next row, the columns of the table would contain elements with similar properties. He called the
columns groups. They are sometimes called families, because elements within a group are similar but not identical
to one another, like people in a family.

Gruppe IIT,

Gruppe 1V.

Qropps V.

2 Gruppo I | Gruppo 1L Groppe YL | Gruppe VIL Groppo VIIL
.- — - — RE* RH? REY RH —_
= R'0 RO i Ro* R'0* RO R0’ RO
1 =1
2 |Li=T Do=9,4 B=11 C=12 N=14 0=16 Fe=19
8 Na=28 Mg=24] Al=1273 Bi=28 F=31 B=381] Cl=35
1 |[K=392 Ca=40 — =44 =48 V=51 Cr=52 Mne=50 Fo=00, Co=09,
Hi=p9, Cu=03.
5 (Cu=53)| Zne=@5 —=G8 —_T2 As=75 Bo=173| Bre=80
6 [Rb=B8l Br=87 PYi=88 Zr=100 Wh =94 Mo=198 —=100 u==104, Rh=104,
Pd=106, Ag==108.
7 | (Ag=108)] Cd=112| Tn==113] Sa==118] Bb=122| To=128] J=127
B8 |Ce=133 Ba=187 ?Di=138 [ICe=140 —_ - -— sl [P
o =) e — — = - -
10 | — —_ TEr=178 [fLa=180 [Ta==182 W=184 -— Os=195, Ir=197,
Pi=198, Au=1%9,
11 {Au=109})| Hg=200 Tl==1204 Pb==12017 Bi=208 _ —_
12 | — — - Th=231 |~ Us=240 =" e
FIGURE 6.2 |

Mendeleev’s table of the elements organizes the elements by atomic mass. The table has a repeating pattern.

Mendeleev’s table of the elements is called a periodic table because of its repeating pattern. Anything that keeps
repeating is referred to as periodic. Other examples of things that are periodic include the monthly phases of the
moon and the daily cycle of night and day. The term period refers to the interval between repetitions. In a periodic
table, the periods are the rows of the table. In Mendeleev’s table, each period contains eight elements, and then the
pattern repeats in the next row.

115


http://www.ck12.org

6.1. How Elements Are Organized www.ck12.org

Predicting Missing Elements

Did you notice the blanks in Mendeleev’s table ( Figure 6.2)? They are spaces that Mendeleev left for elements that
had not yet been discovered when he created his table. He predicted that these missing elements would eventually
be discovered. Based on their position in the table, he could even predict their properties. For example, he predicted
a missing element in row 5 of his group 3. He said it would have an atomic mass of about 68 and be a soft metal
like other group 3 elements. Scientists searched for the missing element. They found it a few years later and named
it gallium. Scientists searched for the other missing elements. Eventually, all of them were found.

An important measure of a good model is its ability to make accurate predictions. This makes it a useful model.
Clearly, Mendeleev’s periodic table was a useful model. It helped scientists discover new elements and make sense
of those that were already known.

The Modern Periodic Table of the Elements

A periodic table is still used today to classify the elements. Figure 6.3 shows the modern periodic table. You can
see an interactive version at this URL: http://www.ptable.com/ .

Basis of the Modern Periodic Table

In the modern periodic table, elements are organized by atomic number. The atomic number is the number of protons
in an atom of an element. This number is unique for each element, so it seems like an obvious way to organize the
elements. (Mendeleev used atomic mass instead of atomic number because protons had not yet been discovered
when he made his table.) In the modern table, atomic number increases from left to right across each period. It also
increases from top to bottom within each group. How is this like Mendeleev’s table?

Reading the Table

Besides atomic number, the periodic table includes each element’s chemical symbol and class. Some tables include
other information as well.

* The chemical symbol consists of one or two letters that come from the chemical’s name in English or another
language. The first letter is always written in upper case. The second letter, if there is one, is always written
in lower case. For example, the symbol for lead is Pb. It comes from the Latin word plumbum, which means
"lead." Find lead in Figure 6.3. What is its atomic number? You can access videos about lead and other
elements in the modern periodic table at this URL: http://www.periodicvideos.com/index.htm .

* The classes of elements are metals, metalloids, and nonmetals. They are color-coded in the table. Blue stands
for metals, orange for metalloids, and green for nonmetals. You can read about each of these three classes of
elements later in the chapter, in the lesson "Classes of Elements."

Periods

Rows of the modern table are called periods, as they are in Mendeleev’s table. From left to right across a period,
each element has one more proton than the element before it. In each period, elements change from metals on the
left side of the table, to metalloids, and then to nonmetals on the right. Figure 6.4 shows this for period 4.

Some periods in the modern periodic table are longer than others. For example, period 1 contains only two elements.
Periods 6 and 7, in contrast, are so long that some of their elements are placed below the main part of the table. They
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FIGURE 6.3 |

The modern periodic table of the elements is a lot like Mendeleev’s table. But the modern table is based on
atomic number instead of atomic mass. It also has more than 110 elements. Mendeleev’s table only had about
65 elements.

are the elements starting with lanthanum (La) in period 6 and actinium (Ac) in period 7. Some elements in period 7
have not yet been named. They are represented by temporary symbols, such as Uub.

Groups

Columns of the modern table are called groups, as they are in Mendeleev’s table. However, the modern table has
many more groups — 18 to be exact. Elements in the same group have similar properties. For example, all elements
in group 18 are colorless, odorless gases. You can read about the different groups of elements in this chapter’s lesson
on "Groups of Elements."

Lesson Summary
* Mendeleev developed the first periodic table of the elements in 1869. He organized the elements by increasing
atomic mass. He used his table to predict unknown elements. These were later discovered.

* The modern periodic table is based on atomic number. Elements in each period go from metals on the left to
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uTi v “Br 'i&n “Fe “Cn "Ni “I:u “Zn Ga1

24
5,995
CHROMIUM
e :
Chromium (Cr) is a shiny, Arsenic (As) is a poisonous Krypton (Kr) is a gaseous
silver-colored metal. It is metalloid. It is used in very nonmetal. It is used in
added to steel to make it small amounts in cell phones fluorescent lights.
harder. and other electronic products.

FIGURE 6.4

Like other periods, period 4 changes from metals on the left to metalloids and then nonmetals on the right.

metalloids and then nonmetals on the right. Within groups, elements have similar properties.

Lesson Review Questions

Recall
1. How did Mendeleev organize the elements?
2. How does the modern periodic table differ from Mendeleev’s table?

3. What is a period in the periodic table?
4. What is a group in the periodic table?

Apply Concepts

5. An unknown element has an atomic number of 44. Identify the element’s symbol and the symbols of two
other elements that have similar properties.

Think Critically

6. Mendeleev’s table and the modern periodic table organize the elements based on different information, yet
most elements are in the same order in both tables. Explain why.

Points to Consider
Elements are classified as metals, metalloids, or nonmetals.
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* Do you know some examples of metals?
* How do you think metals might differ from the other two classes of elements?
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- Classes of Elements

Lesson Objectives

* Identify properties of metals.

* List properties of nonmetals.

* Describe metalloids.

* Relate valence electrons to reactivity of elements by class.

Vocabulary

¢ metal

¢ metalloid

¢ nonmetal

e valence electron

Introduction

Elements in different groups are lumped together in one of three classes, depending on their properties. The classes
are metals, nonmetals, and metalloids. Knowing the class of an element lets you predict many of its properties. The
video at the URL below is a good introduction to the classes.

http://www.youtube.com/watch?v=ZuQmionhkGU (2:04)

E MEDIA

Click image to the left for more content.

Metals

Metals are elements that are good conductors of electricity. They are the largest of the three classes of elements.
In fact, most elements are metals. Look back at the modern periodic table ( Figure 6.3) in this chapter’s lesson
"How Elements Are Organized." Find the metals in the table. They are all the elements that are color-coded blue.
Examples include sodium (Na), silver (Ag), and zinc (Zn).
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Most metals are shiny. That's
because they reflect a lot of light.
This tray is made mainly of the
metal silver (Ag).

Most metals are ductile. This
means they can be pulled into long
thin shapes, like these wires made
of the metal copper (Cu).

Most metals are malleable. This
means they can be formed into
thin sheets without breaking, like
this foil made of the metal
aluminum (Al).

FIGURE 6.5

The three properties described here characterize most metals.
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Metals have relatively high melting points, so almost all are solids at room temperature. The only exception is
mercury (Hg), which is a liquid. Most metals are also good conductors of heat. That’s why they are used for cooking
pots and stovetops. Metals have other characteristic properties as well. Most are shiny, ductile, and malleable. These
properties are illustrated in Figure 6.5. You can dig deeper into the properties of metals at this URL: http://www.b
be.co.uk/schools/gesebitesize/science/add_gateway/periodictable/metalsrev1.shtml .

Nonmetals

Nonmetals are elements that do not conduct electricity. They are the second largest class of elements. Find the
nonmetals in Figure 6.3. They are all the elements on the right side of the table that are color-coded green. Examples
of nonmetals include helium (He), carbon (C), and oxygen (O).

Nonmetals generally have properties that are the opposite of those of metals. They also tend to vary more in their
properties than metals do. For example, nonmetals have relatively low boiling points, so many of them are gases at
room temperature. But several nonmetals are solids, including carbon and phosphorus (P). One nonmetal, bromine
(Br), is a liquid at room temperature.

Generally, nonmetals are also poor conductors of heat. In fact, they may be used for insulation. For example, the
down filling in a down jacket is mostly air, which consists mainly of nitrogen (N) and oxygen (O). These nonmetal
gases are poor conductors of heat, so they keep body heat in and cold air out. Solid nonmetals are dull rather than
shiny. They are also brittle rather than ductile or malleable. You can see examples of solid nonmetals in Figure 6.6.
You can learn more about specific nonmetals with the interactive table at this URL: http://library.thinkquest.org/36
59/pertable/nonmetal.html .

These yellow piles of powder are sulfur (S), a
nonmetal. Sulfur in rocks has been ground up
to produce a powder. The powder has been
heaped on a dock for shipment.

The "lead” in this pencil is actually graphite, a FIGURE 6.6
form of the nonmetal carbon (C). Graphite is
brittle. It breaks easily if you put too much

pressure on it. and brittle.

Unlike metals, solid nonmetals are dull

These match heads are coated with the
nonmetal phosphorus (P). Phosphorus is not
malleable. If you tried to pound it flat, it would
crumble into a powder.
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Metalloids

Metalloids are elements that fall between metals and nonmetals in the periodic table. Just seven elements are
metalloids, so they are the smallest class of elements. In Figure 6.3, they are color-coded orange. Examples of
metalloids include boron (B), silicon (Si), and germanium (Ge).

Metalloids have some properties of metals and some properties of nonmetals. For example, many metalloids can
conduct electricity but only at certain temperatures. These metalloids are called semiconductors. Silicon is an
example. It is used in computer chips. It is also the most common metalloid on Earth. It is shiny like a metal
but brittle like a nonmetal. You see a sample of silicon in Figure 6.7. The figure also shows other examples of
metalloids. You can learn more about the properties of metalloids at this URL: http://library.thinkquest.org/3659/p
ertable/metaloid.html .

Classes of Elements and Electrons

From left to right across the periodic table, each element has one more proton than the element to its left. Because
atoms are always electrically neutral, for each added proton, one electron is also added. Electrons are added first to
the lowest energy level possible until that level is full. Only then are electrons added to the next higher energy level.

Electrons by Class

The increase in electrons across the periodic table explains why elements go from metals to metalloids and then
to nonmetals from left to right across the table. Look at period 2 in Figure 6.8 as an example. Lithium (Li) is a
metal, boron (B) a metalloid, and fluorine (F) and neon (Ne) are nonmetals. The inner energy level is full for all
four elements. This level has just one orbital and can hold a maximum of two electrons. The outer energy level is a
different story. This level has four orbitals and can hold a maximum of eight electrons. Lithium has just one electron
in this level, boron has three, fluorine has seven, and neon has eight.

Valence Electrons and Reactivity

The electrons in the outer energy level of an atom are called valence electrons. It is valence electrons that are
potentially involved in chemical reactions. The number of valence electrons determines an element’s reactivity, or
how likely the element is to react with other elements. The number of valence electrons also determines whether the
element can conduct electric current. That’s because electric current is the flow of electrons. Table 6.1 shows how
these properties vary in elements from each class.

* Metals such as lithium have an outer energy level that is almost empty. They "want" to give up their few
valence electrons so they will have a full outer energy level. As a result, metals are very reactive and good
conductors of electricity.

* Metalloids such as boron have an outer energy level that is about half full. These elements need to gain or lose
too many electrons for a full outer energy level to come about easily. As a result, these elements are not very
reactive. They may be able to conduct electricity but not very well.

* Some nonmetals, such as bromine, have an outer energy level that is almost full. They "want" to gain electrons
so they will have a full outer energy level. As a result, these nonmetals are very reactive. Because they only
accept electrons and do not give them up, they do not conduct electricity.

* Other nonmetals, such as neon, have a completely full outer energy level. Their electrons are already in the
most stable arrangement possible. They are unreactive and do not conduct electricity.
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Silicon (Si) is a metal that can
conduct electricity but not as
well as a metal. It is shiny but
brittle. It chips easily, like glass.

Antimony (Sb) is a metalloid
that is shiny like a metal but
brittle like a nonmetal.

Boron (B) is a metalloid that is
somewhat shiny. It also
conducts electricity like a metal.
However, it 1s brittle like a
nonmetal.

FIGURE 6.7

Metalloids share properties with both metals and nonmetals.
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Lithium (Li) Boron (B) Fluorine (F) Neon (Ne)
Metal Metalloid Nonmetal Nonmetal
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FIGURE 6.8 |

The number of electrons increases from left to right across each period in the periodic table. In period 2, lithium
(Li) has the fewest electrons and neon (Ne) has the most. How do the numbers of electrons in their outer energy
levels compare?

Element
Lithium

These examples show the relative reactivity of elements in the three classes.

Description

Lithium (Li) is a highly reactive metal. It has just
one electron in its outer energy level. Lithium reacts
explosively with water (see picture). It can react with
moisture on skin and cause serious burns.
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(continued)

Element Description

Boron Boron (B) is a metalloid. It has three valence electrons
and is less reactive than lithium. Boron compounds
dissolved in water form boric acid. Dilute boric acid

@4 is weak enough to use as eye wash.

EYE WASH

O

TR TR AL

Bromine Bromine (Br) is an extremely reactive nonmetal. This
picture shows it reacting with aluminum foil in a test
tube. The aluminum starts burning within a couple of
minutes of the bromine contacting it.

Neon Neon (Ne) is a nonmetal gas with a completely filled
outer energy level. This makes it unreactive, so it
doesn’t combine with other elements. Neon is used for
lighted signs like this one. You can learn why neon
gives off light at this link: http://www.scientificamerica
n.com/article.cfm?id=how-do-neon-lights-work

Lesson Summary

* Metals are elements that are good conductors of electricity. They are the largest class of elements. Many
metals are shiny, ductile, and malleable. They are also good conductors of heat. Almost all metals are solids
are room temperature.

* Nonmetals are elements that do not conduct electricity. They are the second largest class of elements.
Nonmetals are also poor conductors of heat. The majority of nonmetals are gases. Solid nonmetals are
dull and brittle.

* Metalloids are elements that have properties of both metals and nonmetals. Some can conduct electricity but
only at certain temperatures. They may be shiny but brittle. All metalloids are solids at room temperature.

* Atoms of elements in different classes vary in their number of valence electrons. This explains their differences
in reactivity and conductivity.

Lesson Review Questions

Recall
1. What are metals? Name one example.
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2. Define nonmetal, and give an example.
3. State one way that metalloids may be like metals and one way they may be like nonmetals.
4. What are valence electrons?

Apply Concepts

1. A mystery element is a dull, gray solid. It is very reactive with other elements. Classify the mystery element
as a metal, nonmetal, or metalloid. Explain your answer.

Think Critically

1. Create a Venn diagram for metals, metalloids, and nonmetals. The diagram should show which properties are
different and which, if any, are shared among the three groups of elements.
2. Relate number of valence electrons to reactivity of classes of elements.

Points to Consider

The number of valence electrons increases from left to right across each period of the periodic table. By the end of
the period, the outer energy level is full. Moving on to the next period of the table, electrons are added to the next
higher energy level. This happens in each row of the periodic table.

* How do you think the number of valence electrons compares in elements within the same column (group) of

the periodic table?
* How might this be reflected in the properties of elements within a group?
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6.3 Groups of Elements

Lesson Objectives

* Identify hydrogen and alkali metals.

* Describe alkaline Earth metals.

* List properties of transition metals.

* Identify groups containing metalloids.
* Give properties of halogens.

* Describe noble gases.

Vocabulary

« alkali metal

« alkaline Earth metal
* halogen

* noble gas

* transition metal

Introduction

Elements in the same column, or group, of the periodic table have the same number of valence electrons in their
outer energy level. This gives them many similar properties. The rest of this chapter describes properties of the
different groups of elements. You can watch a video about the groups at this link: http://www.khanacademy.org/v
ideo/groups-of-the-periodic-table?playlist=Chemistry .

Group 1: Hydrogen and Alkali Metals

All the elements in group 1 have just one valence electron, so they are highly reactive. Group 1 is shown in Figure
6.9. At the top of this group is hydrogen (H), which is a very reactive, gaseous nonmetal. It is the most common
element in the universe.

All the other elements in group 1 are alkali metals. They are the most reactive of all metals, and along with the
elements in group 17, the most reactive elements. Because alkali metals are so reactive, they are only found in nature
combined with other elements. The alkali metals are soft. Most are soft enough to cut with a knife. They are also low
in density. Some of them even float on water. All are solids at room temperature. You can see a video demonstrating
the reactivity of alkali metals with water at this URL: http://www.youtube.com/watch?v=m55kgyApYrY (3:17).
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MEDIA

Click image to the left for more content.
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Na FIGURE 6.9
a 1:""“" In group 1 of the periodic table, all the
elements except hydrogen (H) are alkali
22.990 o metals.
37
SODIUM Rb
e
Sodium (Na) is an alkali metal. It is so reactive that it 55
doesn't occur alone in nature. It is commonly found Cs
combined with chlorine (Cl) as sodium chloride (NaCl), oo
which is table salt. 87
Fr
FANOUM

Group 2: Alkaline Earth Metals

The alkaline Earth metals include all the elements in group 2 (see Figure 6.10). These metals have just two valence
electrons, so they are very reactive, although not quite as reactive as the alkali metals. In nature, they are always
found combined with other elements. Alkaline Earth metals are silvery grey in color. They are harder and denser
than the alkali metals. All are solids at room temperature.

Groups 3-12: Transition Metals

Groups 3—12 of the periodic table contain transition metals (see Figure 6.11). Transition metals have more valence
electrons and are less reactive than metals in the first two metal groups. The transition metals are shiny. Many are
silver colored. They tend to be very hard, with high melting and boiling points. All except mercury (Hg) are solids
at room temperature.

Transition metals include the elements that are placed below the periodic table. Those that follow lanthanum (La)
are called lanthanides. They are all shiny, relatively reactive metals. Those that follow Actinium (Ac) are called
actinides. They are all radioactive metals. This means they are unstable. They break down into different, more
stable elements. You can read more about radioactive elements in the chapter Nuclear Chemistry. Many of the
actinides do not occur in nature but are made in laboratories.
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The alkaline Earth metals make up group
2 of the periodic table.
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Cadmium (Cd) is a transition
metal in group 12. It is a
component of rechargeable
batteries. Its properties make it
useful for this purpose. It is an
excellent conductor of electricity
and highly resistant to corrosion.

Mercury (Hg) is a transition metal
in group 12. It is the only
transition metal that is a liquid at
room temperature, In the past,
mercury was commonly used as
the liquid in thermometers.

FIGURE 6.11 |

All the elements in groups 3—12 are transition metals.

Groups 13-16: Groups Containing Metalloids

Groups 13-16 each contain one or more metalloids. These groups are shown in Figure 6.12.
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Groups 13-16: Metalloids

Aluminum (Group 13)

Aluminum (Al) is a shiny,
i3 low-density metal in group 13. It
is durable, ductile, and malleable.
Aluminum'’s properties make it a
good choice for objects such as

beverage cans, lawn furniture,
and siding on homes.

26.982
ALUMINUM

50 Tin (Snj) is a shiny, silver-colored
metal in Group 14. The tin man in
The Wizard of Oz was afraid of
“rusting,” but tin doesn't really
rust {only iron rusts). In fact, tin is

not very reactive with oxygen at

all. That's one reason why it is
used in food cans and for roofs.

114.818
TIN

[]

Nitrogen (Group 15)

Nitrogen (N) is a gaseous
nonmetal in group 15. It makes 114.818
up 78% of Earth's atmosphere. IND‘IN/
Plants need nitrogen but are ‘(/
unable to use gaseous nitrogen in
the air. Fertilizers supply nitrogen TI
[204,382; 204.385]
THALLIUM

Nitrogen (N Kern

Phosphate

(P.0s)

Potash
(K.0)

in a form plants can use.

Selenium (Se) is a solid nonmetal
in group 16. People need small
amounts of selenium for good
health. Nuts and fish are good
food sources of selenium.

Selenium

P

FIGURE 6.12 |

These groups each contain one or more metalloids.

* Group 13 is called the boron group. The only metalloid in this group is boron (B). The other four elements
are metals. All group 13 elements have three valence electrons and are fairly reactive. All are solids at room
temperature.

* Group 14 is called the carbon group. Carbon (C) is a nonmetal. The next two elements are metalloids, and
the final two are metals. All the elements in the carbon group have four valence electrons. They are not very
reactive. All are solids at room temperature.

* Group 15 is called the nitrogen group. The first two elements in this group are nonmetals. These are followed
by two metalloids and one metal. All the elements in the nitrogen group have five valence electrons, but they
vary in their reactivity. Nitrogen (N) in not reactive at all. Phosphorus (P), in contrast, is quite reactive. In
fact, it is found naturally only in combination with other substances. Nitrogen is a gas at room temperature.
The other group 15 elements are solids.
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* Group 16 is called the oxygen group. The first three elements in this group are nonmetals. They are followed
by one metalloid and one metal. All the elements in the oxygen group have six valence electrons, and all are
reactive. Oxygen (O), for example, readily reacts with metals to form compounds such as rust. Oxygen is a
gas at room temperature. The other four elements in group 16 are solids.

Group 17: Halogens

Elements in group 17 are called halogens (see Figure 6.13). They are highly reactive nonmetals with seven valence
electrons. The halogens react violently with alkali metals, which have one valence electron. The two elements
combine to form a salt. For example, the halogen chlorine (CI) and the alkali metal sodium (Na) react to form table
salt, or sodium chloride (NaCl). The halogen group includes gases, liquids, and solids. For example, chlorine is a
gas at room temperature, bromine (Br) is a liquid, and iodine (I) is a solid. You can watch a video demonstrating the
reactivity of halogens at this URL: http://www.youtube.com/watch?v=mY7028-1_WU&feature=related .

Group 17: Halogens

Fluorine (Group 17)

Fluorine (Fl) is a gaseous halogen
Evidence shows that fluorine
helps prevent tooth decay. That's
why it is added to toothpaste in
the form of sodium fluoride. You
can learn how it protects teeth at:
http://www .animated-teeth.com/t
ooth_decay/t4_tooth_decay_fluor

de htm
Bromine (Group 17) FIGURE 6.13
Bromine (Br) is the only liquid Group 17 consists of the nonmetals called
halogen. In tablet form, bromine is
used to purify water in swimming halogens.

pools and hot tubs. It reacts with

bacteria and other germs and
renders them harmless.

lodine (I) is a solid halogen. It is
added to alcohol and used as an
antiseptic. It reacts with germs on
cuts and wounds. Small amounts of
lodine are also needed for good
health In the US,, 1odine is added
to table salt to prevent iodine
deficiencies. Does the salt you use
contain iodine?

Group 18: Noble Gases

Group 18 elements are nonmetals called noble gases (see Figure 6.14). They are all colorless, odorless gases. Their
outer energy level is also full, so they are the least reactive elements. In nature, they seldom combine with other
substances. For a short video about the noble gases and their properties, go to this URL: http://www.youtube.com/w
atch?v=QLrofyj6a2s (1:17).
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Group 18: Noble Gases

Helium (Group 18)

Helium (He) is a very
light noble gas. That's
why helium balloons rise
up high in the air,

W FIGURE 6.14

Noble gases include helium and argon.

Argon (Group 18)

- ;1_\(\—— Argon gas The noble gas argon (Ar)
1s used to fill light bulbs.
It doesn't react with the
metal filaments in the
bulbs, so the bulbs last
longer

\\,/ Glass bulb
|

7 Filament

Lesson Summary

Group 1 of the periodic table consists of hydrogen and the alkali metals. Hydrogen is a very reactive nonmetal.
The alkali metals are the most reactive metals.

Group 2 consists of the alkaline Earth metals. They are very reactive but less so than the alkali metals.
Groups 3-12 contain transition metals. They are less reactive than metals in groups 1 and 2.

Groups 13-16 each contain at least one metalloid. They also contain metals and/or nonmetals. Elements in
these groups vary in reactivity and other properties.

Group 17 contains halogens. They are highly reactive nonmetals.

Group 18 consists of noble gases. They are unreactive and rarely combine with other elements.

Lesson Review Questions

Recall

AN

What are alkali metals? What is one example?

Identify an alkaline Earth metal. How reactive is it?

Which element is the only transition metal that is a liquid at room temperature?
In which groups of the periodic table would you find metalloids?

State why halogens are highly reactive.

Describe noble gases.
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Apply Concepts
7. Assume you have a sample of an unknown element. At room temperature, it is a soft solid. You cut a small

piece from the sample with a knife and drop the piece into a container of water. It bursts into flames. Which
group of the periodic table does the unknown element belong in?

Think Critically

8. Both hydrogen (H) and helium (He) are gaseous nonmetals. Why are they placed on opposite sides of the
periodic table?

Points to Consider

Reactive elements combine easily with other elements. This explains why they usually exist in nature in compounds
rather than in pure form.

* How do you think elements join together to form compounds?
* Do you think this might vary from one group of elements to another?

Opening images: stacks of book image copyright Vladimir Melnikov, 2011 and shelves of book image copyright
cycreation, 2011. http://www.shutterstock.com . Used under licenses from Shutterstock.com.

For Table 6.1,

Lithium: Chemicalinterest. http://commons.wikimedia.org/wiki/File:Lithium_burning.JPG . Public Domain.

* Boron: CK-12 Foundation. CC-BY-NC-SA 3.0.

* Bromine: Wilco Oelen. http://woelen.homescience.net/science/chem/exps/Al+Br2/index.html . CC-BY-SA
3.0.

* Neon: Andy Wright. http://www.flickr.com/photos/rightee/4356950/ . CC-BY 2.0.

134


http://www.ck12.org
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://commons.wikimedia.org/wiki/File:Lithium_burning.JPG
http://commons.wikimedia.org/wiki/File:Lithium_burning.JPG
http://commons.wikimedia.org/wiki/File:Lithium_burning.JPG
http://commons.wikimedia.org/wiki/File:Lithium_burning.JPG
http://commons.wikimedia.org/wiki/File:Lithium_burning.JPG
http://commons.wikimedia.org/wiki/File:Lithium_burning.JPG
http://commons.wikimedia.org/wiki/File:Lithium_burning.JPG
http://commons.wikimedia.org/wiki/File:Lithium_burning.JPG
http://commons.wikimedia.org/wiki/File:Lithium_burning.JPG
http://commons.wikimedia.org/wiki/File:Lithium_burning.JPG
http://commons.wikimedia.org/wiki/File:Lithium_burning.JPG
http://commons.wikimedia.org/wiki/File:Lithium_burning.JPG
http://commons.wikimedia.org/wiki/File:Lithium_burning.JPG
http://commons.wikimedia.org/wiki/File:Lithium_burning.JPG
http://commons.wikimedia.org/wiki/File:Lithium_burning.JPG
http://commons.wikimedia.org/wiki/File:Lithium_burning.JPG
http://woelen.homescience.net/science/chem/exps/Al+Br2/index.html
http://woelen.homescience.net/science/chem/exps/Al+Br2/index.html
http://woelen.homescience.net/science/chem/exps/Al+Br2/index.html
http://woelen.homescience.net/science/chem/exps/Al+Br2/index.html
http://woelen.homescience.net/science/chem/exps/Al+Br2/index.html
http://woelen.homescience.net/science/chem/exps/Al+Br2/index.html
http://woelen.homescience.net/science/chem/exps/Al+Br2/index.html
http://woelen.homescience.net/science/chem/exps/Al+Br2/index.html
http://woelen.homescience.net/science/chem/exps/Al+Br2/index.html
http://woelen.homescience.net/science/chem/exps/Al+Br2/index.html
http://woelen.homescience.net/science/chem/exps/Al+Br2/index.html
http://woelen.homescience.net/science/chem/exps/Al+Br2/index.html
http://woelen.homescience.net/science/chem/exps/Al+Br2/index.html
http://woelen.homescience.net/science/chem/exps/Al+Br2/index.html
http://woelen.homescience.net/science/chem/exps/Al+Br2/index.html
http://woelen.homescience.net/science/chem/exps/Al+Br2/index.html
http://woelen.homescience.net/science/chem/exps/Al+Br2/index.html
http://woelen.homescience.net/science/chem/exps/Al+Br2/index.html
http://www.flickr.com/photos/rightee/4356950/
http://www.flickr.com/photos/rightee/4356950/
http://www.flickr.com/photos/rightee/4356950/
http://www.flickr.com/photos/rightee/4356950/
http://www.flickr.com/photos/rightee/4356950/
http://www.flickr.com/photos/rightee/4356950/
http://www.flickr.com/photos/rightee/4356950/
http://www.flickr.com/photos/rightee/4356950/
http://www.flickr.com/photos/rightee/4356950/
http://www.flickr.com/photos/rightee/4356950/
http://www.flickr.com/photos/rightee/4356950/
http://www.flickr.com/photos/rightee/4356950/
http://www.flickr.com/photos/rightee/4356950/

www.ck12.org Chapter 6. Periodic Table

- References

N =

w

10.

11.

12.

13.
14.

. . http://en.wikipedia.org/wiki/File:DIMendeleevCab.jpg . Public Domain

. Dmitri Mendeleev. http://authors.ck12.org/wiki/index.php/File:Mendelejevs_periodiska_system_1871.png .
Public Domain

CK-12 Foundation. . CC-BY-NC-SA 3.0

(Chromium and krypton) Jurii; (Arsenic) Aram Dulyan (Aramgutang). (Chromium) http://commons.wikime
dia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Kr
ypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg . (Chromium and krypton) CC-BY 3.0;
(Arsenic) Public Domain

. (Silver tray) Image copyright discpicture, 2011; (Copper wire) Image copyright idea for life, 2011; (Alu-
minum foil) Image copyright Picsfive, 2011. http://www.shutterstock.com . Used under licenses from
Shutterstock.com

(Sulfur) Image copyright Mark Herreid, 2011; (Broken pencil) Image copyright Matthew Benoit, 2011;
(Matches) Image copyright Marie C Fields, 2011. http://www.shutterstock.com . Used under licenses from
Shutterstock.com

. (Silicon) Jurii; (Antimony) Image copyright bonchan, 2011; (Boron) Jurii. (Silicon) http://commons.wikimed
ia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.o
rg/wiki/File:Boron.jpg . Silicon and boron images CC-BY 3.0, antimony image used under license from
Shutterstock.com

CK-12 Foundation. . CC-BY-NC-SA 3.0

Salt shaker image copyright Ilya Andriyanov, 2011. http://www.shutterstock.com . Used under license from
Shutterstock.com

School chalk image copyright AnutkaT, 2011. http://www.shutterstock.com . Used under license from
Shutterstock.com

Battery image copyright Robert Spriggs, 2011, thermometer image copyright AGorohov, 2011. http://www.s
hutterstock.com . Used under licenses from Shutterstock.com

Aluminum can image copyright Oleksiy Mark, 2011, tin man image copyright Joy Brown, 2011, fertilizer and
selenium bottle images courtesy of CK-12 Foundation. Aluminum can and tin man images: http://www.shut
terstock.com . Aluminum can and tin man images used under licenses from Shutterstock.com, fertilizer and
selenium bottle images used under CC-BY-NC-SA 3.0

CK-12 Foundation. . CC-BY-NC-SA 3.0

CK-12 Foundation, balloons image copyright DenisNata, 2011. Balloons image: http://www.shutterstock.
com . Balloons image used under license from Shutterstock.com

135


http://www.ck12.org
http://en.wikipedia.org/wiki/File:DIMendeleevCab.jpg
http://en.wikipedia.org/wiki/File:DIMendeleevCab.jpg
http://en.wikipedia.org/wiki/File:DIMendeleevCab.jpg
http://en.wikipedia.org/wiki/File:DIMendeleevCab.jpg
http://en.wikipedia.org/wiki/File:DIMendeleevCab.jpg
http://en.wikipedia.org/wiki/File:DIMendeleevCab.jpg
http://en.wikipedia.org/wiki/File:DIMendeleevCab.jpg
http://en.wikipedia.org/wiki/File:DIMendeleevCab.jpg
http://en.wikipedia.org/wiki/File:DIMendeleevCab.jpg
http://en.wikipedia.org/wiki/File:DIMendeleevCab.jpg
http://en.wikipedia.org/wiki/File:DIMendeleevCab.jpg
http://en.wikipedia.org/wiki/File:DIMendeleevCab.jpg
http://en.wikipedia.org/wiki/File:DIMendeleevCab.jpg
http://en.wikipedia.org/wiki/File:DIMendeleevCab.jpg
http://authors.ck12.org/wiki/index.php/File:Mendelejevs_periodiska_system_1871.png
http://authors.ck12.org/wiki/index.php/File:Mendelejevs_periodiska_system_1871.png
http://authors.ck12.org/wiki/index.php/File:Mendelejevs_periodiska_system_1871.png
http://authors.ck12.org/wiki/index.php/File:Mendelejevs_periodiska_system_1871.png
http://authors.ck12.org/wiki/index.php/File:Mendelejevs_periodiska_system_1871.png
http://authors.ck12.org/wiki/index.php/File:Mendelejevs_periodiska_system_1871.png
http://authors.ck12.org/wiki/index.php/File:Mendelejevs_periodiska_system_1871.png
http://authors.ck12.org/wiki/index.php/File:Mendelejevs_periodiska_system_1871.png
http://authors.ck12.org/wiki/index.php/File:Mendelejevs_periodiska_system_1871.png
http://authors.ck12.org/wiki/index.php/File:Mendelejevs_periodiska_system_1871.png
http://authors.ck12.org/wiki/index.php/File:Mendelejevs_periodiska_system_1871.png
http://authors.ck12.org/wiki/index.php/File:Mendelejevs_periodiska_system_1871.png
http://authors.ck12.org/wiki/index.php/File:Mendelejevs_periodiska_system_1871.png
http://authors.ck12.org/wiki/index.php/File:Mendelejevs_periodiska_system_1871.png
http://authors.ck12.org/wiki/index.php/File:Mendelejevs_periodiska_system_1871.png
http://authors.ck12.org/wiki/index.php/File:Mendelejevs_periodiska_system_1871.png
http://authors.ck12.org/wiki/index.php/File:Mendelejevs_periodiska_system_1871.png
http://authors.ck12.org/wiki/index.php/File:Mendelejevs_periodiska_system_1871.png
http://authors.ck12.org/wiki/index.php/File:Mendelejevs_periodiska_system_1871.png
http://authors.ck12.org/wiki/index.php/File:Mendelejevs_periodiska_system_1871.png
http://authors.ck12.org/wiki/index.php/File:Mendelejevs_periodiska_system_1871.png
http://authors.ck12.org/wiki/index.php/File:Mendelejevs_periodiska_system_1871.png
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
(Chromium) http://commons.wikimedia.org/wiki/File:Chromium.jpg; (Arsenic) http://commons.wikimedia.org/wiki/File:Native_arsenic.jpg; (Krypton) http://commons.wikimedia.org/wiki/File:Krypton-glow.jpg
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
(Silicon) http://commons.wikimedia.org/wiki/File:Silicon.jpg; (Antimony) http://www.shutterstock.com; (Boron) http://commons.wikimedia.org/wiki/File:Boron.jpg
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
Aluminum can and tin man images: http://www.shutterstock.com
Aluminum can and tin man images: http://www.shutterstock.com
Aluminum can and tin man images: http://www.shutterstock.com
Aluminum can and tin man images: http://www.shutterstock.com
Aluminum can and tin man images: http://www.shutterstock.com
Aluminum can and tin man images: http://www.shutterstock.com
Aluminum can and tin man images: http://www.shutterstock.com
Aluminum can and tin man images: http://www.shutterstock.com
Aluminum can and tin man images: http://www.shutterstock.com
Aluminum can and tin man images: http://www.shutterstock.com
Aluminum can and tin man images: http://www.shutterstock.com
Aluminum can and tin man images: http://www.shutterstock.com
Aluminum can and tin man images: http://www.shutterstock.com
Aluminum can and tin man images: http://www.shutterstock.com
Aluminum can and tin man images: http://www.shutterstock.com
Aluminum can and tin man images: http://www.shutterstock.com
Balloons image: http://www.shutterstock.com
Balloons image: http://www.shutterstock.com
Balloons image: http://www.shutterstock.com
Balloons image: http://www.shutterstock.com
Balloons image: http://www.shutterstock.com
Balloons image: http://www.shutterstock.com
Balloons image: http://www.shutterstock.com
Balloons image: http://www.shutterstock.com
Balloons image: http://www.shutterstock.com
Balloons image: http://www.shutterstock.com
Balloons image: http://www.shutterstock.com
Balloons image: http://www.shutterstock.com

CHAPTER 7

WWW.C .org

Chemical Bonding

7.1
7.2
7.3
7.4
7.5

INTRODUCTION TO CHEMICAL BONDS
loNIC BONDS

COVALENT BONDS

METALLIC BONDS

REFERENCES

What do this lump of coal, diamond, and pencil "lead" all have in common? All three substances are forms of
carbon. Are you surprised that one element can exist in forms that have such different properties? Do you know
what explains it? The answer is chemical bonds. Carbon atoms chemically bond together in different ways to form
these three substances. What are chemical bonds and how do they form? Read on to find out.
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- Introduction to Chemical Bonds

Lesson Objectives

* Define chemical bond.
* List general properties of compounds.

Lesson Vocabulary

¢ chemical bond
¢ chemical formula

Introduction

There is an amazing diversity of matter in the universe, but there are only about 100 elements. How can this relatively
small number of pure substances make up all kinds of matter? Elements can combine in many different ways. When
they do, they form new substances called compounds. For a video introduction to compounds, go this URL: http://w
ww.youtube.com/watch?v=-HjMoTthEZO&feature=related (3:53).

MEDIA

Click image to the left for more content.

Chemical Bonding

Elements form compounds when they combine chemically. Their atoms join together to form molecules, crystals, or
other structures. The atoms are held together by chemical bonds. A chemical bond is a force of attraction between
atoms or ions. It occurs when atoms share or transfer valence electrons. Valence electrons are the electrons in the
outer energy level of an atom. You can learn more about chemical bonds in this video: http://www.youtube.com/w
atch?v=CGA8sRwqlFg&NR=1 (13:21).
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MEDIA

Click image to the left for more content.

Look at the example of water in Figure 7.1. A water molecule consists of two atoms of hydrogen and one atom
of oxygen. Each hydrogen atom has just one electron. The oxygen atom has six valence electrons. In a water
molecule, two hydrogen atoms share their two electrons with the six valence electrons of one oxygen atom. By
sharing electrons, each atom has electrons available to fill its sole or outer energy level. This gives it a more stable
arrangement of electrons that takes less energy to maintain.

Hydrogen and Oxygen Atoms Water Molecule
[ X N ) .

. o . .0 FIGURE 7.1
Hydrogen e s Hydrogen ¢ These diagrams show the valence elec-
. . trons of hydrogen and water atoms and a
. . . water molecule. The diagrams represent
° electrons with dots, so they are called

Oxygen Water Molecule (H>O) electron dot diagrams.

‘O: O.

Chemical Compounds

Water (H,O) is an example of a chemical compound. Water molecules always consist of two atoms of hydrogen and
one atom of oxygen. Like water, all other chemical compounds consist of a fixed ratio of elements. It doesn’t matter
how much or how little of a compound there is. It always has the same composition.

Chemical Formulas

Elements are represented by chemical symbols. Examples are H for hydrogen and O for oxygen. Compounds are
represented by chemical formulas. You’ve already seen the chemical formula for water. It’s HyO. The subscript 2
after the H shows that there are two atoms of hydrogen in a molecule of water. The O for oxygen has no subscript.
When there is just one atom of an element in a molecule, no subscript is used. Table 7.1 shows some other examples
of compounds and their chemical formulas.
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short caption

Name of Compound Electron Dot Diagram Numbers of Atoms Chemical Formula
Hydrogen chloride H=1 HCl
H:GL:
Methane C=1 CHy4
H=4
H
H:C:H
H
Hydrogen peroxide H=2 H,0O,
X oo O = 2
H:O:0O:H
Carbon dioxide C=1 CO,
6 C LX) O = 2

Problem Solving

Problem: A molecule of ammonia consists of one atom of nitrogen (N) and three atoms of hydrogen (H). What is
its chemical formula?

Solution: The chemical formula is NHj3.
You Try It!

Problem: A molecule of nitrogen dioxide consists of one atom of nitrogen (N) and two atoms of oxygen (O). What
is its chemical formula?

Same Elements, Different Compounds

The same elements may combine in different ratios. If they do, they form different compounds. Figure 7.2 shows
some examples. Both water (H,O) and hydrogen peroxide (H,O;) consist of hydrogen and oxygen. However, they
have different ratios of the two elements. As a result, water and hydrogen peroxide are different compounds with
different properties. If you’ve ever used hydrogen peroxide to disinfect a cut, then you know that it is very different
from water! Both carbon dioxide (CO,) and carbon monoxide (CO) consist of carbon and oxygen, but in different
ratios. How do their properties differ?

Types of Compounds

There are different types of compounds. They differ in the nature of the bonds that hold their atoms together. The
type of bonds in a compound determines many of its properties. Three types of bonds are ionic, covalent, and
metallic bonds. You will read about these three types in later lessons. You can also learn more about them by
watching this video: http://www.youtube.com/watch?v=hEFeLYWTKXO0 (7:18).
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Water (H.O)

Water is odorless and
colorless. We drink it, bathe in
it, and use it to wash our
clothes. In fact, we can't live
without it.

Carbon Dioxide
(CO.,)

Every time you exhale, you
release carbon dioxide. It's an
odorless, colorless gas. Carbon
dioxide contributes to global
climate change, but it isn't
directly harmful to human
health.

140

Hydrogen
Peroxide (H:0,)

Hydrogen peroxide is also
odorless and colorless. It's
used as an antiseptic. It kills
germs on cuts. It's also used as
bleach. It removes color from
hair.

Carbon
Monoxide (CO)

Carbon monoxide is produced
when matter burns. It's an
odorless, colorless gas that is
very harmful to human health.
In fact, it can kill people in
minutes. You can't see or smell
carbon monoxide. A carbon
monoxide detector sounds an
alarm if the level of the gas
gets too high.

WWW.C

.org

FIGURE 7.2

Different compounds may contain the

same elements in different ratios.
does this affect their properties?

How

MEDIA

Click image to the left for more content.
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Lesson Summary

* A chemical bond is a force of attraction between atoms. It occurs when atoms share or transfer electrons.
* A chemical compound is a new substance that forms when atoms of different elements form chemical bonds.
A compound always consists of a fixed ratio of elements.

Lesson Review Questions

Recall

1. What is a chemical bond?
2. Define chemical compound.

Apply Concepts

3. Which atoms and how many of each make up a molecule of sulfur dioxide? Write the chemical formula for
this compound.

Think Critically
4. Why does a molecule of water have a more stable arrangement of electrons than do individual hydrogen and

oxygen atoms?
5. Explain how the ratio of elements in a compound is related to the compound’s properties.

Points to Consider

In this lesson, you learned about chemical bonds in a water molecule. The bonds form between atoms of hydrogen
and oxygen when they share electrons. This type of bond is an example of a covalent bond.

* What might be other ways that atoms can bond together?
* How might ions form bonds?
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- lonic Bonds

Lesson Objectives

* Describe how ionic bonds form.
* List properties of ionic compounds.

Lesson Vocabulary

* ionic bond
* ionic compound

Introduction

All compounds form when atoms of different elements share or transfer electrons. In water, the atoms share
electrons. In some other compounds, called ionic compounds, atoms transfer electrons. The electrons actually
move from one atom to another. When atoms transfer electrons in this way, they become charged particles called
ions. The ions are held together by ionic bonds.

Formation of lonic Bonds

An ionic bond is the force of attraction that holds together positive and negative ions. It forms when atoms of a
metallic element give up electrons to atoms of a nonmetallic element. Figure 7.3 shows how this happens.

In row 1 of Figure 7.3, an atom of sodium donates an electron to an atom of chlorine (Cl).

* By losing an electron, the sodium atom becomes a sodium ion. It now has one less electron than protons,
giving it a charge of +1. Positive ions such as sodium are given the same name as the element. The chemical
symbol has a plus sign to distinguish the ion from an atom of the element. The symbol for a sodium ion is
Na™.

* By gaining an electron, the chlorine atom becomes a chloride ion. It now has one more electron than protons,
giving it a charge of -1. Negative ions are named by adding the suffix —ide to the first part of the element name.
The symbol for chloride is CI™.

Sodium and chloride ions have equal but opposite charges. Opposites attract, so sodium and chloride ions attract
each other. They cling together in a strong ionic bond. You can see this in row 2 of Figure 7.3. Brackets separate the
ions in the diagram to show that the ions in the compound do not share electrons. You can see animations of sodium
chloride forming at these URLs:

* http://web.jjay.cuny.edu/~acarpi/NSC/salt.htm
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ROW 1 (Na)
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An ionic bond forms when the metal
sodium gives up an electron to the non-
00 metal chlorine.

Y
l o FIGURE 7.3
+
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00
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* http://www.visionlearning.com/library/module_viewer.php?mid=55

Why lonic Bonds Form

Ionic bonds form only between metals and nonmetals. Metals "want" to give up electrons, and nonmetals "want" to
gain electrons. Find sodium (Na) in Figure 7.4. Sodium is an alkali metal in group 1. Like other group 1 elements,
it has just one valence electron. If sodium loses that one electron, it will have a full outer energy level. Now find
fluorine (F) in Figure 7.4. Fluorine is a halogen in group 17. It has seven valence electrons. If fluorine gains one
electron, it will have a full outer energy level. After sodium gives up its valence electron to fluorine, both atoms have
a more stable arrangement of electrons.

. PERIODIC TABLE OF ELEMENTS

|38

FIGURE 7.4

! | Chlorine Sodium and chlorine are on opposite
sides of the periodic table. How is this
related to their numbers of valence elec-
trons?
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Energy and lonic Bonds

It takes energy to remove valence electrons from an atom. The force of attraction between the negative electrons and
positive nucleus must be overcome. The amount of energy needed depends on the element. Less energy is needed
to remove just one or a few electrons than many. This explains why sodium and other alkali metals form positive
ions so easily. Less energy is also needed to remove electrons from larger atoms in the same group. For example, in
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group 1, it takes less energy to remove an electron from francium (Fr) at the bottom of the group than from lithium
(Li) at the top of the group (see Figure 7.4). In bigger atoms, valence electrons are farther from the nucleus. As a
result, the force of attraction between the electrons and nucleus is weaker.

What happens when an atom gains an electron and becomes a negative ion? Energy is released. Halogens release
the most energy when they form ions. As a result, they are very reactive.

lonic Compounds

Ionic compounds contain ions of metals and nonmetals held together by ionic bonds. Ionic compounds do not form
molecules. Instead, many positive and negative ions bond together to form a structure called a crystal. You can see
an example of a crystal in Figure 7.5. It shows the ionic compound sodium chloride. Positive sodium ions (Na™)
alternate with negative chloride ions (CI™). The oppositely charged ions are strongly attracted to each other.

Chloride
ions (Cl7)

FIGURE 7.5

Sodium chloride crystals are cubic in shape. Other ionic compounds may
have crystals with different shapes.

Helpful Hints

Naming lonic Compounds lonic compounds are named for their positive and negative ions. The name of the positive
ion always comes first. For example, sodium and chloride ions form the compound named sodium chloride.

You Try It!

What is the name of the ionic compound composed of positive barium ions and negative iodide ions?

Properties of lonic Compounds

The crystal structure of ionic compounds is strong and rigid. It takes a lot of energy to break all those strong ionic
bonds. As a result, ionic compounds are solids with high melting and boiling points (see Table 7.2). The rigid
crystals are brittle and more likely to break than bend when struck. As a result, ionic crystals tend to shatter. You
can learn more about the properties of ionic compounds by watching the video at this URL: http://www.youtube.c
om/watch?v=buWrSgs_ZHk&feature=related (3:34).
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MEDIA

Click image to the left for more content.

Compare the melting and boiling points of these ionic compounds with those of water (0°C and 100°C), which is
not an ionic compound.

short caption

Ionic Compound Melting Point (°C) Boiling Point (°C)
Sodium chloride (NaCl) 801 1413

Calcium chloride (CaCl,) 772 1935

Barium oxide (BaO) 1923 2000

Iron bromide (FeBr3) 684 934

Solid ionic compounds are poor conductors of electricity. The strong bonds between ions lock them into place in
the crystal. However, in the liquid state, ionic compounds are good conductors of electricity. Most ionic compounds
dissolve easily in water. When they dissolve, they separate into individual ions. The ions can move freely, so they
are good conductors of electricity. Dissolved ionic compounds are called electrolytes.

Uses of lonic Compounds

Ionic compounds have many uses. Some are shown in Figure 7.6. Many ionic compounds are used in industry. The
human body also needs several ions for good health. Having low levels of the ions can endanger important functions
such as heartbeat. Solutions of ionic compounds can be used to restore the ions.

Lesson Summary

* An ionic bond is the force of attraction that holds together oppositely charged ions. It forms when atoms of
a metal transfer electrons to atoms of a nonmetal. When this happens, the atoms become oppositely charged
ions.

* Jonic compounds form crystals instead of molecules. Ionic bonds are strong and the crystals are rigid. As a
result, ionic compounds are brittle solids with high melting and boiling points. In the liquid state or dissolved
in water, ionic compounds are good conductors of electricity.

Lesson Review Questions

Recall
1. What is an ionic bond?

2. Outline the role of energy in the formation of an ionic bond.
3. List properties of ionic compounds.
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Calcium chloride Potassium iodide
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CHLORIDE CRYSTALS the freezing point levels of radiation.
EXCEPTIONAL SNOW AND ICE MELTER of water. They protect the
thyroid gland from
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used to make
fireworks. It

Electrolyte
solutions are given
to children who

produces have lost ions. This
greenjcolored can happen with
explosions. vomiting or
diarrhea.
Reiatricinn, rosommen®®
Cobalt chloride

test papers are Orangs
used to detect flavored
moisture. They

change color
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absorb water.

Lithium iodide is

] EIIEJ‘EE:“ used in batteries.
18 books | : d ' ,
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smssmnmseass ) conductor of
electricity.

FIGURE 7.6

Have you ever used any of these ionic compounds?
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Apply Concepts
4. Create a model to represent the ionic bonds in a crystal of the salt lithium iodide (Lil).

5. A mystery compound is a liquid with a boiling point of 50°C. Is it likely to be an ionic compound? Why or
why not?

Think Critically

6. Explain why ionic bonds form only between atoms of metals and nonmetals.

Points to Consider

Bonds form not only between atoms of metals and nonmetals. Nonmetals may also bond with nonmetals.

* How do you think bonds form between atoms of nonmetals?
* Can you think of examples of compounds that consist only of nonmetals?
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- Covalent Bonds

Lesson Objectives

* Describe how covalent bonds form.
* Compare properties of polar and nonpolar covalent compounds.

Lesson Vocabulary

* covalent bond

* covalent compound
* hydrogen bond

* nonpolar

* polar

Introduction

Covalent bonds are bonds in which atoms share rather than transfer electrons. Compounds with covalent bonds are
called covalent compounds.

Formation of Covalent Bonds

A covalent bond is the force of attraction that holds together two atoms that share a pair of electrons. The shared
electrons are attracted to the nuclei of both atoms. Covalent bonds form only between atoms of nonmetals. The two
atoms may be the same or different elements. If the bonds form between atoms of different elements, a covalent
compound forms. Covalent compounds are described in detail later in the lesson. To see a video about covalent
bonding, go to this URL: http://www.youtube.com/watch?v=-Eh_0Dseg3E (6:20).

MEDIA

Click image to the left for more content.

Figure 7.7 shows an example of a covalent bond forming between two atoms of the same element, in this case two
atoms of hydrogen. The two atoms share a pair of electrons. Hydrogen normally occurs in two-atom, or diatomic,
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molecules like this (di- means "two"). Several other elements also normally occur as diatomic molecules: nitrogen,
oxygen, and all but one of the halogens (fluorine, chlorine, bromine, and iodine).

Hydrogen Molecule (H,) FIGURE 7.7
ey ™\ This figure shows three ways of representing a covalent bond. A dash (-)
e e ) . .
.;\H/J ) i{\H/} ) H—H between two atoms represents one pair of shared electrons
S ,,\eA-kj /, /

Why Covalent Bonds Form

Covalent bonds form because they give atoms a more stable arrangement of electrons. Look at the hydrogen atoms
in Figure 7.7. Alone, each hydrogen atom has just one electron. By sharing electrons with another hydrogen atom,
it has two electrons: its own and the one in the other hydrogen atom. The shared electrons are attracted to both
hydrogen nuclei. This force of attraction holds the two atoms together as a molecule of hydrogen.

Some atoms need to share more than one pair of electrons to have a full outer energy level. For example, an oxygen
atom has six valence electrons. It needs two more electrons to fill its outer energy level. Therefore, it must form two
covalent bonds. This can happen in many different ways. One way is shown in Figure 7.8. The oxygen atom in the
figure has covalent bonds with two hydrogen atoms. This forms the covalent compound water.

Water Molecule (H.O)

FIGURE 7.8

An oxygen atom has a more stable arrangement of electrons when it forms
covalent bonds with two hydrogen atoms.

Polar and Nonpolar Covalent Bonds

In some covalent bonds, electrons are not shared equally between the two atoms. These are called polar bonds.
Figure 7.9 shows this for water. The oxygen atom attracts the shared electrons more strongly because its nucleus has
more positively charged protons. As a result, the oxygen atom becomes slightly negative in charge. The hydrogen
atoms attract the electrons less strongly. They become slightly positive in charge. For another example of polar
bonds, see the video at this URL: http://www.youtube.com/watch?v=1Injg81daBs (0:52).

MEDIA

Click image to the left for more content.
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Polar Bonds in a Water Molecule

FIGURE 7.9

A water molecule has two polar bonds.

Pair of shared
) clectrons

Pair of shared
electrons 4

@ hydrogen hydrogen @
1P + 1P

In other covalent bonds, electrons are shared equally. These bonds are called nonpolar bonds. Neither atom attracts
the shared electrons more strongly. As a result, the atoms remain neutral. Figure 7.10 shows an example of nonpolar
bonds.

Nonpolar Bonds in an Oxygen Molecule (O,)

FIGURE 7.10
An oxygen molecule has two nonpolar
bonds. This is called a double bond. The
two oxygen atoms attract equally the four
shared electrons.

Covalent Compounds

Covalent bonds between atoms of different elements form covalent compounds. The smallest, simplest covalent
compounds have molecules with just two atoms. An example is hydrogen chloride (HCI). It consists of one hydrogen
atom and one chlorine atom. The largest, most complex covalent molecules have thousands of atoms. Examples
include proteins and carbohydrates. These are compounds in living things.

Helpful Hints

Naming Covalent Compounds Follow these rules in naming simple covalent compounds:
* The element closer to the left of the periodic table is named first.
* The second element gets the suffix —ide.
* Prefixes such as di- (2) and tri- (3) show the number of each atom in the compound. These are written with

subscripts in the chemical formula.

Example: The gas that consists of one carbon atom and two oxygen atoms is named carbon dioxide. Its chemical
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formula is CO».
You Try It!

Problem: What is the name of the compound that contains three oxygen atoms and two nitrogen atoms? What is its
chemical formula?

Properties of Covalent Compounds

Covalent compounds have different properties than ionic compounds because of their bonds. Covalent compounds
exist as individual molecules rather than crystals. It takes less energy for individual molecules than ions in a crystal
to pull apart. As a result, covalent compounds have lower melting and boiling points than ionic compounds. Many
are gases or liquids at room temperature. Covalent compounds have shared electrons. These are not free to move
like the transferred electrons of ionic compounds. This makes covalent compounds poor conductors of electricity.
Many covalent compounds also do not dissolve in water as all ionic compounds do.

Polar and Nonpolar Covalent Compounds

Having polar bonds may make a covalent compound polar. A polar compound is one in which there is a slight
difference in charge between opposite ends of the molecule. All polar compounds contain polar bonds. But having
polar bonds does not necessarily result in a polar compound. It depends on how the atoms are arranged. This
is illustrated in Figure 7.11. Both molecules in the figure contain polar bonds, but only formaldehyde is a polar
compound. Why is carbon dioxide nonpolar?

Formaldehyde (CH,0) Carbon Dioxide (CO,)
Ho - - — +
H,‘C=O O=C=0

Formaldehyde is a polar compound. Carbon dioxide is a nonpolar compound. Both ends of
One end of the molecule has a the molecule are slightly negative in charge.

slightly positive charge. The other

end has a slightly negative charge.

FIGURE 7.11

Covalent compounds may be polar or nonpolar, as these two examples show. In both molecules, the oxygen
atoms attract electrons more strongly than the carbon or hydrogen atoms do.

The molecules of polar compounds are attracted to each other. You can see this in Figure 7.12 for water. A
bond forms between the positive hydrogen end of one water molecule and the negative oxygen end of another
water molecule. This type of bond is called a hydrogen bond. Hydrogen bonds are weak, but they still must be
overcome when a polar substance changes from a solid to a liquid or from a liquid to a gas. As a result, polar
covalent compounds may have higher melting and boiling points than nonpolar covalent compounds. To learn more
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about hydrogen bonding and when it occurs, see the video at this URL: http://www.youtube.com/watch?v=Ikl5cbfqF
RMé&feature=related (0:58).

MEDIA

Click image to the left for more content.

+ +
H H
Polarity of Water
and Hydrogen Bonds FIGURE 7.12
T Water is a polar compound, so its
— <— Hydrogen Bond molecules are attracted to each other and
form hydrogen bonds.
+
|
+ +
+

Lesson Summary

* A covalent bond is the force of attraction that holds together two atoms that share a pair of electrons. It forms
between atoms of the same or different nonmetals. In polar covalent bonds, one atom attracts the shared
electrons more strongly and becomes slightly negative. The other atom becomes slightly positive.

* Covalent compounds form individual molecules rather than crystals. Compared with ionic compounds, they
have low melting and boiling points. They are also poor conductors of electricity. In polar covalent com-
pounds, oppositely charged ends of different molecules attract each other. This affects the properties of polar
compounds.

Lesson Review Questions

Recall

1. What is a covalent bond?
2. What is the difference between a polar and nonpolar covalent bond?
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3. List general properties of covalent compounds.

Apply Concepts

4. The electron dot diagram below represents a covalent compound. Do you think it is a polar or nonpolar
compound? Explain.

iCl
:C}]:Q:C}]:
:Cl:

Think Critically

5. Explain why covalent bonds form.

Points to Consider

You read in this lesson that covalent bonds may form between atoms of the same nonmetal element. For example,
hydrogen atoms (H) commonly form covalent bonds to form hydrogen molecules (H;).

* Do you think bonds may also form between atoms of the same metallic element?
* Predict what these metallic bonds might be like.
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- Metallic Bonds

Lesson Objectives

* Describe how metallic bonds form.
* Relate the nature of metallic bonds to the properties of metals.
* Identify alloys and their uses.

Lesson Vocabulary

* alloy
¢ metallic bond

Introduction

Special bonds form in metals that do not form in other classes of elements. They are called metallic bonds. The
bonds explain some of the unique properties of elements in the metals class.

Formation of Metallic Bonds

A metallic bond is the force of attraction between a positive metal ion and the valence electrons it shares with other
ions of the metal. The positive ions form a lattice-like structure. You can see an example in Figure 7.13. (For an
animated version, go to the URL below.) The ions are held together in the lattice by bonds with the valence electrons
around them. These valence electrons include their own and those of other ions. Why do metallic bonds form?
Recall that metals "want" to give up their valence electrons. This means that their valence electrons move freely.
The electrons form a "sea" of negative charge surrounding the positive ions.

http://www.youtube.com/watch?v=c4udBSZfLHY (1:50)

MEDIA

Click image to the left for more content.
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Positive Ion

o ¢ E- 2
0.0_9_0 FIGURE 7.13
9‘9 9 9 Positive metal ions and their shared electrons form metallic bonds.

Sea of Electrons

Metallic Bonds and the Properties of Metals

Because of their freely moving electrons, metals are good conductors of electricity. Metals also can be shaped
without breaking. They are ductile (can be shaped into wires) and malleable (can be shaped into thin sheets). Metals
have these properties because of the nature of their metallic bonds.

A metallic lattice, like the one in Figure 7.13, may resemble a rigid ionic crystal. However, it is much more flexible.
Look at Figure 7.14. It shows a blacksmith hammering a piece of red-hot iron in order to shape it. Why doesn’t
the iron shatter, as an ionic crystal would? The ions of the metal can move within the "sea" of electrons without
breaking the metallic bonds that hold them together. The ions can shift closer together or farther apart. In this way,
the metal can change shape without breaking. You can learn more about metallic bonds and the properties of metals
at this URL: http://www.youtube.com/watch?v=ap5pHBWwpu4 (6:12).

MEDIA

Click image to the left for more content.

Alloys

Metals are useful for many purposes because of their unique properties. However, pure metals may be less useful
than mixtures of metals. For example, iron is not as strong as steel, which is a mixture of iron and small amounts
of carbon. Steel is so strong that it can hold up huge bridges, like the one Figure 7.15. Steel is also used to make
skyscrapers, cargo ships, cars, and trains.

Steel is an example of an alloy. An alloy is a mixture of a metal with one or more other elements. The other elements
may be metals, nonmetals, or both. An alloy is a solid solution. It is formed by melting a metal and dissolving the
other elements in it. The molten solution is then allowed to cool and harden. Several other examples of alloys and
their uses are shown in Figure 7.16. You can learn about an amazing alloy called memory wire at the URL below.
If you have braces on your teeth, you may even have this alloy in your mouth!

http://www.youtube.com/watch?v=LSNRwtTMH6w &feature=related
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FIGURE 7.14

A blacksmith shapes a piece of iron.

FIGURE 7.15

The girders of this bridge are made of steel.

Lesson Summary

* A metallic bond is the force of attraction between a positively charged metal ion and the valence electrons
it shares with other ions of the metal. The electrons move freely around the positive ions, which form a
lattice-like structure.

* With freely moving electrons, metals are good conductors of electricity. The positive ions of metals can also
move within the "sea" of electrons without breaking the metallic bonds that hold them together. This allows
metals to change shape without breaking.

» Pure metals may be less useful than mixtures of metals, called alloys. Examples of alloys include steel, bronze,
and brass.
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Bronze statue

"Gold"” bracelet

Bronze was the first alloy
ever made. The earliest
bronze dates back many
thousands of years.
Bronze is a mixture of
copper and tin. Both
copper and tin are
relatively soft metals, but
mixed together in
bronze they are much
harder. Bronze has been
used for statues, coins,
and other objects.

Pure gold is relatively
soft, so it is rarely used
for jewelry. Most “‘gold”
jewelry is an alloy of
gold, copper, and silver.

Brass saxophone

Stainless steel sink

Brass is an alloy of
copper and zinc. It's
softer than bronze and
easier to shape. It's also
very shiny. Notice the
curved pieces in this
shiny brass saxophone.
Brass is used for shaping
many other curved
objects, such as
doorknobs and
plumbing fixtures.

Stainless steel is a type of
steel that contains nickel
and chromium in
addition to carbon and
iron. It is shiny and
strong. It is also resistant
to rusting. This makes it
useful for sinks, eating
utensils, and other
objects that are exposed
to water.

FIGURE 7.16

Most metal objects are made of metal alloys rather than pure metals.

Lesson Review Questions

Recall

1. What is a metallic bond?

2. Define alloy and give three examples.

Apply Concepts

3. Create a model to represent the metallic bonds in solid iron (Fe).

Chapter 7. Chemical Bonding
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Think Critically

4. Relate metallic bonds to the properties of metals.
5. Compare and contrast metallic and ionic bonds.

Points to Consider

Compounds form when atoms of different elements combine. This process is a chemical reaction.
» How would you define chemical reaction?
* How do you think chemical reactions are related to chemical changes in matter, such as wood burning and

iron rusting?

Opening images: coal image copyright SeDmi, 2011, pencil lead image copyright hxdbzxy, 2011, and diamond
image copyright AptTone, 2011. http://www.shutterstock.com . Used under licenses from Shutterstock.com
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CHAPTER 8 ] ]
Chemical Reactions

8.1 INTRODUCTION TO CHEMICAL REACTIONS
8.2 CHEMICAL EQUATIONS

8.3 TYPES OF CHEMICAL REACTIONS

8.4 CHEMICAL REACTIONS AND ENERGY

8.5 REFERENCES

Does the term "chemical reaction" bring to mind an image like this one? In the picture, a chemist is mixing chemicals
in a lab. Many chemical reactions take place in labs. However, most chemical reactions do not. Where do they occur?
They happen in the world all around you. They even happen inside your own body. In fact, you would not be alive
if it were not for the many chemical reactions that take place inside your cells. In this chapter, you will learn about
chemical reactions, including two very important reactions that take place in living things.
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- Introduction to Chemical Reactions

Lesson Objectives

* Describe how chemical reactions occur.
* List signs that a chemical reaction has occurred.

Lesson Vocabulary

¢ chemical reaction
* equilibrium
 product

e reactant

Introduction

No doubt you’ve seen changes like those pictured in Figure 8.1. What do all these changes have in common? They
are all chemical changes in matter. In a chemical change, matter changes into a different substance with different
properties. Chemical changes occur because of chemical reactions. You can see more examples of chemical changes
at this URL: http://www.youtube.com/watch?v=66kuhJkQCVM (2:05).

MEDIA

Click image to the left for more content.

What Is a Chemical Reaction?

A chemical reaction is a process in which some substances change into different substances. Substances that start a
chemical reaction are called reactants. Substances that are produced in the reaction are called products. Reactants
and products can be elements or compounds. A chemical reaction can be represented by this general equation:

Reactants — Products
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Metal rusting Candle burning

e e
= ’ FIGURE 8.1

Each of these pictures shows a chemical
change taking place.

Bananas turning brown Fire extinguisher foamin
vr "- . £ A3

s .. "

The arrow (—) shows the direction in which the reaction occurs. The reaction may occur quickly or slowly. For
example, foam shoots out of a fire extinguisher as soon as the lever is pressed. But it might take years for metal to
rust.

Breaking and Reforming Chemical Bonds

In chemical reactions, bonds break in the reactants and new bonds form in the products. The reactants and prod-
ucts contain the same atoms, but they are rearranged during the reaction. As a result, the atoms are in different
combinations in the products than they were in the reactants.

Look at the example in Figure 8.2. It shows how water forms. Bonds break in molecules of hydrogen and oxygen.
Then new bonds form in molecules of water. In both reactants and products, there are four hydrogen atoms and two
oxygen atoms. But the atoms are combined differently in water. You can see another example at this URL: http://w
ww.avogadro.co.uk/h_and_s/bondenthalpy/bondenthalpy.htm .

Reaction Direction and Equilibrium

The arrow in Figure 8.2 shows that the reaction goes from left to right, from hydrogen and oxygen to water. The
reaction can also go in the reverse direction. If an electric current passes through water, water molecules break down
into molecules of hydrogen and oxygen. This reaction would be represented by a right-to-left arrow (<—) in Figure
8.2.

Many other reactions can also go in both forward and reverse directions. Often, a point is reached at which the
forward and reverse reactions occur at the same rate. When this happens, there is no overall change in the amount of
reactants and products. This point is called equilibrium, which refers to a balance between any opposing changes.
You can see an animation of a chemical reaction reaching equilibrium at this URL: http://www.tutorvista.com/co
ntent/chemistry/chemistry-ii/chemical-equilibrium/chemical-equilibrium-animation.php .
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Hydrogen (H,) + Oxygen (O,) —— Water (H,0)

and oxygen to water.

/s/ / FIGURE 8.2
N ! H A chemical reaction changes hydrogen

Evidence of Chemical Reactions

Not all changes in matter involve chemical reactions. For example, there are no chemical reactions involved in
changes of state. When liquid water freezes or evaporates, it is still water. No bonds are broken and no new products
are formed.

How can you tell whether a change in matter involves a chemical reaction? Often, there is evidence. Four common
signs that a chemical reaction has occurred are:

* Change in color: the products are a different color than the reactants.

» Change in temperature: heat is released or absorbed during the reaction.

* Production of a gas: gas bubbles are released during the reaction.

* Production of a solid: a solid settles out of a liquid solution. The solid is called a precipitate.

You can see examples of each type of evidence in Figure 8.3 and at this URL: http://www.youtube.com/watch?v=g
sOj1EZJ1Uc (9:57).

MEDIA

Click image to the left for more content.

Lesson Summary

* A chemical reaction is a process in which some substances change into different substances. In a chemical
reaction, bonds break in reactants and new bonds form in products.

* Evidence that a chemical reaction has occurred include a change in color, a change in temperature, the
production of a gas, or the formation of a precipitate.
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FIGURE 8.3

Can you think of other examples of

Change in color Change in temperature .
Bleachingg hair changes its color. Burning wood produces heat. changes like these? If so, they probably
indicate that a chemical reaction has oc-
( ) curred.

W *
,'%" 4; .
Production of a gas . .
Dissolving an antacid tabtetgr PrOd UCtlon Of a SO“d
water produces gas bubbles. Adding acid to milk produces solid

curds of cottage cheese

Lesson Review Questions

Recall

1. Define chemical reaction.

2. What are the reactants and products in a chemical reaction?

3. Describe what happens to the atoms involved in a chemical reaction.
4. List four common signs that a chemical reaction has occurred.

Apply Concepts

5. Tina made a "volcano" by pouring vinegar over a "mountain” of baking soda. The wet baking soda bubbled
and foamed. Did a chemical reaction occur? How do you know?

Think Critically

6. Explain the meaning of the term "equilibrium" as it applies to a chemical reaction. How can you tell when a
chemical reaction has reached equilibrium?
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Points to Consider

In Figure 8.2, you saw how hydrogen and oxygen combine chemically to form water.
* How could you use chemical symbols and formulas to represent this reaction?

* How many molecules of hydrogen and oxygen are involved in this reaction? How many molecules of water
are produced? How could you include these numbers in your representation of the reaction?
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82 Chemical Equations

Lesson Objectives
* Describe how to write chemical equations.

* Demonstrate how to balance chemical equations.
* Relate the law of conservation of mass to balancing chemical equations.

Lesson Vocabulary

* chemical equation

Introduction

Chemists use a standard method to represent chemical reactions. It includes chemical symbols and formulas to stand
for reactants and products. The symbols and formulas are used to write chemical equations.

Writing Chemical Equations
A chemical equation is a symbolic representation of a chemical reaction. It is a shorthand way of showing how

atoms are rearranged in the reaction. The general form of a chemical equation was introduced in this chapter’s lesson
"Introduction to Chemical Reactions." It is:

Reactants — Products

Consider the simple example in Figure 8.4. When carbon (C) reacts with oxygen (O,), it produces carbon dioxide
(COy). The chemical equation for this reaction is:

C+0,; = CO,

The reactants are one atom of carbon and one molecule of oxygen. When there is more than one reactant, they are
separated by plus signs (+). The product is one molecule of carbon dioxide. If more than one product were produced,
plus signs would be used between them as well.

166


http://www.ck12.org

www.ck12.org Chapter 8. Chemical Reactions

. . o FIGURE 8.4
Reaction: Carbon reacts with oxygen to produce carbon dioxide
This figure shows a common chemical
Equation: C+0;, — CO; reaction. The drawing below the equation
A ¢ shows how the atoms are rearranged in
rrangemen o the reaction. What chemical bonds are

of atoms:
G N broken and what new chemical bonds are
° formed in this reaction?

Balancing Chemical Equations

Some chemical equations are more challenging to write. Consider the reaction in which hydrogen (H,) and oxygen
(O2) combine to form water (H,O). Hydrogen and oxygen are the reactants, and water is the product. To write a
chemical equation for this reaction, you would start by writing symbols for the reactants and products:

Equation 1: H, + 0O, — H,O

Like equations in math, equations in chemistry must balance. There must be the same number of each type of atom
in the products as there is in the reactants. In equation 1, count the number of hydrogen and oxygen atoms on each
side of the arrow. There are two hydrogen atoms in both reactants and products. There are two oxygen atoms in the
reactants but only one in the product. Therefore, equation 1 is not balanced.

Using Coefficients

Coefficients are used to balance chemical equations. A coefficient is a number placed in front of a chemical symbol
or formula. It shows how many atoms or molecules of the substance are involved in the reaction. For example, two
molecules of hydrogen would be written as 2H,. A coefficient of 1 usually isn’t written.

Coefficients can be used to balance equation 1 (above) as follows:
Equation 2: 2H; + O, — 2H;0

Equation 2 shows that two molecules of hydrogen react with one molecule of oxygen to produce two molecules of
water. The two molecules of hydrogen each contain two hydrogen atoms. There are now four hydrogen atoms in
both reactants and products. Is equation 2 balanced? Count the oxygen atoms to find out.

Steps in Balancing a Chemical Equation

Balancing a chemical equation involves a certain amount of trial and error. In general, however, you should follow
these steps:

1. Count the number of each type of atom in reactants and products. Does the same number of each atom appear
on both sides of the arrow? If not, the equation is not balanced, and you need to go to step 2.

2. Add coefficients to increase the number of atoms or molecules of reactants or products. Use the smallest
coefficients possible.

3. Repeat steps 1 and 2 until the equation is balanced.

Helpful Hint
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When you balance chemical equations, never change the subscripts in chemical formulas. Changing subscripts
changes the substances involved in the reaction. Change only the coefficients.

Work through the Problem Solving examples below. Then do the You Try It! problems to check your understand-
ing. If you need more help, go to this URL: http://www.youtube.com/watch?v=RnGu3x02h74 (14:28).

MEDIA

Click image to the left for more content.

Problem Solving
Problem: Balance this chemical equation: N, +H; — NH3

Hints for balancing

1. Two N are needed in the products to match the two N (N») in the reactants. Add the coefficient 2 in front of
NHj3. Now N is balanced.

2. Six H are now needed in the reactants to match the six H in the products. Add the coefficient 3 in front of Hj.
Now H is balanced.

Solution: Np +3H, — 2NHj3

Problem: Balance this chemical equation: CHy + O, — CO; +H,0
Solution: CH4+ 20, — CO, 4+ 2H,0

You Try It!

Problem: Balance these chemical equations:

Zn+ HCl — ZnCl, + H;

Cu+0, — CuO

Conserving Mass

Why must chemical equations be balanced? It’s the law! Matter cannot be created or destroyed in chemical reactions.
This is the law of conservation of mass. In every chemical reaction, the same mass of matter must end up in the
products as started in the reactants. Balanced chemical equations show that mass is conserved in chemical reactions.

How do scientists know that mass is always conserved in chemical reactions? Careful experiments in the 1700s by a
French chemist named Antoine Lavoisier led to this conclusion. For this and other contributions, Lavoisier has been
called the father of modern chemistry.

Lavoisier carefully measured the mass of reactants and products in many different chemical reactions. He carried
out the reactions inside a sealed jar, like the one in Figure 8.5. As a result, any gases involved in the reactions
were captured and could be measured. In every case, the total mass of the jar and its contents was the same after
the reaction as it was before the reaction took place. This showed that matter was neither created nor destroyed
in the reactions. Another outcome of Lavoisier’s research was his discovery of oxygen. You can learn more about
Lavoisier and his important research at: http://www.youtube.com/watch?v=x9iZq3Zxb0O8
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FIGURE 8.5

Lavoisier carried out several experiments inside a sealed glass jar. Why
was sealing the jar important for his results?

Lesson Summary

* A chemical equation is a symbolic representation of a chemical reaction. It shows how atoms are rearranged
in the reaction.

* Equations in chemistry must balance. There must be the same number of each type of atom in the products as
there is in the reactants. Coefficients are used to balance chemical equations. They show how many atoms or
molecules of a substance are involved in a reaction.

* Chemical equations must be balanced because matter cannot be created or destroyed. This is the law of
conservation of mass. Experiments by Antoine Lavoisier led to this law.

Lesson Review Questions

Recall

1. What is a chemical equation? Give an example.
2. What is a coefficient? How are coefficients used in chemistry?
3. Describe how Antoine Lavoisier showed matter is conserved in chemical reactions.

Apply Concepts

4. Draw a sketch that shows how atoms are rearranged in the chemical reaction represented by equation 2.
5. Balance this chemical equation: Hg+ O, — HgO

Think Critically
6. Explain why it is necessary to balance chemical equations.
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Points to Consider

In this lesson, you saw examples of chemical reactions in which two reactants combine to yield a single product.
This is called a synthesis reaction. It is just one type of chemical reaction.

* What might be other types of chemical reactions?
* How might one reactant produce more than one product?
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- Types of Chemical Reactions

Lesson Objectives

* Explain how synthesis reactions occur.

* Describe how decomposition reactions occur.

* Describe single and double replacement reactions.
» Explain how combustion reactions occur.

Lesson Vocabulary

* combustion reaction

* decomposition reaction
* replacement reaction

* synthesis reaction

Introduction

Most of the chemical reactions you have seen so far in this chapter are synthesis reactions. In this type of reaction,
two or more reactants combine to synthesize a product. There are several other types of chemical reactions, including
decomposition, replacement, and combustion reactions. You will read about all four types of reactions in this lesson.
Table 8.1 summarizes the four types of chemical reactions you will read about in the rest of the lesson. You can see
demonstrations of each type at this URL: http://www.youtube.com/watch?v=nVysOWOLb8U&feature=related .

Four Types of Chemical Reactions

Type of Reaction General Equation Example

Synthesis A+B—C 2Na+ Cly — 2NaCl

Decomposition AB —A+B 2H,O — 2H, + O

Replacement A+BC — B+AC 2K +2H,0 — 2KOH + H;

Single AB+CD - AD+CB NaCl + AgF — NaF + AgCl

Double

Combustion fuel + oxygen — carbon dioxide + CH4+ 20, — CO; +2H,0
water

Synthesis Reactions

A synthesis reaction occurs when two or more reactants combine to form a single product. A synthesis reaction can
be represented by the general equation:
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A+B—C

In this general equation (and others like it in this lesson), the letters A, B,C, and so on represent atoms or ions of
elements. The arrow shows the direction of the reaction. The letters on the left side of the arrow are the reactants that
begin the chemical reaction. The letters on the right side of the arrow are the product of the reaction. Two examples
of synthesis reactions are described below. You can see more examples at this URL: http://www.youtube.com/watch
Tv=dxIWtsFin'TM .

Synthesis Example 1

An example of a synthesis reaction is the combination of sodium (Na) and chlorine (Cl) to produce sodium chloride
(NaCl). This reaction is represented by the chemical equation:

2Na+Cl, — 2NaCl

Sodium is a highly reactive metal, and chlorine is a poisonous gas (see Figure 8.6). The compound they synthesize
has very different properties. It is table salt, which is neither reactive nor poisonous. In fact, salt is a necessary
component of the human diet.

Synthesis Example 2

Another example of a synthesis reaction is illustrated in Figure 8.7. The brown haze in the air over the city of Los

Angeles is smog. A major component of smog is nitrogen dioxide (NO;). It forms when nitric oxide (NO), from
sources such as car exhaust, combines with oxygen (O,) in the air. The equation for this reaction is:

2NO + 0y — 2NO,

Nitrogen dioxide is a toxic gas with a sharp odor. It can irritate the eyes and throat and trigger asthma attacks. It is a
major air pollutant.

Decomposition Reactions

A decomposition reaction is the reverse of a synthesis reaction. In a decomposition reaction, one reactant breaks
down into two or more products. This can be represented by the general equation:

AB—A+B

Two examples of decomposition reactions are described below. You can see other examples at this URL: http://w
ww.youtube.com/watch?v=dxIWtsFinTM .
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Sodium is a

Sodium + Chlorine

Chapter 8. Chemical Reactions

Chlorine is the

highly reactive active ingredient in
alkali metal. If household bleach.
you place it in Just a little bleach
water, it in water is strong
explodes. enough to kill most
germs.
Sodium chloride (table
salt) is the harmless
product of the
synthesis of sodium
and chloride.
FIGURE 8.6
Sodium and chlorine combine to synthesize table salt.
FIGURE 8.7

In this photo, the air over Los Angeles,
California is brown with smog.

173


http://www.ck12.org

8.3. Types of Chemical Reactions www.ck12.org

Decomposition Example 1

An example of a decomposition reaction is the breakdown of carbonic acid (H,COs) to produce water (H,O) and
carbon dioxide (CO,). The equation for this reaction is:

H2C03 — H,O+CO,

Carbonic acid is synthesized in the reverse reaction. It forms when carbon dioxide dissolves in water. For example,
some of the carbon dioxide in the atmosphere dissolves in the ocean and forms carbonic acid. The amount of carbon
dioxide in the atmosphere has increased over recent decades (see Figure 8.8). As a result, the acidity of ocean water
is also increasing. How do you think this might affect ocean life?

= CO,in atmosphere
= CO,dissolved in seawater

A pH of ocean water A
(lower pH is more acidic)

FIGURE 8.8

As carbon dioxide increases in the atmo-
sphere, more carbon dioxide dissolves in
ocean water.

[ [ [ [T [
1960 1970 1980 1990 2000

Year

Decomposition Example 2

Another example of a decomposition reaction is illustrated in Figure 8.9. Water (H,O) decomposes to hydrogen
(H») and oxygen (O;) when an electric current passes through it. This reaction is represented by the equation:

2H,0 — 2H; + O,

What is the reverse of this decomposition reaction? (Hint: How is water synthesized? You can look at this chapter’s
"Introduction to Chemical Reactions" lesson to find out.)
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Oxygen gas
rises in this
test tube.

Hydrogen gas
rises in this
test tube.

FIGURE 8.9

A decomposition reaction occurs when an
electric current passes through water.

Replacement Reactions

Replacement reactions involve ions. They occur when ions switch places in compounds. There are two types of
replacement reactions: single and double. Both types are described below.

Single Replacement Reactions

A single replacement reaction occurs when one ion takes the place of another in a single compound. This type of
reaction has the general equation:

A+BC — B+AC

Do you see how A has replaced B in the compound? The compound BC has become the compound AC.

An example of a single replacement reaction occurs when potassium (K) reacts with water (H,O). A colorless solid
called potassium hydroxide (KOH) forms, and hydrogen gas (H») is released. The equation for the reaction is:

2K + 2H20 — 2KOH + H,

This reaction is pictured in Figure 8.10. Potassium is a highly reactive group 1 alkali metal, so its reaction with
water is explosive. That’s why just a small of amount of potassium was added to the water. You can actually watch
this reaction occurring at: http://commons.wikimedia.org/wiki/File:Potassium_water_20.theora.ogv

Double Replacement Reactions

A double replacement reaction occurs when two compounds exchange ions. This produces two new compounds. A
double replacement reaction can be represented by the general equation:
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FIGURE 8.10

Potassium reacts explosively with water. Don't try this at home!

AB+CD — AD+CB

Do you see how B and D have changed places? Both reactant compounds have changed.

An example of a double replacement reaction is sodium chloride (NaCl) reacting with silver fluoride (AgF). This
reaction is represented by the equation:

NaCl+ AgF — NaF+ AgCl

Cl and F have changed places. Can you name the products of this reaction?

Combustion Reactions

A combustion reaction occurs when a substance reacts quickly with oxygen (O;). You can see an example of a
combustion reaction in Figure 8.11. Combustion is commonly called burning. The substance that burns is usually
referred to as fuel. The products of a combustion reaction include carbon dioxide (CO,) and water (H,O). The

reaction typically gives off heat and light as well. The general equation for a combustion reaction can be represented
by:

Fuel + O, — CO, + H,0

Combustion Example 1

The fuel that burns in a combustion reaction is often a substance called a hydrocarbon. A hydrocarbon is a compound
that contains only carbon (C) and hydrogen (H). Fossil fuels, such as natural gas, consist of hydrocarbons. Natural
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FIGURE 8.11

The burning of charcoal is an example of
a combustion reaction.

gas is a fuel that is commonly used in home furnaces and gas stoves (see Figure 8.12). The main component of
natural gas is the hydrocarbon called methane (CH,4). The combustion of methane is represented by the equation:

CH4 +20, — CO, 4+ 2H,0

FIGURE 8.12

The blue flame on this gas stove is pro-
duced when natural gas burns.

Combustion Example 2

Your own body cells burn fuel in combustion reactions. The fuel is glucose (CgH;20g), a simple sugar. The process
in which combustion of glucose occurs in body cells is called cellular respiration. This combustion reaction provides
energy for life processes. Cellular respiration can be summed up by the equation:
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C6H1206 + 602 — 6CO, + 6H20

Where does glucose come from? It is produced by plants during photosynthesis. In this process, carbon dioxide and
water combine to form glucose. Which type of chemical reaction is photosynthesis?

Lesson Summary

* A synthesis reaction occurs when two or more reactants combine to form a single product.

* In a decomposition reaction, one reactant breaks down into two or more products. This is the reverse of a
synthesis reaction.

* Replacement reactions occur when elements switch places in compounds. In a single replacement reaction,
one element takes the place of another in a single compound. In a double replacement reaction, two com-
pounds exchange elements.

* A combustion reaction occurs when a substance reacts quickly with oxygen. Combustion is commonly called
burning. Carbon dioxide, water, and heat and light are products of combustion.

Lesson Review Questions

Recall

1. Write an equation for the chemical reaction in which hydrogen reacts with oxygen to form water. What type
of reaction is this?

Write an equation for the reverse of the reaction in question 1. What type of reaction is this?

Name the type of reaction represented by this general equation: AB+CD — AD+CB

In the general equation in question 3, what do the individual letters represent?

What are the reactants and products in a combustion reaction?

AN e

Apply Concepts

6. Apply lesson concepts to classify the following chemical reactions:

a. Zn+2HCI — H, +7ZnCl,

b. 2KCl03 — 2KCl1+ 30,

c. 2KI+Cl, — 2KCl+1,

d. AgNO; +KCl — AgCl+KNO3

Think Critically

7. Compare and contrast the four types of reactions described in this lesson. Include an example of each type of
reaction.
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Points to Consider

Combustion reactions release energy. Some other types of reactions absorb energy. They need a continuous supply
of energy to occur.

* Can you think of any chemical changes that might absorb energy?
* What might be different about reactions that need energy to keep going?
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84 Chemical Reactions and Energy

Lesson Objectives

* Describe endothermic reactions.

* Describe exothermic reactions.

* Relate the law of conservation of energy to chemical reactions.
* Define activation energy.

* Identify factors that affect the rates of chemical reactions.

Lesson Vocabulary

* activation energy

* catalyst

e concentration

¢ endothermic reaction

¢ exothermic reaction

* law of conservation of energy
* reaction rate

Introduction

All chemical reactions involve energy. Energy is needed to break bonds in reactants. These bonds may be very
strong. Energy is released when new bonds form in the products. That’s because the atoms now have a more stable
arrangement of electrons. Which energy is greater: that needed for breaking bonds in reactants or that released by
bonds forming in products? It depends on the type of reaction. When it comes to energy, chemical reactions may be
endothermic or exothermic.

Endothermic Reactions

In an endothermic reaction, it takes more energy to break bonds in the reactants than is released when new bonds
form in the products. The word "endothermic" literally means "taking in heat." A constant input of energy, often in
the form of heat, is needed in an endothermic reaction. Not enough energy is released when products form to break
more bonds in the reactants. Additional energy is needed to keep the reaction going. The general equation for an
endothermic reaction is:

Reactants + Energy — Products
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In many endothermic reactions, heat is absorbed from the surroundings. As a result, the temperature drops. The
drop in temperature may be great enough to cause liquid products to freeze. That’s what happens in the endothermic
reaction at this URL: http://www.bbc.co.uk/schools/gcsebitesize/science/add_aqa/chemreac/energychangesrev1.sht
ml .

One of the most important endothermic reactions is photosynthesis. In this reaction, plants synthesize glucose
(CgH20¢) from carbon dioxide (CO,) and water (H,O). They also release oxygen (O;). The energy for photo-
synthesis comes from light (see Figure 8.13). Without light energy, photosynthesis cannot occur. The chemical
equation for photosynthesis is:

6CO, +6H,0 — CgH120¢ + 60,

FIGURE 8.13

Plants can get the energy they need for
photosynthesis from either sunlight or ar-
tificial light.

Exothermic Reactions

In an exothermic reaction, it takes less energy to break bonds in the reactants than is released when new bonds
form in the products. The word "exothermic" literally means "turning out heat." Energy, often in the form of heat, is
released as an exothermic reaction occurs. The general equation for an exothermic reaction is:

Reactants — Products + Energy

If the energy is released as heat, an exothermic reaction results in a rise in temperature. That’s what happens in the
exothermic reaction at the URL below.

http://www.bbc.co.uk/schools/gcsebitesize/science/add_aqa/chemreac/energychangesrev1.shtml

Combustion reactions are examples of exothermic reactions. When substances burn, they usually give off energy as
heat and light. Look at the big bonfire in Figure 8.14. You can see the light energy it is giving off. If you were
standing near the fire, you would also feel its heat.
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FIGURE 8.14
The combustion of wood is an exothermic reaction that releases energy
as heat and light.

Conservation of Energy

Whether a reaction absorbs energy or releases energy, there is no overall change in the amount of energy. Energy
cannot be created or destroyed. This is the law of conservation of energy. Energy can change form — for example,
from electricity to light — but the same amount of energy always remains.

If energy cannot be destroyed, what happens to the energy that is absorbed in an endothermic reaction? The energy
is stored in the chemical bonds of the products. This form of energy is called chemical energy. In an endothermic
reaction, the products have more stored chemical energy than the reactants. In an exothermic reaction, the opposite is
true. The products have less stored chemical energy than the reactants. The excess energy in the reactants is released
to the surroundings when the reaction occurs. The graphs in Figure 8.15 show the chemical energy of reactants and

products in each type of reaction.

Endothermic Reaction Exothermic Reaction
2 Products % | Reactants
@ @
= [
[+ H) [+ 1]
i B
E : E Energy
w nergy . released
E absorbed 5
® | Reactants ? Products
e 2 Y
(%3] v

Direction of reaction Direction of reaction

FIGURE 8.15

These graphs compare the energy changes in endothermic and exothermic reactions. What happens to the
energy that is absorbed in an endothermic reaction?
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Activation Energy

All chemical reactions, even exothermic reactions, need a certain amount of energy to get started. This energy is
called activation energy. For example, activation energy is needed to start a car. Turning the key causes a spark that
activates the burning of gasoline in the engine. The combustion of gas won’t occur without the spark of energy to
begin the reaction.

Why is activation energy needed? A reaction won’t occur unless atoms or molecules of reactants come together.
This happens only if the particles are moving, and movement takes energy. Often, reactants have to overcome forces
that push them apart. This takes energy as well. Still more energy is needed to start breaking bonds in reactants. The
graphs in Figure 8.16 show the changes in energy in endothermic and exothermic reactions. Both reactions need the
same amount of activation energy in order to begin.

Endothermic Reaction Exothermic Reaction

A A T

Activation
energy

|

Activation
energy

Energy
of products

Energy Energy
3 absorbed E of reactants Energy
= e released
U f— e - - - - O
I.I=J Energy |_|=_| Energy
of reactants of products
Direction of reaction Direction of reaction
FIGURE 8.16

Even exothermic reactions need activation energy to get started.

You have probably used activation energy to start a chemical reaction. For example, if you’ve ever used a match
to light a campfire, then you provided the activation energy needed to start a combustion reaction. Combustion is
exothermic. Once a fire starts to burn, it releases enough energy to activate the next reaction, and the next, and so
on. However, wood will not burst into flames on its own.

Reaction Rate

Any factor that helps reactants come together so they can react lowers the amount of activation energy needed to
start the reaction. If the activation energy is lowered, more reactant particles can react, and the reaction occurs more
quickly. How fast a reaction occurs is called the reaction rate. Factors that affect the reaction rate include:

* temperature of reactants
e concentration of reactants
¢ surface area of reactants
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* presence of catalysts

Temperature of Reactants

When the temperature of reactants is higher, the rate of the reaction is faster. At higher temperatures, particles of
reactants have more energy, so they move faster. They are more likely to bump into one another and to collide
with greater force. For example, when you fry an egg, turning up the heat causes the egg to cook faster. The same
principle explains why storing food in a cold refrigerator reduces the rate at which food spoils (see Figure 8.17).
Both food frying and food spoiling are chemical reactions that happen faster at higher temperatures.

After 1 month in a refrigerator: After 1 month in on a warm countertop:

FIGURE 8.17

The chemical reactions that spoil food
occur faster at higher temperatures.

Concentration of Reactants

Concentration is the number of particles of a substance in a given volume. When the concentration of reactants
is higher, the reaction rate is faster. At higher concentrations, particles of reactants are crowded closer together, so
they are more likely to collide and react. Did you ever see a sign like the one in Figure 8.18?7 You might see it
where someone is using a tank of pure oxygen for a breathing problem. The greater concentration of oxygen in the
air makes combustion rapid if a fire starts burning.

FIGURE 8.18

I's dangerous to smoke or use open flames when oxygen is in use. Can
you explain why?

NO SMOKING
OXYGEN IN USE

- J
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Surface Area of Reactants

When a solid substance is involved in a chemical reaction, only the matter at the surface of the solid is exposed
to other reactants. If a solid has more surface area, more of it is exposed and able to react. Therefore, increasing
the surface area of solid reactants increases the reaction rate. For example, crushing a solid into a powder exposes
more of the substance to other reactants. This may greatly speed up the reaction. You can see another example in
Figure 8.19. Iron rusts when it combines with oxygen in the air. The iron hammer head and iron nails will both rust
eventually. Which will rust faster?

FIGURE 8.19
The nails have more surface area ex-
posed to the air than the head of the
hammer. How does this affect the rate at
which they rust?

Presence of a Catalyst

Some reactions need extra help to occur quickly. They need another substance, called a catalyst. A catalyst is a
substance that increases the rate of a chemical reaction but is not changed or used up in the reaction. The catalyst
can go on to catalyze many more reactions.

Catalysts are not reactants, but they help reactants come together so they can react. You can see one way this happens
in the animation at the URL below. By helping reactants come together, a catalyst decreases the activation energy
needed to start a chemical reaction. This speeds up the reaction.

http://www.saskschools.ca/curr_content/chem30/modules/module4/lesson5/explainingcatalysts.htm

Living things depend on catalysts to speed up many chemical reactions inside their cells. Catalysts in living things
are called enzymes. Enzymes may be extremely effective. A reaction that takes a split second to occur with an
enzyme might take billions of years without it!

Lesson Summary

* In an endothermic reaction, it takes more energy to beak bonds in the reactants than is released when new
bonds form in the products. Therefore, an endothermic reaction needs a constant input of energy to keep
going.

* In an exothermic reaction, it takes less energy to break bonds in the reactants than is released when new bonds
form in the products. Therefore, an exothermic reaction releases enough energy to keep going.

* In any chemical reaction, there is no overall change in the amount of energy. Energy cannot be created or
destroyed. This is the law of conservation of energy.

* All chemical reactions, even exothermic reactions, need activation energy to get started. Activation energy is
needed to bring reactants together so they can react.

* How fast a reaction occurs is called the reaction rate. Factors that affect the reaction rate include catalysts and
the temperature, concentration, and surface area of reactants. A catalyst is a substance that increases the rate
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of a chemical reaction but is not changed or used up in the reaction.

Lesson Review Questions

Recall

What form of energy is needed for the endothermic reaction called photosynthesis?

What evidence shows that combustion reactions are exothermic?

What happens to the energy that is absorbed in an endothermic reaction?

In an exothermic reaction, which has more stored chemical energy: the reactants or the products?
Define activation energy.

List four factors that affect the rates of chemical reactions.

AR

Apply Concepts

7. Suppose you put a whole antacid tablet in one glass of water and a crushed antacid tablet in another glass
containing the same amount of water. Both tablets would start reacting and producing bubbles of gas. Use
lesson concepts to predict which tablet would stop producing bubbles first. Explain your prediction. Then,
with the permission of an adult, do the activity. Do your results agree with your prediction?

8. Sketch a simple graph to show how energy changes in an exothermic reaction. Include activation energy in
your graph.

Think Critically

9. Compare and contrast endothermic and exothermic chemical reactions.

Points to Consider

You read in this chapter that most fuels contain carbon. In the next chapter, "Chemistry of Carbon," you will learn
much more about carbon.

* What do you already know about carbon?
* Based on carbon’s position in the periodic table, predict how it reacts and the type of bonds it forms.

Opening image copyright emin kuliyev, 2011. http://www.shutterstock.com . Used under license from Shutter-
stock.com.

186


http://www.ck12.org
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com

www.ck12.org Chapter 8. Chemical Reactions

- References

H
= O 0 0

[am—

12.

13.

14.

15.
16.
17.

18.
19.

. Garden tool copyright Amy Walters, 2011. Candle copyright Nicha, 2011. Fire extinguisher copyright sima,

2011. Bananas copyright andesign101, 2011. http://www.shutterstock.com . Used under licenses from
Shutterstock.com
CK-12 Foundation. . CC-BY-NC-SA 3.0

. Bleached hair copyright Olga Sapegina, 2011. Camp fire copyright HelgaChirkova, 2011. Antacid in water

copyright Blue Lemon Photo, 2011. Cottage cheese copyright Svetlana Lukienko, 2011. http://www.shutterst
ock.com . Used under licenses from Shutterstock.com
CK-12 Foundation. . CC-BY-NC-SA 3.0

. . http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg . Pub-
lic Domain
Sodium: Image copyright Andraz Cerar, 2012. Bleach: Image copyright Lana Langlois, 2011. Salt: Image

copyright Aaron Amat, 2011. http://www.shutterstock.com . Used under licenses from Shutterstock.com
Image copyright Andy Z., 2011. http://www.shutterstock.com . Used under license from Shutterstock.com
CK-12 Foundation. . CC-BY-NC-SA 3.0

CK-12 Foundation. . CC-BY-NC-SA 3.0

Louis Shackleton. http://www.flickr.com/photos/loufcd/3951553880/ . CC-BY-NC-SA 2.0

Image copyright Matt Antonino, 2011. http://www.shutterstock.com . Used under license from Shutter-
stock.com

Image copyright Olga Utlyakova, 2011. http://www.shutterstock.com . Used under license from Shutter-
stock.com

Sunflower: Image copyright Sergej Razvodovskij, 2011. Plants under light: Josh Kelahan. Sunflower: http:
/Iwww.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/ . Sunflower
image used under license from Shutterstock.com. Plants under light CC-BY 2.0

Image copyright Lori Sparkia, 2011. http://www.shutterstock.com . Used under license from Shutter-
stock.com

CK-12 Foundation. . CC-BY-NC-SA 3.0

CK-12 Foundation. . CC-BY-NC-SA 3.0

Fresh bread: image copyright Joe Belanger, 2011. Moldy bread: image copyright Joerg Beuge, 2011. http://w
ww.shutterstock.com . Used under licenses from Shutterstock.com

CK-12 Foundation. . CC-BY-NC-SA 3.0

Image copyright JGade, 2011. Image copyright Valentin Agapov, 2011. http://www.shutterstock.com . Used
under licenses from Shutterstock.com

187


http://www.ck12.org
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://commons.wikimedia.org/wiki/File:David_-_Portrait_of_Monsieur_Lavoisier_and_His_Wife.jpg
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.flickr.com/photos/loufcd/3951553880/
http://www.flickr.com/photos/loufcd/3951553880/
http://www.flickr.com/photos/loufcd/3951553880/
http://www.flickr.com/photos/loufcd/3951553880/
http://www.flickr.com/photos/loufcd/3951553880/
http://www.flickr.com/photos/loufcd/3951553880/
http://www.flickr.com/photos/loufcd/3951553880/
http://www.flickr.com/photos/loufcd/3951553880/
http://www.flickr.com/photos/loufcd/3951553880/
http://www.flickr.com/photos/loufcd/3951553880/
http://www.flickr.com/photos/loufcd/3951553880/
http://www.flickr.com/photos/loufcd/3951553880/
http://www.flickr.com/photos/loufcd/3951553880/
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
Sunflower: http://www.shutterstock.com. Plants under light: http://www.flickr.com/photos/jdkc4d/5793490576/
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com
http://www.shutterstock.com

www.ck12.org

CHAPTER !

Chapter Outline

Chemistry of Carbon

9.1
9.2
9.3
9.4
9.5

PROPERTIES OF CARBON
HYDROCARBONS

CARBON AND LIVING THINGS
BIOCHEMICAL REACTIONS
REFERENCES

The puffy white fibers on this plant look like cotton balls. In fact, that’s just what they are! The plant is a cotton
plant, and the white fibers enclose the seeds of the plant. The fibers are used to make cotton fabrics, so if you have
a cotton T-shirt, this is where the fabric came from. Cotton fibers — and most other plant fibers — consist of one of
the most common compounds on Earth, the compound named cellulose.

Cellulose is a compound found in plants. The chief component of cellulose is carbon. Cellulose is one of many
carbon-based compounds that make up living things. In fact, carbon-based compounds are the most common type
of compound on Earth. More than 90 percent of all known compounds contain carbon. Do you know why carbon is
found in so many compounds? Read on to find out.
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9.1 Properties of Carbon

Lesson Objectives

» Explain how carbon forms bonds.
* Define monomer and polymer.
* Describe forms of carbon.

Lesson Vocabulary

* monomer
* polymer

Introduction

Carbon is a very common "ingredient" of matter. The reason? Carbon can combine with itself and with many other
elements to form a great diversity of compounds. The compounds can also range in size from just a few atoms to
thousands. There are millions of known carbon compounds. Carbon is the only element that can form so many
different compounds. You can find a good introduction to carbon and its chemistry at these URLSs:

* http://www.youtube.com/watch?v=HInINpMStbs
* http://www.youtube.com/watch?v=KjnSHt0Vn30&feature=related (9:27)

MEDIA

Click image to the left for more content.

Valence Electrons and Bonding in Carbon

Carbon is a nonmetal in group 14 of the periodic table. Like other group 14 compounds, carbon has four valence
electrons. Valence electrons are the electrons in the outer energy level of an atom that are involved in chemical
bonds. The valence electrons of carbon are shown in Figure 9.1.
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‘ FIGURE 9.1

The dots in this diagram represent the four valence electrons of carbon.

Carbon Bonding

Because it has four valence electrons, carbon needs four more electrons to fill its outer energy level. It can achieve
this by forming four covalent bonds. Covalent bonds are chemical bonds that form between nonmetals. In a covalent
bond, two atoms share a pair of electrons. By forming four covalent bonds, carbon shares four pairs of electrons,
thus filling its outer energy level.

A carbon atom can form bonds with other carbon atoms or with the atoms of other elements. Carbon often forms
bonds with hydrogen. You can see an example in Figure 9.2. The compound represented in the figure is methane
(CHy). The carbon atom in a methane molecule forms bonds with four hydrogen atoms. The diagram on the left
shows all the shared electrons. The diagram on the right represents each pair of shared electrons with a dash (-).
This type of diagram is called a structural formula.

Electron Dot Diagram Structural Formula
FIGURE 9.2

Methane is one of the simplest carbon
compounds. At room temperature, it
exists as a gas. It is a component of

L

H

M

in methane.

H H C H natural gas. These diagrams show two
ways of representing the covalent bonds

L

How Many Bonds?

Carbon can form single, double, or even triple bonds with other carbon atoms. In a single bond, two carbon atoms
share one pair of electrons. In a double bond, they share two pairs of electrons, and in a triple bond they share three
pairs of electrons. Examples of compounds with these types of bonds are shown in Figure 9.3.
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Ethane CH, Ethene C.H, Ethyne CH, FIGURE 9.3
Carbon atoms can form single, double, or
H H H H triple bonds with each other. How many
| 1 = rd bonds do the carbon atoms share in each
H—C—-C—H /C=C\ H—(C=CH compound shown here?

|
H H H H

Monomers and Polymers of Carbon

Because of carbon’s ability to form so many covalent bonds, it often forms polymers. A polymer is a large
molecule that consists of many smaller molecules joined together by covalent bonds. The smaller molecules are
called monomers. (The prefix monomeans "one," and the prefix poly means "many.") Polymers may consist of just
one type of monomer or of more than one type. Polymers are a little like the strings of beads in Figure 9.4. What
do the individual beads represent?

FIGURE 9.4

A string of beads serves as a simple

| mr m' y model of a polymer. Like monomers mak-

' ; ing up a polymer, the beads in a string
may be all the same or different from one
another.

Many polymers occur naturally. You will read about natural polymers in this chapter’s "Hydrocarbons" and "Carbon
and Living Things" lessons. Other polymers are synthetic. This means that they are produced in labs or factories.
Synthetic polymers are created in synthesis reactions in which monomers bond together to form much larger
compounds. Plastics are examples of synthetic polymers. The plastic items in Figure 9.5 are all made of polythene
(also called polyethylene). It consists of repeating monomers of ethene (C,Hy). To learn more about polymers and
how they form, go to this URL: http://www.youtube.com/watch?v=7nCfbZwGWKS (2:13).

MEDIA

Click image to the left for more content.
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FIGURE 9.5

Many common products are made of the plastic known as polyethylene.

Forms of Carbon

Pure carbon can exist in different forms, depending on how its atoms are arranged. The forms include diamond,
graphite, and fullerenes. All three forms exist as crystals, but they have different structures. Their different structures,
in turn, give them different properties. You can learn more about them in Table 9.1.

Carbon atoms can be arranged in any of these three ways. How does the arrangement
of atoms affect the properties of the substances formed?

Structure Description

Diamond

Diamond is a form of carbon
in which each carbon atom is
bonded to four other carbon atoms.
This forms a strong, rigid, three-
dimensional structure. Diamond is
the hardest natural substance. It is

Diamond crystal used for cutting and grinding tools ) ]
as well as for rings and other pieces This metal cutter has a diamond
of jewelry. blade.
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(continued)

Structure Description

Graphite

Graphite is a form of carbon in
which carbon atoms are arranged in
layers. Bonds are strong between
carbon atoms within each layer but
relatively weak between atoms in
different layers. The weak bonds
between layers allow the layers to
slide over one another. This makes
graphite relatively soft and slippery.
It is used as a lubricant. It also
makes up the "lead" in pencils.

Fullerene
i A fullerene (also called a bucky-
P.a%Ne ball) is a form of carbon in which
18- : 2y carbon atoms are arranged in hol-
.:1_,: :‘;- low spheres. Each carbon atom
et is bonded to three others by sin-

gle covalent bonds. The pattern of
atoms resembles the pattern on the
surface of a soccer ball. Fullerenes
were first discovered in 1985. They
have been found in soot and me-
teorites. Possible commercial uses
of fullerenes are under investiga-
tion. To learn how this form of
carbon got its funny names, go
to this URL: http://www.universet
oday.com/83106/fullerene/ .

Lesson Summary

» Carbon is a nonmetal with four valence electrons. Each carbon atom forms four covalent bonds. Atoms of
carbon can bond with each other or with atoms of other elements. The bonds may be single, double, or triple
bonds.

* Because of carbon’s ability to form so many covalent bonds, it often forms polymers. A polymer is a large
molecule that consists of many smaller molecules, called monomers.

* Pure carbon can form different types of crystals. Crystalline forms of carbon include diamond, graphite, and
fullerenes.
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Lesson Review Questions

Recall
1. Describe the type of bonds that carbon forms.
2. How many bonds does a single carbon atom form?

3. What are polymers and monomers?
4. Name three forms of pure carbon. How do they differ?

Apply Concepts
5. A certain compound consists of two carbon atoms and two hydrogen atoms. Each carbon atom is bonded with

one hydrogen atom and also with the other carbon atom. How many bonds do the two carbon atoms share?
Draw the structural formula for this compound.

Think Critically

6. Explain why carbon is a component of most compounds.
7. Relate the properties of graphite and diamond to the arrangement of their atoms.

Points to Consider

The carbon compounds represented in Figure 9.2 and Figure 9.3 contain only carbon and hydrogen. You will read
more about this type of carbon compound in the next lesson, "Hydrocarbons."

* What might be some general properties of compounds that consist only of carbon and hydrogen? (Hint: What

is methane used for?)
* Do you know other examples of this type of compound?
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9.2 Hydrocarbons

Lesson Objectives

* Define hydrocarbon.

* Describe and give examples of saturated hydrocarbons.

* Describe and give examples of unsaturated hydrocarbons.
* Identify uses and sources of hydrocarbons.

Lesson Vocabulary

* alkane

* alkene

* alkyne

* aromatic hydrocarbon

* hydrocarbon

* isomer

* saturated hydrocarbon

* unsaturated hydrocarbon

Introduction

Look at the pictures in Figure 9.6. Each one shows an item that you might have used or seen used by someone
else. All of the items have something in common. Can you guess what it is? They all depend on carbon compounds
known as hydrocarbons.

What Are Hydrocarbons?

Hydrocarbons are compounds that contain only carbon and hydrogen. Hydrocarbons are the simplest type of
carbon-based compounds. Nonetheless, they can vary greatly in size. The smallest hydrocarbons have just one or
two carbon atoms, but large hydrocarbons may have hundreds. The size of hydrocarbon molecules influences their
properties. For example, it influences their boiling and melting points. As a result, some hydrocarbons are gases at
room temperature, while others are liquids or solids. Hydrocarbons are generally nonpolar and do not dissolve in
water. In fact, they tend to repel water. That’s why they are used in floor wax and similar products.

Hydrocarbons can be classified in two basic classes. The classes are saturated hydrocarbons and unsaturated
hydrocarbons. This classification is based on the number of bonds between carbon atoms. You can learn more
about both types of hydrocarbons at this URL: http://www.youtube.com/watch?v=19ZieY dLwfo&feature=related
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1
7 ) ‘ =
A canister of the The main ingredient in
hydrocarbon nail polish remover is a
named propane hydrocarbon named
provides fuel or this acetone. Acetone is also FIGURE 9.6
camp stove. found in paint thinner. Each of these pictures shows a use of

hydrocarbons.

i1

MOTH BALLS

EFFECTIVELY KILLS MOTHS, EGGS, & LARVAE

This lawn mower The strongly scented vapor

runs on a mixture given off by mothballs repels
of hydrocarbons insects. The main ingredient
commonly named of mothballs is a hydrocarbon
gasoline. named naphthalene.

(6:41).

MEDIA

Click image to the left for more content.
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Saturated Hydrocarbons

Saturated hydrocarbons contain only single bonds between carbon atoms. They are the simplest hydrocarbons.
They are called saturated because each carbon atom is bonded to as many hydrogen atoms as possible. In other
words, the carbon atoms are saturated with hydrogen. You can see an example of a saturated hydrocarbon in Figure
9.7. Each carbon atom is bonded to three hydrogen atoms in this compound, which is named ethane.

Ethane CH,

H H FIGURE 9.7
| I Ethane is a saturated hydrocarbon. What is its chemical formula?

H

H—

T
H H

Saturated hydrocarbons are given the general name of alkanes. The name of specific alkanes always ends in -ane.
The first part of the name indicates how many carbon atoms each molecule of the alkane has. The smallest alkane is
methane. It has just one carbon atom. The next largest is ethane, with two carbon atoms. The chemical formulas and
properties of methane, ethane, and several other alkanes are listed in Table 9.2. The boiling and melting points of
alkanes are determined mainly by the number of carbon atoms they have. Alkanes with more carbon atoms generally
have higher boiling and melting points.

This table shows only alkanes with relatively few carbon atoms. Some alkanes have many more carbon atoms. What
properties might larger alkanes have? For example, do you think that any of them might be solids?

short caption

Alkane Chemical Formula Boiling Point (°C)  Melting Point (°C) State (at 20°C)
Methane CH4 -162 -183 gas

Ethane C,Hg -89 -172 gas

Propane CsHg -42 -188 gas

Butane C4Hjo 0 -138 gas

Pentane CsHin 36 -130 liquid

Hexane CeHi4 69 -95 liquid

Heptane C7Hi6 98 91 liquid

Octane CgHg 126 -57 liquid

Shapes of Alkanes
Structural formulas are often used to represent hydrocarbon compounds because the molecules can have different

shapes, or structures. Hydrocarbons may form straight chains, branched chains, or rings. Figure 9.8 shows an
example of an alkane with each shape.

* In straight-chain molecules, all the carbon atoms are lined up in a row like cars of a train. They form what is
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called the backbone of the molecule.
¢ In branched-chain molecules, at least one of the carbon atoms branches off to the side from the backbone.

* In cyclic molecules, the chain of carbon atoms is joined at the two ends to form a ring.

Straight-chain alkane

P
T
HHHH

I—N—IT
I—(?—I
I

Branched-chain alkane

FIGURE 9.8

Alkanes may have any of these three shapes.

T
I
i\
i
i\
N
I
I—N—x
I—?—I
T

Isomers

Even compounds with the same number of carbon and hydrogen atoms can have different shapes. These compounds
are called isomers. Look at the examples in Figure 9.9. The figure shows the structural formulas of butane and
its isomer iso-butane. Both molecules have four carbon atoms and ten hydrogen atoms (C4Hjg), but the atoms are
arranged differently. Butane is a straight-chain molecule. Iso-butane is branched. You can see three-dimensional
models of these two isomers at the URLs below. You can rotate the molecule models to get a better idea of their

shapes.
http://www.worldofmolecules.com/3D/butane_3d.htm
http://www.chemspider.com/Chemical-Structure.6120.html

TrqN
butane H—|C—t|2—$—$—H

HHHH FIGURE 9.9

|T| ITI }I-I Butane and isobutane have the same atoms but different shapes.
iso-butane H—(Ii—C—?—H

H H

H—(IZ—H

H
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Isomers usually have somewhat different properties. For example, straight-chain molecules generally have higher
boiling and melting points than their branched-chain isomers. The boiling and melting points of iso-butane are -12°C
and -160°C, respectively. Compare these values with the boiling and melting points of butane in Table 9.2. Do these
two compounds follow the general trend?

Cycloalkanes
Ring-shaped alkanes are called cycloalkanes. They usually contain just five or six carbon atoms because larger rings

are not very stable. However, rings can join together to create larger molecules consisting of two or more rings.
Compared with the straight- and branched-chain alkanes, cycloalkanes have higher boiling and melting points.

Unsaturated Hydrocarbons

Unsaturated hydrocarbons contain at least one double or triple bond between carbon atoms. As a result, the
carbon atoms are unable to bond with as many hydrogen atoms as they would if they were joined only by single
bonds. This makes them unsaturated with hydrogen. Unsaturated hydrocarbons are classified on the basis of their
bonds as alkenes, alkynes, or aromatic hydrocarbons.

Alkenes

Unsaturated hydrocarbons that contain at least one double bond are called alkenes. The name of a specific alkene
always ends in —ene, with a prefix indicating the number of carbon atoms. Figure 9.10 shows the structural formula

for the smallest alkene. It has just two carbon atoms and is named ethene. Ethene is produced by most fruits and
vegetables. It speeds up ripening and also rotting. Figure 9.11 shows the effects of ethene on bananas.

Ethene C,H,

H H FIGUBE 9.10
\ / Ethene is the smallest alkene.
(=C
7 .
H H

Like alkanes, alkenes can have different shapes. They can form straight chains, branched chains, or rings. Alkenes
can also form isomers, or compounds with the same atoms but different shapes. Generally, the physical properties
of alkenes are similar to those of alkanes. Smaller alkenes, such as ethene, have relatively high boiling and melting
points. They are gases at room temperature. Larger alkenes have lower boiling and melting points. They are liquids
or waxy solids at room temperature.

199


http://www.ck12.org

9.2. Hydrocarbons www.ck12.org

FIGURE 9.11

These two bunches of bananas were
stored in different ways. The bananas
on the right were stored in the open air.
The bananas on the left were stored in a
special bag that absorbs the ethene they
release. The bananas in the bag have not
yet turned brown because they were not
exposed to ethene.

Alkynes

Unsaturated hydrocarbons that contain at least one triple bond are called alkynes. The name of specific alkynes
always end in —yne, with a prefix for the number of carbon atoms. Figure 9.12 shows the smallest alkyne, called
ethyne, which has just two carbon atoms. Ethyne is also called acetylene. It is burned in acetylene torches, like the
one in Figure 9.13. Acetylene produces so much heat when it burns that it can melt metal. Breaking all those bonds
between carbon atoms releases a lot of energy.

Ethyne CH, FIGURE 9.12
Ethyne is the smallest alkyne.

FIGURE 9.13

This worker is using an acetylene torch to
cut metal.

Alkynes may form straight or branched chains. They rarely occur as cycloalkynes. In fact, alkynes of all shapes are
relatively rare, at least in nature.
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Aromatic Hydrocarbons

Unsaturated cyclic hydrocarbons are called aromatic hydrocarbons. That’s because they have a strong aroma, or
scent. Their molecules consist of six carbon atoms in a ring shape, connected by alternating single and double
bonds. Aromatic hydrocarbons may have a single ring or multiple rings joined together by bonds between their
carbon atoms.

Benzene is the smallest aromatic hydrocarbon. It has just one ring. You can see its structural formula in Figure 9.14.
Benzene has many uses. For example, it is used in air fresheners and mothballs because of its strong scent.

Benzene CH;,

i
FIGURE 9.14
Hae SN Benzene | -
C C enzene is an aromatic hydrocarbon. Does each carbon atom in benzene
" | have a total of four bonds? Count them to find out.
C

H N Z
y

You can learn more about benzene and other aromatic hydrocarbons at this URL: http://www.youtube.com/watch
7v=8gW7THOReN5g (4:54).

MEDIA

Click image to the left for more content.

Uses and Sources of Hydrocarbons

It is hard to overstate the importance of hydrocarbons to modern life. Hydrocarbons have even been called the driving
force of western civilization. You saw some ways they are used in Figure 9.6. Several other ways are illustrated in
Figure 9.15. Their most important use is as fuels. Gasoline, natural gas, fuel oil, diesel fuel, jet fuel, coal, kerosene,
and propane are just some of the hydrocarbon compounds that are burned for fuel. Hydrocarbons are also used to
manufacture many products, including plastics and synthetic fabrics such as polyester.

The main source of hydrocarbons is fossil fuels — coal, petroleum, and natural gas. Fossil fuels form over hundreds
of millions of years when dead organisms are covered with sediments and put under great pressure. Giant ferns in
ancient swamps turned into coal deposits. Dead organisms in ancient seas gradually formed deposits of petroleum
and natural gas. You can read more about these sources of hydrocarbons in the chapter Introduction to Energy and
at the URL below.

http://www.energyquest.ca.gov/story/chapter08.html
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This fireplace
lighter burns the
alkane named
butane.

Asphalt pavement on
highways is made of

hydrocarbons found

In petroleum.

Motor oil consists of
several hydrocarbons.
[t lubricates the
moving parts of car
engines.

Many candles are
made of paraffin
wax, a solid mixture
of alkanes.

All of these forms of
transportation are
fueled by a mixture of
many hydrocarbons.

These synthetic rubber
boots are made mainly
of a mixture of alkenes,

This power plant burns
the hydrocarbons in
coal. The plant is
conveniently located
next to a large, open-pit
coal mine.

FIGURE 9.15

These photos show just a few of the many uses of hydrocarbons.
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Lesson Summary

Hydrocarbons are compounds that contain only carbon and hydrogen. They are the simplest type of carbon-
based compounds.

Saturated hydrocarbons contain only single bonds between carbon atoms. They are also called alkanes. They
may form straight-chain, branched-chain, or cyclic molecules. Compounds with the same number of atoms
but different shapes are called isomers.

Unsaturated hydrocarbons contain at least one double or triple bond between carbon atoms. Hydrocarbons
with double bonds are called alkenes. Those with triple bonds are called alkynes. Aromatic hydrocarbons
consist of six carbon atoms in a ring shape, connected by alternating single and double bonds.

Hydrocarbons are extremely important to modern life. Their most important use is as fuels. Hydrocarbons are
also used to manufacture many products including plastics. The main source of hydrocarbons is fossil fuels.

Lesson Review Questions

Recall

AR

What are hydrocarbons?

Describe how the boiling point of alkanes changes as the number of carbon atoms per molecule increases.
Identify and describe the three basic shapes of alkane molecules.

What are isomers?

Define alkene and alkyne.

Describe aromatic hydrocarbons.

Apply Concepts

7.

Which type of hydrocarbon is represented by this structural formula? What is the compound’s chemical
formula? What shape does it have?

Think Critically

8.
9.

Compare and contrast saturated and unsaturated hydrocarbons. Give an example of each.
Explain the relationship between plastics and fossil fuels.

Points to Consider

In this lesson, you read that fossil fuels form from the remains of dead organisms. As you will read in the next
lesson, "Carbon and Living Things," organisms are made of carbon-based compounds.
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* Do you know the names of any of the carbon compounds in living things? (Hint: Many of them are found in
food.)
* How might these carbon compounds be different from hydrocarbons?
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933/ carbon and Living Things

Lesson Objectives

* Give an overview of biochemical compounds.

* Identify the structure and functions of carbohydrates.

* Describe protein structure, and list functions of proteins.
* Qutline the structure and functions of lipids.

* Identify the structure of nucleic acids and their functions.

Lesson Vocabulary

* biochemical compound
 carbohydrate

* lipid

* nucleic acid

* protein

Introduction

Carbon is the most important element in living things. Carbon-based compounds in living things are generally
called biochemical compounds. The prefix bio comes from the Greek word that means "life." Many of the same
biochemical compounds are found in all forms of life, despite life’s great diversity.

Biochemical Compounds

A biochemical compound is any carbon-based compound found in living things. Like hydrocarbons, all biochemi-
cal compounds contain hydrogen as well as carbon. However, biochemical compounds also contain other elements,
such as oxygen and nitrogen. Almost all biochemical compounds are polymers. They consist of many, smaller
monomer molecules. Biochemical polymers are referred to as macromolecules. The prefix macro means "large,"
and many biochemical molecules are very large indeed. They may contain thousands of monomer molecules.

Biochemical compounds make up the cells and tissues of organisms. They are also involved in life processes, such
as making and using food for energy. Given their diversity of functions, it’s not surprising that there are millions
of different biochemical compounds. However, they can be grouped into just four main classes: carbohydrates,
proteins, lipids, and nucleic acids. The classes are summarized in Table 9.3 and described in the rest of this lesson.
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Class Elements Examples Functions
Carbohydrates carbon sugars provide energy to cells
hydrogen
oxygen starches store energy in plants
cellulose makes up the cell walls of
plants
Proteins carbon enzymes speed up biochemical re-
actions
hydrogen
oxygen hormones regulate life processes
nitrogen
sulfur
Lipids carbon fats store energy in animals
hydrogen
oxygen oils store energy in plants
Nucleic acids carbon DNA stores genetic information
in cells
hydrogen
oxygen RNA helps cells make proteins
nitrogen
phosphorus
Carbohydrates

Carbohydrates are biochemical compounds that include sugars, starches, and cellulose. They contain oxygen in
addition to carbon and hydrogen. Organisms use carbohydrates mainly for energy.

Sugars

Sugars are simple carbohydrates. Molecules of sugar have just a few carbon atoms. The simplest sugar is glucose
(CeH20¢). Glucose is the sugar that the cells of living things use for energy. Plants and some other organisms make
glucose in the process of photosynthesis. Living things that cannot make glucose obtain it by consuming plants or
these other organisms.

You can see the structural formula of glucose and two other sugars in Figure 9.16. The other sugars in the figure
are fructose and sucrose. Fructose is an isomer of glucose. It is found in fruits. It has the same atoms as glucose,
but they are arranged differently. Sucrose is table sugar. It consists of one molecule of glucose and one molecule of
fructose.

Starches

Starches are complex carbohydrates. They are polymers of glucose. They consist of hundreds of glucose monomers
bonded together. Plants make starch to store extra sugars. Consumers get starch from plants. Common sources of
starch in the human diet are pictured in Figure 9.17. Our digestive system breaks down starch to simple sugars,
which our cells use for energy.
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H OH OH H

FIGURE 9.16

Glucose and fructose are isomers. Su-
crose contains a molecule of each.

Glucose Fructose

CH,OH

Sucrose

FIGURE 9.17

These foods are all good sources of
starch.

Cellulose

Cellulose is another complex carbohydrate that is a polymer of glucose. However, the glucose molecules are bonded
together differently in cellulose than they are in starches. Cellulose molecules bundle together to form long, tough
fibers (see Figure 9.18). Have you ever eaten raw celery? If you have, then you probably noticed that the stalks
contain long, stringy fibers. The fibers are mostly cellulose.

Cellulose is the most abundant biochemical compound. It makes up the cell walls of plants and gives support to
trunks and stems. Cellulose also provides needed fiber in the human diet. We can’t digest cellulose, but it helps keep
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food wastes moving through the digestive tract.

—— Cellulose Fiber

Cellulose Molecules

FIGURE 9.18

Cellulose molecules form large cellulose
fibers.

Proteins

Proteins are biochemical compounds that contain oxygen, nitrogen, and sulfur in addition to carbon and hydrogen.
Protein molecules consist of one or more chains of small molecules called amino acids.

Protein Structure

Amino acids are the "building blocks" of proteins. There are 20 different common amino acids. The structural
formula of the simplest amino acid, called glycine, is shown in Figure 9.19. Other amino acids have a similar
structure. The sequence of amino acids and the number of amino acid chains in a protein determine the protein’s
shape. The shape of a protein, in turn, determines its function. Shapes may be very complex. You can learn more
about the structure of proteins at the URL below.

http://www.youtube.com/watch?v=l1ijQ3a8yUYQ (0:52)

MEDIA

Click image to the left for more content.

208


http://www.ck12.org
http://www.youtube.com/watch?v=lijQ3a8yUYQ
http://www.youtube.com/watch?v=lijQ3a8yUYQ
http://www.youtube.com/watch?v=lijQ3a8yUYQ
http://www.youtube.com/watch?v=lijQ3a8yUYQ
http://www.youtube.com/watch?v=lijQ3a8yUYQ
http://www.youtube.com/watch?v=lijQ3a8yUYQ
http://www.youtube.com/watch?v=lijQ3a8yUYQ
http://www.youtube.com/watch?v=lijQ3a8yUYQ
http://www.youtube.com/watch?v=lijQ3a8yUYQ
http://www.youtube.com/watch?v=lijQ3a8yUYQ
http://www.youtube.com/watch?v=lijQ3a8yUYQ
http://www.youtube.com/watch?v=lijQ3a8yUYQ
http://www.ck12.org/flx/show/video/http%3A//www.youtube.com/embed/lijQ3a8yUYQ%3Fwmode%3Dtransparent%26hash%3D3b32f202411edb03e595fc6feaca2354

www.ck12.org Chapter 9. Chemistry of Carbon

Glycine

“ FIGURE 9.19

H Glycine is one of 20 common amino acids that make up the proteins of
N living things.

Protein Functions

Proteins are the most common biochemicals. They have many different functions, including:

* making up tissues as components of muscle.

* speeding up biochemical reactions as enzymes.

* regulating life processes as hormones.

* helping defend against infections as antibodies.

* transporting materials as components of the blood (see the example in Figure 9.20).

Hemoglobin molecule FIGURE 9.20 |

The blood protein hemoglobin binds with
oxygen and carries it from the lungs to
cells throughout the body. Heme is a
small molecule containing iron that is part
of the larger hemoglobin molecule. Oxy-
gen binds to the iron in heme.

Red blood
cell

Red blood cells contain

several hundred
hemoglobin molecules
that transport oxygen

Lipids

Lipids are biochemical compounds such as fats and oils. Organisms use lipids to store energy. In addition to carbon
and hydrogen, lipids contain oxygen.

Fatty Acids

Lipids are made up of long carbon chains called fatty acids. Like hydrocarbons, fatty acids may be saturated or
unsaturated. Figure 9.21 shows structural formulas for two small fatty acids. One is saturated and one is unsaturated.
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* In saturated fatty acids, there are only single bonds between carbon atoms. As a result, the carbons are
saturated with hydrogen atoms. Saturated fatty acids are found in fats. Fats are solid lipids that animals use to

store energy.
* In unsaturated fatty acids, there is at least one double bond between carbon atoms. As a result, some carbons

are not bonded to as many hydrogen atoms as possible. Unsaturated fatty acids are found in oils. Oils are
liquid lipids that plants use to store energy.

. . FIGURE 9.21
Saturated Fatty Acid Unsaturated Fatty Acid Both of these fatty acid molecules have
HHHHHDO H H HO six carbon atoms and two oxygen atoms.
[ O | I 1 How many hydrogen atoms does each
H— (I:_CI:_CI_(l:_ (%—C—OH H_(I:_(I:= (IZ_CI:_CI_C_OH fatty acid have?
HHHHH HHHHH

Phospholipids

Some lipids contain the element phosphorus as well as oxygen, carbon, and hydrogen. These lipids are called
phospholipids. Two layers of phospholipid molecules make up most of the cell membrane in the cells of living
things.

Figure 9.22 shows how phospholipid molecules are arranged in a cell membrane. One end (the head) of each
phospholipid molecule is polar and attracts water. This end is called hydrophilic ("water loving"). The other end
(the tail) is nonpolar and repels water. This end is called hydrophobic ("water hating"). The nonpolar tails are on the
inside of the membrane. The polar heads are on the outside of the membrane. These differences in polarity allow
some molecules to pass through the membrane while keeping others out. You can see how this works in the video at
the URL below.

http://www.beyondbooks.com/lif71/4b.asp

Hydrophilic head

FIGURE 9.22

The arrangement of phospholipid
|} molecules in a cell membrane allows the
{’ ! membrane to control what enters and

Two Layers of
Phospholipid
Molecules

leaves the cell.

|
/ I\.}
Hydrophobic tail
il
I
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Nucleic Acids

Nucleic acids are biochemical molecules that contain oxygen, nitrogen, and phosphorus in addition to carbon and
hydrogen. There are two main types of nucleic acids. They are DNA (deoxyribonucleic acid) and RNA (ribonucleic
acid).

Structure of Nucleic Acids

Nucleic acids consist of chains of small molecules called nucleotides. The structure of a nucleotide is shown
in Figure 9.23. Each nucleotide contains a phosphate group (PO4), a sugar (CsHgO4) in DNA, and a nitrogen-
containing base. (A base is a compound that is not neither acidic nor neutral.) There are four different nitrogenous
bases in DNA. They are adenine, thymine, guanine, and cytosine. In RNA, the only difference is that thymine is
replaced with a different base, uracil.

II\JHz
Ne - 5N
. S
Nucleotide 7 C“ b
~C 2Co FIGURE 9.23
0- A ~ N/ H Each nucleotide contains these three
| Nitrogenous components.
-O_P_O_CHZ Sugar base
[
0 0]
H HO
Phosphate
group H H
OH H

DNA consists of two long chains of nucleotides. Nitrogen bases on the two chains form hydrogen bonds with each
other. Adenine always bonds with thymine, and guanine always bonds with cytosine. These bonds hold the two
chains together and give DNA is characteristic double helix, or spiral, shape. You can see the shape of the DNA
molecule in Figure 9.24. Sugars and phosphate groups form the "backbone" of each chain of DNA. The bonded
bases are called base pairs. RNA, in contrast to DNA, consists of just one chain of nucleotides. Determining the
structure of DNA was a big scientific breakthrough. You can read the interesting story of its discovery at the URL
below.

http://nobelprize.org/educational/medicine/dna_double_helix/readmore.html

Functions of Nucleic Acids

DNA stores genetic information in the cells of all living things. It contains the genetic code. This is the code that
instructs cells how to make proteins. The instructions are encoded in the sequence of nitrogen bases in the nucleotide
chains of DNA. RNA "reads" the genetic code in DNA and is involved in the synthesis of proteins based on the code.
This video shows how: http://www.youtube.com/watch?v=NJxobgkPEAo&feature=related (2:51).
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Base pairs

Adenine  Thymine

B .

Guanine  Cytosine

Sugar phosphate
backbone

WWW.C .org

FIGURE 9.24

DNA has the shape of a double helix
because of hydrogen bonds between ni-
trogen bases.

MEDIA

Click image to the left for more content.

Lesson Summary

A biochemical compound is any carbon-based compound found in living things. Most biochemical com-

pounds are polymers that contain oxygen, nitrogen, or other elements in addition to carbon and hydrogen.

Carbohydrates are biochemical compounds that include sugars, starches, and cellulose.
include providing or storing energy and making up plant cell walls.
Proteins are biochemical compounds that consist of one or more chains of amino acids. Proteins have many

Their functions

different functions. For example, some are enzymes, and some are hormones.

Lipids are biochemical compounds such as fats and oils. They consist of fatty acids, which may saturated or

unsaturated. Lipids are used to store energy. They also make up cell membranes.

Nucleic acids are biochemical compounds that include DNA and RNA. They consist of chains of smaller

molecules called nucleotides. DNA stores the genetic code for proteins. RNA helps make proteins.
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Lesson Review Questions

Recall

1. Name the four classes of biochemical compounds.

2. What are sugars and starches? How are they used?

3. Describe the structure of proteins. List three functions of proteins.

4. Describe the structure of nucleic acids. What components are found in each nucleotide?

Apply Concepts

5. A mystery biochemical compound contains only carbon, hydrogen, and oxygen. It is made by both plants and
animals. In which class of biochemical compounds should it be placed?

Think Critically

6. Use structural formulas to illustrate the difference between fatty acids in oils and fatty acids in fats.
7. Explain the relationship between DNA and RNA.

Points to Consider

Biochemical compounds are involved in almost all life processes. One of the most important life processes is
photosynthesis.

* What is photosynthesis?
* Why is photosynthesis so important to living things?
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- Biochemical Reactions

Lesson Objectives

* Describe photosynthesis.
* Outline cellular respiration.
» Explain the role of enzymes in biochemical reactions.

Lesson Vocabulary

* cellular respiration
* enzyme
* photosynthesis

Introduction

All living things need energy. From running a marathon to just taking a breath, energy is required. Where does
the energy come from? The answer is chemical reactions. Reactions that take place within living things are called
biochemical reactions. Two of the most important are photosynthesis and cellular respiration. Together, these two
processes provide energy to almost all of Earth’s organisms. Figure 9.25 and the video at the URL below show how
the two processes are related.

http://www.youtube.com/watch?v=NJxobgkPEAo&feature=related

Photosynthesis

Most of the energy used by living things comes either directly or indirectly from the sun. Sunlight provides the
energy for photosynthesis. This is the process in which plants and certain other organisms (see Figure 9.26)
synthesize glucose (CcH120g). The process uses carbon dioxide and water and also produces oxygen. The overall
chemical equation for photosynthesis is:

6CO;, + 6H,0 + Light Energy — CsH120¢ 4 60,

Photosynthesis changes light energy to chemical energy. The chemical energy is stored in the bonds of glucose
molecules. Glucose is used for energy by the cells of almost all living things. Plants make their own glucose. Other
organisms get glucose by consuming plants (or organisms that consume plants). How do living things get energy
from glucose? The answer is cellular respiration.
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Photosynthesis

Energy from

Sunlight
_\ FIGURE 9.25
Photosynthesis and cellular respiration
are closely related. What are the products
COz, H 20 02. GlUCOSG and reactants of each process?

\ Stored chemical
energy and heat

Respiration energy

The green streaks in
this dark blue lake are
photosynthetic bacteria
called cyanobacteria.

The green “scum’ on
this pond consists of FIGURE 9.26

photosynthetic algae. These organisms use sunlight to make
glucose in the process of photosynthesis.
All of them contain the green pigment
chlorophyll, which is needed to capture
light energy.

All plants make glucose
by photosynthesis-
even these pitcher
plants, which use their
"pitchers” to capture
and digest insects for
extra nutrients.
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Cellular Respiration

Cellular respiration is the process in which the cells of living things break down glucose with oxygen to produce
carbon dioxide, water, and energy. The overall chemical equation for cellular respiration is:

CsH206 + 60, — 6CO;, + 6H,0 + Heat and Chemical Energy

Cellular respiration releases some of the energy in glucose as heat. It uses the rest of the energy to form many,
even smaller molecules. The smaller molecules contain just the right amount of energy to power chemical reactions
inside cells. You can look at cellular respiration in more detail at this URL: http://www.youtube.com/watch?v=J
yMfKP1D70E (12:38).

MEDIA

Click image to the left for more content.

Enzymes and Biochemical Reactions

Human body temperature must remain within a narrow range around 37°C (98.6°F). At this temperature, most
biochemical reactions would occur too slowly to keep us alive. That’s where enzymes come in. Enzymes are
biochemical catalysts. They speed up biochemical reactions, not only in humans but in virtually all living things.
Most enzymes are proteins. Two are described in Figure 9.27. You can also see these and other digestive enzymes
in action at the URL below.

http://www.youtube.com/watch?v=AEsQxzeAry8&feature=related

Lesson Summary

* Biochemical reactions are chemical reactions that take place inside living things. Two of the most important
biochemical reactions are photosynthesis and cellular respiration.

* Photosynthesis is the process in which plants and certain other organisms synthesize glucose from carbon
dioxide and water using light energy. Oxygen is also produced.

* Cellular respiration is the process in which the cells of living things break down glucose with oxygen to
produce carbon dioxide, water, and energy.

* Enzymes are biochemical catalysts that speed up biochemical reactions. Without enzymes, most chemical
reactions in living things would occur too slowly to keep organisms alive.
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